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8 Liver Injury

In contradistinction’ to the usual scientific meeting we like to
have the presentations relatively brief, and to stress the diffculties
encountered rither than to report neat solutions of prablems. The
introductory p ions at our conf are merely the launch-
ing of the ship — the voyage is the important thing! In other words,
we feel that the heart of these meetings is in the discussion. There
fore we hope you will not hesitate to speak spontaneously and
informally. What you say may not be too wise —perhaps even
foolish — but how can you be sure it will not evoke wisdom from
someone else!

One point which should be stressed is that between the disciplines
there are real difficulties in commupication — partly emotional and
partly semantic. Emotionally some investigators accept only data
denved from methods or disciphnes with which they are familiar,
On the semantic level the physical and biological sciences can
understand each other without difficulty as can the medical, psy-
chiatric, and sacial sciences However, to brdge the gap between
the physical and biological sciences on the one hand and the
psychological and social sciences on the other is very difficult.
Through the Conference Program and in the published transactions
this Foundation hopes to give a clearer reproduction of what takes
place in the lahoratory and what goes on in the minds of scientists
than now appears m the scientific literature.

This program is an experiment and you are part of that experi-
ment. The success of the undertaking is measured entirely by what
each participant gams from this experience. We hope that here
vou will feel the freedom inherent in the scientific method and that
you will help us to improve our conference procedure.
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Liter Biopsy Studies 13

tranly graded without reference or knowledge of the diagnosis by
at least two independent observers A given phenomenon was
statistically correlated by Frankbn and co-workers(7), with ab-
normaltis in various hepatic tests performed at the time of the
biopsy. Obsiously, such correlations do not mean causal relations
but rather associations This should reveal trends which may not
be necessarily true in individual cases. However, such a statistical
analysis con take the coinadence of anatomucal and fusctional
features out of the realm of impression based on ebservations of
individual cases and make them generally valid, To review these
findings rapidly {because many of you may possibly have seen
Table IT hefore (8)), the most signifi statistical cor
were found in the case of diffuse iver cell damage: It correlated
especially with abnormal results i cephalin floceulation, thymol
turbidity, albumin/globuln ratio and bromsulphalein retention. In
contrast to this, focal necrosis failed to reveal any significant correla-
tion There were other relations such as that of regeneration with
thymol turbidity or of distorted reconstruction of the lobular pat-
tern {cirrhosis formation) with cephalin foceulation, thymol tur-
idity and sedimentation rate. Peripottal inflaromaatory activity
showed relation mamnly to sedimentation rate, and Kupfler cell
activity to the albumin/globuln ratio and to the serum bilirubin,
The presence of fatty metamorphosis failed to reveal any correlation.
Since the presence or absence of liver cell damage showed the best
Iation, we became § d in finding out whether a quantita-
e correlation evists between the degree of liver cell damage and
the degree of abnormahty of the hepatic tests.

These studies provide also the opportumty to recognize the char-
actenstics of different degrees of liver cell damage in hematoxylin.
cosin specunens, without the use of special technique.

Steigmann, Szanto and 1{9) described four degrees of Jiver cell
damage We considered as grade zero liver cell damage a picture
{nn.m} in only 7 of our specimens. In those the appearance and
staining of the liver cells was, in general, umform The size of the
nuclei varied in the different zones of the lobule; however, in the
same zone they were of equal size, In grade I liver cell ;lm\ag,c
moderate variation in the size of cells and nuclei, even in the same
zone, was noted and the cytoplasm was rather uniform but the
oell borders were poorly seen. We folt that this grade T liver cell
damage was still insignificant. In grade 11 Liver cell damage the
fiver celfs revealed, in addition to moderate irregulanty of the lxl)la(cs,
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marked variations in size and either nuelear alterations or cytoplas-
matx'c1 changes of moderate degree which may include marked
v ization or the app of strongly hasophilic or even'more
significantly, eosinophilic areas of smudgy appearance which repre-
sent coagulation nectosis. I grade I1I these changes were more
pronounced (Figure 1). The ap may vary markedly from
cell to cell. Some cells revealed hydropic swelling, were rather large
and appeared empty, changes which have been associated by
Gillman and Gillman(10) with anoxia. In other ballooned cells
basophilic material was clumped. Others presented eosinophitic
clumped areas, some were frankly necrotic without nuelei and some
were fragmented.

Two statistical methods were applied to determine the correlation
between the degree of liver cell damage and the degree of ab-
normality, namely, the T test for the significance of difference
between Q and 1+ liver cell damage and 2 and 3+ liver cell damage
and, in addition, the Chi square. With both methods a good correla-
tion was found with an increase in cephaln flocculation and thymol
turbidity and a decrease in the albumin/globulin ratio, whereas the
globulin elevation was just on the border of significance. Total
cholestero), prothrombin time, alkaline phosphatase, urinary vIo-
bilinogen excretion and sedimentation rate failed to show correlation
{Table ).

An attempt was made to study the correlation of liver cell damage
with cephalin flocculation, thymol turbidity and alkaline phos-
phatase in individual di (Figure 2), In infectious hepatitis
the 1 with cephalin floceulation is very good. In toxc
hepatitis it only appears with severe liver cell damage. In extra-
hepatic biliary obstruction without infection (biliary hepat}'hs) the
cephalin flocculation may be negative even with severe liver ce!
damage whereas with infection (purulent hepatitis) a correlation
does appear. With thymol turbidity the correlation Js not as clear,
though of similar nature. The level of the alkaline phosphatase,
however, appears far more related to the obstructive p)zenomen'mn
than to the liver cell damage as can be ized from the high
levels occurring in both biliary and purulent hepatitis independent
of the degree of liver cell damage.

Similarly, Waldstein, Szanto, Steigmann and Popper(11, 12)

correlated statistically the histologic findings in 117 biopsy speci-
} mens of hepatic cirrhosis with various clinjeal and laboratory find-
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16 Liver Injury

TABLE Hi
STATISTICAL CORRELATION OF THE RESULTS OF HEPATIC TESTS
WITH THE DECKEE OF HISTOLOCIC LIVER CELL
DAMACE INDEPENDENT OF DIAGNOSIS

T test for sigmlfi-

cance of dufference Chi square to

of + from 4+ or | measure asocia-

o oot | g

TEST e 55) above 168)

Cephalin flocculation 55 361
Thymol turhidity 41 22
Total protein 03 128
Albumin 38 212
Globulin 25 140
Albumin/globulin 37 164
Total cholesterol 15 56
Prothrombin time 01 44
Alkabine phosphatase 09 155
Urinary urobilinogen 12 70
Sedimentation rate 01 29

ings. No attempt was made to differentiate Laennec’s from post-
necrotic cirrhosis, however, no samples of cardiac or biliary cirrhosis
were included. In no instance did we find zero degree of liver cell
damage, 10 cases revealed 1+, 65 cases 2+ and 42 cases 3 liver
cell damage. Some correlation of the degree of liver cell damage
was noted with jaundice (total bilirubin levels above 2 mg per
100 ce.) and especially with marked degree of jaundice (total bilt-
rubin levels more than 8 mg, per 100 cc. (Figure 8) ). Almost 80 per-
cent of the instances with 3+ liver damage had jaundice but icterus
was present in only about 25 percent of those with 1+ liver c.ell
damage. In no case with 14 liver cell damage was severe jaundice
noted A good correlation was noted with the laboratory findings
at the time of the liver biopsy taken 2s 2 unit and termed “bio-
chemical activity” as well as with climcal achwity. The latter term
is abviausly vague and dependent on the subjective opi{uon‘of. the
clinician. Alcoholic history revealed a negative correlation in that
all cases of our senes with 1+ liver cell damage had an z{)mhﬂhc
history, whereas about 25 percent of the cases with 3+ liver c?“
damage had no aleoholic history. This means that in our material
cases of cirthosis without aleoholic history rev eal more commonly
. severe liver cell damage than cases with alcoholic history.
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DEGREE OF LIVER CELL DAWAGE
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TICURE 2

Average of results of hepatic tests (as indicated by the height of the column)
1n_groups of patients with varnious chms of hyer cell damage i different hepato-
biliary discases Repeinted from article by H Yopper ef ol Am } Clin Fath 19,
710 (1949)

The attempt was further made to corrclate the presence or
absence of various other histologic features with the chnieal findings
{Table IV) TFatty metamorphosis show ed correlation with alecholic
lustory and some with jaundice of moderate but not of severe
degree, Ascites failed to reveal any correlation wath Lner cell damage
|ls(;1[ .mdnother‘ phcx'mmcnn related to it such as coagulation necrosis

N T S TR B

o
in the portal tnads and with reconstruction of the lobular pattern as
well as with angiogenests which, according to Moschcowitz( 131,
probably rey hiet the portal and hepatie
crrenlation In short, we feel that the statistical analysis indicates
what we would expect, namely, that features related to mflammation
and scarnng i the trabeeulae are found more often than not in
cases associated wath ascites We have used the term “penportal”
to indicate changes which take place in the trabeeulae as well as
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\Va‘tson: I would have thought it would be about two-thirds.
“That is what I figured from bedside observation,

Popper: The association of janndice and ascites fn the presence
of cisthosis was not as common in the material studied as in the
data to which Dr. Watson and Dr. Handler refer. We deliberately
took the presence of ascites or jaundice at the time when the biopsy
was performed. In 23 percent of our cases jaundice and ascites were
both present; in 28 percent both were absent; in 32 percent jaundice
was present alone and in 17 percent ascites alone, That means that
only in roughly 50 percent of the cases jaundice and ascites were
simultaneously absent or present. The figures are a little different
when the coincidence of jaundice and ascites, not at the time of
biopsy but during the entire hospital stay, are considered. In this
case both jaundice and ascites were recorded in 37 percent of our
material and neither in 1I percent.

Gyorgy: If you put jaundice and ascites together would you not
get three plus correlation? You have to nse severa] degrees of
freedom. We are interested in the combination of ascites and
jaundice together.

Popper. 1 suppose that if two degrees of freedom are used the
correlation you mentioned would be found To continue, jaundice
failed to reveal statistical correlation with any other of the listed
phenomena. At this point we were interested in finding out whether
the cases of cirrhosis with marked jaundice showed a ch istic
histologic picture which would differentiate them from other cases
without severe jaundice. We were especially i ] in the type

of cirthosis 1n which an extremely high serum bilirubin or markedly

elevated alkaline phosphatase was present or in which the urine
apd stool contained little or no linogen. In those cases one may
be justified to assume some interruption or disturbance of the bile
flow and the name “cholestatic cirthosis™ has been applied, Obvi-
ously the question arises whether the histologic picture “'?ufd
possibly permit the recognition of the cause of the jauudice, Histo-
logically in such cases very marked dilatation of the intralobular bile
capillaries oceurs which are filled with bile plugs. How.e\'er: in the
portal triads or trabeculae the bile ducts were free of bile pigment:

In some instances the smallest bile ducts, the cholangioles, still

contained bile pigment whereas little is found in the larger fgﬂe

ducts This indicates that in this type of cirrhosis any 9bstruch0ﬂ
or any other disturbance of the bile flow must be localized to the
) border zone between the lobular parenchyma and the portal space.
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isely: What 1s known about the solubility of bile pigments in
histological fixing agents and the solutions of alcohol, xylo}, ete.,
ugh which the tissues have been run? Might the bile pigment
absent because it would be dissolved out rather than because
.ould not have been present?

opper: 1 cannot evclude the possibility that bile pigment be
olved out from cither location However, in extrahepatic me-
nical bilary obstruction large amounts of bile pigment can be
nonstrated in the bile ducts in the portal spaces which is not the
e i the ohserved instances of so-called cholostatic cirrhosis. 1
not want to 1mply the presence of a mechanical obstruction at
‘border of parenchy ma and portal space, 1 just want to emphasize
t a disturbance of the bile flow in this location is indscated by
histologic evidence that bile pigment is found in the bile pas-
es up to and not beyond this point,

Knisely: Onc of the problems in all histopathology is as follows:
» observes some material or object sitting in a vessel, and then
erwards, says this material or object would obstruct the vessel
wever, in the histological section there was no evidence by which
know whether the object was sitting still or moving, either before
after death The thing that triggered me was the word “obstruct.”
hen you said that, T thought you meant that the material was
nding still and obstructing the vessel

Popper: Origially we felt(16) that this disturbance of the bile
w is the result of an actoal inteahepatic mechanical obstruction
the smallest bile duct produced by a cirenlar fibrosis. The latter
a cormmon picture in cirthosis. However, we found a similar type
ad degree of fibrosis in many biopsy specimens of patients with
thosis who did not have a significant degree of joundice or no
indice at all (Figure 4) No correlation could be found between
ch cireular fibrosis and the degree of jaundice. In short, except
r bile stasis there was no sigmficant or regular diference in the
stologic picture between cases of cirthosis with severe jaundice
d those without, We have to conclude that our previous assump-
on(16) about intrahepatie biliary obstruction was wrong.

Hanger; Was there bile in the stool of the patient whose biopsy
as shown? Obviously there were also areas of uninvolved hepatic
ssue exereting bilinthin If every hile duct had been Tike the ones
own no bile conld have been present in the stools.
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Watson: I would have thought it would be about two-thirds.
That is what 1 figured from bedside observation.

Popper, The association of jaundice and ascites in the presence
of currhosis was not as common in the material studied as in the
data to which Dr. Watson and Dr. Handler sefer. We deliberately
took the presence of ascites or jaundice at the time when the biopsy
was performed. In 23 percent of our cases jaundice and ascites were
both present; in 28 percent both were absent; in 32 percent jaundice
was present alone and in 17 percent ascites alone. That means that
only in roughly 50 percent of the cases jaundice and ascites were
simultaneously absent or present. The figures are a little different
when the coincidence of jaundice and ascites, not at the time of
biopsy but during the entire hospital stay, are considered In this
case both jaundice and ascites were recorded in 37 percent of our
material and npeither in 11 percent.

Gyorgy. H you put jaundice and ascites together would you not
get three plus correlation? You have to use several degrees of
freedom. We are interested in the combination of ascites and
jaundice together.

Popper: 1 suppose that if two degrees of freedom are used the
correlation you mentioned would be found, To continue, jaundice
failed to reveal statistical correlation with any other of the listed
phenomena. At this point we were interested in finding out whether
the cases of cirthosis with marked jaundice showed a characteristic
histologie picture which would differentiate them from other cases
without severe jaundice. We were especially interested in the type
of airrhosis in which an extremely high serum bilirubin or markedly

levated alkaline phospl was present or in which the urine
and stool contained little or no urobilinogen. In those cases one may
be justified to assume some interruption or disturbance of the bﬂ_c
flow and the name “cholestatic cirthosis” has been apphed. Obvi-
ously the question arises whether the lu‘stologic. picture w?uld
possibly permit the recognition of the cause of the jaundice. H15§;3-
logreally m such cases very marked dilatation of the intralobular b;] e
capillaries accurs which are filled with bile plugs However, in 4 ;5
portal triads or trabeculae the bile ducts were free of bile pxgmergur
In some instances the smallest bile ducts, the cholangioles, si_\
contained bile pig) h httle is found 1n the farger bile
ducts This indicates that in this type of cirrhosis any f’hS(mc“;"“
or any other disturbance of the bile flow must be Jocalized to the
border zone between the lobular parenchyma and the portal space
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Knisely: What is known about the solubility of bile pigments in
the histological fixing agents and the solutions of alcohol, x)‘h::l, ete,
through which the tissues have been ron? Might the bile pigment
be absent because it would be dissolved out rather than because
it would not have been present?

Popper- 1 cannot cxclude the possibility that bile pigment be
dissolyed out from either location. However, in extrahepatic me-
chanical biliary obstruction large amounts of bile pigment can be
demonstrated in the bile ducts in the portal spaces which is not the
casc in the obsened i of so-called chol enthosis ¥
do not want to imply the presence of 2 mechanical obstruction at
the border of parenchyma and portal space, I just want to emphasize
that a disturbance of the bile flow in this location is indicated by
the histologic evidence that bile pigment is found in the bile pas-
sages up to and not beyond this point.

Knisely: One of 41~ ** = wree tv0owm

one observes some  *

alterwards, says th )
Hanever, in the histological section there was no evidence by which
to know whether the object was sitting still or moving, either before
or after death. The thing that trggered me was the word “obstruct.”
When you said that, T thought you meant that the material was
standing still and obstructing the vessel

Popper: Originally we felt(16) that this disturbance of the bile
flow is the result of an actual intrahepatic mechanical obstruction
of the smallest bile duet produced by a circular fibrosis The latter
is a common picture in cirthosis. However, we found a similar type
and degree of fibrosis in many biopsy specimens of patients with
cirrhosis who did not have a significant degree of jaundice or no
jaundice at alt (Fignre 4) No correlation could be found between
such clrculas fibrosis and the degree of jaundice. In short, except
for bile stasis there was no sigmficant or regular diffesence in the
histologic picture between cases of cirthosis with severe jaundice
apd those wthout, We have to conclude that onr previous assump-
tion{ 16) about intrahepatic hiliary obstruction was wrong.

langer: Was there hile in the stoo} of the patie; i
Mlang, d nt whose bi
was shown? 'Obnou.sly thete wese also areas or; uninvoh ed h;:m
tssue exereting bilirubin, 1F every bile duct had been hke the ones
shown no bile could have been present in the stools,
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24 Liver Injury

relation. We find thus an overlap in the statistical analysis 1n
that both Jiver cell damage and inflaz ory features are inted
with biochemical and clinical activity. The question arose which of
the two is actually related to the activities m ecirrhosis, In 186
percent of the clinically active and m 184 percent of the bio-
chemically active cases hver cell damage was noted without any
inflammatory features. In 2.3 percent of the clinically and in 1.1
percent of the biochemically active cases there were inflammatory
features (none with regularity) observed without lver cell damage.
These figures indicate that liver cell damage is the histologic feature
associated regularly with clinical and biochemical activity in hepatic
cirthosis. Inflammatory changes which are so commonly seen in
the presence of hwer cell damage accompany the latter and are
possibly caused by the latter rather than represent the cause for
this activity.

Kinsell: By “inflammatory change” you mean round cell infiltra-
tion?

Popper: Under inflammatory changes, we include infiltration by
round cells of histiocytic and lymphocytic charactet as well as by
segmented leucocytes.

Hanger: I agree with that, except for one thing: Liver cell dam-
age is too general 2 word I think the more the necrosis factor is
dominant, the more severe are the associated inflammatory changes.
Certain types of injury of liver cells might be compared to the
withering seen n a sickening plant. Death of the. structure may
be so gradual that secondary reactions in the contiguous tissues do
not take place. Fatty infiltration of parenchymal cells and certain
of the changes which you mentioned permit the injured cell ttz
remain viable, and hence tory ch. in the hy
structures are not invoked. The cells must disintegrate to cause
positive cephalin flocculation reactions. Some types of injury leave
the nonviable cells in site, causing a hyalin or fatty transformation
rather than autolysis I think the denvatnes of cellular breakdown
are important factors in the production of inflammatory reactions
in the liver

Popper- 1 agree with you However, T would like to qualify your
statement with one more thought In certain forms of necrasis or
necrobiosis, as in viral hepatitis, the mesenchyxpal reaction xi
extremely marked The question anses whether this mesenchyrlna
inflammatory reaction is directly provoked by the virus or whet! :fcr
it is a response to the hver cell damage. In contrast, in the hepa
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of . . .
° nzur h)x;t?}ogxc .ﬁnd'mgs shown here are subject to cntiosm from
[Omer;u;o lz‘sgaii)gm. ll}:ct%omt, However, that is the matena] we are
oIk with, Those here who have seen pases
gy 3 Df
.l")rcpcjum will surely agree that the Kupfer cells in this mﬂd}k::xi
¢ large and swollen, What ths means is subject to speevlation,

. Fremont-Smith: This illustrates the value, does it not, of specify-
ing your basic assumption? [ beheve that one can say here 1s a
ghange. Then one may or may not go forward with the iterpreta-
tion of that change in terms of fonction, and Dr Knisely is pomting
out 'the danger of the interpretation in terms of function when you
don’t have a sequential picture which is gelated to the time sequence
of the process.

Best: 1t seems to me, Dr. Popper, that you say the routine pro-
cedures which we have to use are full of fallacies, Why do we have
to go on using them? They do not have o be the routme,

Popper: Vital microscopic examination of the liver may give some
additional information, but for the time being the pathologists have
to try to learn as muck as possible from the small needle eore
obtained by hver biopsy. The presented study tries to determine
the information obtamable with the classical method of histology
and to check impressions of coincidences of various featwes by
statistical analysss. I fufly agree with your critictsm that if we see
an enlarged Kupffer cell in a fived tissue side we may have no ides
of what this enlargement means, but we want to kr.mw wheﬂ:mr and
how regularly this enlargement occurs i certain conditions cy;
discases The presented study of statistical comerdences, not ‘;l
causative relations, taught us two things: z!) as 'far as Jiver cel
damage 15 concerned the small biopsy specitmen is repres@ah\ﬁ
whereas in mast ather features it may not al‘w?ys be, b') lner‘:vn
damaye reveals the best correlation with clinical activity as e
as with the results of the hepatie tests.

We were thas interested 1 a better methad for !)zek r'emég'ﬂml:‘zﬂ
of liver cell damage than the routine l\emata(yhneosu;] Sdmg;mphibci
in our laboratory {19), thesefore, studied .the sg-v_-? ees e
bodies in the cytoplasm Many 5\\.bs(ances in :hmtixjfluof e bt
e s seoved daing ton and preparet L g

’ thexr phosphatte
) the 1o ‘cur m nver Ce}se

i ical. Since the Uy s e N e

:f;irggﬁ?;irs ll;l:saphilm is, therefore, due to pucleic acids ]
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A

FIGURE 5

Photomictographs of human byers stained with metha Igteenpyronin (4%0 1}

4} Normal hver The eytoplasm of the epithichal oells coptans birge amounts of
basophilic granules, the cvtoplasm of the mewenchymal cells is free of {t

B} Nalule in active cirthout the estoplacm of the epithelial celly #s free of basos

rhila
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that the nucleolar pentose nucleic acid is under the influence of
the nucleolus-associated chromatin and in turn, regulates the cyto-
plasmic pentose nucleic acid, Nevertheless, the evidence concerning
the relationship between protein synthesis and pentose nucleic acid
is, 50 far, only circumstantial and the biochemical nature of the Jink
between pentose nucleic acid and protein synthesis is not clear.
To date, it cannot be excluded that pentose nucleic acid is preseat
in these locations as the result rather than the cause of protein
formation. However, it may be permissible without ref ta
this argument to consider the presence of pentose nucleic acid as
a sign post of protein synthesis with all reservations necessary in
histochemistry.

The cytoplasmic basophilic material mostly appears granular
in the tissue section and Opie(26) assumed a close relation between
it and mitochondria, In ultracentrifugation studies this material is
mainly found in the granular (mitochondrial and microsomal) frac-
tion and little in the supernatant fluid. How then is the distribution
of these basophilic bodies altered in diseases of the liver? They
appear denser in brown atrophy or in various forms of compression
atrophy; the increase in basophilia is more apparent than real since
the basophilic bodies are g in a small cell volume.
Pigmentation in moderate amount does not influence the basophilic
bodies in the liver cells and bile pigment deposition is not always
combined with decreased basoplulia. Also fatty metamorphosis of
moderate degree is not necessanly associated with reduction of the
basophilia; however, in more advanced degrees the cytoplasmic

basophilia is markedly reduced. In some types of cytoplasmic dis-
- T e e ad e asiane farme of eoagulas

we5).
[ . . tholo-
g}st may differentiate an acidophilic {eosinophilic) deg;eneraticn if
the nuclei are still mtact and an acidophilic necrosis if marked
nuclear changes are noticed

ba L.

rom the cytoplasm Of the Ceus 1LElu 1s buub wvuee
flormal cigumpstnnces the basophilic cytoplasmic bod.ies indicate
the amount of pentose nucleic acid present. \Vh.eth’er this }.m]ds true
under pathologic cir required :m;xlys;s. Tlggrev
fore, Farber, Koch-Weser and Szanto(27) cqmpared,.m aurfl; C:ti
tory, the degree of wisible basophilia in Tiver sections of fas
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female rats intoxicated with carbon tetrachloride and ethionine,
with quantitative chemical determinations of hepatic concentration
and amount of total, pentose, and desoxypentose nucleic acids, In
carbon tetrachloride intoxicated rats there was a loss of basophilia
in the necrotic centro-lobular and fatty intermediate zones. After
ethionine administration 2 diffuse fatty metamorphosis developed
in combination with a marked, diffuse decrease of basophilia 1n the
hver. At 24 hours after the intoxication these changes were asso-
ciated with a decreased concentration of the total as well as of the
pentose nucleic acid, if they were expressed in mg. per 100 grams
liver. However, this drop was not as marked as would appear from
the reduction of the histologically visible basophilia (Figure 6).
After 48 hours, in carbon tetrachloride intovicated rats the nucleic
acid concentration increased probably due to regeneration in the
peripheral zone. After 120 hours the concentration of the nucleic
acid as well as the distribution of the basophilia was, in all instances,
practically identical with that of the fasted controls. The total
nitrogen of the liver decreased in all animals, the intoxicated as
sell as the controls, due to the starvation.

If the nucleic acid values were expresséd not as concentration
(in mg. per 100 grams liver) but mn total amount (mg. per 100
grams mtial body weight) the reduction observed in concentration
was not noted and the total nucleic acid amount remained constant.
It even rose subsequently in carbon tetrachloride intoxicated rats
due to the regeneration This is explained by the fact that m the
intoxicated rats the hver as a whole becomes larger and the actual
Joss of pentose nucleic acid if present at all, must be very small
The reduction of histologically recognizable basophilia may be par-
tially explained by a mere dilution of the basophilic material due
to the swelling of the cells However, it cannot be e\f:]uded l}xat
in the fatty, necrotic and even prenecrotic cell the physxcochem}c;ﬂ
state of the pentose nucleic acids (possibly their protem combina-
tion) is changed so that they do not exhubit basophiha, but are
still demonstrable by chenmeal methods In this sense, the basophiliz
may be a better index of the functional integrity of fhe cell than
the chemieal analysis; on the other hand, these investigations pont
out how dangerous 1t is to draw conclusions about the pentose
nucleic acid content of the Liver from a micioscopic examination
of sections from abnormal livers

The basophilic bodies m the Kupffer cells also deserve somtf
interest Under normal conditions hardly any bodies can be demor
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the cytoplasm may appear rather empty, basophilic matenal may
accumulate as a small rim around the nucleus, The picture resembles
that observed by Lag, dt(25) in protein-depleted animals which
receive large amounts of protein, The histologic picture does not
exclude the possibility that in the cirrhotic hver a marked turnover
of pentose nucleic acids takes place with rapid formation in the

leolus and the perinucl zone. It would, therefore, be in
accordance with very rapid formation and destruction of protein
as well as with decreased formation, We feel that the study of the
basophilic material may assist us in the histologic recognition of
liver cell damage and also in the appreciation of some functional
changes, especially as far as protein synthesis is concerned which
represents one of the main functions of the liver.

Dr, Szanto tried to correlate in different conditions the serum
albumin concentration at the time of the liver biopsy with the deple-
tion of the basophilia Although no statistical correlation could be
demonstrated he found a tendency for the serum albumin to be
lIow in the instances of marked depletion. This holds true for
cirthosis especially. We do not consider this observation as proof
that albumin formation is directly related to the hepatic pentose
nucleic acid because liver cell damage may otherwise be related
to low serum albumin and run parallel with reduction of the
basophilia.

There is fairly good evidence that serum gamma globulin is
formed by mesenchymal elements and in the liver this would
implicate the Kupfer cells and the mesenchymal cells in thg portal
triads Actually, the serum gamma globulin level as determined lgy
electrophoresis, or turbidimetrically, is usually high in diseases in
which there 1s marked mobilization and activity of the }\Llpﬁf.f
cells and other hepatic mesenchymal cells and in which thex;
cytoplasm 1s basophilic(28, 19) Ths holds true for x'nf.ect'lons :{nh
less so for toxic hepatitis and 1s especially true in cirrhosis, in whid
the serum gamma globulin level 1s high (Figure 8). In contrast, li
obstructive jaundice 1n which the bile-laden Kupffer cells, thougl
lustologically active, are free of basophilia, the serum garflﬂ}ﬂ
globulin level is usually shghtly, if at all, elevated Obyxous))d,‘ in
the individual case the correlation between the histologic grading
of the basophilic reaction of the mesenchymal cells and the serurrel
gamma globulin level 15 not always present. However, we assumE
here a possible chance to read into the histologic findings sor{z"
functional meaning and some support for the theory that the €
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develop for some time, presumably after the development of mesen-
chymal irritation. There is very little difference between your
infectious and your toxic groups, but I would suspect that during
the early stages you would not find elevated gamma globuln in
toxic hepatitis.

Popper: 1 do not think we have any early cases,
Best: Are there any further questions on this presentation?

Gordon: Dr. Popper’s data bring up 2 very troublesome point
which is fundamental {n any quantitative enzyme work on tissues.
T am sure that Dr. Stetten and others will bear me out on this,
namely, the question of changes in concentration of enzymes in
relation 1o a base of reference. For example, we have been doing
a great deal of quantitative enzyme work in liver damage using
radiomethionine as a tool, and we find a fall, for instance, in succinic
dehydrogenase. Ts it really a fall or is it due to the fact that there
is_increase in hydration of liver cells or increase in liver fat? In
other words, does it represent a real decrease in enzyme concen-
tration? We attempted to get around that by determining on the
basis of wet weight, dry weight, tota} nitrogen, fat free nitrogen,
to eliminate the phospholipids, and we finally came around to the
conclusion that sibonucleic acid was possibly the best basis of
reference upon which to judge enzyme concentrations

Dr. Van Potter, a very excellent enzyme chemist working at the
Umversity of Wisconsin, whose judgment I value very much, simply
reports his data on the basis of wet and dry weight, feeling that
the magmtude of changes that he is Jooking for is great enouth
so these changes will be reflected anyway. But this is a very trouble-
some point, and 1 wonder whethes anyone clse has any solution
to this problem as to what to use as a basis for reference in enzyme
concentration

Handler- Dr. Easl P, Benditt of Chicago, at the Rutgers’ Protein
Symposium last January, indicated the variability of liver n'honuclEfc
acid and showed a correlation between the decreased ribonucleic
acid and the disappearance of mitochondria in protein depleted rats

ted, this paralieled the diminution in

As was, perhaps, to be
activity of several enzymes, notably succinoxidase. But the desoty-

honucleic fraction did not seem to diminish particularly and it
might serve as the desired standard,

Gordon: Ribonucleic acid phosphorus using

could be used as a basis of reference. .

hneider’s technique
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develop for some time, presumably after the development of mesen-
chymal imitation. There is very ttle difference between your
infections and your toxic groups, but 1 would suspect that during
the early stages you would not find elevated gamma globulin u
toxic hepatitis,

Popper: 1 do not think we have any early cases.

Best: Are there any further questions on this presentation?

Gordon: Dr. Popper’s data bring up a very troublesome pomt
which is fundamental 1n any quantitative enzyme work on tissues
I am sure that Dr. Stetten and others will bear me out on th,
namely, the question of changes in concentration of enzymes in
relation to a base of reference. For example, we have been doing
a great deal of quantitative enzyme work in liver damage using
radiomethionine as a tool, and we find a fall, for instance, in succinic
dehydrogenase. Is it really a fall or is 1t due to the fact that there
is increase in hydration of hver cells or increase in liver fat? In
other words, does it represent a real decrease in enzyme concen-
tration? We attempted to get around that by determining on the
basis of wet weight, dry weight, tota} nitrogen, fat free nitrogen,
to eliminate the phospholipids, and we finally came around to the
conclusion that ribonucleic acid was possibly the best basis of
reference upon which to judge enzyme concentrations.

Dr. Van Potter, a very excellent enzyme chemist working at the
University of Wasconsin, whose judgment I value very much., simply
reports his data on the basis of wet and dry weight, feeling that
the magnitude of changes that he is looking for is great enough
so these changes will be reflected anyway. But this is a very tmu!zle-
some powt, and I wonder whether anyone else has any solution
ta this problem as to what to use as a basis for reference in enzyme
concentration

Handler- Dr Earl P. Bendutt of Chicago, at the Rutgers’ Protein
Symposium last January, indicated the variability of liver ribonnxc]efc
acid and showed 2 corvelation between the decreased ribonucleic
acid and the disappearance of mitochondria in protein depleted rats
As was, perhaps, to be expected, this paralleled the diminution uz
activity of several enzymes, notably succinovidase, But the dcsg‘r}.’t
ribonucleic fraction did not seem to diminish particularly and I
might serve as the desired standard

Gordon: Ribonucleic acid phosphorus using Sch
could be used as a basis of reference.

der’s technique




Liver Biopsy Studies 39

Tarver: The other approach 1s to make comparisons of total
enzyme per unit of intact animal, or relahve to an intact animal
under some predetermined standard conditions,

Stetten. X think this maner of prlmu.ry smndard lms been threshed '
out in the presence ¢~~~ ~F -

of Liver Disease of N

nucleic acid 15 a +

namely, on the basis of purme turnoser 1t is one of the few com-
pounds that apparently does not turn over much at all in tissues
in which mutosis is occurring. So at least in liver disease where
there is no major one might anti the

of desoxyrtbonuclerc acid should be a relative ely constant quantity.

Watson: What about the specific gravity of the liver in terms
of simply measuring specific gravity of biopsies? It does not seem
that anyone has ever done that, I wondered whether 1t would not
be a good thing to do routnely, and if we would not get more
information by taking a little bit of our biopsy and determining the
specific gravity of it. After all, the two main elements we are wor-
ried about are water and fat Would we get the mformation? Per-
haps the simplest and hest standard would be if we measured the
specific gravity

Kntsely: The methods of measuring the specific gravities of drops
of blood with solutions of different density might be applied to
this problem.
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was negative and the thymol turbidity and serum alkaline phos-
phatase were normal In spite of the slight discrepancy in the
laboratory tests, we thought that we were dealing with some form
of hepatitis and were quite amazed to find metastatic ovarian car-
cinoma in the biopsy specimen.

Another example was the case of a colored man of fifty-five, who
unfortunately had his eyes leated, so it was impossible to know
how long he had had jaundice. As a matter of fact, the icterus was
discovered as a result of a lumbar puncture done for follow-up
study, He had received arsenical therapy five or six months before.
There were anorexja and diarrhea His liver was enlarged and the
spleen was palpable. There was a severe degree of jaundice and the
cephalin flocculation test was three plus, the thymol normal and
the serum alkaline phosphatase somewhat increased In view of the
fact that he had received arsenic, and in view of the physical find-
ings, we thought he had homologous serum hepatitis or a possible
arsenijcal hepatitis, if you wish. The biopsy specimen shuwed the
findings characteristic of obstructive jaundice including a bile lake
(Figure 9). When we found the bile lake, we advised immediate
surgery. At operation the spleen and liver were entarged. There
was no distension of the gallbladder or common duct, and no tumor
was palpable in the region of the ampulla of Vater or head of the
pancreas. The surgeon said, “I think your original clinical diagnosis
of hepatitis is correct.” I said, “You had better open the common
hepatic duct and make sure,” which he did, and found a carcinoma
of the main hepatic duct. It was the presence of this bile lake that
made us lean so strongly toward exteahepatic obstructive jaundice

A third example is that of a woman of thirty-three, who had pain
in the right upper abdominal quadrant with nausea and vomiting
five weeks before admission. She was jaundiced for one week and
comatose for one day We could not feel the liver. She had an
icteric index of 125, and a positive cephalin flocculation test, We
could not explain the coma on a hypoglycemic or other basis. Tb‘e
presence of jaundice and coma led us to believe that we were deal-
ing with acute yellow atrophy.

On liver biopsy, we were surprised to find the ch:mgf\s.of obstruC;
tive cirthosis with very little evidence of hepatie eell injury excep
for scattered areas of focal necrosis (Figure 10). There was Cg-
tainly quite a discrepancy between the biopsy f?ndln'gf anii :
clinical diagnosis Whether the coma was of hepatic origin, we 7
not sure Ot least, there is very little in the histologic change it
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B: Curthosis, Obstructive A portal area demonstrabing fibrosis, bile duct
proliferation and a moderate leukocytic mfiltration Save for bile stass, which is not
well shown in thy the hymal cells bl

the lLiver m keeping with such an assumption She was given sup-
portive treatment, came out of her coma, and at laparotomy later
on, a stone was removed from the common bile duct A liver biopsy
eighteen months later still showed periportal fibrosis with otherwise
normal hiver parenchyma, We wanted to see whether the obstruc-
tive cirthosis had disappeared, but 1t had not.

The following case illustrates a perplexing problem in the field
of obstructive jaundice, viz, the status of mtrahepatic obstructive
jaundice The patient was a white male of forty-one, a severe

diabetic, who became jaundiced on March 1, 1949, His liver was
bl e P L Ta L PRaliNa

an
neg

alk

month A liver biopsy showed ile stasis and some focal necrosis,
and was d as indi obstructive jaundice. The liver
profile was in keeping with such a diagnosis and, because he was
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a dinbetic, we thought he had a carcinoma of the head of the
pancreas, At operation, no abstructive lesion was found, The gall-
bladder and common bile duct were not distended. Cholangiograms
were negative. The surgeon did put in a “T” tube. There was very
little bile flow, andlit Jooked like we had an mtrahepatic obstruc-
tive type of lesion.

He continued to’be jaundiced, and about six months after the
onset of jaundice, in September, 1949, we did another hver biopsy,
with the same findings as in the initial specimen We watched him
through thirteen months of jaund phalin flocculati
remained persistently negative, the serum alkaline phosphatase
persistently increased and the total blood cholesteral at a level of
1400 mg. percent. Eventually he developed xanthomata on his etbows
and palms We did anather biopsy at the end of about eleven and
one-half months of jaundice There were still the same changes of
bile stasis and focal necrosis. We showed the microscopic specimen
to Dr. Watson, and he saw the patient in consultation. We also
sent slides to Professor Dible in London,

The patient died after thirteen months of jaundice. Toward ll'le
end, his icterus became quite deep, with the total serum b\lx’r!{bxn
over forty mg percent. He developed an abnormal mediastinal
shadow and a shadow in the right lung hilum which were due to
lymphoma, Post-mortem examination revealed the liver to show
only bile stasis and focal necrosis. The lymphoma did not involve
the liver or hver area.

Watson: There was no dilution of the estrahepatic ducts?

Schiff No No lymphoma was found in the region of the liver.

Hanger: And the portal triads looked perfectly normal?

Schiff. They showed very little, if anything, Dr Hanger.

Watson. Just a functional disease is what this patient had, a
cholangiolitic type? .

Schiff: Cholangiohtic hepatitis I presume, Dr, Watso.n‘ with thir-
teen months of jaundice and no progressive histological changes
in the hver.

A man of sixty-four came m when he was jaundiced .nbout hlvn
weeks, rather deeply jaundiced, with a four plus c§plmlm floccula-
tion, increased thymol turbidity and a serum alknh.ne phosplm;gse
of five Bodansky units. We could not get a good history from ;:n
as he had been in a mental institution, With a profile such as he
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resented, we thought he had hepatitis. A liver biopsy showed the
resence of cholangitis with some focal necrosis, not very much,
ind the pathologist thought that the changes were associated with
m obstructive lesion. He became much more deeply jaundiced m
hort order, the serum bilirubin rising to 51 mg, percent He de-
veloped an hepatorenal syndrome with nitrogenous retention,
shguria, ete Even though we pow suspected extrahepatic involve-
ment, the hepatitis clement was so promment we did not dare to
nterfere surgically. The predominant chnical picture was that of
y severe hepabtis, which app ly was dary to ) 1c
lisease, namely, common duct stone, which was subsequently
emoved The first suspicion of extrahepatic disease was revealed
by liver biopsy

Liver biopsies are of value in following the course of hver disease
They are the best means of making sure that a hepatitis has com-
pletely disappeared and of following the dexelopment of chronic
hepatitis or cirrhosis

The biopsy of a man with homologous serum hepatitis, on the
sixteenth day of jaundice, showed the presence of balloon cells,
binucleate cells and mtralobular infiltration. On the thirty-ninth
day of jaundice he p d iderable fibrosis interpreted as
a possible postnecrotic cirrhosis, Did we miss such a lesion on the
previous biopsy? We do nat know. We believe that the transition
of hepatitis into curhosis may oceur m rather short order, at least
as based on biopsy studies although some may dispute the changes
as indicating fibrosis rather than cirthosis Such a rapid transition
has been reported by Krarup(35).

A biopsy (Figure 11) was taken from a patient with sarcoidosts,
He had scattered granulomata, which, though not specific for
envenidnsic B an wall with #ha aliwund PR Y

arrhosis 15 present The rel. hip between Tomat disease
and cirthosis has been lunted at 1n the hLterature, at least 1 the
case of brucellosis(88, 37).

Liver biopsy is helpful in the evaluation of therapy in liver
disease(38)

The liver buopsy from a case of fatty infiltration of the liver in
a very fat woman, nonaleoholic, who ingests too Lttle protein is




4“4 Liver Injury

a diabetic, we thought he had a carcinoma of the head of the
pancreas. At operation, no obstructive lesion was found. The gall-
bladder and common bile duct were not distended. Cholangjograms
were negative, The surgeon did put in a “I” tube. There was very
httle bile flow, and’it Jooked like we had an intrahepatic obstruc-
tive type of lesion.

He continued to’be jaundiced, and about six months after the
onset of jaundice, in September, 1949, we did another liver biopsy,
with the same findings as in the initial specimen We watched him
through thirteen months of jaundice. The cephalin flocculation
remained persistently negative, the serum alkaline phosphatase
persistently increased and the total blood cholesteral at a level of
1400 mg. percent. Eventually he developed xanthomata on his elbows
and palms. We did another biopsy at the end of about eleven and
one-half months of jaundice, There were still the same changes of
bile stasis and focal necrosis. We showed the microscopic specimen
to Dr. Watson, and he saw the patient in consultation. We also
sent slides to Professor Dible in London,

The patient died after thirteen months of jaundice, Toward the
end, his icterus became quite deep, with the total serum bi.)iru.bin
over forty mg. percent He developed an abnormal mediastinal
shadow and a shadow in the right lung hilum which were due to
lymphoma. Post-mortem examination revealed the liver to show
only bile stasis and foeal necrosis. The lymphoma did not involve
the liver or liver area

Watson: There was no dilution of the extrahepatic ducts?

Schiff: No No lymphoma was found in the region of the hver.

Hanger: And the portal triads looked perfectly normal?

Schiff: They showed very Iittle, if anything, Dr. Hanger.

Watson- Just a functional disease is what this patient had, a
cholangiolitic typeP

Schiff: Cholanguolitic hepatitis I presume, Dr Watson, with thir-
tecn months of jaundice and no progressive histological changes
in the liver

A man of sixty-four came m when he was jaundiced about h]va
weeks, rather deeply jaundiced, with a four plus cffphalm floccula-
tion, increased thymol turbidity and a serum alkaline phosphﬂ;?se
of five Bodansky umts We could not get 2 good history from l}:n
as he had been  a mental institution. With a profile such as he
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presented, we thought be had hepatiis A liver biopsy showed the
presence of cholangitis with some focal necross, not very much,
and the pathologist thought that the changes were associated with
an obstructive lesion Ife became much more deeply jaundiced in
short order, the serom bilirubin nsing to 51 mg. percent. He de-
veloped an hepatorenal syndrome with mitrogenous retention,
ohigursa, ete. Even though we pow suspected extrahepatic volve-
ment, the hepatitis element was so prominent we did not dare to
interfere surgically, The predominant clinical picture was that of
a severe hepatitis, which app Iy was dary to extrahepat
disease, namely, common duct stone, which was subsequently
removed The first i of extrahepatic disease was led
by liver biopsy.

Liver biopsies are of value in following the course of hver disease.
They are the best means of making sure that a hepatitis has com-
pletely disappeared and of following the devel of chronic
hepatitis or circhosis,

The biopsy of a man with homalogous seram hapatitis, on the
sixteenth day of jaundice, showed the presence of halloon cells,
binucl cells and intralobular infiltraion On the thirty-ninth
day of jaundice he presented considerable fibrosis interpreted as
a possible postnecrotie cirrhosis Did we miss such a lesion on the
previous biopsy? We do not know. We believe that the transtion
of hepatitis into cirrhosis may oceur in rather short order, at least
as based on bigpsy studies although some may dispute the changes
as indicating fibrosis rather than cirthosis. Such a rapid transition
has been reported by Krarup(35).

A biopsy (Figure 11) was taken from a patient with sarcoidosts.
He had scattered granulomata, which, though not specific for
sarcordosis, §it in well with the clinical picture A biopsy made ten
months later showed fibrosis i addstion to the sarcoidosis (Figure
12) Whether there is any relationship between the sarcoidosis and
fibrosis, we are not sure Dr Gail believes that an early postnecrotic
cirthasts 1s present The rel hip between granul disease
and arrhosis has been lunted at n the Dterature, at least in the
case of brucellosis(38, 37)

Taver biopsy 15 helpfol m the evaluation of therapy insliver
disease({88). T

The liver biopsy from a case of fatty infiltration of t
a very fat woman, nonalechohe, who ingests too it
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Mibary Granuloma Lobular architecture 1s distorted by wregular strands of
fbrous tissue infiltrated by lymphocytes and plasma cells, At one edge, the margin
of a tubercle contamung two giant cells may be seen

shown in Figure 13. In studying the effect of therapy in fatty infiltra-
tion of the liver, it is of course necessary to have two biopsies, one
as a control before starting specific therapy. You take a biopsy and
put the patient on a hospital diet, and see what happens first on
such a regime. Here the control biopsy showed the fatty infiltration
to be the same. We gave her choline.

Watson. How long was the interval? How long was the control
interval?

Schiff- About four weeks We have seen fat disappear promptly
on just the hosprtal diet without any choline, vitamin B supplements
or other lipotroprc agents.

Best- You mean without any added?

Schiff: T will stand corrected. We gave her four grams of choline
a day, wath a farly well-balanced diet We had her on that for sit
months After six months the biopsy showed practically the same
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Same ease as Figure 11, 10 months Liter. Fibros:s 1s pronunent and there 1s now

a well-defined micronodular structure Although inflammatory cells persist, tubescles
are no longer ewident 1n this specimen

amount of fatty infiltration We then raised the dose of choline to
sixteen grams a day

Kinsell: OF what?

Schiff: Syrup of choline.

Gyorgy: Only about one-third?

Schiff We calculated the amount

Gyorgy One-third of that is choline,

Schiff: The preparation used was the syrup of choline dihydrogen
atrate supplied by Fhint Eaton & Co. of Decatur, Ilhnois.

Gyorgy: You gave 48 grams daily?

Schiff: We calculated that she was getting 16 grams 2 day, We
had quite a time getting her to take it We biopsied her four months
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Seere Fatty Vacuolization A severe grade of parenchymatous vacuolzation
with no evidence of hver celf necross.

later, and you see there appears to be a considerable decrease in
the amount of fatty mfltration, at least we think so. (Figure ).

We dropped the choline back to four grams a day, and four months
later a Liver biopsy revealed a marked increase in the degree of
fatty vacuohzation, I might say we have now observed this woman
for aver three years and she has not developed any histologic evi-
deace of cirthosis. Others have made sinular observations(39).

Hartroft It appears to me that much of the fat in the section of
tiver Mustrated 15 not mtraceltular, but is actually extracelldlar. Is
not this lipid contaned 18 pathological fatty cysts? In the photor
graph (Figure 13) 15 one such cyst with four nucle in the wall
which surrounds the contained fat. The appearance of this cyst
closely resembles those we have found and reported in the livers
of rats which develop experimental dietary cirrhosis due to a d(’:ﬁ-
crency of dietary chobne(40) Evidence based on experiments with
rats with this type of fatty cirrhosis has suggested that the restora-
tion of lipotropic factors to the diet fed the animals does not mobilize
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Same patient (Figure 13), 10 months later There 15 a stnking reduction in the
smount of fatty vacuchzation Liver cells show no ewidence of distorton or dis-
ntegration

extracellular Iipid n the fatty oysts nearly as raprdly as is the case
when the hepatic fat is intracellular

Scluff: This woman has continued to show fatty vacuchzation
over three years.

Watson. She has yemmned obese?

Schiff- Yes We tned to reduce her.

Watsop Cannot these areas be regarded simply as fat depots,
just Iike fat in the abdormunal walt or 1n the mesentery?

Best. T would not think so They are pathologreal structures
surely

Hartroft: Lipid in pathological hepatic eysts of the type we have
descrbed is no longer inside hver cells. Perhaps cyshie fat which
15 evtracellnlar 15 no Jonger dirgetly subject to the metabohsm of
Lver cells Under these conditipns, hipid in a fatty eyst sm the Iner

may not be influenced by the lipotropic agents as rapidly as when
the fat 18 {ntracellular.
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Necfe: Did she have any functional liver abnormalities?
Schiff: No. The profiles were repeatedly negative.

Hanger: I would like to know whether the liver became smaller
when you gave those enormous doses of choline.

Schiff: She is a very obese woman. It is hard for me to answer
that. Tt is a good question.

Hartroft: 1f one compares the lipid in a fatty hiver cyst with that
in adipose tissue, it would only be because the fat is not inside
liver cells in either case. In neither instance does choline rapidly
mobilize the lipid.

Schiff: We thought there was a little improvement in between
We would not say she has gone on further.

Hartroft. Then choline has possibly arrested the progress?

Schiff: Yes.

Hanger: Are these not perhaps to be considered as foreign bodies
and not as fat depots? .

Hartroft: The fat will eventually leave the fatty cysts by unusual
pathways of which we will speak later.

Schiff- Liver biopsy 15 also of value in the elucidation of the cause
of enlargement of the liver.

Not infrequently we think a patient may have neoplasm of the
liver and find he has cirthosis. I am sure that this is everyones
experience.

A colored man of thirty-five complained of epigastric pain after
meals for eight months. There was a history of tarry stools. An
abdominal mass and an enlarged liver were present. The roentgen-
ologist reported compression of the distal stomach and duodenur}r)l;
probably by neoplasm. The liver profle was normal. \Ye ﬂmugr
we were dealing with an intra-abdominal neoplasm with hepatic
metastases,

The liver biopsy revealed the presence of tubercles. Becau'se :ﬁ
the bopsy findings, tuberculosis was suspected. Laparotomy \g
performed, and the presence of abdominal tuberculosis was \'er; el
by Iymph node biopsy There was no suspicion of gmnulcm:l{ OE]s
disease before the biopsy. I want to emphasize that Dr. G'all En
as others do, that these granul are not rily specific,
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that it may be impossible to dfferentiate the hepatic granulomas
of idosis, syphillis, 1 1 ) losis or of pecific

7 the clinician is made aware that a
granulomatous disease 15 present, it is up to him to attempt to
define its character.

Watson: In this connection the group at Leyden in Holland
formed me that in doing hver biopsics in patients with advanced
pulmonary tuberculosis, patients without any evidence of miliary
tuberculosis in the ordinary sense, and they were surprised at the
high number of positive biopsies for tuberculosis in the liver, Similar
observations have been reported by Croxatto and Palermo{41).

Schiff: Was hepatic enlargement present?

Watson: I cannot give you the Sgures but 1 believe they were
ind, d any enlarg . They were doing transthoracie

biop‘sies.

Knisely: One of the ideas on the initiation of tuberculosie dex
veloped by Preston Kyes, who died recently, a student of Paul
Elalich, was as follows: One of the ways that tuberculosis gets in
is by way of the digestive tract. The organism is carried to the lver
The phagocytes digest the tubercle bacilli most of the time but not
always Dr. Kyes demonstrated tubercle bacilli 1n liver phagocytes
very early after inoculating the ammals

Gyorgy* Was not L Calmette the first to claim that?
Rnisely- T don't know.
Gyorgy It goes back fifty years.

Schiff Laver biopsy is also of value in the elucidation of hepato-
splenopathies

Ve studied a young man of twenty, vaguely 1l for eleven months,
with twenty pounds weight loss He had been found to have an
enlarged hver and spleen three months before The hver was down
four finger-breadths There was a shght enlargement of the mguinal
Sodes and there were those who thought he might have Hodgkin's
1sease

In Figure 15, beautiful giant cefis with Schaumann or pre-
Schanmann bodies are shown This led to the clinical diagnoss of
sarcordosis, with which lus course has been m heeping The valu
of liver biopsy in the d is of dosis has been p 1
reported(42, 43).

Y
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FIGURE 15~BW (CE 640)
Milary Granoloma A high power view demonstrating a Y]eumorphxc
0]

epithehoid exudate and several of the gunt cells contammg vacuoles and mel:

of nondescript character

A man of twenty-four was admitted with weakness, anore
nausea, cramping abdomunal pain, chills and fever of one mon
duration. The liver was large, as was the spleen; a marked leukopt
existed Typhoid fever was suspected Liver biopsy revealed gre
lomata with cells suggestive of the Dorothy Reed-Sternberg ty
At the time of the biopsy, there was no peripheral lympadenopal
About a month later, large inguinal nodes were discovered wh
when biopsied, showed the typical changes of Hodgkin’s dise

In a case of aleuk lymphatic leukemia with enlargement
the liver and spleen, liver biopsy showed leukemic cells in the |
tended sinusoids very beautifully and served to confirm the di
nosis The bone marrow biopsy had not been satisfactory.

Laver biopsy 1s of value mn the differentiation of extrahepatic ¢
mtrahepatic block 1 patients being considered for abdomi
venous anastomotic operations.

A gl of 15 years had two recent hematemeses and a previ¢
hematemes:s at the age of eight She had a very large spleen. 1
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zine sulfate turbidity was mcreased and she had a four plus cephalin
flocculation reaction There was questionable bromsulfalem reten-
tion I ic block was suspected on the basis of the laboratory
findings, but a liver biopsy was negative. She bad an arteriovenous
aneurysm between the splenic vem and splenic artery, and a
splenectomy was performed

‘The liver biopsy is of 1alue in the diagnesis of granulomatous
disease

Giant cells were found scattered throughout the lner biopsy
specumen of 2 patient with miliary tuberculosis who had no hepatic
enlargement and who raised no sputum. In this case the liver
biopsy i hed the first definitel £ y evid of a
tuberculous etiology.

Granulomatous lesions were present in the liver of a patient with
a postive blood culture for Brucella suis Dr Spink and his asso-
ciates(36) and Caza}{37) have well described these granulomata
with their central zone of epitheloid cells and penpheral zone of
lymphocytes,

A patient wit' ' T * orem
How often this . .
with secondary
other 1 but, as § ly occurs in other

granulomatous diseases in which the liver is involved, her liver
was not enlarged and the liver profile was eatirely normal. This

cmphasizes the importance of the biopsy 1n the detection of these
Testons

In infections mononucleos:s, the biopsy may show the accumula-
tion of the atypical lymphacytes n the sinusoids. Dr. Gall has seen
this several times and beheves that he can diagnose infections
mononucleosis from the liver biopsy

We have been surprised to find how often biopsy demonstrates
the presence of neoplasm in the liver. We realize that as time goes
on our experience may not be as stnking as it has been up to now.
For example, in 53 cases of proved neoplasm, which we have re-
ported, Trver biopsy demonstrated the presence of tumor in 41 of
these(44) In five wstances we had to go in a second time, In one
instance we had to go m a third time So when we suspect neoplasm,
particularly if the liver 15 nodular ~ 1n many of these instances the
Liver is not nodular - we repeat the biopsy. A negative biopsy,-
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course, does not exclude tumor. In one man with a huge nodular
liver, biopsy done transthoracically was negative, We were never-
theless sure he had a neoplasm. Using the anterior approach we
went in a second time right over a nodule. We took three specimens,
and in only one small arez in one of the three specimens was tumor
tissue present! Dr. Stanley Dorst, our dean, amusingly remarked
that it was like falling into a haystack and coming up without any
hay! Incidentally, our batting average is just as high with the
transthoracic approach as with the anterior approach, The hver is
often much more extensively nvaded by tumor than its gross
external appearance might lead one to believe. Not infrequently,
tumor nodules may be confined to the deeper substance of the liver,
so that the liver surface may be smooth.

In Figure 16, the liver biopsy from a young person is presented
This revealed a nonbpid histiocytosis.

I should stress the fact that needle biopsy of the liver may prove
a very useful research tool. One can remove two or three pieces
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FIGURE 16— MP (GE 207)

£ closely
Nonbpid Hntootoss Embedded i a fibrous stroma are masses of
packed m:{uu histiocrtes Nuclet are umform and eytoplasm 15 free of inelusiaos
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of hver tissue 2 or 8 om, long and about 2 mm. wide. Various
techuiques may be applied to these depending on the investigator's
interests,

Kmiscly: May 1 ask 1f it is possible to do some enzyme chemistry
on some of these?

Schiff: Histochemycal studies have been done We have been
trying to do sorne micro-fat determi Incidentally, we have
not found the phosphatase stains of any value in the differential
diagnoss of jaundice(45). We cannot tell obstructive jaundice from
hepatitis by our phosphatase stains I think Sheila Sherlack and her
associates(46) found mare of a difference than we did

A short time ago Y reported on a series of patients who had 574
biopsies(47). The cliical diagnosis was confirmed in 249, corrected
1 98, and entirely unsuspected disease was revealed i 12. So m
a little over 70 percent of our matenal, and naturally this will vary
with the type of material used, the biopsy was a positive aid in
dragnasis.

Bropsy was butory to & is in 92, musleading 1 15
and the specimens were jnadequate 1 84, making a total of 141
or 282 percent of the 500 patients in whom it was of no aid in
diagnosis Biopsy was most apt to be misleading 1 the presence
of neoplasm by faling to reveal the tumor We have had two misses
i postnecrotic cirrhosis, In nutritional or alcobolic cirrbosis, 1
don’t think you will miss the Jesion in a biopsy specimen We have
not, as far as I know. In congestive failure, at least n cases of
recent congestive failure in which the lwer still appears to be
enlarged, and in which there may be some abrormality in hver
function tests, lver biopsy may prove normal I wrote Dr Bradley
about this once We wonder if the blood 1s not squeezed out of
the smusouds at the time of biopsy and if the distention of the
smusoids as seen post-mortem may not be a post-mortem change.

Our overall percentage of falure to obtan an adequate biopsy
speamen is now 4.8 percent One’s ability to get adequate Liver
tissue with i 2 experi ar ple, our original
percentage of failures was 40

In 46 patients who we thought had nutritional or postnecrotic
cirthosis, biopsy indicated that we were probably wrong 1 that
22 had fatty vacuolization, 11 had normal hvers, 4 had hepatitis,

3 had neoplasm, 5 had biliary cirrhosis and one had obstructive
jaundee
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1s present in the lymph The lymph from the mtestine over a 24-
hour peniod adds about twice the amount of esterified cholesterol
as is contained m the total volume of circulating plasma, The normal
intestinal mucosa and the normal liver each contains about 10 times
the free cholesterol concentration of the plasma but only a little
greater concentration of estenfied cholesterol We do not know
whether the liver regulates the estenfying function of the intestines
or af the hiver directly | the chol 1 position of
the blood.

Watson: When the cholesterol esters get down below 10 percent,
1t is fairly safe to say that there is a severe degyee of lver msuf-
ficiency not incompatible with recovery but many patients die,
especially when the value goes below 5 percent. That would imply
that the gastromtestinal mucosa 1s also seriously mjured, if your
observations apply to human bemgs at all

Fremont-Smuth  Or the hver is destroying the cholesterol esters,
is that possible?

Watson: That seems rather unlikely because we see the lowest
values when the liver is diffusely necrotic

Madden- Are they receiving by way of the intestinal tract any
cholesterol precursor material?

Fremont-Smith: They are not receiving much of anything At
that time they are vomiting.

Watson What most of them are receiving is by vein.

Smith: So the gastroi inal tract would perhaps, not
have a chance to manufacture 1t,

Popper. 1 would bke to ask Dr, Watson a question We usually
refer to the reduced percentage of cholesterol esters as an indica-
tion of severe liver cell damage. In obstructive jaundice one finds
very commonly a low percentage with normal or even ncreased
absolute values of cholesterol esters (i view of the markedly
increased tatal cholesterol) even when only moderate degree of
Tiver cell damage is present Should we pay more attention to the
absolute value of cholesterol esters or to the percentage?

Watson. I think we ought to pay more attention to the absolute
value If you take the average case of cancer of the pancreas, where
there has been jaundice for any iable duration, the ester
percentage is usually quite low It is not uncommon to find it
between 20 and 30 percent The total cholesterol is as a tule ele-
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In 16 patients who we thought clinically had metastatic neo-
plasm of the liver, 6 turned out on biopsy to have cirhosis, 3 obstruc-
tive jaundice, etc.

In 11 patients who we thought were suffering from hepatitis, the
biopsies showed cirrhosis in 5, obstructive jaundice in 3, etc.

In 9 patients thought to have obstructive jaundice, biopsy indi-
cated hepatitis in 7, etc.

Looking at it in another way, in 112 patients proved by biopsy
to have cirrhosis, the clinical diagnosis was incorrect in 20, or 18
percent, in 82 patients proved to have hepatitis by biopsy, 12, or
about 14 percent, were thought to have obstructive jaundice.

We believe, therefore, that the liver biopsy possesses tremendous
clinical value along the lines we have indicated.

Best. 1 have two questions. I must say I don’t think any of us
know the answers to them, and they are from the point of view
of the experimentalist: Why are the cholesterol esters low in
hepatitis?

Schiff- T would rather defer that to somebody else.

Best: There is nobody else to defer it to.

Fremont-Smith How do we know? Maybe there is.

Best: Has anybody any idea? Are they specifically low?

Watson- Isn’t 1t related to the functional injury of the liver cell?

Best- 1 thought from Dr. Schiffs data that the esters were
specifically low when the cholesterol was normal and the fat was
normal

Watson. 1 assumed it was a matter of inability to esterify
cholesterol.

Hanger. The esterase of serum is low, which probably
hepatic injury,

Bollman The explanation of the finding of low values for }:‘h?‘
lesterol esters is not sumple. Dogs and rats fed ﬁ'ec.cholesterol fl‘:
the mayor portion of the absorbed cholesterol esterified by the ﬂﬂ:ﬂ
it reaches the intestinal lymph. We therefore know that c},olesft‘ra)
may be esterified and passed on to the blood by the mtes:imts
mucosa. Intestinal lymph from fasting animals or amma!s fcd. (‘iar
free of cholesterg] pontains free cholesterol in concer,trauons S“;nml
to that of the plasma but 30 to 50 percent more esterified choleste

parallels
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vated up to 250 or above 300, so one gets more information from
the absolute values of esters than from the percentage. I don't
know why that is, As a matter of fact, I have the impression, and
I would like to hear more people comment, there is more lowering
in patients with cancer causing obstructive jaundice than in cases
of stone or benign obstruction,

Popper: 1 ask the question for the fol[owfng reason: In early
extrahepatic biliary obstruction the tota] cholesterol may nse to
values above 300 or 350 mg. per 100 cc. At this time the ester per-
centage is normal; that means the esters rise also, for instance, to
levels of 200 mg per 100 cc. or more. On this basis the ester per-
centage was originally considered an indication of hepatic damage.
If, however, the obstruction persists for some time, the ester per-
centage starts going down very markedly. Shall we consider that 2
spearfic type of liver cell damage in these obstructive cases appears
before the other hepatic tests reveal severe liver damage or does it
mean that the esters stay constant but the free cholesterol rises due
to biliary retention or increased formation? We are under the impres-
sion that with normal total cholesterol values severe liver cell
damage 15 required to depress the ester percentage, whereas with
high total cholesterol levels minor liver cell damage depresses the
ester percentage

Hanger: The drop of cholesterol esters in long-standing obstruc-
tion is a very ominous sign and usually there is also 2 decrease of
serum albumin The late stages of biliary cirrhosis are marked by
similar changes Whenever there is an obstructive factor the total
serum cholesterol is valueless unless an ester partition is ’dOH’E' Th?
lower the ester percentage, the more defimte the indication ol
hepatic damage. In our clinic, reliance is placed on absolute \'a]u95.
The 1dea of ratio or percentage of free to csterified cholesterol is
really meaningless

Best- The other question T would raise is: What 15 the cause of
hepatic coma?

Gyorgy. Good questions!
Schiff: 1 would hke to defer on that one, too.

Best- T know nothing about 1t. Sometimes we know the causes
of coma What do we know about hepatic coma?

Fremont-Smith Have there been any other instances of l)ec?‘:n?i
from hepatic coma? Most have been in acute yellow atrophy,
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- Bollinan: They are both correct, strangely enough. This 15 an
example of one of the points Dr. Fremont-Smith has often made
that when two expenments or two experimenters fail to agree it
is usually b the experi s do not und i each other
completely. Closer scrutiny of the experiments may bring out 2
difference which clarifies the situation and may prove a point of
more value than those considered in the original experiments 1 am
sure that Dr. Markowitz ligates several branches of the hepatic
artery and I believe that Dr. Ivy ligated the man hepatic artery,
If I am correct as to Dr. Ivy's experiments he has demonstrated
that most dogs have enongh collateral artenal circulation beyond
his site of ligation of the hepatic artery, Dr. Markowitzs procedure
acutely reduces the arterial flow to the livér and most dogs die
about a day later because of the rapid development of anacrobic
organisms in the liver If such animals receive penicillin the infec:
tion is prevented and after the first day or two the circulation of
the liver has become adjusted so that the infection does not occur
Dr Grindlay and I have injected radio-opaque material into the aorta
of a number of dogs surviving (with penicillin) several days after
Yigation of the branches of the hepatic artery. In all these the sur-
viving liver was found to have definite arterial blood supply an

where portions of the liver were necrotic we were unable to demon-
strate arterial circulation

Gyorgy. With pemcillin®

Bollman- Pemcilin will keep the animal alive but not the ler
deprived of arterial circulation.

Best: That secms wrong to me If the liver fails, the animal dies

Bollman- It depends on the amount of surviving liver tissue and
the extent of the areas of necrosis.

Best- Ivy's explanation was that he put his animals on a milk diet
for two or three weeks, and the flora of the intestine changct.i, an
even 1f the hver did become gangrenous the organisms in the
Iiver did not cause the same change.

Bollman. That is rather surprising to me as I have thought that
the Welch group of anaerobes which infect the liver were al\vﬂ);
present in the intestinal tract of dogs. If the infection is prew:-nie.
for a day or so, most of the animals would survive unless extenstve
hepatic necrosis occurred In this field a large number of cont;ﬂ
ammals operated in the same way by the same surgeon seems {0 b
absolutely necessary
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Madden: May I ask Dr. Popper a question about his comments
regarding the possible_correlation of the ble matenal in the
cytoplasm, to the serum protein, or serum albumin levels? He
seemed to find some basis for suggesting that a reduction in the
amount of pyronine stainable material occurred concomitantly with
:.he Iowe'red Serum albumin level, and T wondered how that might
0 ML Ve T r™~ y_ 3. v

labelled material in at least one case of cirrhosis.

Popper: 1 want to stress again that the relation between protein
synthesis and eytoplasmic pentose nucleic acid is not proven, how-
ever, the circumstantial evidence for this relation is constantly in-
creasing. If we find a low serumn albumin and the hepatic cells
depleted of pentose nucleic acid, we still have no right to assume
that this indicates reduced protein formation by the liver. There is
not only a turnover of serum protein but also of pentose nucleic
acid involved. The histologic findings are in keeping with both
possibilities: reduced protein formation as well as rapid tumover.
As mentioned before, in cirrhosis large nucleoli and a small rim of
basophilia around the nucleus can be seen in 2 cell the cytoplasm
of which is otherwise depleted of basophilic bodies. This could be
interpreted as evidence for an accelerated attempt at new forma-
tion of pentose nucleic acid, possibly related to the mm'kedl.)'
increased protein formation, or as a depletion of pentose nucleic
acid and depressed protein formation. As in any histochemical study,
we always see only one stage and not the course of events In this
connection I would like to point to an example which shows ﬂ’jc
reverse relationship, Rich and Berthrong(49) have found in certain
conditions, such as infections which damage the liver cells, Jarge
clumps of basophilic material of pentose nucleic acid nature. One
could entertain the hypothesis that this indicates a blocked utifiza-
tion of the pentose nucleic acid. If this assumption is right, one
should get definite changes in the liver cells after plasmaphoresis
From what I have heard, the cells are depleted of basophilia after
plasmaphoresis 1 assume that the nucleoli are large. We would ke
to mvestigate this mteresting point because we may have here
moarphologic evidence for increased protein formation with rn;.nd
turnover of pentose nuclerc acid I say this again with all the caution
which histochemustry requires i

Neefe. I would like to raise one or two points regarding bit?PS‘es
In the past year or so we have had occasion to do biopsies o7
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"~ L
and whether or not their presence can be related to the presenting

dlSEa.Se or condition. To answer this question, we studied autopsy
specimens from 93 healthy young soldiers who died instantaneously,
mostly in airplane crashes, (their Dissé spaces were not visible)
:md‘ compared them with 219 cases of persons who died also rather
rapidly, but still after a considerable agonal period. Especially in
the first group we can be sure that they were clinically well and
did not have even a respiratory disease or else they would not
have gone up on a mission. In 377 percent of the first and 324
percent of the second group occasional small focal necroses with
segmented leucocytes were noted in the parenchyma A slight
increase in portal cellularity was seen in 247 percent of the first
and 274 percent of the second group. Considerable infiltration,
sometimes even including segmented leucocytes in one or another
portal space was noted m 38.6 percent of the first and 44 8 percent
of the second group. Fat infiltration was observed in about 2 per-
cent of each group. I do not know what these changes mean, but
they surely do not imply that the person is sick Whether these
changes mean a present or a preceding anicteric hepatitis is surely
comectural I think one of the great pitfalls in the study of Iner
biopsy 1s that a perfectly normal person may have changes 1 the
liver, the sigmificance of which we do not know.

Fremont-Smith We have the same thing in the kidney. All kad-
neys, normal ones of adults, have dying and dead glomerub.
A ‘certain amount of dead and dymg glomeruli is nogmal for 3
normal kidney. It shows that the use of the word “normal” is con-
fusing and we find we have to say normal with respect to some
thing. It scems to me that you have made a very good point that
there is a certain amount of pathology, which if looked at comparing
one cell to another 1s pathological, but in toto may be normal wi
respect to what we can call normal That probably holds for every
organ.

Popper: IE such changes occur mn ivers of perfectly normal people
what nght do we have to ider them as morphologic evidence
of a protracted hepatitis or even as caused by hepatitis at all, of
we should find them in persons who happen to have had climeal
hepatitis some time previously?

Scluff. We have seen some degree of periportal infiltration in
individuals who are mn all other respects normal, and it has rais
the question, the point, "¢ opper made: In cases '},“ft have
had a previous hepatitis, idual p I hepatitis have

.~
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h
any significance at all? We have seen it a number of times We did~ "~
not think there was any indication of any disease

Hanger: Have any of you used glycogen stains in your studies?
1 have noted that glycogen is not demonstrable in certain parts
of injured hepatic cells For example, the bile stained areas often
contain no glycogen It rasses the possibility that some of the dis-
turbances of the diseased liver cell are focal, m which case the
whole cell may not be affected, but a segment of 1t is enzymatically
deranged

Popper+ We often performed glycogen stains or better said, the
periodic acdfuch dpk acid techni of McManus(52),

which in the hver cell stains almost only glycogen. It has not
assisted us very much However, one pomt you just made I would
like to support In viral hepatitis. intracellular foci are noted which
are free of basophilia or glycogen. If they grow to mvolve the entire
cell they become a Councilman body. Benda, Gerlach, Rissel, and
Thaler(53) have considered them p of C [ bodies
and connected them tentatively with the presence of the virus,

Neefe. T wanted to rase the question again with respect to the
penportal infiltrations A number of pathologists have told me that
1 routine post-mortem material in persons who are supposedly free
of Yiver disease, on all chinical grounds at least, that such infiltra-
tions are farly frequent However, 1t has also been said that if
you take biopsies at operation, a biopsy secured at the beginning
of the operation 1s quite different than if it is taken at the time,
as most surgeons do, just before they are ready to close the abdo-
men It is said that such periportal infiltrations will appear even
i such short a time as during the period of an operative procedure
1t does make one wonder whether some of those things might not
deselop in the same way during the agonal state as they do durmg
an operative procedure, and whether or not we can actually transfer
that expenence to biopsy matenal secured during hfe I thnk
perhaps one of our greatest needs 1s a larger senes of normal
biopsics, a thing that 15 very difficult to arrange

P_oppcr We also have found m surgical liver iopsy specimens
a high incidence of focal necroses and cellular infiltration

Best Unless there 1s an nrgent question, T think we should go on

Knisely It 1s the same question about the rates of fixation of

cells if you are gowg to look at glycogen That is said most humbly
and in friendship.
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" “~-Best:-We all realize this, Dr. "Knisely,

Knisely: I am a little defensive about this as I lived in a com-
parative world, The fixation of glycogen is not too easy. Absolute
alcohol is one of the fixatives used for glycogen. This substance
diffuses into cells. It moves the glycogen in the cell. We have had
histology class-room teaching sections fixed by freezing, and some

: |4 Y i<
fixed in fluid fiatives. The fluid fixatives almost uniformly pushes
glycogen to one side of the cell (see Maximow and Bloom(54),
Figures 10 and 11).

Hartroft: When sections of frozen-dried material are compared
with sections of similar tissue fixed with alcohol, is there any evi-
dence that the glycogen in the Iatter instance has moved not only
from its original position within the cell to some other segion of
the same cell, but also from one cell to another?

Knisely: Within one cell in my experience,

Popper: Glycogen moves during alcohol fixation into the tissue
spaces and even into the vessels, as shown by Meibxmer(55).

Knisely: That is easily believable.

Hartroft: Is it any more justifiable to draw conclusions as to the
distribution of glycogen within the liver Jobule than it is to do so
in regard to the distnbution within specific areas of a single cell
on the basis of the usual alcohol-fixed preparations? Should one
employ only tissue prepared by freezing and drying to avoid falla-
cious results?

Knisely: It not only moves, but it becomes unstainable.

Hartroft: You are referring to the results obtained with the freez-
ing and drying method?

Knisely: That method holds it homogeneously. Then by ]oak}r;l{,'
at the amount of redness, you have to try to say how many milk-
grams of glycogen are present!

Davies- May I raise one point here about the cellular infiltrates
in the portal triads Ths is often written off as an age-change but |
seeing, as I have done, a great number of liver specimens from sma
children T have repeatedly noticed that monqnuclear mﬁ](ratwr:
usually goes with an episode of fatty infiltration. Wizen you ch
infections on top of the fatty infiliration then you get ufﬁltmtes_f
polymorphonuclears plus the mononuclears; n patients 'mﬁl-
ancylostomiasis or other parasitic disease you see cus:r}ophlhc ;ln "
tration, and these cellular infiltrates persist for 2 long time, per ap:
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throughout the hife of the African: I never see a liver without con-
siderable amounts of these cellular infiltrates far in excess of what
one sees in Europeans. 1 think that there is some significance in
this. T am not going to say that it is pathological, but T don’t think
it ought to be written off as an age-change or one of those things
seen too frequently to bother about. It may be an indication of a
past episode of damage to the liver
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SECTION 11

CLINICAL ASPECTS OF HEPATIC
VASCULAR PHYSIOLOGY

STANLEY E. BRADLEY

Department of Medicine,
College of Physcuans and Surgeons, Columbia University

Tue HePaTic circulation is large and vital to the body economy.
Approvimately one-guarter of the cardiac output passes through
the liver vach munute, permitting it to operate importantly m
systematic hemodynamics Both arterial and venous blood perfuse
the liver under ligh and low p pectively, i
special vascular arrangements that are as yet imperfectly under-
stood. The hypotensive portal venous system is particularly sus-
ceptible to disturbance by disease. Interference with hepatic blood
flow often leads to ascites, spl ly, and the development of
1 venous ck 1s app tly as the result of portal-hyper-
tension. Though such derangements of hepatic vascular physiology
are readily to the climeian, normal fi 1 changes
and minor disturbances are not easily detected or evaluated. This
is nl‘trrlbutable 1 the main to the inaccessibility of the liver and the
Ea e A a IR PN

the Evans Memorial Hospital in Boston, has already been descnbed
in detal to this group(2). This paper will be devoted to an
examination of the validity of this method and to consideration of
data which have emerged from its use in certain chnical studies,

Vaumrry oF THE Memon: Estimated hepatic blood flow (EHBF)
is calculated on the basis of a value for hepatic removal of bromsul-
falein (BSP) and a measurement of hepatic BSP uptake as follows:
EHBF = R/A-V where R is BSP removal in mg. per min and
A-V is the difference between BSP concentrations in peripheral
arterial or venous blood and in hepatic venous blood in mg per ml.
The value of hepatic BSP removal 1s taken as equal to the rate of
BSP infusion where the peripheral blood concentration of BSP
remans unchanged Corrections for changing levels may be made
on the assumption that BSP, being protein-bound, is contained

n
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SECTION 11

CLINICAL ASPECTS OF HEPATIC
VASCULAR PHYSIOLOGY

STANLEY E. BRADLEY

Depariment of Medicine,
College of Physicians and Surgeons, Columbia Unssersity

Tne nepaTic circulation is large and vital to the body economy.
Approximately one-quarter of the cardiac output passes U\mugh
the hiver vach minute, permitting it to operate importantly in
systematic hemodynamics. Both arterial and \enous blood periuse
the liver under high and low 1
special vascular arrangements that are as yel 1mper{ec\ly under-
stood The hypotensive portal venous system 1s particularly sus-
ceptible to disturbance by disease ln(exfexence with hepallc blaud

fow uf!en leads to ascites, ) and the d

colle* cot T sultof poxtnl hyper-
tens * vascular physiology
are ' functional changes

and minor disturbances are not easily detected or evaluated. This
is attributable in the main to the 1naccessibiity of the liver and the
P R NN S . T

the kvans Memonal Hospital i Boston, has already been descnbed
in detail to this group(2). This paper will be devoted to an
examination of the validity of this method and to consideration of
data which have emerged from its use in certain clinical studies.

Varmrry oF mie Merion: Estimated hepatic bloed flow (EHBF)
is calenlated on the basis of a value for hepatic removal of bromsul-
falein (BSP) and a measurement of hepatic BSP uptake as follows:
EHBF = R/A-V where R is BSP removal in mg. per min. and
A-V is the difference between DSP concentrations in peripheral
arterial or venous blood and in hepatic venous blood in mg per ml
The value of hepatic BSP removal is taken as equal to the rate of
BSP infusion “hcre the peripheral blood concentration of BSP

remains unch d C for changing levels may be made
on the assumption that BSP, being protein-bound, is contained
71
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during the time of study solely within the vascular system (or
the blood volume). Hepatic venous blood is obtained by venous
catheterization. The ration of BSP is kept on a relatively
constant value below 2 mg. percent by constant intravenous infusion
usmg a Bowman pump*

Obviously a method of this kind entails a number of assumptions
that require careful validation and that must approximate the truth,
In early discussions(1) we were most concerned with the fact that
the hepatic venous sample is removed from a vein draining only
a portion of the liver since the various hepatic veins empty
separately mto the inferior vena cava and mixed hepatic venous
blood 15 unobtamable e have placed the catheter in different
paits of the liver and different hepatic veins in the same individual
on several occasions in order to determine whether BSP concentra-
tion varies greatly from place to place when the peripheral con-
centration is maintammed at a constant level. A difference of as much
as 20 percent m extractions (BSP arterio-venous concentration
difference divided by arteral or penpheral venous concentration)
was observed on two occasions, i the remainder the values were
n much better ag (Table I). Samples obtained close to
the mouth of the vemn appeared to be most divergent, and it
seemed likely that regurgitation of blood from the mferior vena
cava might be 1esponsible For this reason a practice has been made
of taking the hepatic venous blood from a position deep in the
night lobe of the Iver and assummng 1t to be representative of mived
venous blood. This dificulty must introduce a large error and may
account m part for the range of values observed in any series.
Moreover, movements of the catheter during respiration may
introduce variation }'p anv given indrvidua}-r- 4 must be prevented

b4 N ‘

3f possible
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TABLE 1
BROMSULFALEIN EXTRACTION AT DIFFERENT SITES IN THE LIVER®

Subiect sa | vB® | sgep | ®mse | mper
S A . L

Do | 0 | 485 ] M VERE L percent |PERDTL MR
TN M| 25 (S| 120 | 862 | 62 | 1050
Syphilis 13 | 76 | 60 | 1430
oo | es2 | 62 | 1860
NON | F | & |160] 107 | 474 | 48 | 159
Syphiis 12¢ | 494 | 46 | 1290
123 | 894 | 48 | 1700
105 | 491 | 48 | 150
VB F {19 1| 107 | ee1 | 49 | s
Syphilis 148 | 480 | 49 | 1315
150 | 430 | 49 | 130
141 | 556 | 49 | Ll
i F | 23| 161| 078 | 75 | 80 | 14
Syphibis 062 | 839 | 50 | 1660
065 | o5 | 47 | 13w
TS ¥ | 20 [188] 148 | 641 | 60 | 1210
Syphilis 16 | 585 | 46 | 120
130 | 500 | 46 | 1150
131 | 620 | 50 | 1180
192 | 72 | 49 | loso
is WS 19| 1 | w0 | 5y | 1o%
Arthralga 15 | 508 | 50 | 1280
EMK | F | 67 |180| 215 | 18 [ 19 | 950
Cinthosss | 291 | 181 | 19 | 110
on” M s (16| 10 | 39 | 25 |16
Cuehosss | 113 | 210 24 | 1760

* Each salue s based upon a lsk»d umpk obtuned at et t
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values, this has never been observed under the established condi-
tions. However, Lorber and Shay(8) have found demonstrable
blood levels of BSP after duoden:d msul]ahon of 2 to 5 mg. BSP
per Kg., suggesting the poss’

tion of dye from the bile i

intravenous administration. ~

or msngmﬁc:mt when BSP is guve en in doses of 2 mg, or less per Kg.
which is higher than the usual total dose in EHBF measurements.

We have failed to find significant concentration of BSP in the
blood of six patients with eirhosis and successful portocaval
anastomosis 80 to 60 minutes following administration of 450 to
500 mg. of BSP by mouth, 1t is possible that the diserepancy is
attributable to destruction of BSP in the stomach. Finally, determi-
nation of BSP in portal* and peripheral arterial blood obtained
s:multancous)y is | five sub)ecls revealed equal concentrations. Con-
of BSP seems an unlikely cause

for error in the method,

The use of the BSP infusion rate at the concentration equilbrium
as a measure of hepalxc removal is predicated on the belief that
ic removal is ifi when the blood level is kept

below 2 mg percent. Since extrahepatic removal appears to be
a function of concentration, whereas hepatic removal appears to
be imited and independent of concentration above 2 to 4 mg. per-
cent {sce Figure 1) it follons that the extrahepatic escape of dye
from the circul: at high jons may be far in excess
of the hepatic removal rate. Thus, Cohn and his co-workers(4)
found that less than 034 mg of BSP was removed from the blood
each minute in the eviscerated dog at levels of 175 to 2.65 mg.
percent, whereas more than 24 mg. was removed per minute in
the intact animal At higher levels BSP removal in the eviscerated
anmal exceeded hepatic removal in intact animals(5) These
findings stress the nced for working at lower concentrations of
BSP. Dr Archibald Mncpherson :md I ha\e cnmed cul studles
of BSP removal in five ev
the plasma levels constant at low Ie\e)s by redumng the infusion
rate yust prior to hepatectomy. Dcspxlc all precantions the plasma
Tevel always mounted sharply, owing to the reduction in BSP
removal Two of these studies are presented graphically in Figures

* Portal blood was abtamed through the courtesy of Drs Bhikemnre and Fitzpatnck
« ther at anerition or soveral ds postoperatnelv through a sl phistie catheter
placed i the portal vein crmed out thivugh the tncision, and let in this povtion
for several davs for infusion of hepann
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EXP 4, JUNE 10, ‘49
HEPATECTOMY AND EVISCERATION
- NEMBUTAL ANAESTHESIA
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FIGURE 2
, o Effect of hepatectomy and evisceration on BSP removal ia the dog An 1nfus:

increased sharply, because removal of BSP almdst ceased with hepatectomy.

2 and 3 It can be seen that total BSP removal decreased marked
following hepatectomy —to less than 5 percent of the conire
and higher plasma levels were necessary to achieve these \:31“5
These results have encouraged us to use the method even m.ﬁ
presence of hver damage where hepatic removal is reduced sio¢
the error thus introduced appears fo be smaller than that resultin
from sampling of blood from a single hepatic vein.

Hepatic Vascular Reactivity in Normal Man: Studies of i
behavior of the splanchnic circulation in normal subjects follawfn
admimstration of epinephrine, histamine, and glucose, assumyf:im
of the upnght position, and application of an abdominal binde
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EXP 5, JUNE 15,'49
HEPATEGTOMY AND EVISGERATION
NEMBUTAL ANAESTHESIA
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FIGURE 3
Effect of hepatectomy snd evisceration an BSP removal in the dog The infusiom
of BSP was reduced to o mnch slower rate (D2 mg per mnnte) than in the experi.

ey i Frgure 2 and the BSP copcentration tended to stabrlze after an
witial elevation Removal fiere abo hay vartualhy ceased

have shown 2 wide range of vastular reactivity. Some of these
results have been reparted to you m previous conferences{?, 6).
Evdence of vasoconstactor {during osthostasis) and vasodidater
{following epinephrine} responses have been elicited. In addition,
we have recently obtained evidence of angmented splanchuie flow
dunng the pyrogenic reaction(7) and of diminished flow dunng
the action of various anesthetic agents{5).

I assoctation with Dr Neal 1. Conan, determinations of EHBF
were atidde 0 twehe normal human subjects before and after
ttraverows administeation of typhoid vaccine In oW, the BSP
plasma level rose sharply during the chill and fever phase 1n
assocsation with dimimished hepatic BSP etraction, indicating a
marked reduction i hepatic remaval This phenomenon oceurred

-



78 Liver Injury

even when fever was prevented by premedication with antipyreti
The elevation in BSP concentration was so rapid and the extraction
5o reduced in four individuals that satisfactory determination of
EHRF was impossible In the remaining eight individuals EHBF
increased though it did not always remain high, apparently because
arterial pressure tended to fall. An alarming shock-like state super-
VE]’IC(I in seveml instances.

The data obtained in a study of subject A. Dej. are presented
in Figure 4. This 27-year-old white male was given one gram of
antipyrine in divided doses during the 24 hours prior to study.
Typhoid vaccine (0.1 ml.) was administered intravenously 46
minutes after 150 mg. of bromsulfalein had been given as a primmng
dose, and bromsulfalein infusion started at a rate of 562 mg per
minute. Approximately 35 after administration of the
pyrogen, the infusion rate was slowed to 8.75 mg. per minute

§ AEMOVAL RATE.
gt

FIGURE 4
Effect of the pyrogenic reaction on EHBF Symbols as {lgur?‘ 1, Follo

v

" eneu
cased loading a5 a result of ’“gm}u o
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- N \ The body u‘:’npc
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venously and 30 mg. subcutaneously) to sustain the arterial pres-
sure, EHBF fell following induction of anesthesia with cyclo-
propane. Thus, it may be concluded tentatively that high spinal
anesthesia appears to have no effect upon EHBF independently of
a fall in blood pressure, and does not seem to block the action of
anesthetic agents. These studies are still in the preliminary stage,
and further investigation may change our present opinion.

In general, the behavior pattemn of the hepatic vasculature
resembles that of the peripheral circulatory system. During the
pyrogenic reaction the cardiac output is increased and blood flow
through the kidneys and skin greatly augmented(10). During
anesthesia or anoxia, on the other hand, there is renal vasoconstric-
tion(8) and cardiac output may fall if anesthesia is sufficiently
profound(11). Thus, the hepatic circulation appears to operate mn
conformity with the requi of the sy ic circuit under
conditions that elicit widespread vascular readjustments.

Hepatic Vascular Reactivity in Cirrhosis: Measurements of EHBF
have been made in 33 patients with cirshosis due to various
causes in association with Dr. F. Ingelfinger at the Evans Memorial
Hospital, Boston, and Dr. A. Groff, Dr. G. Bradley and many others,
at Presbyterian Hospital, New York. These values are plotted
against figures for the hepatic extraction of BSP in Figure 5 A“
determinations of EHBF made in subjects with a BSP extraction
of less than 10 percent have been excluded from this figure
Measurements were made in most jnstances when the BSP concen-
tration was changing no more than 0005 mg percent per minute.
It can be seen that EHBF fell below the normal range in the
majority of instances Extraction, Itkewise, was usually 1mpaired-
There was no obvious difference between individuals with alco-
holie, postnecrotic, syphilitic or parasitic cirrhosis(12) and 1t mgy
be concluded that the hepatic blood flow is usually reduced'lﬂ
cirrhotic disease It is difficult to assess these figures in relative
terms since a good measure of functioning liver tissue is wanting.
However, measurements of hepatic oxygen uptake (Figure 6) have
revealed reduced hepatic venous otygen concentrations a{ld. augé
mented hepatic arteriovenous oxygen differences in the mnyorlf)’;’
patients in whom they were measured It seems rea_sonable hO
assume that the difference between oxygen concentrations m‘:'fi
hepatic vein and hepatic artery (based on measurements of brac ;ﬁn
or femoral arterial oxygen content) 1s dependent in the mmr;; uPDn
hepatocellular activity, since studies made by Myers(13)
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umbtbieal vein blood and in our laboratory on blood obtamed
directly from the portal vem indicate low oxygen remaval by the
gastrointestmal tract The reduction 1 otygen AV hfference
therefore imphes slower perfusion of hepatic tissue or hepatic

ischemia

Studies of EHBF and hepatic oxygen extraction before and
after portoearal anastomosis hase been made in collaboration with
Drs A, H Blakemore, A, Macpherson, and A. Gammeltoft. Sahis-
factory data were obtained in sesen individuals and are presented

{Q{AM
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Hepatic oxygen arteniovenous difference and hepatic venous otygen saturation
in currhosis of the Lver.

in Table IL In every instance, EHBF fell postoperatively in asso-
ciation with an increment 1n oxygen A-V difference. This response
may be interpreted as evidence for a reduction in hepatic blood
flow as a result of the fall in portal venous pressure after successh

is The diminished flow of blood accounts for the fall
in hepatic venous oxygen content provided hepatic oxygen con”
sumption hanged and gastrointestinal oxygen uptake
1s not great, There is no reason to expect a change in hepatio
oxygen consumption, and reference has already been made to the
evidence for a high portal venous oxygen content, The changes
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observed appear to indicate that the liver receives a large propor-
tion of its oxygen supply by way of the portal vem, It is possible,
of course, that vasoconstriction develops in the hepatic circnit
followi hunti dure, but 1t seems unlikely.

g the g P

We are now cngaged in a longderm study of the vascular
reactivity in the crrhotic lives. Dr. J. D. Myers(14) has found

TABLE II

EFFECT OF PORTOCAVAL ANASTOMOSIS ON ENBF
AND HEPATIC OXYGEN UPTAKE IN CIRRHOSIS*

PRESHUNT POSTSHUNT
Ovygen Oxygen
s EBSP l EHBF I A-VDiF EBSP , EHBF ! AV
ubjects

peoent | mbper | gy | et ) mhper | g
KN. 12 1,025 35 38 940 47
PN 18 1,885 36 46 850 68
PP. 15 1,030 81 38 710 8.4
TK. 42 1725 37 36 1,4% 49
PMcC, 82 1,030 46 41 615 84
ND 34 13815 45 37 1,025 592
AR 26 910 43 43 535 83

#+ Abbreviations as 1 Table 1, Oqggen AV difference is the dference between
oxygen concentrations in hepatic venous and peripheral arterial blood

that EHBF increases somewhat following intravenous administra.
tion of salt-poor concentrated human serum albumin This seemed
to be a sale tool to use in assessing the capacity of the hepatic
vasculature to undergo vasodilation Dr Gammeltoft and 1 have
given 50 grams of albumin i Iy within a 20-minute period
to seven patients with cirthosis The data in Table 11T show that
ENBF usually rose. Indeed the mcrement in tins value was much
greater than that observed by Myers(14) mn normal subjects It
scems unbkely that this is an artefact produced by hemodilution
smee it occurred very rapidly at least 30 minutes hefore any change
i hematocrit occurred Morcover, BSP extraction decreased and
BST concentration rose One would expect that an organic disorder
charactenized by interference with blood flow and oxygen supply
would exoke a maximal comp ry vasodil but these results
suggest that vasoconstnction, in addibion to structural interference
wath flow, may play a e n produong hepatic ischemsa in
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decreased output with decrease in rate of flow. That agrees pre-
cisely with some basie physiology which has largely been lost from
the Amencan bterature Back about 1912, Professor August Krogh
and Professor Lindhard mewsured U\exr own persoml cardiac out-
puts When these. athleti were at rest,
ther cardiac output was about 35 to "4 bters of blood per
minute(15, 16, 17). As these professors went into severe muscular
exercise their cardiac output went up to about 21 hters per minute
or a Iittle more. Since then, Dr, Hovy Christansen has found the
cardiac output to go up to as high as 35 Lters per minute in
untramed muscular athletes The next sharply significant finding
was that the sudden increase in cardae output which occurred as
these men went from complete rest to severe muscular etercise
began before therc was time for blood to come from the exercising
muscles of the back Jegs to the heast. From this, Professor Krogh
deduced that there must be a Jarge store house for blood in the
body capable of emptying blood nto the heart quickly From his
current knowledge of anatomy, he said that the store house could
only be one with a large capacity and connected in shunt with the
rest of the circulatory system He deduced that this could only be
the Iner and branches of the portal vein bed, and of course, we
today would add the spleen

It is knawn that in frogs, mice, guinea pigs, rabbits and rhesus
monkeys there is a sphincter-like outlet valve at the point where
cach hepatic sinusoid joins the central vein of the lobule(18) It
15 known that n dags, the hepatie veins are powerfully con-
tractile(19) Both types of autlet valve or flow control mechanisms
may be present m all vertebrate species as far as we can now
know.,

The control of the outflow of blood from the Iner mto the
nfenor vena eava 1s without doubt one of the major determiants
of cardiac output The rate of outfow from the Iner mto the
vena cava determines circulating blood volume, 1venous pressure,
and carchac output The heart cannot pump any blood 1t does not
get, and it pumps very neasly all the blood 1t does get as fast as
that blood 15 put mto it. (For a detailed account of this, see
reference 18) Al of the data you have presented agrees with the
above concepts preessely and Iihe the work of Krogh and Lindhard,
the expeniments were done on people, which makes it wonderful

You presented one more thing which fascinated me utterly, One
of the problems that we have in medicine is how fast can the body
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ldll‘ bacteria, Drinker and Shaw{20) showed that the hwer is the
Taain organ for phagocytizing materiat from the blood stream. The
hlsto!ogists sometimes say that the spleen is the main organ, but
that is attempting to judge in terms of phagocytes per microscope
field. The work of Drinker and Shaw was done by actual chemicat
determination of the total amount remaved in each of several
organs, and the liver does most of it.

There is an old problem in the medical literature about how
does fever help the patient. You have shown that there is a sharp
increase in the rate of flow of blood through the liver with the rise
in temperature and increase in cardiac output, which must mean
that there is more blood per minute or per hour going through the
liver. There is a young physician at Duke University by the pame
of Samuel Martin, who is measuring the number of bacteria or
the percentage of drop in count of bacteria between the blood
entering the liver and leaving it. T think he is using rabbits mostly,
but that may be wrong. This statement is without his permission.
He finds that sometimes as much as 80 percent of the entering
bacteria are removed. So with the passage of time one would get
80 percent of 80 percent, like the mathematics of paying interest
out of a fixed fund, resulting in a rapid decrease in the numbers
of circulating organisms.

The percentage varies depending upon the kind of bacteria, the
kinds of surfaces they have and some other factors. But the total
numbers removed per hour must depend upon the total number
¢f »haoaevtes which are present in the hver, the bacteria present
- * wt-lacieal factors, the percensnge o,f
the hver. au Lo, .- .
key facts between bfe and death. In rasmy, wee ©
the increase in rate of flow through the liver it would seem, other
things being equal, must { the of bacteria d
per hour or per day. This becomes a very precious point You may
feel a Little defensive about your method, but the method is cer-

tainly overwhelmingly velid for showin .. that.

It seems to me that.p ..at deal © ° ., must begin to

move from askingn{ . * can the, »s ingest bactgn‘:\"

to asking “How f: phagoc.\& the b:ntcrin? In

alt the reading 1 hé\ have . o oaf :m;;(;r;g
° W

o

who showed how 3 a
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Jead directly to a more rapid rate of death of pathologic organisms.
This scems to me to be a key point in medicine.

Bradley: 1 think there is one point that might be stressed,
and that is the fact that this occurs without a change in body
temperature

Knisely: I you raise the patient’s temperature without putting
in partcular vaceines, what happens?

Bradley: As far as we can tell by disappearance of bromsulfalein
the same thing apparently does happen.

Knisely: If you put them in a hot box?

Bradley: In the hypertherm the bromsulfalein removal from
the blood is decreased(21). Mecasurements of EYIBF under these
circumstances arc impossible at present.

Kuaiscly: May I add one more thing: If you have striated muscles
at rest, and the human patient consists of 20 to 40 percent striated
muscle by weight according to Vierordt's tables, as far as we know
there would be very hittle blood flow through the muscles(22). If
the muscles are at rest, and there is lugh cardiac output, there
must be a fast flow through the liver. These would become the
basic conditions for the maximum possible rates of ecarrying
particles to the hepatic phagocytes.

Best: Are therc any other questions?

Handler. Did you have any change i the plasma protein con-
centration after you gave albumin?

Bradley: We have a measurement of that. There 15 a definite but
shght increase i plasma protemn concentration

Watson With only 50 grams in the crrhotic who has a lower
serum albumin do you not obsenve a transitory nse?

Bradley Yes, a small transitory elevation

Kniscly The question of changes 1n arterial and portal flow was
raised earlier It may be well for the record to question the vahdity
of old figures by Burton Opitz that a third or a quarter of the flow 1
artenal and the rest venous Burton Opitz measured the rate of
blood flow through the hepatic artery of one dog, wath a Ludwig’s
two-chambered hr, then d the rate of flow through
the portal vem of another dog He added the two and calculated
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field, The work of Drinker and Shayw was done by actual chemical
determination of the total amount removed in each of severaf
organs, and the liver does mast of jt.

liver. There is a young physician at Duke University by the name
of Samue} Martin, who is measuring the number of bacteria or
the percentage of drop in count of bacteria between the blood
entermg the hver and leaving it. I think he is using rabbits mostly,
but that may be wrong, This statement is without his permission.
He finds that sometimes as much as 80 percent of the entering
bacteria are removed. So with the passage of time one would get
80 percent of 80 percent, like the mathematics of paying interest
out of a fixed fund, resulting in a rapid decrease in the numbers
of circulating organisms,

The percentage varies depending upon the kind of bacteria, the

inds of surfaces they have and some other factors, But the totsl
numbers removed per hour must depend upon the total number
of phagoeytes which are present in the liver, the bacteria presen;
per cc. of blood and two physiological factors, the percentage ‘;l
bacteria removed on one passage. and the rate of blood flow throug
the liver. This brings us precisely to the point which is one of the
key facts between life and death, In raising the body’s temperature
the increase in rate of flow through the liver it would seem, Olhe‘;
things being equal, must increase the numbers of bacteria removet !
per hour or per day. This becomes a very precious point. You mas. .
feel a little defensive about your method, but the method is cer-
tainly overwhelmingly vahd for showing that.

It seems to me that a great deal of immunology must begin ,“".
move from askng “How fast can the phagocytes ingest bffc,g?,";n
to asking “How fast can the phagocytes digest the bnc!ena.' ;
all the reading I have done, 1 have never before read of ﬂn)mi’d
who showed how the increase in a temperature of the body wou
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lead directly to 2 more rapid rate of death of pathologic organisms,
This seems to me to be a key point in medicine,

Bradley: 1 think there is one point that might be stressed,
and that is the fact that this occurs without a change in body
temperature.

Kniscly: I you raise the patient’s temperature without putting
in particular vaccines, what happens?

Bradley: As far as we can tell by disappearance of bromsulfalein
the same thing apparently does happen

Rnisely: If you put them in a hot box?

Bradiey: In the hypertherm the bromsulfalein removal from
the blood is decreased(21). Measurements of EHBF under these
circumstances are impossible at present.

Knisely. May T add one more thing: If you have striated muscles
at rest, and the human patient consists of 20 to 40 percent striated
muscle by weight according to Vierordt's tables, as far as we know
there would be very httle blood flow through the muscles(22). 1f
the muscles are at rest, and there is lugh cardiac output, there
must be a fast flow through the Liver These would become the
basic conditions for the maximum possible rates of carmrying
particles to the hepatic phagocytes

Best: Are there any other questions?

Handler: Did you have any change i the plasma protein con
centration after you gave albumin?

Bradley: We have a measurement of that. There is a definite but
shght increase 1 plasma protein concentration

Watson. With only 50 grams i the anbotic who has a Jower
serum atbumin do you not observe a transitory nse?

Bradiey Yes, a small transitory clevation,

Kniscly. The question of changes in atterial and yortal £rrw was
raised earlior It may he well for the record to question the validity
of old fgures v Burton Opitz that a third or a quarter of f1e oz i
arteria} and the rest venons DBurtom Opitz measured fhs 1atm,
Blood flow through the hepatic artery of one dog, vi% 2 Lod
two-chambered hr, then d the rate of Erpr 7
the portal vem of mmmwf '::1(]«1 the twy and « ~
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the proportion. That is the source of the current concepts that from
one-fourth to one-third of the flow through the liver is arteral, the
rest portal. He never did both measurements on one dog The
figures of Soskin, Essex, Herrick and Mann(23) go as high as
90 percent for either vessel.

Bollman: The total blood flow to the liver varies with 'the cardiac
output, but the proportions of portal and arterial blood do not
remain constant. In anesthetized dogs the hepatic artery carried
from 11 to 83 percent of the blood to the liver(24) Simultaneous
observations of inflow and outflow indicate that the liver alternately
stores and discharges part of its blood. The blood flow to the hver
and from the liver is subject to rhythmic variations. The average
blood flow is only an average, and we know that the blood flow
through most of the sinusoids is usually intermittent.

Gordon: I have a couple of points I would like to bring up,
Dr. Bradley. The first is for my own information. I don't quite
understand why it is necessary to assume from the data that there
is dilation of the vessels in the liver. It seems to me that all of the
findings and the data could be explained simply on the bass of 2
more rapid blood flow.

The second pont relates to what happens to the blood flow in
normal animals that have a portocaval shunt.

Bradley Increased blood flow through any circuit implies either
dmminished resistance to flow or increased perfusing pressure Since
we have no evidence of change in the character of the 'blood 0(;
in blood pressure 1t follows of necessity that blood flow mcge‘asf
in these studies as a result of diminished resi vasodiats
tion We have no data on the behavior of blood flow in animas
with a portocaval anastomosis.

Schiff: Dr Bradley, is there any difference in the besnmn‘ftei
hepatic venous blood flow in pahents with cirrhosis with ascite
or without ascites?

Bradley We have not been able to discern' any difference, but
we do not have sufficient data to make a definitive statement.
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SECTION I1I
STUDIES OF HEPATIC LYMPHATICS

JESSE L. BOLLMAN

Depariment of Physiologs, Mayo Foundation,
Graduate School, Unverssty of Mimmesota

I mouctr perhaps a discussion of this subject would fit in with
the discussion of circulation to the liver. The work that 1 want
to show was done by Dr. L. E. Jobnson who has been working
mainly with Dr, F. C. Mann and Dr, J. H, Grindlay in the study
of the lymphatics of the liver. As perhaps ¥ have mentioned before,
one of the reasons that we are interested in the lymphatics of the
hver was the obsesvation that the flow of lymph from the liver
is donsly i d in the p of erperimentally pro-
duced circhosts, and also tremendously increased if we produce
hepatovenous congestion by partial occlusion of the vena eava
above the liver, in which case ascites develops. With this ascites
there is trementlous increase in flow of lymph from the lver; the
increased flow of Liver lymph develops befote ascites is present In
the dog the hver lymph rormally would be somewhere around 200
10 300 cc. of Iymph a day, which amount canes with it a Jarge
amount of protein, about equivalent to between one-half and one-
third of the tatal errculatng plasma protein. In cases of cimhoss
when this lymph flow §5 greatly increased, the Iymph then dramed
from the Lver contains anywhere from 8 to 4, up as high as 10 times,
as much as the total cirenloting protein So it b startling We
g0t interested in lymphaties, and there were several questions that
we wanted to know sbout lymph drainage of the liver. One of the
first thing was: How intimately associated were the blood supply,
the bile ducts, and the lymphatics, and could we demonstrate
actual lymphatic drainage of the sinusoids of the liver? 1 think I
can demonstrate most of our findings by means of Jantern skides.*

The pigfs liser has cach lobule neatly delmeated with o Jittle
connectine tissue o that most Iobules show a section as being
gonal. The portal branct d the lobule and the central
vein shaws in the center of the Iobule. After retrograde injection

—
* Unfortunately, {lustrations from these colored shides are not svmlable for snclusion
in the Transactions, ~ Edtor.

1
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of India ink into the liver lymphatic, sections of the liver show the
ink very near the portal branches surrounding the lobule and i
the longer lymphatics accompanying the blood vessels. No ink is
found within the lobule. If there are lymphatic spaces between the
sinusoids they are not injected by this technique.

Best: Where do you pick up the lymph channel to inject?

Bollman: The liver is retracted upward and the major liver
Iymphatic can usually be seen in the mesentery just below the
liver, After considerable experience one can readily find the
lymphatics from the hver. I have been surprised at how blind one
can be We spent a long time lookmg for liver lymphatics in
animals and were unable to sce them. We then remembered
McMaster’s work delineating lymphaties with dyes. A small amount
of Evans blue injected into the substance of the liver appears in
the lymphatics within a few seconds and the blue lymphatics are
easily seen. After seeing the blue Iymphatics a few times 'the
uninjected colorless lymphatics which had been previously invisible
are readily apparent and 1t is difficult to understand why we did
not see them before For injection the lymphatic is followed back
as near as possible to the liver and a small plastic tube insert
and tied into the lymphatic. The retrograde injection is ma}de
slowly at very low pressures because the lymphatics rupture casily
Dr Johnson mjected several hundred rats and had only a few good
preparations,

The blood vessels and the lymphatics may be injected with
neoprene or vinyl acetate and casts of the vessels obtained when
the tissue is removed by corrosion. When this is done the 1
phatics are seen to follow the portal vein and we are 1mpresse
with the extensive lymphatic system.

Hartroft. Did you employ a special photographic technique?
The effect is remarkable for 1t is almost stereoscopic.

Bollman: The photograph was taken through the .diS'SCCﬂﬂg
microscope With greater magnification one can see how intimately
the lymphatics follow the portal vem. Fine branches may be seeIz:
which accompany the portal vein probably to each liver Tobule.
is obvious that not all the lymphatics are injected in any of lheie
preparations and many more are present than can actually tle
seen. I want you to remember that the portal vein was directly
injected but that the lymphatics were injected retrograde. The

d
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flow of tymph is away from the hver opposite to that of the pox\a\
\ein. , :
Some lymphatics also follow the hepatic veins BY injectin®
- Jymph stained with Svdan v xckmgmde under oW pressure the
v‘m\’slained \ymp\\aﬁcs may be seen {ollowing and surrounding
the hepatic yemns Some of the ymphatics are seen 18 the walls 0!
the hepatic vems. In some p\aces' 1t might 2P car that the lym-
phatics drained into the veins, put 1 am sure that this 15 0ot the
s ery instance where the h'mp\\nhc injection material
did appear it the vein @ definite TULUTC of the ymphatic could be
dcmonstmtcd 1n sections of hwver, after the \ymp\\al'\cs have beent
injected with India nk, Man; of
seen entirely surrounde By India mk contamed 1n the ymphatics
All of the mk is efinitely enclosed 10 jymphati¢ vessels and many
such areas a1¢ seen around the small blood vessels Within the Tver
obule no ink is seent in the ared fr 1 capillanes
central vem 1§ there is @ ymph channel petween the sinusoids of
the hver, it is not open sulficiently 10 be in‘ccled by this method
1f, as with the sinusoids, sOME are oped mtermil\en\\y, then some
of the open \ymp\m\ic channels should be mﬁccked, but they 3¢
not. 1f the \ymphancs pcne\mte the 1obule there oust be some
sort of & valvular nechamst wiuch prer ents retmgmdc jnjection
beyond the peﬁp\\ery of the cbule Only m 121¢ sections Was there
any suggcsuon of the 'micctcd mnlcna\ :\ppc:mn to be a lymp
space between the sinusoids and 10 each of them there as ether
an obvious artefact of serious Jdoubt that the m]cc\cd matermal was
not actually 1m another plane an was actually 10 one of the larger
Lymph yvessels. In cach of Dr ]o\msnn's ymphati¢ injections there
were thousands of smusods which were not adjacent 10 any of the
\r}\cclcd matenal 50O that the finding, of the m\ccked al
single space Was carefully m\cshg;lcd and usually was Acfimtely
found to be spunous
The lymphates &€ also ntimately assocnated with the le
ducts and the pumerous channels Almost com Netely surround the
finer branches of each duct India 10k mected etrograd® into the
Yymphatics may B¢ Aearhy seen W sections of the lwer Tn the
| the wh S seen just helow the epithehum of
the duct so that any Qifusion from the duct © ould of necessity
almost completely  arrounded 1 (nall hmphati€ channels.
Best Does that suggest the Lmph pieds °P something {rom the
tnle ducts? .



94 Liver Injury

* Bollman: It does show that the biliary ducts have intimate aad
adequate lymph drainage. Any substance which would diffuse out
of the brle duct would be surrounded by lymph capillaries which
could easily pick up the extra ‘biliary material. This intimate -
relationship between tissue spaces and the various thin walled
vessels certainly provides 2 mechanisin for maintaining equilibri
conditions in the liver. Materials could easily be transferred into
the pool of tissue fluid from the arterioles, portal vein, bile capillary,
hepatic vein or lymphatic, and from the hepatic cells. The nature
and the amount of materials diffusing away from the tissue spaces
into each of the above structures would follow the equilibrium
relations between the tissue fluid and each of the intimately asso-
ciated structures. You are all familiar with the fact that bile
pigment appears in the hepatic lymph within a minute or two
after obstruction of the biliary duct. Bile pigment also appears in
the liver lymph during our procedure for cannulating the liver
Iymphatics of rats or dogs under ether anesthesia. In this procedure
the surgical manipulation of the liver is not very great but bile
pigment may continue to appear in the lymph for an hour or two
while the animal is recovering from the effects of the operabon.

Watson: The photographs are quite convincing with respect to
regurgitation jaundice and permeability of the intrahepatic biliary
tract due to injury. For instance, some bile could easily get across
to the lymphatics and then into the blood, It is a beautiful demon-
stration of that relationship to me.

Bollman: When the lymphatics of the liver are wjected retro-
grade with blue latex and the portal vein injected with white late,
the extensive and intimate association of the lymphatics thlf the
portal vein are clearly demonstrated after corrosion of the tissue
so that only the injected vessels remain in the specimen We ar
jmpressed with the volume of the lymphatics and wonder wlyly ©
little lymph flows out of this large system of vessels. Again, it
appears that the lymphatics are the drains from a mechanis; for
fluid and solute exchange

Davies: You have not demonstrated any finer channel thas
that we have seen around in the portal triad?

Bollman: That is right.

Davies: No connection at all with any part of the lobule itseli?

Bollman: Only on rare occasions have we seen sections which
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would suggest a connection within the lobule and in each of these
we ether proved it to be an artefact or strongly suspected that st
was an artefact. s
.. Best: Does it not seem rathef- surprising? 1 always thought of
the *eapillaries bemg the part where the lymph channels would
really stait. You seem to get these lymph vessels around the larger

vessels . ;

Bollman: Yes, o
Hanger: How does protein get in? Where does 1t come from?

Bollman: 1 sull fecl that the lymph does drain from the sinusoids
and the lymph does contain almost as much protein and sumtlar
protein as does the plasma, This indicates to me that the sinusoids
are quite permeable to protein, but that sufficient membranes are
present to prevent the passage of cellular elements of the blood.

Hanger: Is there no evidence of valves in the lymphatic system?

Bollman: Very definite valves are present in the extrahepatic
Iymphatics

Best: You mean you overcome them when you do your retro-
grade injection?

Bollman: The injections must be made close to the liver and
sometimes a valve must be pierced

Tarcer: Why don’t you attribute the results to failure of the
retrograde injection method?

Bollman: 1 would certainly like to see a method for the direct
injection rather than the retrograde method What we have been
saying is that the grade injection only d the lym-
phatics back to the hepatic lobule and the only question is why

¢ injection does not procced further Retrograde injections of
the hepatic vein estend for the most part into the swusoids and
we postulate a valvular or spt h of the si !
to account for those not injected Either the spaces within the
lobule hate too small an eut to permut nflow of the injection mass
or a valvular mechamsm 15 present Enther choice bnings you back
only to the fact that the spaces are not injected.

Best 1 think Dr Kmisely should make some comment.

Knisely: Thus is an old anatomical problem, and the pictures
you present are in stnct agreement with a paper by Lee(1) and
the problem has been stated exactly. The question is whether the
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Best: You said that lymph was first?

Watson- That was first, and the sequence has been studied with
thoracic duct fistulac more extensnely. More recently, n the
studies of Gonzales-Oddone(7) it was qute clear that the bile
appeared first in the lymph of the thoracic duct before any increase
i the blood could be demonstrated. However, that statement is
not based on direct examination of the hepatic vein blood, but
rather on hlood out in the periphery, and the dilution factor has
to be taken into account

Hanger: In some cases of extrahepatic obstructive jaundice the
portal triads appear edematous. Don't you think that extra hepatic
pressure on lymphatic channels emerging from the Iner may cause
“elephantiasis,” 50 to speak, of the liver? It is duc to this perhaps,
as you pointed out, Dr. Schiff, that it is sometimes dificult to
differentiate long-standing obstructive jaundice from cholangitic
infiltration,

Hartroft: H:nc you any preparation, Dr Bollman, which shows
the mjection of lymphatics around the central veins® What is the
pathway by which lymph from vessels near the central veins
reaches the upper group of abdominal lymph nodes, which, you
stated carher, occurs?®

Bollman- The injection of the Iy mphatics around the central vein
shows plainly Unfortunately I did not bring a good section to
lustrate this All of these prcmmuons }mc been made by retro-
grade inj of the lympt caudal from the lner
and the fact that the l)mph:mcs following the hepatic vein are
injected, indicates the free anastomosis between the lymphatics
of the liver This 1s one of the reasons I believe that almost all of
the lymph from the liver drains downward

Hartroft In sections, lner parenchyma is nearly always found
separating portal vessels from central ones One wonders just
where lvmphatics wonld cross from one region to the other to
reach the upper ahdominal lymph nodes.

Popper. TIs there not a large lymphatic network in Ghisson's
capsule?

Bollman The capsule is quite rich in lymphatics which follow
the blood vessels from the capsule. The capsular Tymphatics are
enfarged and more prominent in cirthotic Iners
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Best. You said that lymph was first?

Watson: That was first, and the sequence has been studied with
thoracte duct fistulae more extensively. More recently, in the
studies of Gonzales-Oddone(7) it was quite clear that the bile
appeared first in the lymph of the thoracic duct before any increase
m the blood could be demonstrated. Howeser, that statement is
not based on direct exammation of the hepatic vein blood, but
rather on blood out in the penphery, and the dilution factor has
to be taken into account,

Hanger+ In some cases of extrak ic obstructive j dice the
portal triads appear edematous Don’t you think that extra hepatic
pressure on lymphatic channels emerging from the liver may cause

“elephantiasis,” so to speak, of the hver? It 1s due to this perhaps,
as you pom!ed out, Dr Schiff, that it 1s scmeumes dxﬁicult 0
obstructne jaund

infiltration,

Hartroft: Have you any preparation, Dr. Bollman, which shows
the mmjection of lymphatics around the central veins? What is the
pathway by which lymph from vessels near the central veins
reaches the upper group of abdominal lymph nodes, which, you
stated earlter, occtrs?

Bollman: The injection of the lymphatics around the central vein
shows plainly Unfortunately I did not bring a good section to
llustrate this. All of these preparahons have been made by retro-
grade i of the ing caudal from the liver
and the fact that the lymphnhcs following the hepatic vein are
injected, indicates the free anastomosis between the lymphatics
of the liver. This 1s one of the reasons I belteve that glmost all of
the lymph from the liver drains downward

Hartroft. In sections, hver parenchyma is nearly always found
separating portal vessels from central ones One wonders just
where lymphatics would cross from one region to the other to
reach the upper abdemmal lymph nodes.

Popper Is there not a large lymphatic network in Glisson’s
capsule?

Bollman: The capsule is quite rich 1n lymphatics which follow
the blood vessels from the capsule. The capsular Iymphatics are
enlarged and more promment in cirthotic hvers
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Hartroft: They drain to the upper group of abdominal lymphatic
nodes? M

{
Bollman: The liver lymphatics enter lymph nodes in the gastro- -
hepatic omentum and this enters - branches of the lymphatics from
the upper portion of the intestine. '

Hartroft: Do these lymphatics associated with the centrolobular
veins not follow the hepatic vein, then? .

Bollman: Some do, but I believe-that oaly a small amount of
lymph passes from the hver in this way. “ -

Watson: In respect to Dr. Popper’s question about the dog, it
might be pertinent to introduce a little historical note Some of
you are perhaps acquainted with the book by Saunders on the ler
written in 1809. It is really remarkable from the experimen_tﬂl
standpoint, Saunders first points out that von Haller in about 1760
showed that if there were a very subtle increase in pressure oo
the common bile duct one could quickly detect bile pigment it
the serum of hepatic vein blood. On the basis of that, von Haller
was the first to promulgate the idea of regurgitation iﬂ“’fd'c" Then
Saunders mentions that he repeated these experiments in dogs, ":‘
simply increasing the pressure in the common duct very Shgh“}’
and quickly observed that the lymphatics, or as he cn]']ed them in
those days, the absorbents, the absorbents draining the liver becalmﬂt’
yellow. He was able to trace this regurgitation of bile from the
liver via the absorbents very quickly. Then he repeated von Hallers
eperiments and found that he could also demonstrate a retm'ﬂh'?f
bile into the blood of the hepatic vein, so his conclusion was t is
when there is increased pressure in the common bile duct d"e}";he
a regurgitation of bile both by way of blood and by way 0
Iymph, but that the regurgitation of bile by way of the 1)'mPv
oceurs earher and to a more marked extent than it does \_7," “;‘;
of the blood I think those were really remarkable B‘Pe“mf"the
studies that have largely been lost sight of. More re’cenﬂ) e
obsen ations of others(3, 8, 7) indicate in general an earlier regurg!
tation via the lvmphatics 4

Best If this earlv regurgitation is by way of the ]'_vmp}]l, _ma;h
if the henatic vein lymphatics drain into the abz}ommal Iy e
ducts, T don't see how the appearance of bile plgmeﬂ“h mne]s
hepatic vemn can he explained on the basis of these Tymph cl ‘f" on

Watson That, I think, was assumed to be a direct regurgitafl
into the blnod
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Knisely: In so far as I know the history, I think that Dale and
his associates pointed out the dilatation of the veins in the in-
testines in dogs following histamme, and smd that the great
splanchmc dilatation, increasing the splanchmc bed, was one of
the main causes of cardiac output falure in Justamine-shocked
dogs. That work was done long before there was the current degree

of of

the p of hepahc outlet constnc(cr
mechamsms and of thexr P toh The first d
) dil of the splanchnic vessels,

Later 1t was found that the valves down stream could close and
back up pressure in them.

We are now faced with the pmblcm whether the br:mches of
the portal vein dilate in resp ine directly 4
them, or whether the sphincters shut off down stream from them
and thus cause dilatation I am inclined now to believe the latter.

Bradley: When does engorgement take place?

Shorr: Only dunng the evolution of the hyporeactive or irre-

vcmble phase of shock. In the initial phase of shock, which is

ed by peripheral vascular adjustments

through blood loss, the liver is firm and ischemic and scarcely
bleeds when incised

Bradley. The portal radicals are not engorged.

Shorr. Not duning the initial stage. Indeed, in the unanesthetized
ammal exposed to graded hemunhage, the compensatory vascular
occur even with the most
profound degrees of hypo!ensmn aher bleeding The hemorrhage
may be so great that the ammal will die of ischemia, yet the bver
will be firm and 1sch In the hetized animal,
the hyporeactive phase does not oceur after graded hemorrhage
and the liver does not get engorged.

Knisely: All our expenence would agree.
Bradley Does engorgement oceur just prior to death?

Shorr. No Engorgement bcgms with the desclopment of the
phase as ind y the dep of

c:\pd]ary reactivity and increases pmgressn ely After the cxtreme

hypotension which 1s required to produce irreversibiity by graded

hemorrhage 1n the anesthetized ammal has lasted from 90 to 120

minutes, profound engorgement has occurred This engorgement is
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Knisely: T think valye mechanisms are almost certainly present
in all vertebrate animals. Personally, 1 don’t believe the circulatory
system can function without hepatic outlet valves of some sort.
Hydraulically, it would seem impossible for the system to work
without them.

Then there is a third type of shock which we have initiated in
dogs without hemorrhage. It may be worth while to put the
method in here. Two dogs are used Let us call one 2 test dog and
the other a tissue donor. Anesthetize both. Do a laparotomy down
the mid-line of the linea alba in the test dog Then take some
striated muscle from the tissue donor and this can be done very
quickly, so as to minimize the possibility of the formation multiply-
ing toxic substances from bacteria. Make a fine pulp of the striated
muscle and put piles of it beside the test dog Then lift the
intestines and mesenteries of the test dog out over the pulped
striated muscle. The test dog can be opened with very little blood
loss, and with no more stimulus to the nerves than there 1s in any
such laparotomy. Thus, this experiment starts out with mipima
hemorrhage and with minimal stimulus to nerves, Then, with 2
ster pic Leitz binocul i pe focused on the small
arteries, capillaries and venules of the intestine and mese.ntery 0";;
sees that all of the blood coming down the arteries is fluid and a
of the blood gomng back in the veins is precipitated, agglutinated:
With the passage of time the whole circulating blood changes t“;
thick sludge, and the blood then goes much too slowly. The sm2
veins then begin to get anoxic (stagnant anotia) and begin ﬂi"
leak, and finally plug. As they begin to leak, finid is lost from (e
small leaking vessel from the circulatory system, and the ma}sies
that plug are lost from the cyrculation, and each mass that Plé%’
a small vemn blocks one path from the arterial system to Bi€
venous system Only after enormous numbers of small vessels 3‘23
so plugged is there a fall m venous return and a fall of arten
pressure. "

I don’t know for sure now, but I would guess tha't that set 0f
mechanisms would leave the liver sinusoids stuffed m'lh masses ;)d
agglutinated red cells The fact that they were aggluhnated wou!
not show up n ordinary sections.

There are at least three separate mechamsms, which
shock, and that 15 what we are working with these days. 1ed

Shorr. Would 1t be necessary to postulate a stncture if you 5%
a dilator mechamsm, with an increasing intrahepatic pressure?

can €ause
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Knisely. In so far as I know the history, I think that Dale and
his associates pointed out the dilatation of the veins in the 1o-
testines in dogs following histamine, and smd that the great
sphnchnic dilatation, increasmg the splanchnic bed, was one of
the main causes of cardiac output failure in histamine-shocked
dogs. Tlxal \wrk was done long before there was the current degree

f

of of the p of hepaue outlet constnctor
mechanisms and of thelr P tol The first d
to I dilatation of the splanchnic vessels.

Later it was found lhat lhe valves down stream could close and
back up pressure i them.

We are now faced with the problem whether the brnnches of
the portal vein dilate m resp to directly

g
them, or whether the sphincters shut off down stream from them
and thus cause dilatation I am inclmed now to believe the latter.

Bradley: When does engorgement take place?

Shorr: Only during the evolution of the hyporeactive or irre-

verslble phase of shock. In the mmal phase of shock, which is

1 vascular adjustments

through blood loss, the liver 1s firm and ischemic and scarcely
bleeds when incised

Bradley: The portal radicals are not engorged.

Shorr: Not during the mtial stage Indeed, in the unanesthetized
ammnl exposed to graded hemorrhage, the compensatory vascular
oceur the synd even with the most
profound degrees of hy ion after bleed The hemorrhage
may be so great that the amimal will dre of ischemia, yet the liver
will be firm and 1schermic. In the unanesthetized animal, therefore,
the hyporeactive phase does not occur after graded hemorthage
and the hver does not get engorged

Kniscly- All our experience would agree
Bradley Does engorgement occur Just prior to death?

Shorr No Engorgcmcnt bcgms with the development of the
hyporeactive phasc as d by the d of

capillary reactivaty and increases progressnely. After the extreme
hypotension wlhich 1s required to produce ureversibility by graded
hemorthage !hc :mcsthchzed ammal has lasted from 90 to 120
munutes, prof; it has d This eng is
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further increased when such animals are transfused. The transfused
blood apparently is pooled in large measure in the liver and
increases the engorgement.

Knisely: Dr. Fine and his group at Beth Israel Hospital in Boston
told me, and I am not surc whether it has been published, that
when they took blood from a dog and seinjected it into the same
dog, that blood did not go back in the circulation. The reservoir
outlet contiol mechanisms had gone into spasm

They had evidence that the contractile mechanism was spasm
of the hepatic veins. When they had a cannula in the hepatic vein,
and when the vein went into spasm, 1t would hold the cannula so
tightly that it could hardly be pulled out. That is direct mech:mlc'ﬂ
evidence. I would think there are two significant points to this:
One, that the hepatic veins did remain in spasm; further, in a8
animal with low blood volume setransfused with its own blood,
and retransfused carefully, the outlet mechanism did not open as
teleologically 1t should have The mechanisms of the ammal dd
not go back into physiological operation.

Shorr- You say that blood did not find its way into the Yiver?

Kniscly T cannot say whether it did not enter the liver. Perhaps
it was in the portal vein bed and spleen alone, perhaps in the
substance of the liver, too I strongly suspect that the liver Hllefl up,
but the hepatic outlet mechanisms stayed shut That is suspicion
not knowledge

Shorr: This is 1 the animal that would be cansidered irreversibte?
Knisely: That would be the danger of it.
Best. A little adrenalin would open them up.

Kniscly The problem is how to get the adrenaln mnto the he]palls
veins when they are shut tightly If the adrenalin has to touch :
walls of the vessels or therr liings, it would be lmr.d to get dat
adrenalin to these places to cause the vessels to dilate, 1
could be done, it should work well

Sharr. 1 should ymagme that you might be able to get atl}l;eﬂ’-\g‘c‘
1to the hver by perfusing it directly nto the portal vein or fepaine
artery. However, 1 should like to recall the experiments ° been
on the direct pesfusion of the portal vem m dogs which ha\'e e
made irreversible to transfusion VWhen the transfusion \}la,ﬂih’,
portal vein 15 mitiated fully after the development of irreversibibt
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these animals still prove unresponsive to transfusions. In the light
of our expenments, such ammals would be Liberating VDM (ferri-
tin) even though oxidatnve conditions were restored.

Watson: What is the evidence of hepatic vemn valves n the
human being?

Knisely: Three papers by Krogh, in 1912,(11, 12, 13).

Watson: You are talking about sinusoidal sphincters in man to
explam Krogl'’s finding?

Knisely: If present, yes From Krogh's work we know there is
something in man which can contract. But our anatomical knowl-
cdge is incomplete for man. We know that the hepatic veins
contract in dogs(10) and we know that in a series of species
{frogs, mice, guinea pigs and rhesus monkeys) sinusoid outlet
sphimcters do the contracting We don't know which 1t is in man
Personally, I think both things may be present in all species

Gyorgy: Why cannot you find it?
Knisely. Probably because no one has used the right way.

Mackay, There s work by ¥ ¢~V f-tnnt o d € oen CeLo-f- s3an
where with the use of digita
pressure. They suggest some

Gyorgy They suggest, or did they find it?

Mackay. No, they present evidence that there is a fall in right
auricular pressure

Best Histamine does not cause any swelling of the liver n the
human species, does 1t?

Knisely: Not so far as I know

Best Tt doces in the dog certainly. The sphincter 1s contracted by
histamine 1n the dog, but if you use the same test you get no
response m the human being

Kniscly There 1s no reason to assume that histammne would
necessarily cause the outlet sphincters of man to close just because
tlus substance 15 an effectine simulant initiating the closure of the
outlet control mechanisms m dogs In large numbers of histologic
sections of livers of human bemngs T have hunted to find places
where smusoid outlets open nto central veins, One does not often
find the exact opening of a sinusoid into a central ven 1t 1s much
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commoner to find that the sinusoid ends in a cul-de-sac right beside
the central vein. This might be because the pathologic section did
not happen to run through the opening. Or it might be because the
outlet valves closed and stayed closed during and after the death
of the individual,

The above suggests a key set of tests, such as setting up good
fused quartz rod sllumination apparatus, sterilize it well, and study
the structure and behavior of the parts of living transiluminated
human liver lobules durmg laparotomy.

Bradley: You are placing the block proximal to the central vein?

Knisely: Right where the sinusoid joins the central vein.

Bradley. What do you mean by “valve™? Do you mean a shelf
of tissue?

Knisely. Desach observed the site where several sinusoids came
together. He picked up the biggest sphincters of this class.

Bradley. At the Jevel of the central vein?

Knisely- Yes, where several sinusoids join together and then
enter the central vein.

Best  You might get those sphincters contracting without any
great swelling of the liver.

Knisely. In rabbits in one kind of shock, afl these sphincters
shut up so tightly that at no place can blood from a sinusoid enter
a central vein. There is no remaining patent opening to the central
veins. The whole liver then swells a little bit. The fluid part of (hf
blood goes out through the sinusoid walls and dilates the Disse
spaces and the thoracic duct as well, which swells. Then there 15
sudden ascites, and the animal dies within ten minutes.

Watson: What kind of shock? .

Knsely: We have been calling it “reservoir retention sho'ck._ The
stmulus is a crude extract from lung. What it has within it we
don’t know

Best Lots of histamme

Hartroft Of what is the annufar sphincter composed? Smooth
muscle?

Knisely: We dor’t know Histologists like to believe they cant
stain everything m tissue That is not so. They believe if sorlnt?ﬂ“‘;g
is made out of smooth muscle it could contract, and if not it Cm‘lb
not contract There are things in anime? ™" can contract whic
are not made of simple svyooth muscis

#
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SECTION IV

THE ESCAPE OF LIPID FROM FATTY CYSTS
IN EXPERIMENTAL DIETARY CIRRHOSIS!

W, STANLEY HARTROFT?
Banteng and Best Department of Mednal Research,
Universsty of Toronta

Patporocicar cysts filled with fat {previously termed hipodiastae-
mata), which are formed in the hvers of choline-deficient rats
during the development of cirrthosis, have been reported by the
author(1, 2). It was found that many of these cysts atrophied and
were replaced by fbrous tssue which compnsed the trabeculae
characteristic of experimental dietary cirrhosis in rats. Cystic atrophy
occurred during that period in which 1t was found the total amount
of hepatic lipid decreased, this decrease may thus represent the
sum total of fat lost fram many individual cysts. Routes by which
liprd leaves degenerating cysts were not demonstrated and form
the subject of the present communication,

METHODS

Microsections of tissues taken from over 100 Wistar rats of both
sexes which had been fed a low-chohne diet {page 110) for periods
sanging from 9 to 15 months were studied by a variety of methads.
Frozen sections treated with Oif Red-O by the technique of R 1.
Lalhe(3) were ined twith h ylin prepared accord-
ing to the method of G, Gomori(4) and with Light Green, 1 place
of the conventional Mayer's hematoxyhn ‘This modification {intro-
duced by W D Wilson m our Iaboratonses, publication pending)
affords exeellent contrast between small draps of scarlet fat and cyan
cytoplasm or green erythrocytes

The bibary trees of sclected expenmental and control anmals
were partially filled with a filtered, diluted collordal suspenston of
carbon * This was mtroduced under very low pressure to avoid
artefact via a fine plastic tube sccured i the Wle duct This pro-

1 Tlas work was supported by a grant from the National Cancer Insttute of Canada
2 The wrter 55 greath mdebted te Dr ] I Ridout for prepanation of the dicts
and avntance m mam aspects of the work Mr Wilham Wibem gwp ewpert



110 Liver Injury

DIET: Arachin .. 12% Beeffat oo 103
Gelatin ~— 6% Comod . . 2%
Casein 3% Cod liver oil concentrate.. 0 015%
Fibrin ., 1% Cystine . 050%
Salts 5%
Celluflowr . 23
Suerose ... 515%

Vitamin powder ... 1%

The composition of the salts used in the above, per 100 gms. was
Caleium Jactate .
Calcium carbonate
Ca(H.PO.).HO
KHPO ..
Nall.POH:O ...
NaCl
MgSQ. (anhydrous)
Fe citrate .

CuSO.3HO —_ _ !
Kr .- . 000039 gms.

The Vitamin powder per 1000 gms. of mixture contained:

Thiamin . . . 500 mgm., Riboflavin . . . 250 mgms,

Pyndomne . . . 200 mgms, Calcium pantothenate . .1 gm,

Nicotinic acid . . 1 gm., and powdered sugar . . . 997.05 gms.

i f

‘Fhe cod liver onl concentrate used (CL.O. conc.) contained 50,000 1U. d
Vit. D and 200,000 LU. of Vit. A per gram. (Supplied by Messrs. Ayerst
McKenna and Harrison, Montreal).

fons pre:
ANl photomicrographs, unless otherwse specifically stated, are of microsect!
parE‘l’i from the tissues of rats fed low-choline diets for petiods rangmg from 9 o 3
months.
. « e me W . af - canle hemtic

x 2200, . N
Freune &, Two spherules of fat, one very Jarge and one smaller are sl

cytoplasm of a siwgle hepatie ecll, the muleus of which (upper 1) ﬁ’eé?omﬁfife
Frosen section of a weanhng rat fod 3 low-cholne dhet for 8 days Ol Red0,
Green and Hematoxylm Oilammersion — x 2200, —
Ficort 8 Two spherules of fat from adjoung hepatic cells are ia the p 3
fuing. to form o swngle pool of excellalr Lpad (s fatty cyst). Froven sechos o
Diver stamed with Nile Blue Sulphate x 800 (Note the difference m m

between this photograph 2nd the pr 2). s taben from parsin
Ficurs: 4 An earance sumlar to that shown in Figure 3 taken from

section of Livex Thus shows the hour-ghass” shape of the wall of 2 ncc;;!tl();j l,m"’m!m
fatty cyst Such forms are transitory and soon assume circufar outhnes,

and eos:n. x 80D
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duced complete injection of all bile radicles and adjacent canaliculi
Tinck (100 micra) sections of these livers were cleared 1n benzyt
and benzy] benzoate following dehydration mn 1sopropyl alcohol
A limited three-dimensional visualization of portions of the biliary
tree in both control and experimental ammals was thus obtained.
Frozen sections stained to demonstrate fat were also prepared from
the injected livers.

Paraffin sections of all organs were routinely stamed swuith hema-
toxyhn and eosin, and in selected cases by a variety of special
methods to demonstrate fibrous and elastic tissue, hemosiderin,
hemofuchsin, acid-fast pigment, and ceroid (Ol Red-O applied to
the paraffin sections ). Most of the observations to be reported were
made with the oilimmersion objectives of the standard mieroscope.
When frozen sections were employed for this type of study, those
not thicker than 4 to 5 micra proved satisfactory.

RESULTS

Observations indicated that the contents of fatty cysts could
escape by at least two routes. These consisted of the biliary canali-
cub and the hepatic sinusoids. Each of these pathways will be con-
sidered separately following a brief resumé of the formation and
structure of the cysts,

Stamable fat initially appears in the cytoplasm of hver cells as
small droplets which coalesce into one or two large spherules if

Ficunr 6 Several stages i the atrophy of l:ntk cysts which are boconting surrounded
by fibrous tissue are iMlustrated  These atrop] un cysts may resemble abnormal bile
ducts at this stage Azo carmine, Am]m B]uc and Omng C * 600

inand ¢ . (e .
x

Flcm\z 8 A low-power siew of a paraffin smmn (x 50) of hver from a rat which
n fed a _low-choline dict for several months and then transferred to a et

\\1I1\ cl.olme -dd(d for 12 dly‘ All lnlmcrllul.u fat_has dmlppo\n-d ;m(lcr the
th cyats

. lmpnmnl‘(‘ of
Iner and also

2 sct
. " of inteacellular
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the amount of lipid in the liver increases (Figures 1 and 2), Sexeral
spherules from adjacent cells may similarly coalesce to form a large
pool of fat (Figures 3, 4 and A of Color Plate 1}, which, previously
i 1l has now b ex llular and fills the lumen of a
newly formed cyst (Figure 5). Its wall is formed by the conjoined
parent cells from which the fat escaped to enter into the central
pool. Rupture of the limiting membranes of neighboring cells which
had b distended by their ined fatty spherules, marks
the transformation of the lipid from an intracellular to extracellular
position. Evidence for this has been presented in detail by the
author elsewhere(1, 2). Many fatty cysts formed in this manner
subsequently atrophy (Figure 6), and become replaced by fibrous
tissue which condenses into trabeculae. The nonportal distribution
of the latter was first emphasized by L. L. Ashburn, K. M. Endicott,
F. S. Daft, and R. D. Lillie(5) and later confirmed by L. E. Glynn,
H. P. Himsworth, and O. Lindan(6) and by P. Gyorgy and H.
Goldblatt(7). Around the trabeculae, fatty cysts may be seen in
every stage of either formation or fibrotic degeneration (Figure 7).
If choline or its precursors are restored to the basal diet after the
extracellular transformation of some of the hepatic fat, only that
lipid which is still intracellular is readily mobilized within a few
days by the lipotropic factors which have been added to the d'lel
(Figure 8). The escape of the extracellular fat from cysts which
atrophy during the development of cirrhotic lesions in rats main-
tained on a choline-deficient ration will now be considered in detail

for 11
Fioonz A A large fatty eyst fn the Lyer of a rat fed the low-choline diet
months is sarrounded by the eyst wall composed of soveral ell, the muclesof which
are shown The lumen 15 completely filled with scarlet ipid Frozen section S
b O Red0, Inght Green and Hematowlm. » 800

Ficvre B A cham of red fat droplets are entermg a bile canabculus which cony
paicstes with the lumen of s fatty cyst which has been parunlly depleted of 15
hpid That which remarns 15 m the form of a crescent clingng to the "ﬁ'e: i
oF the wall Frozen section of the Lver of 2 rat fed the Jow-choline die

months Oil Red-O, Hematovylin and Light Green x 800

Froven 0 4 Gl
t
1

§rm erythocytes  x 800 b

f a cholme-
Ficure D. A large vein (probably an hepanc radicle) m the hver o dod
deficsent rat s complorely flled with scatlet hpid m which erythracytes ‘i:'.’aff‘nb:imn
The black matenal 1s ink which has been injected into the biliary tree.
stamed with O:l Red O and Hematoxyln ¢ 500

a
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THE BILIARY PATH

Fat contained within a cyst may escape into bile canaliculi which
open into its lumen and pass between cells which form its wall
{Figures 9, 10 and B of Color Plate I). These communications are
probably established when limiting membranes of cells separated
by canaliculi are ruptured at the mstant of formation of the cyst
Fat droplets, apparently making their way toward portal triads, are
found in bile canahculi in mid-zones of lobules (Figures 11 and
12). Further evidende of communications between cysts and the
bilary tree was found in sections of livers injected cia the hepatic
duct. In the frozen sections, a misture of fat and ink is present not
only in many of the bile ducts (Figure 13), but also in some of the
cysts {Figure 14). In many fibrotic regions, bile canaliculi have
persisted (Figure 15) although the p hy as d d,
these are probably precursors of the new bile ducts which eventually
form in the fibrous trabeculae. Cysts and bile ducts, both containing
mjected ik, can also be demonstrated in the paraffin sections
(Figure 16). The normal pattern of the biliary tree i thick cleared
slices of mjected livers is shown in Figure I7. In similar prepara-

Freme 1 s, L e, A E R T SR

Ureen and Hematoybn x 800

Fiorae © @ v I SN SR P SR
tnset, x 500
Ferme £t sy ann . 6w

i
o

@ '

M S R T Y - ERIV) n. LHLLGUL AL Ialildany vin a w
dit for 10 months O] Red-0, Light Green and Hematowhn, x 1300
f",f‘" H A lage fatty eyst in the liver of a chronic aleohohe pitient commng to

i oD The cvst wall is clearly shown The lumen 1s completels filled with scarlet
at At the

site ht), note a small spur of fit which
arpeary b2 eated by the amo gt nelE 2 e oF the cefls of the
OR g . reen and Hematowlhn
TRe” .

Bord of the Depart-
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tions of livers which contain fatty cysts, the latter appear as small
wk-filled sacs (Figure 18) which surround the fbrous trabeculae,

1f bile in liculi which cc fcate with cysts flows toward
the Jatter rather than away, cystic distension rather than d
could result, In livers of some animals studied, cysts of very great
diameter were sometimes found. Ink mjected into the bile duct
failed to enter these giant sacs, although the media could be seen
in canaliculi immediately adjacent (Figures 19 and 20). These
special eysts may represent abnormal variants of the usual fatty
cysts, Stainable lipid could not be demonstrated in frozen sections
of the giant cysts. If their contents consist of a watery suspension
of fat it is possible that a mixture of this type might be more easily
lost during the preparation of the section than would be a mass
of undiluted lipid compressed within the lumen of the type of fatty
cyst usually encountered Further studies of the pathogenesis of
these giant cysts are under progress and will be reported in the
near future.

THE SINUSOIDAL PATH

The thinned wall of a distended fatty cyst may be so c10§ely
applied to the lining of an adjacent sinusoid that 1t is impossible
to resolve the single tenuous partition so formed into its two con-
stituent parts (cyst wall and sinusoidal wall ( Figure 21)). Drops and
even larger masses of fat have been found both in sinusoids and in
radicles of the hepatic vein (Figures 22 to 27; C and D of Color

0 fatty eyt
Fictng 9 At the positions of three, five and six o'clock on the wall of the
m the upper poryxon of the photomicrograph, small droplets of fat are !;secﬂ‘gla'hx
through three bile canahculi which penctrate between the cells [ugm;l!im he i
Frozen section of liver stamed with Oil Red-O, Light Green an
x 800

' he lurge fatty
Fioune 10 At the positions of ten, two and six o'clock on the wall of 4 o
cyst n the cenle{-gghl portion of the field, fat droplets may be seen "_::fémﬁcmla-
canakiculi Frozen section of Iner stamed with Oil Red-O, Light Green

toyyln  x 800 N T on fumen rontro-
+ and

soen
wally
rozen
enteleu piie vasun i Ute Il g ws -
sectton stamed with Oil Red-O, Light Green and Hematoxyhn < 800 hole e
ule
Ficune 12 Ths fld seeced from the mudzonal zegon o 2 15t W13
stain-
ol
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cysts partially depleted of their contents, will depend not only on
the amount of fat left, but alse on the plane of section If a cres-
centic mass of ecystic fat (lower left portion of Figure 38) is cut in
the planes represented by the lines, 4, B and C, the resultant appeas-
ance in the sections will be that shown i portions A, B and C of
the same figure, Technical artefact would not be likely to produce
a line of cleavage which would divide a mass of fat in the crescentie
manner, and such forms or those shown in B and C are therefore
considered indicative of ante-mortem loss of fat from cysts. As the
cyst walls are never closely applied to the concave aspects of the
crescentic masses of remaining fat, it is Likely that atrophy follows,
rather than precedes or produces the removal of Jipid. Empty eysts
no longer perform the useful function of storing excess hepatic fat,
and their atrophy and fibrotic replacement conforms to the gener-
ally acceded principles of pathologic alterations

EMBOLISM OF LIPID IN HEPATIC SINUSOIDS

Evidence will be presented that embolism of the fat, which
enters hepatic sinusoids from ruptured cysts, oecurs to the heatt,
lungs and kidneys.

Hrart. Elongated droplets of fat have been demonstmtcd. in the
lumina of capillaries lying between cardiac muscle fibers o.f cmhong
rats (Figure E of Color Plate IT), These findings are associated wit

argtions
The photomicrographs comprisng this plate and that precedung are of #re) "
of hfm from rats wnjected with ik via @ plastic tube mseried i the e du
(see text). ol
Fievee 17 The nanwal biary pattern as visualized i a thick ( ‘wo m:g;)‘ g
shee of ver from an mjected control ammal Only the canaboy nlln:ns- e ner
rounding brle ducts have been myected x 20, The mset demonstrate:
1 which canalicoh dram into ducts . o
th edng bt from 2
Figure 18 Smmlar prepazation to that shown m,}: ;Dg:;h K ‘50 S hehtly to the
blick Newly formed b
e seen surrounding the pa o
Coranms st ausdul patens, pote tie numerous nk-filled saes su{fﬂx\; ‘houn ™
fibrous tissue x 20 Orne of these sacs which represents a iz‘;t‘y ‘:c Y50
the mset Note the myected canaliculus connectmg the sac to a e . -
belvam are shown
Ficvre 19 Two gant cysts (see text) hned by Hattened wpit! eached
2 paraflin section The adoming bile duct 15 Riled with mk, but nonc. has re
the large cysts Hematowlin and eosin x st 3
t cyst (see ter
Frours 20 The bile canahiculus partially surrounding this gl et
illed vath 1nk, but there 1§ no demonstrable commumeation between the
the bilary tree Hematowln and eosin v 200
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small myocardial infarcts (Figure 29) composed of necrotic and
caleified muscle.

Lunc. Fat droplets within alveolar capillaries (Figures 81 and
F of Color Plate II) and small amounts of intravascular ceroid
{Figure 32) can be d in pulmonic mi fons of
cirthatic rats. Some of the intravascular fat appears to enter aheolar
spaces {Figure 31) where it is engulfed by phagocytes (Figure 33)
The latter aceumnlate in Iarge numbers in lymphoid tissue (Figure
34) which survounds dilated, thin-walled bronchi filled with exudate
(Figures 35 and 86). The macrophages may have interfered with
the lymphatic drainage of the affected bronchi, rendenng them

phble to inf with quent weakening of thewr walls
This may be the pnthogenesis of a typical bronchiectasis with
bronchopnewmonia { Figure 80) which i5 sesponsible far the death
of a significant percentage of rats fed low-chohne diets for periods
of mote than a year.

Kioxey. Drops of fat { Figure 37 and of ceroid { Figure 38) can
be demonstrated in small yenal arteries and arterioles of many of
the experimental animals. Glomerular loops (Figores 39 and G of
Color Plate 11) are found which contain masses of embohe limd
Smalt amounts of fat are also demonstrated in the space of Bowman
(Figure 40). Inh lar imjection of ink indicated that these
capillary loops which are filled with fat are impervious to the
injection-mass {Figure 41) In paraffin sections, focal necrosis of

The photomicrographs comprising thus plute and that ‘Dﬂoumg are of frazen sectiony
of Urer which have been wamed «iith Ol fed-O, Hematomylin ond Light Green
They oll have been prepared from sats fed the low~choling diet for more than a year
Fiowre 21 The sinusods, (S} tndicated \xeunuws, and partially filed with blood
eells {pale gray) may be followed around chph of the fatty cysts illustrated.
ese vescels pre separated anlv by thin mrmbranes (see text} bram the bpad con-
tned within the cvsts x
TFaotne 22 Fat droplets (black) be in & unusoid {S) which contawns a few pale grey
Elood cells (Br} Thest draplets sppest 10 be eccapimy Trom the tetortshiped eyt
19 the upper porion of the field  x 800
Ficonr 23 The fatty oyt (FC) m the upper left is almost completely depleted of
Emd except for » small crescentic remmant (black) Enythrocytes which fopearto
msma\:?m the sinusoid at the nght of the oyst, have entered and partialiv filled
the humen. At N in the lowcr naht portion of the Beld a few tiny Tat droplets (blacky
Ve enteting the lumen of the sierend 15) which containy pole mrey emihrocites
x

LD €a Lo gn T ceeimd cmedaned in b frame m the
' T - ute of bpd
o - P w dn Frgnre © of
) . - cle i contam

Vs
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some glomerular tufts (Figure 42) suggests that this may be the
result of fatty obstruction of capillary loops. Lipid is also present
in casts in the cortical tubules (Figure 43) and to an even greate
extent in casts filling the tubules of the medulla (Figure 44) wher
it is frequently mixed with deposits of calcium salts. The super
natent fluid of centrifuged urine collected from some of the experi
mental animals has been devoid of demonstrable globules of fat
This may suggest that all lipid reaching the medullary tubules may
be precipitated as casts, so that little 1s excreted. This is further
supported by the large amounts of fat often found in these tubules

Fat embolism suggested by the foregoing evidence is regarded
as chronic, repeated and mild in nature as compared with the acute
massive form seen in surgical fat embolism in man. Small showers
of fat droplets appear to be intermittently released into the circula-
tion of rats in which hepatic fatty cysts have formed. Other organs
than heart, lungs and kidneys may also be involved, but evidence
of this has not been found.

CEROID

Ceroid(8) was present in the fibrous trabeculae of livers of
animals comprising the present series. As already noted smal
amounts of ceroid were also demonstrated within vessels of the
lungs and kidneys It is suggested that the latter is of embolic

= cfions
The photomicrographs comprising this plate and that preceding are of frozen se
of er sehich e boon sained with O Ted.0, Hematorylin a Light Green.
They hace all been prepared from rats fed the low-choline diet for more than & .
Figune 25. A large plug of fat sull connected with that which £0s the cyst may
secn partially Ellmg a sinasoud shich 2ppears 10 communicate with the ¢sue lanet
which 15 tncompletely depleted of sts hpid. x 800 e woper K
Ficuee 26 The f: st (FC), a portion of which 15 included i the uppet B
part of the seh"’ﬁis ?vpmred into the smusoid which, runs fo mte}ouer hr:}gm
Nearly all the hpid has left this cyst and 2 large plug of fatas pl’?e‘n (“l:c he v of
of the smusoid A few erythrocytes (pale grey shadows) are vinble m
the coyst. "
) which B
Fioome 27 Fat (black) lies compressed within masses of red eells (grey the
e s o coer soaht b0 left center of the feld, Thus vessel Les 19
mid-portion of a Lver lobule x 500. © e e et o
28 hnes, A, B and C mdicate planes of section of the fal
O crasmantus srams oF o Ciwes Tl o hich would resule 5 30
n secuonsblﬂushiawld n lhe}‘ ﬁpeldsh 3; B and C
rod! e throug!
5 e S P VR R el e
x 500
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Nature, cﬁgina!ing from the Lver, The Presence of ceroid vy,
the Vaseulay System desery es further consideragioy,

In Sections of Iners which Contan relame!y little €eroid, man,.
of the atropho fatry €Ysts are filledq With red cells ang Small amoyngg
of hemusidon'n, Wheregs both these featyres are Jegs eastly demoy,.

t in ab

strated jy g, ions of Liver yp, h contayy, id (Figures
45ang 46), In €N Sections of the latter (staineq with Oif g ,
Temat, d Ligh Teen), collectj, Coarsely Sranular
Materia] m, Y be foung which res, le ol ped red ¢, Ils Tes
47 and 45 have | therr o, ity for the cen dye, althougl,

e de

is or; igment also resembled cerod i thay it proyeq

7 acid.fagt )y, the Zieh) Nielson technique {Figure 51} and
Teacted Posttively 4, .\lallmy's hemnfuchsin stain as g opy -

Fioypy, 29 Neerope musele fhop, Which e Undergon, fary and Calcareoys
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tively to the Prussian Blue test for hemosiderin. Tests concerming
its fluorescence will be conducted in the near future When the
sediment was not extracted with alcohol or xylol before staining,
transition forms between erythrocytes which appeared normal and
the orange pigment could be found (Figure 50), which resembled
the forms considered suggestive of transition stages between red
cells and ceroid in the frozen sections of livers, Further investiga-
tions are being performed, but it is suggested that red cells and
lipid can react in some manner to produce erther ceroid or a product
resembling it. This would not rule out the possibility that other
tissues or tissue-products may be involved. Such a concept exphins
the presence of break-down products of red cells (hemosiderin) i
livers where ceroid is absent, and conversely, their absence in hvers
where ceroid is abundant, as well as the occurrence of ceroid emhol
Finally, ceroid (Figure 52) and hemosiderin were found in upper
abdominal lymph nodes which drain the liver.

THE FOSSIBILITY OF CHRONIC FAT EMBOLISM
IN ALCOHOLISM AND RELATED
CONDITIONS IN MAN

Frozen sections of livers, lungs and kidneys obtained at autopsy
from a series of chronic alcoholics are being examined !or evi-
dences of intravascular fat*, The series is not completed, but illustra-

the kandness

* Ths matenal was generously placed at the disposal of the author lg’n;cgemlogv‘

of Professor_ Wilham Boyd of the Department of Pathology an
Unnersity of Toronto, Toronto, Canada

h eolar
Ficore 33 Masses of stamable fat lic free and within macrophages m the a
Lumenof the limg of a rat fed the low-choline diet for a year. Fiozen section staed
with O1l Red-O, Hematoxyln and Light Green x 500,
- JOn N f eeeeblom o £1A < i Temd [hisck) have collected
single macrophage
nsct T
.e‘:;di treated with

the same stamns o
th a mass

Fiovre 35 A large distended bronchus 15 almost completely filled wat o
pl‘x?’u;:'nt exudate® Parafln section stamed with Hematowyln and cosin, from the
same lung illustrated 1n the preceding two figures < 50 s
Ficure 36 Grant distension of 2 bronchus, only a portion of “:IECh l:h;“;’l:«dm o
the lower left, has occurred 1 another part of the Jung slfustrated e Bho msct
figures The smaller bronchus o the upper left contaws epudate. x 50 Tt T,
rllustrates the type of cellular reaction found around such bronchi.

section statned with Hematovwhn and cosm.



131

Experimental Dictary Cirrhosis

. ~

P s -

- % M
AN Ay

.

A

ﬂ,,.\.?,\,ym el

;

e




Liver Injury

I
ﬂ 5 e ..,.,.n.ﬁ,m.,,. N
AN
e A Yt

-
,
!
s
‘s
Y ey
- L '-
&

rover
£
<t
’ .

’
7
-
he

E TSRS S A LI A

‘.';“,
AN
"N

T




Expcrimcn!al Diclary Cirthogs 133

tong areprosentedf M one caen ¢ (Femgle, e, age 35 yrs ) La rgc fatty
©)sts 1 \arg, slagc-s of {orm:mo N and nlmph) uer Present 4,
the sectiong of T (Figures 53 a T Plate 1D Fay
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obtained both in vivo and in vitro in support of this concept has
been presented.

4. Chronic fat embolism may be a feature of the fatty cirthosis
seen in chronic aleoholism and related conditions in man.

Fremont-Smith: That was a wonderful presentation.
Best. Are there any questions on Dr Hartroft's presentation?

Gydrgy: 1 have a few. It is too late to bring out all of them I
congratulate you, Dr. Hartroft, on a wonderful presentation, It is
really pioneer work, in giving us explanations for quite a number
of old, unsolved problems. If my following questions are not quite
in line with ths praise, it is only because the time is too short to
throw more bouquets to you which you deserve

As Dr. Hartroft has already stated, neither Dr. Goldblatt who
has examined my rats maintained on a low protein-hgh fat diet
nor Dr. Pappenheimer in his studies has found that ceroid forma-
tion could be prevented by the administration of tocopherol Pappen-
heimer, who was the first to pount out the possible relation of ceroid
to the pigment found in animals with tocopherol deficiency, con-

The photomicrographs which comprise this and the preceding plate are of sechont
of kudneys of crrhotic. rats which had been fed the lou-cholime dict Jor perods
ranging between 9 and 15 months
i de, were

Ficure 41 The vessels of the ammal from which this preparation was mace,
imjected with Incha k. Note that although the capiliary loops of smﬁ .;,f :ﬁ:’ :a::
of the glomerular tuft have been penetrated by the mk, those 1o wl ‘:c there
droplets of fat (pale grey) have faled to 8l with the injected matena
section stamed with Ou Red-O, Hematoxyhn and Light Green  x 400

tuft esent (NE) if
merylar tuf 3 2R :hle field 1;}:

t 1 possi

1By embobie f3t
G x 2

Freung 42 Focal necrosss of one lobe, of the

' 250,
Fioure 43 - s o emets of p,“.]fli
o
sudanophilc B Red 0.
within medu

Hematowvlin and Light Lreen  x suv il
f the medulls 15

Fievre 44 Nearly every tubule present in this low-power view o fce.

plugeed by masees of sudanoplube i (dark grey) which 15 undergoms G720,

ton (black) x 150 Individual tubules are shown 1 @1eaet (000 Green

(x 500). Frozen scction staned with O Red-0, Hematovyhn an
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cluded 10 his paper published jointly with Victor(9) that toco-
pheral may delay the development of ceraid 1 expernmental r-
thosis but wilt not completely suppress it We are of the same
opinion, based on our experimental obserations. It shonid also be
mentioned that Endicott(10) if my memory does not fal me,
wiected rats subcutancously with cod Iner ail and fonnd *comer-
sion” of thus injected cod hiver ofl mto ceroid in situf{ 30}, apparently
without the itant prodaction of a | and thus, with-
out the interaction of red blood cells.

Further, cicthosts may be produced m rats fed a tocopherol-fsee
diet without the simultancous production of cerowd, provided the
diet is free or very low mn fat( 11)

1thas always been our fecling that the ahsence of cermd in human
cisthosis 15 due to the fact, which is quite understandable, that m
general, men, including the circhotic patients, prefer aleohol to cod
Iver oll. Cod Iiver osl is the most important duetary factor 1 the
production of ceroid. T have posstbly mismterpreted you, but 1 got
the impression that in yous optnion red blood cells are somehow
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with ceroud stan "
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converted to ceroid, whereas Mason, as well as our own group, are
inclined to link ceroid with polymerized unsaturated fatty acids,
such as are present in cod liver oil. Admittedly, protein may be at-
tached to the polymerized fat but we have no proof for it that this
protein would come from red blood cells.

According to Lillie and his group(8) ceroid may be found not
only in the liver, but also fn the spleen, 1 phagocytic cells of lymph
nodes, in the adrenal glands, bone marrow and the lungs. The
question arises whether ceroid may be produced only in the liver,
and reaches the organs through emboli and consecutive phagocytosis
or may it originate in other organs as well. It seems that Dr. Hartroft
gives his preference to the liver as the sole organ ol ceroid-
production.

I would like to ask two more questions: Regeneration of hepatic
parenchyma often occurs in choline deficient rats, even after many
months ‘on the alipotropic diet. Such newly formed nodules are
usually free from fat, although they develop in animals suffering
from chronic choline deficiency. What 1s the explanation for the
absence of fat in these newly formed hepatic cells?
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of ceroid, but only that under certain conditions, these cells may
alter the’ physical chemjstry of liver lipids so that their reactions
resemble those of cerofd. The absence of hemosiderin deposits
when ceroid is present in appreciable amounts in cirthotic Livers,
and the presence of hemosiderin when ceroid is absent or scanty
in amount, suggest that the formation of ceraid in vivo under these
conditions _interferes with the deposition of the usual products
which result from the break down of red blood cells, If hematomata
are not produced in experiments where ceroid followed the sub-
cutaneous injection of cod liver oil, this may imply that some tissue
element other than red blood cells can alter the physical chemistry
of fat in a manner similar to that in which red cells appear to act.
Further evperiments would be necessary to supply the answers
to these questions.

Handler Did you ever use red cell hemolyzates in the oil?

Hartroft: Only washed erythrocytes have been used mn the experi-
ments reported.

Watson: You think it is the hemoglobin or the red cell itself?

Hartroft: 1 can only speculate. The next questton is concerned
with the absence of ceroid in the cirrhotic livers of alcoholic
patients.

Gyorgy: They don’t consume cod Iiver ofl That is the reason they
don't have ceroid

Hartroft: 1t is possible that any liver oil, liver ol f‘rqm rats, from
humans, or from cod fish may under suitable conditions tjuncm:fl
as a precursor of ceroid. The absence of cerod in the livers o
chronic alcoholics might be due to the presence of adequate amoun
of tocopherol 1n the diet of these patients.

Gyorgy Cod liver oil is far superior to any other fnf.]Other
unsaturated fats are much milder ceroid producing materials.

ial subj cever, it

Patek. 1 realize that this 1s a controversial su})}ect. However,
should be mentioned that Pappenheimer and Victor(9) d'escnbed
a substance that closely resembled ceroid in human liver tissue.

Hartroft We have nat been able to confirm these findings.

Popper: We saw a pigment of ceroid fluorescence in Bord hruman
Tivers in a series of several hundred cases of csrrhosis.

«d of the Department of Pat\mlogyé

Hartroft: Professor Willizm Boy ' cases o

University of Toronto. kindly allowed me to examin
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leobolic cirthosis. Significan of ceroid in these livers
could not bc found but @ in many of these we found small deposits
of } reported ceroid in organs

other than hver ~the lungs “and kidney. In the rat, ceroid may be
found in hepatic and pulmonic macrophages and it is possible that
these may be drained to the regonal lymph nodes. If some of the
cerord globules are free within the circulatory system, they may be
picked up in the spleen. The evidence 1 presented indicated the
presence of ceroid in the lumina of renal vessels This suggests that
perhaps it is unlilely that ceroid is formed in the hidney, but must
be brought to it.

It was asked why so bttle stamable fat 15 found in young Iwer
cells which form the nodular areas of parenchymal regencration.
By the time this stage in the development of arhosis is reached,
the rats are always older and their grow lh nkes mrrcspondmgl)
low. More methyl groups are then availabl
Perhaps these nodules undergo only slight dcgmes of intt) changc
simply because at the time of their formation the animal is not so
severcly choline-deficient as in the carber stages of the airhotic
process.

Best. There should be some questions on cerord

Handles: As to the Jast few remarks of Dr Hartroft, T don’t think
ke that particular explanation It does not seem particularly sabis-
factory. For ane thing, |f anc uses regenerating Iner from soung
rats, the regenerating hver becomes just as fathy as normal hner in
the same time on cholme-defictent diets If yon start ont with a rat
which weighs 400 grams, place 1t on a choline deficient diet
takes a relatively short while to produce the usuat fatty lwer, and
you have started with an animal whase main growth phase s over.

Best Neverthcless, in the regeneratng liver the slands of new
cells are ot fatty

Handler 1 have no explanation

Hoflbauer OF the two pathways you discussed, which do vone
thiak 15 the more smportant m so far av the semorval of fat 1
concemned?

Hartroft. Tat entenng the crrculation i the form of small deaps
would of course evert a harmful effect on the animal i the form
of embohic phenomena, while fat entering the biliary svstem proh-
ably has hitle effect on the animal’'s general health
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Best: There would not be enough to make a difference

Hariroft: Embolic fdt appears'to be very damaging, even in small
amounts if these emboli are frequently repeated They are respon-
sible for lesions of the kidney, lung and heart, as demonstrated in
the slides. The embolic type of renal damage is superimposed
on the lesions of the kidney produced more directly by choline
deficiency(12).

Popper. Dr. Hartroft’s paper brings up quite a few jmportant
aspects. I would like to ask whether the central nervous system,
to which fat emboli very c ly go, was ined. Maybe
these observations offer an explanation for the changes in the central
nervous system observed in liver disease.

Dr. Ivy and Dr Nelson produced by dietary means in guinea pigs
peculiar changes which were histologically studied by Dr. Paul
B. Szanto in our laboratory. Parallel with marked fatty lisers,
vascular changes of arteriosclerotic character were ushered in by
the appearance of lipophages in the intima of arteries Did you see,
in the arteries of your rats, lipophages or other vascular changes?
Such an observation would possibly suggest that fat embolism from
the liver iay be the cause of the vascular changes observed in
our material.

Moschcowitz(13) recently presented excellent evidence '[ur‘the
development of new vessels in the trabeculae of the cirrhotic liver
which process he called angiogenesis. According to your observa-
tions, some of these apparent vessels would actually be fat cy.’sts.

Fnally, T would Iike to suggest a possible tagging of this fat,
actually a negative tagging. I believe the fat in these 'largc cysts
is free of vitamin A fluorescence or at least very low in it. On Icgé'
standing the vitammn A may disappear from the fat. It }vould ?
interesting to investigate whether the fat in the emboli is free o
vitamin A This would present fairly good circumstantial evidence
that the emboli derive from the hepatic cysts and not fr9m x_lefX
pheral fat tissue If the fat of the emboli would be free of vitamin :
fluorescence, it would be good evidence; if they would contain it
it would not prove anything .

Best- It seems to me that these embolic phex}omena are t!nng;
to follow up. That offers a great many interesting possxbx!;hesdr—
think Dr. Hartroft has already seen a lot in human aleoholte
rhosis which had not been seen before. ;

sies: These observations interest me very much. 1n
pag‘gl‘;egsy we have been puzzled by the frequent association

In African
of
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Best: What is the possibility that there is never anything Lle
ceroid, that 1t is all made by the sectioning, putting i¢ through the
staining procedure? I am not suggesting this too seriously, It would
be quite a joke if there was not any ceroid, that it was all made by
the staining procedures which you go through.

Knisely: Let us not believe that,

Handler: How long had these animals, with huge cysts and
emboli, been on the choline deficient diets?

Hartroft: Fatty cysts were found in livers of rats, initially weigh-
ing 125 grams, which had been fed our standard choline-deficient
diet for 35 days. Cysts have not been noted in any of our material
prepared from animals of the same initial weight which had been
fed this diet for periods less than five weeks.

Best: These pictures of the large globules, what stage were they?

Hartroft: The material illustrated was obtained from animals fed
the choline-deficient diet for much longer periods.

Best: Fourteen months?

Hartroft: A year or more. In reply to an earlier comment by
Dr. Popper, I should state that we have prepared frozen sections
from the brains of 2 few rats fed low-choline diets for periods of
6 months to one year. Stainable fat was not demonstrated in the
cerebral vessels, nor were any lesions found that might be con-
sidered the result of embolic occlusion of arteries or arterioles. The
percentage of the total circulating blood which passes through .lhe
brain is perhaps less for a rat than for human subjects in which,
under suitable conditions, the brain is well known to be frequently
subject to embolic occlusion of vessels
Best: Dr Hartroft made a point that the fat in these large cysts
might get out by the lymphatics or bile canaliculi, or via the sm;\j
soids. Dr. Tarver and I have been comparing notes, and gbyiously
* Dr. Hartroft appreciated this possibility also, that the fat ml:e%‘t
have got out by more normal mechanisms. It might have h“
utilized in the liver or tumed into ketone bodies, or whaterer tae
fate might be normally. It is quite likely that that does not hw‘:ﬁ‘e‘
very readily to the fat m these abnormal eysts; nevertheless,
possibility has to be kept in mind

I thought we should emphasize a httle bit more and it camg 0“,:
particul;]y, I felt, in Dr Schiff’s slides, that these fatty cysts don
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reports were followed by further descriptions of the same disease
from the Belgian Congo, Central and South America and from
other parts of the world, as can be seen from the cxtensive bibliog-
raphy attached to Dr. Trowell's recent paper(9), The disease was
characterized as occurring in cluldren about the time of weaning,
manifested by edema, depigmentation of the skin with peeling,
particularly in the flexures; anemia, curious changes in the har,
and with steatorrhoea. This is the first picture they drew and 1t is
an extremely accurate one. It was noted at autopsy that the liver
was fatty(7, 10) and that there was thymic atrophy and intestinal
atrophy(11). Most unfortunately the disease was miscalled pel-
lagra(12) and was regarded merely as pellagra occurring in chil-
dren(13). For some years, despite the fight waged against these
views by Williams(8, 14) this view reigned supreme. Generally
speaking little interest was taken in the disease in the tropics, This
was not surprismg for if it was pellagrous in origin, well, pellagra
was being carefully investigated in this country and it was thought
reasonable to wait till you gave us a remedy La'nd then we would
clear up this disease magically. The chemists kindly provided us
with nicotinic acid, it was tried out and though it certainly had
some action on the skin lesions(15), the children still died and
indeed a sure way of killing them was to give them vitamins (16,
17). So there we were, back where we started from in the ear'l)’
thirttes Then the news of the Gillmans’ liver biopsy studies in
South Africa came through and Dr. Trowell invited me to join him
1 a further attack on the problems of this disease. )
Being heavily burdened with routine work and teaching and with
very limited facilities, our attack had to be one of great brea(}ﬂ\
without very much depth and we have gone from one a!lrachlvft
aspect of the disease to another without ever going very d?@ )i
We first investigated the fatty liver, almost the one fived Pomd!' ad
that time, using the liver biopsy technique while we also stus Ji
the livers of those coming to autqp'sy: Dr. Trowell was f}}“"l’_ﬂz’.

tll we reviewed the matenal later id L aiuw sauses - ,
gxztmateria] had come. We had imagined we would find f:!alt cg_)rrslt
stantly present m considerable amount in the liver and m lle fie
few cases fat was present in considerable amount, and it o(;] e
too easy, but then absolutely typical cases came down mb‘e‘ hick
there was httle or no fat m the liver(18). The problem bec

i il wi a table
complicated once more and it was not 1ill we constructed

) N
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Our problem, therefore, was that the fat in the liver did not
correspond at all with the clinical picture of the disease There
might or might not be fat present. It was clear to us there was a
cycle going on of fat infiltration and fat removal from the lver
while the chinical condition continued. Therefore we started to Jook
for changes elsewhere. Our attention was turned to the pancreas
and we were surprised to find an extreme degree of atrophy of the
pancreas. We thought that this did begin to make sense, especially
when *-- f~— Ll e at cen b e ended s fartee
infiltr;- - - ¢ e
We had been trying choline and other lipotropic agents with little
success in the treatment of these children. Dr. Trowell decified to
abandon these attempts and give large quantities of protein. He
gave them considerable amounts of steak. This diet was tried on
several children — and this was followed by what we took to be an
outbreak of mumps in the ward affectng these same children. The
parotid glands became very swollen, warm and tender, and we
thought it strange that no secondary cases of mumps arose. Then
we tumbled to it. We fed steak to a number of children and every
time we gave such a child enough meat —out came thf: pélmhif
So we saw we were getting to something really interesting, f;)r
this happened to the parotid, what happened to the pancreas: (?ll
palpation the pancreas was tender, maybe it was warm, but it }-;wx;
certainly tender; about two to three days later the st.ools, W lCr
had, up to then, been full of undigested food and which more &
Jess mirrored what went in the mouth, suddenly c]eared‘ up, re-
verted to normal and the child began to improve very rapld(li).'- .

So we began to get a picture forming in our minds of a 1563‘5].
characterized by a failure of the enzyme secreting .glands to mana“
facture digestive enzymes. We turned our attention to zhe] fmn f
intestine which we had been inclined to overloo_k previously &
there was the same atrophy of the enzyme secreting glands .

Then just as I was leaving Uganda quite another line of arglﬂ;m;‘ "
that T shall come to later, struck us and we wondered if ﬂ}i’, adCE:
rymal gland was also jnvolved. So we have a conception é’ “‘ﬂ o
easein which the enzyme-secreting glands atrophy an: anse-
function, the brunt of the damage falling on the pancreas. .1“_“’

’ i defect, and 1 think these
quence, presumably of the pancreatic , oo amimal. 8
children are about in the position of a depancl"eauzi oot infltra-
fatty liver develops and the of p
tion ensue.
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Perhaps the most striking changes are in the hair, the nice tightly
coiled wool mat of the healthy African child is altered to a coarse
rank straight hair of a dusty brown or even red, or even, i severe
cases, a flaxen color. The more the weights of African children
fall below normal the more likely they are to have these hair
changes(20).

When it comes to the etiology of this condition we are now
satisfied that parasites play no direct part. You find cases with
malaria, ancylostomiasis, and other parasites, but you find other
cases with no infection or infestation whatsoever. We think the
cause of the condition is a dietetic deficiency, especially a protem
deficiency, There is extreme lowering of the plasma proteins, par-
ticularly the albumin fraction falling, while the globulin fractions
may be elevated especially if there is an infection present{21).
‘When we come to the pathology ~ there is atrophy of the pancreas
and other enzyme-secreting glands; Waterlow(1) in the West
Indies showed that there was atrophy of the siriated muscle, fatty
liver infiltration, and later fibrosis, and pancreatic atrophy.

Hanger. Do these children lachrymate normally when they weep?

Davies: They can certainly cry but I would not say what the
quality of the tears was.

In our cases in Uganda we see the same lesions as described by
Waterlow(1) perhaps, however, varying in severity. The pancress
is grossly atrophied with marked atrophy of the enzyme;secrehgg
cells, the zymogenic g les have completely disapy and!;
cells are reduced to nuclei with a thin rim of cytopLIasm artmilc
them(18, 22) (Figures 1 ~ - 7 7o+ panered \‘
cells contain no secreto is :10 ﬂl;'s
parent change in the ducwu vpre . pic ”":o
monotonously similar in these children There are no dli\“g‘?‘ o
note in the blood vessels Later there 15 an increasing am:;\matic
Sbrous tissue present and the pancreas may become quite 5¢ 'i{h -
1 think there is possibly a true enlargement of the 15‘:?,(& e
always appear enlarged when the acinar tissue atrop! 125,“ -
think that in these children there may be actual hypertrop \}Scs e
ever, no pointed study of this has been mnde‘ In all ﬁur c:lm 7
saw no cystic dilatation, no retention of secretion, nq‘ "t“g;he pane
resembling Anderson-Farber disease or cystic fibrosis D‘s e
creas. I cannot agree with those who suggest th/:rdg [f‘crem nd
larity (23, 24, 25, 26) To me the pcture is entirely di
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FIGURE 2
Pancreas, showing atrophy and absence of ductal epithehal changes H & E

have one particular advantage, namely, that the liver of the malar-
ous African is injected with malaria pigment. Studies of malaria
Ppigment, as mentioned by Dr. Knisely, show that in the acute stages
it is scattered diffusely throughout the liver lobule. It then passes
to the Kupffer cells and from there it passes into the peripheral
areas of the lobule and mn the periportal spaces. Therefore Afncan
livers are already satisfactorily injected as further injection studies
have confirmed In Figure 5 you see that the larger fat globules
are well away from the central vein and the greater accumulations
are in the penphery of the lobule, though there is often a sparing
of the cells in the lamina limitans around the portal trizd(28). Just
inside the Jamina there is a deposition of small droplets of fat that
increase rapidly 1n size and as they are increasing peripherally small
droplets appear.nearer and nearer to the center of the lobule, the
process going on steadily till the whole lobule is full of fat. In 2
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FIGURE 4
Liver from a kwashiorkor child showing marked fatty mfltration, malirous
and cellular nfil H&E

any fibroblastic proliferation, The fbrosis that comes about seems
to come by thickening of the reticulum tissue around the peripheral
cells and extending down along the sinusoids.

When you give meat or milk to one of these children so that fat
is being mobilized rapidly from the liver, and biopsies are done at
frequent mtervals, one of the first changes we have noh_td is a
flooding of the liver sinusoids by lymphocytes, They come in sncg
large numbers that the first time I saw 1t I thought the child h;
developed lymphatic leukemia. The cells lie in columns along !he
sinusoids and stay there as long as fat is disappeanng .from !he
liver. Later they disappear from the sinusoids but remain mn the
portal triads,

Kniscly- During this process are the lymphoeytes in the circulat-
ing blood increased?
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FIGURE 5

Laver showwg greater accumulation of far globules tu the penphery of the
fe with many cells i the smusowds and a0 the tnad Malna mgment ako
present H & E

Darics. They don’t appear to be particularly wereased I don't
know what they are daing. It recalls to my mind the old observa-
tion that there ase bpases in lymphocytes(28, 80, 31) 1 have a
strong suspicon that there 1s a connection between rapd fat re-

. ‘moval from the lner and the presence of these lymphocs tes
\‘Va!mn: Ts there no evidence of the devclapment of phagocytes

1

temnk Py
or bpophages from the lymphacyte:

Doties I have not noticed them

Knisely, Do you see any evidence of the lymphocytes bewmng
phagocytized by big phagocytes of the lner? That could be a very
rapid process.

Datics: 1 want ta say that our own observations, which are only
superficial, seem to indicate that they are independent. In adults



10< Liaver Injury

exactly the same changes are seen, but it appears that there is con-
siderably more fibrosis and more cellular infiltration in the portal
triads (Figure 6) than one finds in children. We interpret this,
rightly or wrongly, as being due to the fact that every African child
goes through an attack of this disease in infancy, at least one attack
This leaves behind, as a hallmark, fibrosis and cellular collections
in the portal triads. These are seen almost universally in Africans
(82, 18, 17) and indeed I have not yet seen an African liver I would
class as histologically normal even by relatively lenient European
standards, let alone by the strict criteria laid down by Elias(28).
1 would venture to say that there is hardly such a thing as a normal
African Lver in East Africa.

This fatty infiltration and associated fibrosis can lead rapidly te
a stage that 1 think is frankly a Laennec cirrhosis (Figure 7) The

FIGURE 6 .
uld there i3 10
dult with kwashiorkor Compared with the cl e
cel]uﬁvzﬂ‘:hn:):snx: t‘l‘;e :.rvnlads 'and more fibrosis There is much fat present H
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FIGURE 7

Liver from an adult with kwashiorhor showing & degrce of change resembling
a Laennce cuthosis H & E

fatty liver 1n children can apparently gne nse to a trire monolobular
cirrhosis

Gyorgy. Which lobule?

Dattes. Monolobular, diffusely through the luer, 1d | in
the distribution of the fibrosis with the pattern of hibary cirrhosis
evcept that there 15 not such a tremendous accumulation of mnflam-
matory cells around the lobules, no bile retention or nle duet hyper-
plasia The liver 1s about normal size, very granular, with very fine

stimular to that desceribed here bv Dr Hartroft 1 dont think you
can really call 1t a necrosts I don’t like the term for this condition
mn which you see a coalescence of the fat-laden cells 1n a particnlar
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area of the lobule, (Dr. Best 1llustrated it i his book( 33)), in
which we see a whole group of cells suddenly seeming to lose their
limiting membranes There is a local accumulation of fat and it 1s
through these areas that portal tract and central vemn establish
connections. I described this, very poorly, in my original paper(18)
and called it a “Himsworth Lesion” through an entire misunder-
standing of some work done by Dr. Himsworth, We thought the
accumulation took place by a “sectorial necrosis” of the lobule I
don’t like this term “necrosis” but I dou’t know what to call it.

Smece apparently every African goes through a stage of fat mnfiltra-
tion of the liver with the development of a certain amount of patchy
stellate fibrosis and cellular accumulations, it follows that one can-
not, in the African liver, make the clear distinction made by
Himsworth(84) between a post-infiltrative fibrosis, as I prefer to
call 1t, and a post-necrotic scarring, If necrosis does occur in an
African liver it does so in a liver bearing the scars of a fatty infiltra-
tion, in the form of a patchy monolobular fibrosis. When you add
to this schistosomiasis, hepatomatous change and a variety of other
changes you can well understand why the African hver has beeg
aptly referred to as a “histological nightmare”(35). The muxe
nature of the cirrhosis of Africans was pointed out by Vint(82)
We have not yet gone deeply into the curhoses in Uganda, we
have only been trying to follow the fatty liver pattern.

I would now like to make 2 few general comments on the hver
m kwashiorkor. As I said, the liver 1s mtensely fatty in the acufe
stages, but later the fat disappears, with treatment, or without treat-
ment, 50 long as the patient survives Frequently in the‘ late stages,
T *- - ~dnewtoal fat which 15 often marked in the acute

a5, any such i
- f J found L, —
in South Africa(86, 17). The larg - of fron i}e:
they kandly sent to us jn Ugand -vngely -?_lw
sence of iron in our own material “n f"b],
more or less all stages of fibrosis ¢ Nt N
tion to a condition that appears f'mm

cirthosis (Figure 7). The factors . -
fibrosis, . -° organ maxmally
1<

. w, of general Af

most * .« of fibrous «
in othe * The panireas i<
of the o v;<hmr or
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of kwashiorkor and it is in these cases we also sec an increasing
amount of fibrosis of the Liver. In some there is marked pancreatic
fibrosis and Dittle liver fibrosis; in others the picture is reversed, m
some the fibrosis is roughly equivalent in each organ In some cases
there is such a cellular infiltrate as to constitute a pancreatihs; more
usually there is no such mfitrate, In the kidneys we have been
p[:lzzled by the frequency of hyahmznhun of the glomeruli(88).1
¢ mitial stages of this there is a metaplasia of the capsular epx.
theliim o a more cubical form™ Associated with this ¥s a liyaliniza-
tion begmmng round the busc of the tuft and in_the pencapsular
"™ ‘zed tuft with an outer
ten coalesce In many
para-amyloid matenal
m thesc sites, but this is not seen in all cases Theé adrenals also
show ch:mgcs but we have hardly begun as yet to study them So
far as we have been able to determine, these changes consist of an
m_creasc in size of the cortex with an absence of pigment in the
juxta‘medullary zone so that on cross section there is a nchly yellow
cortex surrounding a white central region, On section the medulla
15 found to be fibrosed and in some cases there 1s a lot of nerve
tissue present but we have made no pointed study of this We
have not yet, because of our limited facihties, begun to study the
other organs but I wall say a few words about the heart in this
disease

In the deseriptions of the disease known as “Bouffisure d’Annam”™
about twenty-five years ngo, and 1t appears to be the same as
kwashiorkor, Normet(89) drew attention to the presence of a heart
lesion consisting of mural thrombi in the ventricles associated wnth
an hydropie deg: ion of the di This was il
to beri-ben, but it did not respond to the treatment of beri-bers Tt
was therefore regarded as “atypical ben-ben,” one of those queer
diseases of the tropres We in Uganda have not been impressed by
the presence of mural thrombi n the hearts of kwashiorkor cases,
though we h;ue been Ioohng for them cnrc{ull) However, they
doshow D dial fibers in the ventricles

Ilo“c\cr there does occur a fcrm of heart discase n Afnica
n which there is severe hyd; ion of the d
irresponsive to thiamm and mth mural thrombi and p.\tches of
fibrosts 1n the cardiac chambers, particularly in the ventricles(40,
41, 42) Tt was recognized by Dr. Evan Bedford in African troops
wn the Middle East during the last war, and sometime later, in entire
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ignorance of his work, I also recognized it in U
s work, panda, At first |
salled the conc?:hon ‘endocardral fibrosis.” Now 1 prefer to call it
endo-myocardial necrosis” because in the acate stages there 1 a
[RAANEL S

yAronin Aaranarsfinn Af Ha—gdoam dnasods
water ) o . ey
' e befi.

berd. 3 " . . o famin
at any stage and in true cardiac beri-beri the response is so
fflpld‘ as to be of diagnostic value(43). The hydropic vacuola-
tion, if severe, leads to a peripheral striatal break up of the remain-
ing cytoplasm of the fiber with ultimate death of the fiber. I do not
want to take up much time on this disease as 1t will be fully
described elsewhere, but, in brief, large areas of the subendocardial
myocardium die slowly, with minimum cellular infiltrate and with-
out blood vessel changes, the endocardium frequently d

with the deposition on it of thrombotic material which may or may
ot become infected and the necrosed areas are organized into firm
white fibrous tissue At autopsy there is often a firm white plaque
of fibrous tissue in one or more of the cardiac chambers, most
characteristically in the ventricles and especially in the left ventricle.
There may be a mass of adherent thrombus partially organized, or
even completely surrounded by a white ring of fibrous tissue sur-
rounding a dark mass of amorphous tissue. Histologically there is
a thickened endocardium and a granulation tissue layer in the region
of the old end dium with broken-up elastic fibers. Undemeath
this there is more fibrous tissue with atrophied myocardial fibers
with large nuclei in them or fibers showing the hydropic vacuola-
tion The process is usually confined to the inner one-third of the
myocarditm or the papillary muscles only may be mvolved. The
blood vessels are normal.

Dr. Towell has felt, and I agree, right from the start of our
recognition of this disease, that there might be some connection
between kwashiorkor and endomyocardial necrosis, Gbviously there
are olher factors operativé That we do not appreciate at this time
I have not heard of any description of such a condition as this in
experimental animals and I mention it here because of this groups
wide experience of animal malnutrition, and because we are very
anxious to know if anyone has me’t’any(hing like it.

Patek: T wonder whether the al changes encountered in
vitammn E deficiency might be ance to these.
Davies: 1 dthattwo W horities think this might

iy >
be due tov ficiency. nun determine
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any other etiologic factors and 1t might well be vitamin E deficiency.
These people do ndt show any constant association with any other
condition save malnutntion. One cuvious point is the absence of
cardiac hypertrophy since these cases go on for several years with
congestive failure and endocardial sclerosis. Save m circumstances
where there is an obvious cause for hypertrophy, aortic syphilts or
hypertension, these hearts are always atrophic The cardiac failure
may go on for several years, with no response to therapy save the
prevention of waterlogmng, often with a persistently high diastolic
pressure. The relationship of this disease to endocardial sclerosis
with cardiac hypertrophy as seen m this country(44) is obscure.
We suspect that 1n our cases there 1s some factor lacking which by
its lack causes the fibers to atrophy and also prevents hypertrophy.

Shorr: May I ask what the incidence of hypertension is in this
population?

Davies Could we defer that?

Stetten. We encountered once by chance a cardiac lesion which
was much more acute than this and probably has no relation to 1t,
but I would like to raise the following question What 1s the major
fatty acid in the ciet of these indwiduals? 1 make this inquiry
because of the following observations In a study designed to deter-
mne the relative fattiness of cholime-deficient Iners, rats were raised
on pure fats We observed that launic acid, that 1s the 12 carbon
fatty acid, when fed at relatively ngh levels umformly produced
death in young rats m from 4 to 6 days after starting the diet This
occurred if no choline or methionine was added The death was due
to congestive fulure The hearts showed fragmentation of the myo-
cardium, considerable edema of the myocardhal fibers and 1 addi-
tion, an extensive v asion of the myocardium by polymorphnuclear
lenkocytes The hearts were stenile as far as we could tell, no bacteria
could be grown This could be completely presented by the addition
of normal dietary amounts of esther methionine or cholme but
could not be prevented by mositol

In this connection, T wonder 1f coconut 15 caten 1n thes area?
Dacies: No

Best What are the fatty acids?

Daries 1 don’t know

Best They would have to be grven in large amounts if 1t is to be
comparable to the ammal expeniments
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Stetten: Yes, we gave 35 percent. Myristic and decanoic acids
did not do it. Lauric acid killed every rat.

Davies: One or two other features of this disease: I saw it chiefly
in malnourished people or, at least, in people who were at one
time malnourished. I could not, dealing with autopsy material,
define any other factors. Dr. Bedford’s cases were well-nourished
African soldiers, though they tao had probably had past periods
of malnutrition. However, when the illness arose, they were on an
army diet. T think he was impressed in his cases with a history of
severe physical exertion or the autopsy findings of hypoplastic
aortae. We know, however, that many Africans have hypoplastic
aortae(45). We wondered if a prolonged past period of dietary
deficiency plus some strain factor might account for this disease.
But Dr. Bedford tells me that he has now seen the disease in Euro-
peans wha have lived in the tropics. It ought to be reported fre-
quently from West Africa as the bulk of Dr. Bedford’s cases were
West Africans.

Knisely: How soon after severe exertion did they die?

Dacies: 1 cannot tell.

Knisely: As individual men while working?

Davies: No, no,

Knisely: In two weeks?

Dagies: Much longer than that

z j ik It's chome

Gyorgy: Could it not be like Dr. Best :md‘Dr. Hartroft's .
experiment, temporary deficiency m early life and then just not
complete restitution to the normal?

Davies. That was in our mind.

Best: It would be very interesting to Jook into the fatly act;‘lv
This observation of Dr. Stetten is an amazing one. It is apparently
very clear cut.

i Ve of course Sus-

Stetten: T would like to see 1t reproduce.d ¥y f cour .
pected our supply of launc acd. We obtained k{un? fthdl\f;iﬁ.!g
various sources, redistilled st and yet found that jt always
the experimental animal. .

Gyorgy: Lauric acid 1s one of the most_toxic fatty acids | for _

almost all bacteria. N
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Stetten: It is’an ingredient of many_insecticides as we learned
later. e T e

Daties: To return to our initial discussion now. A survey of the
geographic distribution of kwashiorkor reveals that it is now known
to occur to a greater or lesser extent all over Africa It is seen south
of the desert belt, in Egypt, in the West Indies, in Central and
South America, in India, Assam, Indo-China, Annam, and, I believe,
Dr. Gyogy has a report from Indonesia So we may say that it is
a disease seen, to a greater or lesser extent, all over the tropics(9).

What of the etiology of this disease and what do we think is
happening in these cases? In considering the etiology I would
begm by pointing out that, because of the universality of hver
damage we may assume that all the mothers have the marks of
past malnutnition and possibly have some continuing defect. Add
to this various tribal taboos so that women do not eat chicken,
eggs or mulk, it is not swrprising that the children are born under-
weight, and 1t 1s my belief, and I think that of other workers 1n
Afnca, that not only are they underweight, but they are actually
somatically immature. It is easy to suspect this, but the proof of 1t
would be a frightful task. At any rate we think that they are bom
with 2 poor biochemical and somatic background, because all the
mothers are nutritionally damaged. They do moderately well on
the breast at first, then they begin to fall belind and then the
catastrophe of weaning hits them, and about this tune one observes
the onset of kwashiorkor This 15 well recognized by the Afncans
themselves, as witnessed by the multipheity of tnbal names in dif-
ferent languages for the discase The name “kwashiorkor” means
the “red boy” in a West African tongue, but 1t 1s known in Southern
Uganda as “musamvu” These names reflect roughly two aspects
of the disease, the striking changes 1n the hair and skin, or the fact
that it 15 “the disease of the displaced child” The Africans well
recognize that it occurs when a second child comes along and pushes
the first off the breast of the mother to be weaned directly onto an
adult diet This is when the disease ensues rapidly The children
appear to be on a very low protein, very low fat and very high
carbohydrate dret The mother endeavours to push the latter into
them in large amounts so that the total caloric intake may be quite
high, 1socalonic or even hypercalonic At the same time, the diet
contains a great deal of roughage(21) The svitamin content of the
diets 1n Uganda appears to be more or less adequate, and we think
that when a vitanun deficiency condition does appear in this dis-
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I.ianger: That may have some bearing on the pancity of fibrotic
lesions n the livers of these patients

,D,m’"c’: They seldom_show, a_Jeukocytosis; there is almost a
minimal in response to infection.

Fremont-Smith: Is it the custom to break off the breast feeding?
In some countries they go back and forth and get a good deal of
milk while the other child is nursing. Is anything of that happening
or is there a taboo against that?

Davies: I don’t think it is a taboo, but I don't think it is so often
done. But other women may give the child an occasional breast
feed.

Fremont-Smith: So for all intents and purposes the arrival of a
child is the end of breast feeding for the other children.

Shorr: Have any studies been done on bottle feeding?

Davies. 1 don’t know about bottle feeding per se but children
reared under European observation in orphanages do not show
this disease.

Shorr You are forced to conclude there may be something else
missing in mulk other than the total amount of protein, which you
say is only mnmmally reduced?

Davies. 1 don’t think protein itself, sir, is the key to this 1 think
there are some other factors.

Madden. Has any study of possible trace element deficiency been
made like manganese and zinc®

Davics. 1 think we have got trace deficiencies in gnother !:vp:?» of
circumstance. T don't think they play any major role in kwashiorkor.

Mackay: When you say the vitamin intake 15 adequate, what
do you mean?

Davics: They show no deficiency by and large, except possibly
nicotime acid deficiency.

Mackay. Is that based upon food analysis?

Davies: No . )

Mackay: The other point was, when you give vitamins, then

they die?

Davies Yes often inle

Handler. Tsn't that an ancient finding that rats on a mu tip
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deficiency diet fare lots better than when they were maintained
in any single deficiency state alone?

Best, Isn't that related to a low calorie intake?

Knisely: 1t isn't by any chance that the bactena which are in and
around the various parts of the body are existing on a low vitamin
diet and that you suddenly feed up the bacteria when you give
vitamins to the patients?

Daries* 1 don’t know. These people seem to settle down to a low
metabolic plane. If you mve vitamins you unbalance_the whole
economy, The Glﬂx_nyﬁ'saw I South Africa the speaific Jesion
mprove remarkably; the hyper-migmented shin will peel off, and
the lesion wiil clear up like magic but the child dies two or three
days later.

Kinsell: What was the nature of the death?

Dattes. Not specific hypervitammosis, As far as I understand
they just fade out, pass into stupor, and die 1n coma(47).

Mackay As to the details of the diet, you only mentioned plan-
tans, What else do they have?

Davies. That is about all, hiterally about all The diet on the whole

isting of boiled up plantains, perhaps a hittle sweet potato, very

little meat, a certam amount of green leafy food

Best, Do they ever keep plantains dry like meal or corn?

Davies: No, it grows the whole year round I would not lay
any stress on the particular type of carbohydrate in the ctiology
of this disorder, either banana, millet or maize ean be responsible.
You have got to have a high carbohydrate diet and low protein diet

Madden- Millet or maize are hkely to be unbalanced m amino
composition I wonder about the plantan.

Davies. 1t has been analyzed(52)

Handler: T am not quite certain that actual millet or maize are
seriously unbalanced Single proteins such as zein may be so We
are not yet ready to ascmbe pellagra simply to an unbalanced
amino acid mixture in com or mllet

Watson 1 would like to ask a question about the fat in the Iver.

was very much mterested 1n the relatively small amounts of fat
1 the hvers that had the most fibrosis, as 1 understood it. later
on m the hfe of the indiadual I presume that that is not ade-
quately explained by any merease in lipotropic factors in the dict?..
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FIGURE 8
Autopsy Liver sEecxmen (14-b) S%wwmg extenstne scamng with hittle cellular

reaction. (For details, see text.) x I

Kmisely: One possible explanation if the patients have demon-
strable anemia, they may also consistently have low blood volume.

Davies: Many of them don’t have severe anemia in the cirrhotic
state

Knisely- They may still have low blood volume.

Davies. That 15 a possibiity. That has been looked into Our
arrhotics vary, on the whole in the fatty liver cases the livers are
enlarged but the liver shrinks as fibrosis develops. We also sce a
tremendous amount of subacute hepatitis and hepatic necrosis,

etiology quite unknown, although we suspect strongly that muc
of 1t is nutriional. We get little outbreaks of acute yellow atroph)l'

with practically 100 percent mortality but those show very smal
hvers,

Gyorgy: Not infectious hepatitis?

Davies- 1 don’t know T think we see it I believe we see serum
jaundice
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Autopsy liver specimen (15-b) showing fading away of liver cells at the peri-
phery of the ]obu]c?ﬁxd inflamymatory inhiltration of portal tnads x 190

Hanger, It stnkes me the livers you have dcmonstn(ed in these
Africans have a relatively 1 You
don’t get the scarring and you don't get porh] hypertenston and
therefore you don’t get the large scarred lners You find small con-
tracted livers, as these cells degenerate, but acute necrosis 1s absent
Is 1t possible that yon have a racal characteristic and that factor
may be the key to your picture?

Daries: 1 would suspeet 1t is not racal because the Negro 1s
characterized by ability to form fibrous tissue

Honger, He does 1 this country
Daties: In Afriea Leloids are extremely common,

Gyorgy: In contrast to hwashiorhor, m children dving from
hepatic disease mn Jamaiea, the pancreas is often found normal For
instance, in spite of very sesere hepatic changes (Figure 10) the
pancreas may be free from pathological manifestations { Figure 11)
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FIGURE 10

Autopsy hver specimen (8-¢) showmng peripheral collapse of framework and
mflammatory reaction x 190

Davies. I agree, this is not a kwashiorkor pancreas. Might I ask
whether they noticed any familial incidence of this disease? I ask
that because I heard in connection with the infantile cirrhosis in
India that once one child has developed 1t every subsequent child
born to that mother will develop it.

Gyorgy. That farmbar incidence is found mainly in high Brahman
castes According to information received from India, weekly purgd-
tion with castor o1l js in these families a common custom, apphed
even in young infants Perhaps the toic castor oil, ;?_sii]llb;gﬂm'
bined with nutritinal factor, may play an etiological role i the
development of this familiar crrhosis in India

Best. Do they get cerod?

Gyo, I suspect, but I cannot prove,
ceroi'ld.g f\s a mat[:er of fact, according to the report of Dr. Blankart
from Indonesia the most severc cirrhosis is seen on some x'skmds‘m
children and in adults who have in their diet shark ofl as a major
source of fat Shark oil with 1ts highly unsaturated fatty acids should

that they should have
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FIGURE 1

1o Autopsy specimen (6-8) ol pancrens from same <ave a5 shown v Figues
x 190

lead to cevord, When the Indonestan madl amves, we should get
some interesting hver specimens

In Jamaica there 1s widespread malputntion This mansfests itself
i children 1n normal or almost normal total caloric intale with a
proportionately very low intake of protemn, especially animal pro-
tan I gne you a glanng example, obtamed through the courtesy
of Dr K Rbodes (Jamasea) who made not anly the direct measure-
ments of food intake per meal but also the necessary caleulations
A Sy car-old child weighing 21 pounds (1) and 374" tall, coustmed
weekly 538 grams corn meal, 538 grams brown sugar. 113 grams
condensed malh, 600 grams of green baninas, 433 grams of vellow
sams, 56 grams of winte bread (and bush-tea) The total calone
wmtale, 774 calones per day, 1s fuely satisfactory, at least with regard
ta the reduced custing bodv weight However, the daly protem
wtabe, 117 grams, s cortanly far under par, espectally conmdenng
the fact that only shahthy above 107 of the total protem intake is
represented by ammal protein of high biological value
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In Jamaica, apparently in contrast to Africa, cirrhosis, at least
according to our hurried observations, is relatively rare in adults.
On the other hand, dietary neuropathies are very common in adults,
such as “burning feet,” retrobulbar neuritis, dealness, loss of vibra-
tory sense, of superficial reflexes, etc. I would hke to raise the
question whether the difference in the appearance of these nutri-
tional diseases may be hinked with total caloric intake. Infants and
children seem to have in Jamaiea, just as in Africa, sufficient total
caloric intake In contrast, the adults are underfed and may even
starve in Jamaica, It is possible that starvation protects the liver and
may adversely influence the nervous system. Reverse would then
be true for children with their satisfactory total caloric mtake and
low protein intake.

Hosw far todc factors may intervene both in the production of
hepatic injury or neuropathies, requires further studies. At present
the low protein intake appears to be the main undeglying dietary
factor.

In this connection it should be pointed out that kwashiorkor,
malignant malnutrition, fatty liver and similar nutritional diseases
oceurring over a large tropical belt of the world, extending from
Indo-China over Indonesia, India, Africa, the West Indies, Cengral
and parts of South Amenca are very reminiscent if not rdentical
with the so-called mehlnihrschaden described first about 50 years
ago by Czerny in Germany 1n children fed for a protracted period
of time food mixtures containing only or chiefly flour or other form;
of carbohydrate About 30 years ago Schick, Wagner an.d Pnese
described atrophy of pancreas, salivary glands, fatty diarrhea -
without cystic fbrosis of the pancreas — in so—caHf:d celiac syndrom;.
here again n analogy to the findings in kwashiorkor as presente
by Dr Davies. N

Protein deficiency and its conseq are a world-wide problem
It affects without e;;aggeration perhaps 1500 million people o moree.
The implications, even from pomt of view of world pohtxc;. m;t
obvious From the scientific angle the problem deserves our close
attention,

Davies- I think the literatur)e x'sI very rl

erlooked (see Jackson(55)) It would a
z‘¥st noted pancrealhc cell atrophy 1 malnourished chx!c_lre:h:]rz::gi}:
previously Arraga and Vinas(57) had noted pnr}crcdth g
malnourished infants, possibly mostly fibrocystic disea:

espectable but it has been
dpappenr that Bloch(58)
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this work and that of subsequent workers appears to have been
ignored because no distinction was drawn between marasmus and
the kwashiorkor type of malnutrition which appears to be the same
as the condition known to European pediatricians as “mehlnahr-
schaden” or “starch or flour dystrophy”(48). It scems general ex-
perience that marked fatty liver infiltration and pancreatic nsrophy

. 1 v or

are rarely seen in or g 15 or “p D
“athrepsia” but are the predomi lesions in mehlnahrschad.
and jorkor Upon this distinction the earlier work appears to

have foundered and so was lost for a time,

Best: 1 think Dr de Maeyer 15 going out from Belgium to the
Congo

de Macyer: T want to know shy you see the deposition of pig-
ment in the hversin-Uganda. In the Belgian Congo no deposit of
pigment 1s seen 1 the livers of the natives

Gyorgy: We don’t see it in Jamaica.

Davics: We wondered if it was related to the fact that_the wron
content of maize, which is consumed to an enormous estent in
South Africa, s much higher than banana. It has about 14 times the
amount of won in it as the banana But I understand what iron
there 1s in the banana 1s much more readily assimilable than the
iron 1n marze. If work recently done by the Cleveland group(58)
is correct, we ought to sce it in the hiver We don't sec 1t and we
cannot explain it The explanation that it is due to troprcal parasite
mfestation 15 quite incorrect

de Macyer In the Congo, the diet is mostly mango and cassava
and a little palm ol

Popper: Did you see, 1 addition to what you call monolobular
cirrhosis, the wide scars with regularly spaced vessels seen i post-
neerotic cirrhosis? In one of Dr Gyorgy's specimens such a preture
can be noted

Dartes: We sce a i amount of | scarring,
really gross postncerotic scarring We sec a tremendons amount
of Laennec’s cirrhosis, a lot of intermediate types, when both are
present. We also see, but very rarely, what I think is a true mono-

+ lobular carrhosis 1 don't want to imply that we sce that commonly
1 just saw two 1n several hundred cases T think fatty Iner can go
on to a true monolobular cirthosis - -
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Fremont-Smith: Could 1 say a word at that pomnt? T think if what
we know about the psychology of human development and social
deselopment applies in Africa, and 1 can see no reason from any- |
thing we do know about 1t to suggest that it does not, then your
s!at‘ement is of profound 1mporl:mce;‘ this is a senious emotional

if 1t becomes a genc;'al cultural characteristic, 1t must have a very
serious social nfluence. 1 am very, very glad that you brought that
out because again it brings m the interdiscipline nature of all our
problems, and the fact that we have to have this breadth of view-
point 1f we are gomng to see the full sigmificance.

Kniscly. To generalize, for instance, this instantly raises the ques-
tion of nutnitional states of various castes of India and what happens
to children of such ages throughout Clina

Best: 1 am working on Dr Fremont-Smith to have the next meet-
ing of the Liver Conference in Uganda

Fremont-Smith: That would have a social impact on us, which
would be very good for us I am sure.

Daties 1 hope that stays in the record. 1 thmk too that this is
made worse by another factor with which it is closely linked,
namely, the fact that weaning takes place at about 18 months to
two years. It must be a tremendous blow to the child's mentality
when at a year, 18 months or two ycars he 1s suddenly removed
from the mother’s breast and replaced by another child, especially
when it is followed by a peniod of prolonged mvabdism (see
Willams(60) )

To go further into this will lead into very difficult fields of psy-
chology about which I know very little All' T would be able to say
is it must have a tremendous impact upon African social hfe in
general, and possibly explans to a great extent what we are accus-
tomed to talking about, the tropical backwardness It may be a
great impediment to development

Fremont-Snuth  May 1 ask one question What 1s the attitude
of the parents, particularly the mothers and the adults of the fanuly
during the period immeduately after weaning? What T am asking
15 are the children loved and do they get a lot of affection® Is there
Permussive attitude or what is the relationship, because that would
be a very crueial aspect of the situation?
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Best: 1 don’t know what that is,

Davies: 1 prefer to call a Laennec cirrhosis, 2 pseudg-monolobular
cirrhosis because although there 15 an appearance of individual
Jobules surrounded by fibrous tissue there is, in fact, no true archi-
tecturally normal lobules because the Shrous bands link central
vein and portal tract, central vein and central vein, or course irregu-
larly across areas of the lobule In a biliary cirrhosis the individual
lobules_may. be_outlined by, fibous tissue denarcating an archi-

tecturally normal lobule. It is a_truemonalobular_cirrhosis.

Best. 1 thimk we ought to go on with the second part of your
presentation.

Davies- I now want to talk about certain features of this disease
which we think make 1t so important all the world over, I know
this Conference has always taken a broad view of what constitutes
a discussion relative to liver injury and I think what I have to say
is closely Jinked to liver injury. Y want to try to relate it to certain
factors and conditions which are operative, particularly in Uganda,
but, T think, as Dr. Gyorgy has pointed out, all over the tropreal
world, and which today assume very great importance. One thing
I did not mention before, but which I think is of extreme rmportance
15 the mental state in kwashiorkor.

One of the first signs of this disease shown by the children is an
extraordinary change in their mentality(7, 11). From being normal
happy children they hecame peevish, irritable, whining photophobic
children, often erying in misery and just wanting to be Jeft alone,
apathetic and anorexic, They present, in fact, a mental state very
similar to that seen in severe cases of pink disease(11, 59) and this
state persists to a greater or lesser extent between the ages of 18
wonths and four years, during the acate stage of kwashiorkor, Thus
mn this period when the more happy child in temperate regions I¥
first making contact with the world about him, actively expkmg;e{
it, making his first social contacts, Jearning perhaps faster‘th.m "
ever learns m his later life, at that very penod' the n.m;onty of
African children are peevish, whining mvalds with no m(cres!' m
the world around them This is the preture perhaps in the 's;\%:
case, but in mild cases you see the same picture. Tamno ;})15)10 ?ca!
gist, but 1 thk thus must nnpose a tremendous psy¢! aoogther
handicap on the whole of tropical Afsica and perhaps ’"E e
regions as well. That 1s one reason why I think this diseast

smportant
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of the frequency of unexplained parotid swelling and this may be
a manifestation of the same state of affairs(62).

This leads me to a particularly hornfying conclusion(63), namely,
that millions of Africans and other tropical dwellers are already so
seriously damaged by this form of malnutrition that even if they
obtaned a diet, fully adequate in all respects, they could never be
restored to full health It underlies the necessity for a full explora-
tion of this disease for each year the problem gets worse as more
are damaged May I say that no one would be more pleased than I
1f all my conelusions were shown to be erroncous.

When we come to the liver, we think that this also is permanently
alfecljod by 2 long period of fat mfltration, I have previously men-
el Aavr 2D B oy X

sider persisting liver damag;, I want to discuss briefly some features
of general Afncan pathology.

Shorr: Have any studies been made on the feeding of pancreatic
digests?

Davies. We thought of 1t. We have not done it We thought of
using papain but have not done so

In considering the general pathology of Afncans we have to
remember that they die young These figures (Table II} are from
the Mulago Hospital Autopsy Records of 3256 autopsies(84), a
senes subject to every possible defect of selection But they are the

TABLE 1T

AGE AT DEATII OF AFRICANS AUTOPSIFD AT
MULACO JIOSTITAL, 1931-1919

T ; e
Age in Years : 11-20} 21»’30‘ N-40 1 41-50 | 51-60 | 61.70 70 | “old
e s
Number of i | I
autopsies 452 1249' 795 520 165 34 4 25

only large series of figures beanng on this aspeet of pathology known
to me from East and Central Africa You will obser e that the vast
majority of these cases die young, 1 found the average age at death
in this series to be about 284 years, so you would not expect certan
diseases we associate with old age to be common
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Davies: That is a very important question, sir. 1 only wish I
could answer it in greater detail but it is a field about which 1 know
very little. My impression is that the African 1s extremely fond of

 children, extremely kind to children, but of course, the way of hfe
is so very difficult in some respects that when another child comes
along the mother js almost bound to devote her attention to the
new child in order to give it a chance to survive. (Dr. Cecily
Wilkams(80) paid great attention to this aspect of the disease,) I
think the child must feel bitterly the withdrawal of attention and
its concentration on its successor. The attitude towards the child
when he is ill is, T think, as sympathetic as 1t could be, but the
trouble is that the disease is looked upon as a part of the normal
process of growing up, almost as was rickets in England two hundred
years age.

Leaving that aside, the next thing I should like to mention is
that we have some very suggestive evidence that if the pancreatic
and intestinal and liver damage is not speedily relieved persistent
malfunction results, Some of this evidence comes from some work
done by Dr. Kekwick(61) in the East African Army during the
Jast war, unfortunately not published in full, These African !ro.ops
were picked out from among the healthiest members of their tribes
after a physical examination But physical efficiency tests showed
that as compared to European troops their efficiency was consider-
ably less. Despite a very excellent dict which was consumed in very
considerable it proved impossible to build them up to
European levels of physical efficiency. In part this was explicable
on the grounds that they simply were not digesting and a‘bsorbmg
a large part of this excellent diet In fact, there was a rfela.u\'ely lm‘\;
Iimit to their digestive capacities explaining a fact similar w.ah
workers in Africa, the very bulky stools of Africans and their higl
content of undigested food, reflecting in large measure w}:raoid 5“;
in the mouth, A sprue syndrome is not seen’ but feedmg.fa! P Uc‘ti‘s
steatorthea, feeding meat, creatorthea and all the time t};e;fom
undigested carbohydrate Of course all these vary in amoon .
case to case, So we suppose that unless the panc'rea'xhc and _eng:e
secreting cell defects are speedily relieved the victims m‘bf 11!; N
way, as yet unexplained, prevented from ever a(tz\.u.uﬂgi ul further
tional efficiency; this possibly explains their hability o fimds
attacks of kwashiorkor This may well be true for the paro %ve]ling’
we know they atrophy in the acute stages and we have seig :‘u—opics
in response to treatment. There are many reports from
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of the frequency of unexpluined parotid swetling and this may be
2 mamfestation of the same state of affars(62).

This leads me to a particularly hornfying conclusion(63}, namely,
that mithons of Africans and other tropical dwellers are afready so
seriously damaged by ths form of malnutrition that even 1f they
obtaved a diet, fully adequate m all respects, they could never be
restored to fult health It underhes the necessity for a full explora-
tion of this disease for each year the problem gets worse as more
are damaged, May 1 say that no one would be more pleased than 1
if all my conclusions were shown to be erroncous,

When we come to the liver, e think that this also 15 permanently
affected by a Jong period of fat mfiltration. I have presiously men-
tioned what 1 believe to be histologic evidence of this. Now 1 want
to diseuss thos piroposition in relation to African pathology generally
e, . T e ML e Y be e

Shorr: Have any studies been made on the feedmg of pancreatic
digests?

Davies: We thought of it We have not done it We thought of
using papain but have not done sa

In considering the general pathology of Afncans we hate to
vemember that they die young. These fignres (Table 11} arc from
the Mulago Hospital Autapsy Records of 3256 awtopsies(64), a
series subject to every possible defect of selechion But they are the

TABLE 11

AGE AT DEATIL OF AFRICANS ALTOPSIED AT
WMULACO NIOSPITAL, 193121319

over

Agean Years 1120, 2110 M40 4150 5160 BL70, 0 “old”

L AgtmYears 1120, 2090 40 4550 SU60 8190, 30 ToldT
Number of

autopsies 432 149 95 529 188 8t 4 5

only large serics of figures beaning on this aspect of patholagy known
Yo me from East and Central Afnca You will observe that the vast
majority of these cases die young 1 found the average age at death
in this series to be about 284 years, so vou would not expect certain
diseases we associate with old age to be common,
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Best: 1 don’t understand why you didn’t have more deaths m
the infant group?

Davies: I should say that T have deliberately excluded all children
dying under the age of ten years. Despite this the average age at
death was just over 28 years. These young children do not die of
parasitic disease as a rule(65). If there is one thing that has im-
pressed me while doing autopsy work in Uganda it is of the relatne
unimportance of tropical parasites m_bringing cases to autopsy,
however much they may open the body to serjous defect or cause
invalidism The t causes of childhood death in Uganda
are malnutrition and acute and chronic infections. In fact, the
majority of children die, apart from malnutrition, from the same
diseases a clinician sees in any temperate-region hospital

1 have analyzed a group of 229 adults with congestive cardiac
failure(65) and can now answer Dr. Shorr’s question. We do not

L R f s Tees M e—ese guite uncommon.

1 grade, secondary
L . . . . nd acute bacterial
endocarditis are common. Rheumatic heart disease — that means
mitra) stenosis as far as we are concerned because we rarely see
acute theumatism(68) ~ is sometimes encountered, I wonder if it is
always rheumatic in origin in Afnicans. Exght of these patients dying
with congestive faiture had no cardiac lesions but marked cirrhosis
of the liver That is a peculiarity which seems to crop up ffpca‘?dly'
the dificulty of distingmshing between congestive cardiac failure
in Africans and cirthosis. We think there may be a connection. Let
me put 1t this way, I think there may be a congestive cardiac failure
due fo cirrhosis.

Watson: 1 did not understand you. You think the cirthosis cavses
the congestive heart failure?

: PP N R together,

Davies. " . . . ently got

relatively ) . ) distinguish. 1 am
' ) stive fajlure asso-

not talkin,, '
ciated with a Laennec-type cirshosis an
with postnecrotic scarring(69) . .

Watson. You are talking 1n terms of previous myocardial 1ajury
which you mentioned? .

Davies. No, although that association also crops up dIn fh;:f‘;:;
of cases of congestive failure there were 21 cases of endomy
necrosis, and 13 cases with no cause found

d perhaps more frequently
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Kuwashiorho?
Knisely: ¥ Why is that s0 small?
Dattes: Which group?
Knisely. No c-msc found Sad to state, ‘00 cause found” 1S the
most ‘popular foF form of death in many places
poues. 1 gmn! you that
Knisely: Eve? \houg\\ we JooK
Davies: We ve Yooheds put ofte ol the causes of
h\\uu: have been c\\ inated, the P lh \og\sl is begmm g to g¢
stuck. We do see umber of cases © of m arditis of a type 1€
sel m\)\mg Fle\d\cr s my cocardatis
Shorr Cou\(\ 1 ask \\hcl\\cr, apar al diseas® that
cou say 18 SO mon, there s chimt \ o xd 1ce ol \\g\ma in ths
nnpu\a\mn"
Daues: Anudmxcsu?
ghorr How raprdly do they excrcke a water 1oad?
paties: We have not Jooked into 1t
rvcmunt-Smiﬂn How much edcmm and ascites Jdo they have®
Datdes. Doth \rcmendous amq s They often together
That 15 one of t\\c things tha m1 (\\c dmerenhal n between
crhosis and myocardid falure amu At When fank 1t
often the ot et
atients with renal Inper

the one it 15
Hartroft- What i

tension?
Davies- 1 funk the majonty fit o the 2
wWatson You wean most! chromic g\omcm\A\r l\(‘p\lnlb
Daies No. rethral stricturc. cte  ENINE yse 0 secondar
hypertension
Best \\'\\.\t do you mean by \\\\xcmnmc rend \\ (\lsc\s("’
Dattes 1 mean & disease W which the f Amage o the
m\ d \uno(\ of T d Tood pu-ss\m

t In\\o“ g p

adney, RO
watson Not primary
Dauies Not primary 1 pertension
shorr Ty c\m\cp\mm
Dauies \‘\c\o“cv\mh arethiral slnc \n \\ \ll\\ﬂ\l‘ wfee-
ton or hndronephtest® Tty cunous P \ dows of te Lidneys-
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a whole variety of renal diseases( 70). Atheroma as a cause of death
we rarely see, In twenty years of autopsy work at Mulago by my
predecessors, my colleagues and I have only seen it oucasionally(65),

While we do not see it commonly, apparently they do see it
quite commonly in South Africa I would be interested to know
where between Kampala and Johannesburg the rise takes place( 71).
Perhaps connected with this is the tarity of pastoperative throm-
bosis and pulmonary embolism at Mulago Hospital (African) as
compared with the European Hospital in Kampala. I might mention
here the high incidence of pneumococeal infections. Pnettmococeal

ingitis is the oc type of acute meningitis and was so
before the days of chemotherapy(72). In any form of septicemic
condition, where in Europe one would think of the streptococcus
hemolyticus, in Uganda,one must think first of the pnenmococcus;
this too may be related to malnutrition and liver damage. Pneu-
mococcal pneumonia and other pulmonary infections are common
and cause a great many deaths(72, 73) while the appalling severity
of pulmonary tuberculosis makes it a dreadful problem(74}). On an
average they die in about six months from the first symptoms of the
infection, with an extremely acute primary form of lesion

But agamst this background of disease I want to ‘r.ct.um again
to the question of persistent liver damage. The sensitivity of t'he
African to hepatotoxic drugs is notorious(35) but I want to raise
the problem of a more subtle form of derangement, namely, the
problem of sex hormone imbalance leading to 'hypereslrugem;gl
The damaged hver cannot, 1t is claimed, inactive estmge’n.s( ?e
and it is suggested that these mount up in the body and gg\; ;xssis
to hyperestrogenic effects(76). The presence of an actual crr:o o
is not necessary(77) and these changes may be seen Lng pSince
deficiency(78) or with lipotropic factor deﬁclen.cy states{7 ‘).ht oy
every African appears to have a damaged hve‘r one !ﬁg o
pect to see the consequences of hyperestrogenism to .
spread in Africa, as indeed I think is true In a recer;‘t 5‘;,2«3’&:1
African railway workers in Nairobi, Dr. Trowell found t! ha e nd
three and five percent of these supposedly heagthy “O'rith i
gynecomastia(9a) a figure fantastically at variance W
reported from temperate regions

igh incidence of

Elsewhere(80) I have noted the high inci f

the breast in Afncan males, for i Uganda .of 64 Cfxrcm:lr::sis
in males, In Europe and Australia the incidence in m

carcinoma of
5 were
aboot
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o of breost carcinomd in Africd various reports quote figures
between T §% to over 95

Frcmant—Sm-th: Tmvasive type?

Dauies: Yes.

Frcmont-Smiﬂr Not penign®

Daies: Really malignant carenom? and pesides thus, there 1°
apmrcnl\y 2 high sncrdence of sarcom? of the breast 25 well So
even these figures \mdercshmale the total mn\ignancy n male
breasts Agaits it is smpossible he f Al
secondary S€¢ c\mmcleﬁslics The cmlhtopo\og\sts have long re-

ferred antu 2 1o showin® “cast cﬂec\s"(Sl).
Their skins inh be:\uﬁiu\\y soft @ uny, the har has
often a femininé distnbution and the Jes ofte have 2 fermnine
body outbne(82) 1co te a long ¢ k things which
seem to ME o indicate that “estrog niza - Jue to BveT damage ¥
amost potent factor ynfluen! pn\ ogic dions it Afn 2(70Y

PDavies: NO Nor do they get mlersmm\ cell tumots of the testes

‘S]IOrf: Do the women have ans\ma\ regularitics and func”
tiomal menon\mgm? What about their (cm\\!y"

'Darics: 1 cannot tell about the fertihty he only €M o
hiopsies 1 se€ re selectiv® 1 do not Ynow 1 do thank the madence

of body to cervical €ancer of the aterus 1S dlspmpomomte to the
t

Incidence in tem crate vegions: esp My com jderd he greate?
ease of dagno is of cervical €30C unde! utive €0 ditions The
figures in Ugnmh for cancer { the uter 2 09, cerit Dt
roughly 2 proport of 23, whereas ¥ perat® regions the pro
portion 15 T€H! ded as 1407 even

1t 1s also said that in pnmit unities s much
more (mq\\em than arcnoma b remper?! e This 18 not
true in UE da 1 att the retic lo-e thehal 3 1ymphosar
coma, reticulum cell sarcoma ete , are b \X av from the genR®
sarcomas, the inc of sarco™? o carcin not gred ly
dls(‘mwﬁ'\omlc figures 1© Furop! ¢ the WCe nee
sarcoma 1n_the tropics 18 high because cal bers of
Nlic“\o-cndo\hc\m\ sa s(83) The fact that these are knowi
wn ammals 10 rfuily nflue? By estro of

sagmficance §1) 1 donot dam that ttus 15 WOTC
But it does see™ to me 0 be pnnic\\\aﬂ . ypteresting that S0 many
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and interest has been aroused in the pseudohypophysectomy syn-

drome of Mulinos and Pomerantz( 87)p‘ The %X:ar}y of Af)ric:)s,:s

has recently been described by Vint(88) in a preliminary com-

munication, He has reported the results of Rasmussen counts on

African pituitaries and has found that in normal Africans there is
Y V1 aa

an increased acid ' ’ * which
he considers of . : would
draw your atten mt (in

male Africans) to those found by Rasmussen in the white female.”
This seems to me to be a statement of great importance,

Now I would draw your attention to another point, namely, the
frequency of carcinoma and other malignant tumors in Africans
ocewrring in the pancreas, small intestines and salvary glands(69).
These, too, show a remarkable incidence in Africans as compared
to Europeans and it is perhaps worthy of passing note that these
organs, so heavily damaged by kwashiorkor in infancy, should so
frequently be the site of cancer in later hfe. Then, and this is, [
admit, @ mast unscientific way of going about things, but in 1300
cancers there were three carcinoma of the lachrymal gland, a quite
disproportionate figure, It makes me suspicious that the lachrymal
gland is invelved in kwashiorkor.

Watson: Is the pancreas very small?
Davies: Relatively small

Watson. 1 think the incidence as compared with the liver car-
cinoma 15 out of proporbion with what we see.

Davies: 1 agree.
Watson. The stomach incidence seems very low.

Davies Yes, the stomach figure is very low, but Jymphosarcom2
of the stomach and small intestine is not uncommon But.I don't
want to stress this 1 admit the figures just do not compare w:ti:
those available from the temperste regions. But they are the 0"’)‘
ones available from this area. I think that the surgeons, parm,:ulaﬂy
in recent years, have been sending us a genuine cross-section o
everything they see and that this is what they see

Potck Dr. Davies, you stated that despite the
arrhoss in Afnica you saw little evidence of portal
no deaths from varices This is very unusual. Is
distinctive about the spleens in your cases?

vast amount of
‘hypertension —
there anything



PDaties: \ comes t0 ¥ African spleet well, 4lks abou!
the Africant wver bewd & h‘xsto\ugicn\ pightroat® you s a see the
splcent 1t has b malanous from infalt and very, ften 1t has
een host © ther paraste s0 Fbrosed a0 ered tha!
1 find it ¥ fHeult 10 under’ e do sce ? ¢ of spien®
megaly and ¥ tely it has beet pullang ¥ er import ou

ds, Largely Jue t0 e of e \\cmolhempy, Afnca 18
now seen o full of ‘mystetiov missed ® ast be-
cause they W ere assum 4 to be e results of pa Jnfestation
Thus, 10 recent Years, considerd! e 0 r of diseases DAY
been 1€ rded from frica nyalat, o} \p\\\eb\us a mary
gas filed spleniC abscess. alt ecent! sewed by Ge (90, o1)
aft, valley fever, endomyo Jial necroSy Sym cal gang,(cne
of the et nd others: an there any e
{urking behind the mask of pnmsms ecoming ¥ 5-
ingly 2% isease first deser! d m Ny2 Leyst92
in which coung alts come U th enot! s spl megaly of
five to six years’ Juration and they e with § the Wner

nd ascites and hepatic farlure
Hanger They do that in € v Yor Cty

Daics. They 80 it alet in Bt 1t has been am\b\\!cd to
sd“s\nsom\as‘\s daresay this is U th ayority of cases
but there is a0 & reciable T duum whi think th cause 18
ot sch'\stosoma\(%) We have dence ¢ when the splee!
is seriously 2 ccted the wer iS 1 and i he spleet
out they a0 well

e
Dagics: 1£Y0" take the spleens out they .\pmrcm\\ Jo qute ® ett
oy .

watson The Bant syndrome
Gyorgy: Yed'mmci:ms colled it10 the past splemic an l\\mm\)osis

Dacles: No. W€ have Yooked f0° that
Gyorgy” 1 agree, the ter™ “spleme * i U rombes o is 2 mis
nomer; thrombosis i Tarel¥ found 1t pmbn\;\y better 0 call it
imply Bantt syndrome



196 Liver Injury

remains in, they die later of cirrhosis, But I cannot see how it all
can possibly be explained on the schistosomiasis. It is clear a great
many don’t have schistosomiasis.

Schiff: What do you think actually happens?

Davies: 1 dont know. We only recently have come upon this.
Ten years ago it was all called malaria.

Watson: May I mention briefly a case in pomnt that I saw just
a few years ago in a young man, abovt 25, with massive spleno-
megaly wha had some laboratory evidences of hver functional im-
pairment, bromsulfalein retention, no elevation of serum bilirubin,
considerable urobilinogenuria. Shortly after this study he had mas-
sive hematemesis and died. At autopsy the spleen showed diffuse
fibrosis without known cause We were unable to find anything
in the splenic vein or in the portal vein, and the hver was not
cirrhotie, and histologically the liver looked normal We could not
prove that there was any evidence of hepatic disease and yet he
had clear cut chnical evidence of hepatic functional impairment
with the picture of Banti's syndrome, if you wall.

Schiff: That case I showed day had laboratory evid of
liver involvement. Biopsy, however, showed no liver involvement.
How often have you seen a case of congestive splenax.negaly, where
you were sure there was no liver involvement at the ume'of s?pleno-
megaly, develop, in the course of time, cirrthosis of the liver?

Watson. 1 don’t believe I have a proven case of that type.

Guyorgy: 1t is chiefly a pediatric problem I have seen at least

ree chil in whom spl ly with h is or melena
was observed between three and eight years of age. Years af!zr
splenectomy, cirrhosis, and jaundice followed, wxﬂ:x a fatal outcome.
There is often widespread pigmentation of the skin.

Schiff: T was unaware of that although I know Banti so contended
in his original communication

Hanger: The more I see of idiopathic sp]enognegaly,
feel it should not be confused with a similar picture pro
portal hypertension.

Davies: It is being confused because

jeal i jons. 1
purely morphol interp ps. 1 thin
mistake. It is pecrhaps worth bearing in min

the more I
duced by

100 much stress is laid on
think that is part of the
d that much of the
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classie work onsplenic and hepatic disease DY Hanot, panti and
others was done at & UMe when no Joubt the peov\es among, whom
they worked were mouch more poorly nouris\\ed than TO%: The
diseases S€€D in the ‘French and Tralion ansantry of those days

may have heen very jroilar O the diseas e are POV eeng, N
mc\\nounshed peas nts in ica. I think are See€¥ nditions
remarkably similar to thos described by ¢, Bant 4 others
m. 1 would bke 10 ot bnefly e hemahca\
palance sheet £ these 10 (ating women that Pavies paentione
1t really bolie curiost cems 10 T aring the 1atef
part of ‘hat lactating per’md these women must put out 35-40 grams
of protein it 24 hours and they need o additiondt 1320 for their

own economy
Gyorgy: How much dd you say?

Gordon: 4540 grams 17 the mitk® 24 hours for a child of o
They don’t get anything in addion 10 Breast itk It ‘means hes®
women Toust need 60-65 fFams of protein

Gyorgy* According 10 the recent report of Macxe-ﬂoo\)\cx and
ter groups the protein content of breast mitk 8 about 1.125% thus
one quast of breast ‘milk contas about 10-12.5 8™ of prote®

Gordon. 1 stand conccled With the sbsorption Jefects that

these peope have, the cxtrcme\y pmted diet, the 00T quality of

protein that they have 3t seems atmost ncredible that they coul

goon lactating with as eat faoltly & ay they Len i
se ©

s you §
they dd 1 should think would be at the exper £ all their own
is an amazt

Daties' 1 ghink that 18 qute e 10 amazing that they can 89
on lactating, but it 18 eq\\a\\)' amaning what 3 hcmen(\m\s empty
seseno0ir O protein they have 1 know my co\\cag,ucs in Ugan a,
mmm\my Dr. Enic Holmes, have beer m\'cshgnlmg, the prote)®

resernes in these patients 1 do not Ynow DY Hotmes final yesults
and must not anticipate 1 cpo 1 am swre will allow ™
‘o say that they appear 10 hav aormous P70 deficit which
takes a very lor yme to Dalan cx. lactation i
women is a0 amazing Pro ss. f apparen! do any
Abrican woman jactate. 300 dmother ep ot an¥ womd
and they can be made 1© tactate 0 2 fow days Reliance 15 (a\sccd

{4
‘on warmth, massage the suchn® of the i and Lanows herbs 60,
8, 99).
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remaing in, they die later of cirthosis, But I canmot see how it all
can poss:bJIy be explained on the schistosomiasis. It is clear a great
many don’t have schistosomiasis.

Schiff: What do you think actually happens?

Davies: I don't know. We only recently have come upon this.
Ten years ago it was all called malaria.

Watson: May I mention briefly a case in point that I saw just
a few years ago in a young man, about 25, with massive spleno-
megaly who had some laboratory evidences of liver functional im-
pairment, bromsulfalein retention, no elevation of serum bilirubin,
considerable urobilinogenuria, Shortly after this study he had mas-
sive hematemesis and died. At autopsy the spleen showed diffuse
fibrosis without known cause We were unable to find anything
in the splenic vein or in the portal vein, and the ler was not
cirthotic, and histologically the liver looked normal. We could not
prove that there was any evidence of hepatic disease and yet he
had clear cut clinical evidence of hepatic functional impairment
with the picture of Banti’s syndrome, if you will

Schiff: That case 1 showed yesterday had laboratory evidence of
liver invol . Biopsy, however, showed no liver involvement.
How often have you seen a case of congestive splenomegaly, where
you were sure there was no liver involvement at the time of spleno-
megaly, develop, in the course of time, cirrhosis of the liver?

Watson. T don't believe I have a proven case of that type.

Gyorgy: 1t is chiefly a pediatric problem. T have seen at least
three children in whom spl galy with h i or melena
was observed between three and eight years of age. Years after
splenectomy, cirrhosis, and jaundice followed, wid_: a fatal outcome.
There is often widespread pigmentation of the skin.

Schiff: I was unaware of that although I know Banti so
in his original communication.

Hanger: The more I see of idiopathic s_p]enU{nega}y,
feel it should not be confused with a similar picture pro

portal hypertension.

contended

the more I
duced by

Daties. Tt is being confused because too much stress lrst lgifd 0:
purely morphological interpretations. I think that is pnh o e
mistake, It is perhaps worth bearing in mind that mud
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classic wark on.splenic and hepatic disease by Hanot, Banti and
othets was dane at a time when no doubt the peoples among whom
they worked were much more poorly nounshed than now. The
diseases seen in the French and Italian peasantry of those days
may have been very similar to the diseases we are now seeing in
malnourished peasants in Africa. I think we are seeing conditions
remarkably similar to those described by Hanot, Banti and others.

Gordon: 1 would like to comment briefly on the mathematical
balance sheet of these lactating women that Dr. Davies mentioned
T really is & metabolic curiosity. It seems to me dusring the later
part of that lactating period these women must put cut 8540 grams
of protein in 24 hours and they need an additional 15-20 for their
own economy.

Cyorgy: How much did you say?

Conlon.: 8540 grams in the mitk in 24 hours for a child of two.
They don't get anythung in addition to breast milk It means these
women must need 60-65 grams of protem

Gyorgy: According to the recent report of Macte-Hoobler and
er groap, the proten content of breast mitk is about 1-125%, thus
one quart of breast milk contains about 10-12 3 gms. of protem,

Gordon. 1 stand corrected With the absorption defects that
these people have, the evtremely imited diet, the poor quahty of
protein that they have, it seems almost incredible that they could
€0 on lactating with as great facibty as you say thev do Even if
they did 1 should think 1t would be at the expense of all their own
body tissues, Tt §s an amazing thing

Daries 1 thunk that s qunte true, It 15 amazing that they can go
on Jactating, but it 1s equally amazng what a tremendons empty
Teserveir of protem they have ¥ hnow my colleagues m Uganda,
partienlarly Dr Enc Holmes, have bren mueshigating the protein
reserves in these patents 1 do not know Dr. Tlotmes’ final results
and must not anbiespate his report but 1 am sure he will allow me
to say that thev appear to have an enormous protein deficit which
takes o verv Jong time to balanee Hawerer, lactation in Afncan
women 15 an amazing process, for apparently you can male any
Afnican woman lactate aunt, grandmather, sister or any woman
and they can he made to lactate in o fow days. Rehanee is placed
on warmth, massage, the suching of the child and vanous herbs(60,

. 99},
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s, and if any of you are ever near Uganda we should hke

You to pay us a visit and see the problems at first hand,
Thank you very much.

Best:

It is 2 really beautiful place. We thank you, Dr. Davies.

You have added greatly to our program.
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prabelms, and if any of you are ever near Uganda we should like
you to pay us a visit and see the problems at first hand,

Thank you very much.

Best: It is a really beautiful place. We thank you, Dr, Davies.
You have added greatly to our program,
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SECTION VI

VITAMIN B, FOLIC ACID, AND
THE LYPOTROPIC AGENTS

PAUL GYORGY

5 Department of Climical Pedsatries,
Untversity of Pennsylvania School of Medeme

Ipov’r claim that ¥ will bring all pertinent data and discuss them.
First of all, the hour is late, Second, I have no firsthand knowledge
of various new developments, and finally, 1 am Banked right and
left by people who could in many respects better, especiall
on the enzymatic problems involved, than 1.

The rather complicated interrelations between the various dietary
factors involved in the production or prevention of massive necrosis
or cirthosis of the fiver are surmmarized in Table L.

TABLE J

8 Dietary factoss }V Necrasis | Cuthosis
Protein (methiont g ) | Boneficial Benofioral
Methionine Beneficial Beneficial
Cystine Beneficial Injurious
Choline 0 or injurious | Beneficial
Vitamin E Beneficial a
Fat 0 or injurious | 0 or injurtous
Biz 0 Beneficial {?)
Autibiotics Beneficial ?

In cirthosis choline, and as Dr, Best calls it, its precurser, methicnipe
or methioni i proteins, are the best-known beneficial
dietary factors As you will remember, several years ago the fate
Dr Hoagland and his tes{1) r ded for the treat-
ment of cirrhosis 1 man crade hiver extract gwen iytm'vcnousziy.
No explanation was ever given for the necessity of injecting crude
Iiver extract intravenously and for a while even no esplanation was
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given why hiver extract should be effective. Hoagland's collaborators,
Labby and Ralli and his and her colleagnes claimed that perhaps
liver extract is effective because 3t i the appetite of cirthotic
patients. .

1 became interested in this problem and tried hver extract in the
prevention and especially also in the of e i
dietary cinthosis. In a publication about a year ago(2) we con-
cluded that liver extract given by : vl
peutically effective, especually in . '
of choline or methionine (protein . . '
hver extract might have contained choline, could ot be excluded,
although the fact that with an excess of methionine or protein liver
extract was still found effective militated against this simple
assumption

About the same time and independently Drrll and his collat
appeared 10 become also anterested in liver extract as a lipotropic
agent, and concluded that liver extract has a Lipotropic potency
unexpliined by and beyond its content of choline as determined
by the usual chemical analytical methods(3). More recently Drill
and MeCormick published observation on the use of a vitamun Bi
concentrate, practically free from choline as lipotropic agent(4)
They found it lipotrapreally active and they called attention to the
fact that liver extract is the hest and original source of Bi:

In our own studies we nsed crystalline vitamin Bus as supplement
{05y daily) to a low protein-high fat diet as well as to a low protein-
low fat ration We were able to show that Bis cverts a definite
lipatropic effect also when given by mouth(5}. The experiments
further mdicated that Brs m the amount myen (057 daly) has
shown no lipotropic actiity when guen as supplement to a low
protein-high fat diet, 1n contra-distinetion to its distnet lipotropic
activity in rats fed a Jow protem-dow fat diet Under these onginal
experimental conditions methiomne was found to be more effective
than vitamm Byz 10 preventing, fat deposition m the lner In more
reeent studies we attempted to answer the question, whether with
ncreased dosage of Bi: the lipotrome effect mav become evident
i vats fed a low protein and tugh fat dict or whether the sparing
effect of vitamin Bus canld be made more evident with reduced
suboptima) of the lip 7 0 1 (chohine. methio-

ne),
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., Handler: This problem was always inherent in the concent ~F 1
ool of labile methyl gronne” ™2 4 i

chande v .

. -y suuttie pack and forth be-
. - -srusuiine and homocystetne, e.g., take up a “methyl” group
fron{ some other dietary source such as the methylene groune of
glycine and transfer it via methe ' : :

tho —~- 0 ) . .
3 * Tt iy protem levels, the methyl
% - s ui wetary choline were not effective for methylnicotinamide
synthesis, unlike the methyl group of added dietary methionine,
This 15 the essence of the nutritional aspect of the problem. As
Dr. Gyorgy quite properly noted, while Stekol's experiments cer-
tainly proved the availability of the carbon of glycine and serine
for “methy!l” synthesis, this was only demonstrable in the presence
of dietary homocystine, which never accurs in natural foodstuffs
But Dr. Gyorgy's data has indicated the hpotropic effect of Bie in
a diet to which no homocystine had been added.

Gyorgy. Vitamin Biz has to fulfll quite a variety of functions
the animal and human body. We know from microbiological tests
that Bi: may be intimately ¢ ted with purine bolism We
know bacteria that reqmire either Bix or desoxysibonncleosides.
Thus the conclusion 1s probably warranted that B;» catalyses nucleo-
side-synthesis. In the absence of Bi: the bacteria will then require
exogenous supply of such nucleosides. We also know, — and t}.xa! is
for our special consideration much more interesting, ~ that animals
kept on diets ing exclusively vegetable protein like soya
bean and corn meal will grow very well, just as well as on any other
diet contajmng anumal protem, provided the diet containing qnly
vegetable protemn is supplemented with vitamin By, Thes.e fin mgg
may have a beanng on the world-wide problem of hvashm'rkor an
related conditions of malnutnition The recurrent etiologic nutri-
tiona! factor in these conditions 1s, as seen also in thF material
collected in Jamaica, low protein mtake, the protein being almusﬁ
exclusively of vegetable ongin, with no or anly exceedingly sma

amounts of animal protein.
intak i f vitamins in
In order to wcrease the intake of ’prclem and of !
Jamarca, supplementation of the dict with food yeast, grown ltmca}l)1
. ed during the last war by a specia
British Government. At that tume it
Supple-

v

on molasses, was recommend

nutritional committee of the soment. 4
was not known that yeast does not contain vitamin Bis.

pa
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ments of yeast may beneficially influence all other possble vitamin
B deficiencies, but mught even aceelerate or enhance, through dis-
turbed equilibrium, vitamin Biz deficiency, According to Bean(10)
dietary neuropathies, peshaps of the same type as scen so often in
Jamaics, may benefit often dramatieally, by vitamin Biz In Jamaica,
and a5 we heard today also in Uganda, and most probably every-
where where dietary hver injury (arrhosis) is widespread, especially
in infants and claldren, the diet must be low in vitamin By,

The practical conclusion is obvions. We should supplement the
dict n Jamaica and 1n other pasts of the world where similar dietary
conditions prevail, with vitamin Bss. It is of paramount importance
that this could be achieved without major changes in the dietary
habits of the population and without foodt import. There would be
na need 1o substitute animal protems, usually unavpilable 1 the
relevant countries, for vegetable protein which 1s locally produced
Further Bi> could alsp be produced by Sermentation procedure,
various strains of actinomyces being the best source of Bez. Culture
media wonld also be available in tropical countries, for instance soy
bean broth. Thus, the approach appears to be fcasible, perhaps
with the assistance of the World Yealth Organization ar Point
Four of Truman.

At our last Conference ¥ referred to i eshigations 1 progress on
the effect of aurcomyein in the production of dietarv massne
recrosis{11). We found that aurcomycm delayed the development
of dietary necrosis. T mention this absenation m comunction with
vitamin Bis for the following reason The cvpernmental diet on
which necrosts regularly oceurs (90-100%) i rats, consists of yeast
as sole souree of protein, starch, salt and vitamins The witamn
supplements have not contained vitamin Bi: and yeast, as alreach
mentioned, is free from Bi: On the other hand we had to bear m
mind that aurcomy cin 15 produced by streptomyees anrcofaciens
which also produces in farge quantaty vitamn Biz Thus, aureomy cin
might casily be “contaminated” with Bz and the benefical effect
of awrcomycin in masse dictary necrosis conld have been due to
this ~ inant™ and not to aurcomycin as such.

In our ariginal expenments we used ofder rats, with an average
weight of about 140 grams At the end of 200 davs 507 of the
Bureomy cin rats were alive, whereas 907 of the contral rats died
fromy massive neerosis, statting from the 100th day of the experi-
ment in wereasing number, up to 170 days (Figure 1)
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of dietar}f hepatic necrosis especially in comparison to that of
aureomycin,

‘We te_sted penicillin, streptomycin, polymyxin, chloromycetin,
tetramyein, sulf: idine, and also aureomyein. In all these recent
experiments we used younger rats, with an average weight of 50-54
graws, in contrast to the rats used in first studies with an average
weight of 138 gm. The survival time of the rats fed the basal experi-
mental necrogenic diet was considerably reduced, from an average
of 141 days in the previous observations, to 34.43 days. This finding
may be related to the difference in the initial weights: older, heavier
rats with their high initial vitamin E stocks will support a more
prolonged protection, in contrast to younger animals with their
smaller vitamin E reserves

Not only contro] animals but also the experimental rats receiving
supplements of aureomycin to their basal diet showed a reduced
survival time (average 110 days) when compared with that of the
animals in the previous study.

Among the antimicrobial agents tested, polymyxin, penicillin and
chloromycetin were inactive, sulfaguanidine showed only slight
indication of a positive effect, whereas streptomycin and terra-
myein — i this order — were definitely protective, but not as effec-
tive as aureomycin

Some of the results obtained are summarized in Figures 8 and 4.
As seen from the data in Figure 3 supplements of Bz had no effect
on the production of dietary massive necrosis, regardless of whether
it was added to the basal diet, or the basal diet already supple-
mented with aureomycin. Thus the effect of anreomyem conld not
be due to “contamination” with Bie

A dilated cecum was often seen in rats receiving supplements of
aureomycin or terramyen to the basal yeast diet. The distenti?n' of
the large miestine was especially pr d in rals r
terramycin. Four animals in this group appeared to have died fros
volvulus of the colon without signs of simultaneous hepatic necrosis
All other rats, control and experimental, which died during d}e
course of the experments have shown microscopic and macroscopic
evidence of massive hemorrhagic necrosis of the hver

All the antimicrobial agents used have stimulated, during the '1{{1:::

four weeks of the experiments, gain n weight _of the animals Thi
growth-stimulation was just as marked with penicilhin, chloromycetin

4
m



Lipotropic Agents 215
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FIGURE 3

Effect of various antibwottos ws delaying onset of massive hepatic necresis
rats fed & necrogenic yeast dict

and polymyxin, which have no, and sulfaguanidine which has
barely any, benefimal effect on hepatic necrosis, as with streptos
mycin, terramycin and anreomyam, which ~n this order ~were
found significantly beneficnal 1 delaying the production of massive
hepatic necrosis

Hartroft. Were the ammals fod ad libitum?

Gyorgy: No, they reeen od uniformly ahout 8 grams per day The
ifference in growth stimulation could not be correlated wath the
werage daily food intake

For all practical purposes, mpested streptomy e 15 not absorbed
from the intestinal tract Thus, its posstive effect speaks further
favor of the intestinal flosa as the ste of action Combination with
Pectin increases the steritizing cffect of streptomcin i the ntes-
tne(12), Such combination has been found more effective i delay-
ing massne hepatic nrerosis than streptomyom alone (Digure 3).
1 we assume that antimicrabial agents aet through the intestinal
flora the quantitative differences in their activity must then be due
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Davies: Do you happen to know Low often you can get {tf
blood eultures from the portal vein? ’ gt positive

Gyorgy: In humans?

Davies: Human or rats, because in enteric or other conditions
one can often see bacteria in the biopsies inside the sinusoids,

Best: T know some data not yet published where the blood cul-
ture became positive after complete ligation of the hepatic artery.

Gyorgy: In dogs?

Best: Yes.

Gyorgy: Dogs have bacteria in the liver.

Watson: Don’t you think that the possible effect of aureomycin
on the celiular metabolism of the liver should also be considered?

Gyorgy: I very seriously entertain such possibility. It is conceiv-
able and perhaps even probable that aureomycin may exert its
effect in two directiops: 1) via the intestinal flora and 2) direct on
the liver ecell, or systemically.

Handler: Sulfasuxadine in our hands some years ago prevented
choline deficiency cirrhosis.

Gyorgy: We found the same protective effect for thiouracil and
propyl-thi il All these sul including sulfa drugs, may
act through the suppression of thyroid activity.

Hartroft: Is the deficiency of vitamin E in the diets used in these

experiments concerning hepatic necrosis sufficiently great that tes-
Heular atrophy occurs in mature animals or gonadal development

fails in young rats?

Gyorgy. Yes. )
Hartroft: When aureomycin is added to the diet, does testicular

growth proceed normally or not?
v with jmmature

Gyorgy- They don’t develop. I am working now .
rats The testes do mot mature in ether group, with or without

aureomycin.
Madden: The growth rate is subnormal, Jess than a gram 2 day

with the aureomycin? )
Gyorgy- The diet is a poor diet, especially with regard to protein-
intake
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Handler: T would like to male = rather assorted comment on the
pieces of Dr. Gyorgy’s story. We entered this field belatedly and
for reasons which are irrelevant liere, But, we have also given B
to young rats on the sort of diets we have i)cgn nsi:\g {or choline

a ~ o e ox Aot S€ gl

-1 BRI TS

and fibrotic livers. Biz was entirely without eflect on either syn-
drome nor did it even prolong the rats” lives. Since this {s on a very
low protein dict, this may be pertinent to your considerations con~
cerning the activity of the World Health Organization. One should
know whether, on a really low protein diet, Bu can really help.
These experiments merely open the question.

Best: ¥ think that raises a very interesting question, whether the
best experiment would be to give Bix alone or try to improve the
protein at the same time 85 you give the Bax

Gyorgy. Soya bean, com meal in pigs or chicks or other ammals
will promote normal growth when supplemented with Biz. Both,
beans and com mea, or similar segetalle proteins, are available in
Jamaiea There wonld be no need for importing animal protein,
which ~ s a matter of fact — could not be made available for 1500
million people or more 1 all those parts of the warld where defi-
ciency in onimal protein evists Admittedly, the mixture of vege-
table proteins to be nsed should contain all essential amino acids,
at least up to the minimum requirement. Analysis of the food to be
used will give us the necessary answer.

Best, T think Dr Davies may know The Gosvernment in South
Afneca had before it a ndation for the introd of soya

ans, it was going to buy them or try to raise them, wasn't that
the case?

Dacles The Government tried to introduce §t in the diet of
Uganda Afncans but they did not take to it very kindly There you
come up agamst the storv of food prejudices.

Handler: There are two other additions to this discussion which
may be of interest Some of yon may remember that Dr. Rembieim
snd 1 hian e been mterested m the conelation between the fact that
the guinea pig v er contams no choline avidase and the observation
that this species does not develap fatty lisers when on choline-
deficient rations. Our simple thouaht was that By: might sene us
a choline ovidace inlubitor and thus, in this sense, rats would beb-
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Davies: Do you happen to know how often ¥ou can get positive
blood cultures from the portal veinp

Gydrgy: In humans?

Davies: Human or rats, because in enteric or other conditions
one can often see bacteria in the biopsies inside the sinusoids,

Best: T know some data not yet published where the blood cul-

ture b positive after complete ligation of the hepatic artery.
Gyorgy: In dogs?
Best: Yes.

Gyorgy: Dogs have bacteria in the liver.

Watson: Don’t you think that the possible effect of aureomycin
op the cellular metabolism of the liver should also be considered?

Gyérgy: Y very seriously entertain such possibility. It is conceiv-
able and perhaps even probable that avreomycin may exert its
effect in two directions: 1) via the intestinal flora and 2) direct an
the liver cell, or systemically.

Handler: Sulfasuxadine in our hands some years age prevented
choline deficiency cirrhosis.

Gyorgy: We found the same protective effect for thiouracil and
propyl-thiouracil. All these substances, including sulfa drugs, may
act through the suppression of thyroid activity.

Hartroft. 1s the deficiency of vitamin E in the diets used in these
experiments concerning hepatic necrosis sufficiently great that tes-
ticular atrophy occurs in mature animals or gonadal development
fails in young rats?

Gyorgy: Yes.

Hartroft; When aureomycrn is added to the diet, does testiciilar
growth proceed normally or not?

w with immature

Gyorgy: They dor't develop I am working now v "
rats, The testes do not mature in either group, with or without

aureomycin.
Madden- The growth rate is subnormal, less than a gram 2 day
with the aureomycin? . )
Gyorgy- The diet is a poor diet, especially with regard to protein-
intake.
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Handler; 1 would ke to make a rather assorted comment on the
pieces of Dr. Gyorgy's story. We entered this field belatedly and
for seasons which are {rrelevant here. But, we have also given By
to young rats on the sort of diets we have been using for choline
and cystine deficiency, tiz., 5% casein, a great deal of carbohydrate
and very little fat. By including choline or cystine one can readily
obtain cystine deficiency hepatic necrosis or choline deficiency fatty
and Bbrotic livers. Bys was entirely without effect on either syn.
drome nor id it cven prolong the rats” fives Since this is on a very
low protem diet, this may be pertinent to yonr considerations con.
ceming the actuity of the World Health Organization. One should
know whether, on a really Jow protein dict, Biz can really help.
These expenments merely open the question.

Best; 1 think that raises a very interesting question, whether the
best expensment would be 10 give B2 alone or try to improve the
protein at the same time as you give the Bi:

Gyorgy. Soya bean, com meal in pigs or chicks or other ammals
will promote normal growth when supplemented with Bu. Both,
beans and com mea), or similar vegetable proteins, are asadable in
Jamaica There would be no need for importing animal protein,
which — as a matter of fact — could not be made availabile {or 1500
milhon people or more in all those parts of the world where defi-
ciency in animal protem evists Admittedly, the mixture of vege-
table proteins o be used should contain all essential amino acyds,
at least up to the minimum requirement Analysis of the food to be
used will give us the necessary answer.

Best 1 think Dr Dasies may know. The Government in South
Africa had before 1t o recommendation for the introduction of soya
beans, it was going to buy them or try to raise them, wasn't that
the case?

Daties: The Gosernmient tned to fntroduce 1t in the diet of
Uganda Afncans but they did not take to it very Mindly ‘There you
come up against the stors of food prejudices

Handler There are two other additions to this discussion which
may be of interest Some of you may remember that Dr. Bernbieim
and 1 have been mterested m the correlation between the fact that
the gunea pig Iver contains no choline ovidase and the ohsersation
that this species does not develop fatty livers when on choline-
deficient rations Our simple thought was that B might serve as
a choline ovidase mhslutor and thus, in this sense, mts wonld behave
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Davies: Do you happen to know how often you can get positiy
blood cultures from the portal vein? Y £t postive

Gyirgy: In humans?

Davies: Human or rats, because in enteric or other conditions
one can often see bacteria in the biopsies inside the sinusoids.

Best: 1 know some data not yet published where the blood cul-
ture became positive after complete ligation of the hepatic artery,

Gydrgy: In dogs?

Best: Yes.

Gyorgy: Dogs have bacteria in the lver.

Watson: Don't you think that the possible effect of aureomycin
on the cellular metabolism of the liver should also be considered?

Gyorgy: 1 very seriously entertain such possibility. It is conceiv-
able and perbaps even probable that yein may etert s
effect in two directions: 1) via the intestinal flora and 2) direct on
the liver cell, or systemically

Handler: Sulfasuxadine in our hands some years ago prevented
choline deficiency cirrhosis.

Cyorgy: We found the same protective effect for thiouracil and
propyl-thiouracil. All these substances, including sulfa drugs, may
act through the suppression of thyroid activity.

Hartroft: Is the deficiency of vitamin E in the diets nsed in these

experiments concerning hepatic necrosis sufficiently great that tes-
ticular atrophy accurs in mature animals or gonadal development

fails in young rats?

Gyorgy: Yes.

Hartroft: When aureomycin is added to the diet, does testicular
growth proceed normally or not?

Gyéirgy: They don’t develop. I am working now .with fmmature
rats. The testes do not mature in either group, with ot without
aureomycin,

Madden: The growth rate is subnormal, less than a gram a day
with the avreomycin? .

Gybrgy: The diet is a poor diet, especially with regard to protein-
intake.




Lipotropic Agents 219
Handler: T would like to make a rather assorted comment on the
pieces of Dr. Gyorgy’s story. We entered this field belatedly and
for reasons which are irrelevant here, But, we have also given Bi.
to young rats on the sort of diets we have been using for choline
and cystine deficiency, viz, 5% casein, a great deal of carbohydrate
and very little fat, By including choline or cystine one can readily
obtain cystine deficiency hepatic necrosis or choline deficiency fatty
and fibrotic livers Biz was entirely without effect on either syn-
drome nor did it even prolong the rats’ hves Since this is on a very
low protein dret, this may be pertinent to your considerations con-
cerning the activity of the World Health Orgamzation One should
know whether, on a really low protein diet, B2 can really help
These experiments merely open the question

Best. I think that raises a very interesting question, whether the
best experiment would be to give Bi» alone or try to improve the
protein at the same time as you give the Biz

Gyorgy. Soya bean, corn meal in pigs or chicks or other ammals
will promote normal growth when supplemented with Biz Both,
beans and com meal, or similar vegetable proteins, are available in
Jamaica, There would be no need for importing animal protein,
which - as a matter of fact — could not be made available for 1500
million people or more in all those parts of the world where defi-
clency in animal protem exists Admuttedly, the mixture of vege-
table proteins to be used should contain all essential amino acids,
at least up to the mmimum requirement Analysis of the food to be
used will give us the necessary answer

Best- I think Dr Davies may know The Government mn South
Afnica had before 1t a d for the d of soya
beans, 1t was going to buy them or try to raise them, wasn’t that
the case?

Davies: The Government tned to imntroduce 1t in the diet of
Uganda Africans but they did not take to 1t very kindly. There you
come up against the story of food prejudices

Handler There are two other additions to this discussion which
may be of interest Some of you may remember that Dr. Bernheim
and T have been nterested in the correlation between the fact that
the guinea pig Iiver contams no chohine oxidase and the observation
that this species does not develap fatty hivers when on choline-
deficient rations Our sumple thought was that Bi: might serve as
a choline ovidase inhubitor and thus, n this sense, rats would behave
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With respect to the metabolic mechanisms involved, this is an
almost independent story which had its begumings completely apast
from work with Bz In essence, the picture can be stated thus: In
the animal economy there exist mechanisms whereby preformed
methy) groups can be ‘ovidized to intermediates like formaldehyd
and formate, These can be reduced back to methyl groups or to
whatever is necessary for the synthesis of serine, glycine and purines
The carliest pertinent observations were made by Dakin(26) before

. World War I when he studied the excretion of formate by man as
a function of diet and he actually coneluded that formate was an
end product of protein metabolism. The first demonstration of the
formation of a Ci compound from 2 normal metabolite was that
by Drs, Handler, Bernheim, and Klein(27) who demonstrated the
existence of an enzyme system in liver which oudatively de-
methylated sarcosine to glycine and formaldehyde, This has been
beautifully substantiated by Mackenzie(28) and du Vigneaud who
have also found that a large portion of the methionine or choline
methyl groups soon appear as expired CO: The intermediate
details have been considered in only a few laboratories. At Colum-
bia, Shemin(29) observed that serine was converted to glycine and
suggested formate as the other product in 1946, In Berkeley, (.;rcen-
berg and his students have since found. 1. labeled formate in the
medium after incubating liver slices with methylene la.be]ed glv-
cine(80); 2. « and B labeled serine in the protein of rat liver homo-
genates after incubation with methylene labeled glycine(80);
3. HC*OOH and HC"HO after incubation of liver with ﬂ:]a‘beled
serine, methylene labeled glycine, methyl labeled methionine ang
choline(31). In Cleveland, Sakam found: 1. carboxy! and ﬂ-.)abe‘ed
serine in rat tissue protein after giving carboxyl labe..'led. glycine an
labeled formate respectively(32); 2. a-8 labeled serine in rat tissues
after feeding methylene labeled glycine(83); 3 p-]abele% 5‘?““:
after feeding methyl labeled choline(31); 4. methyl labele "ns(le;l
choline and methionine after repeated administration of HC"O!
(85), and § labeled serine even after giving xpethyl Inbefet;aceté)‘ﬂe
to rats(36 ). Evidence has been offered that it is formaldehy ? sather
than formic acid which 1s the precursor of d_le p-carbon le SCE;’;
and the methyl groups of choline and methxonm.e(ST). Anot] ir ne
of evidence is that relatmg to purne synthesis. Thus, .Buconn“d
has stated that formate carbon is incorporated into pasxtz?qs 2 ﬂBD
8 of uric acid(38), Barker found that the a-carbon of g}"btﬂm; ‘:on
entered these positions(39), Greenberg(40) fqundh( 2 mi gﬁm
liver homogenates utilized formate for the synthesis of hypo
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nd Marsh(41) reported that pigeons incorporated the carbon of
ormic acid into nucleic acid guanine and ademne Each of these
tudies involved the use of isotopic carbon Thus, the old labile
nethyl pool has been considerably expanded, or perhaps, lost its
neantng entirely, if ever it had one. There 15'no clean cut evidence
f the site of Biz action in 2l this but Lardy(42) has reported 4
ignificant decrease n the ability of folic acid deficient rats to fix
abeled formate and Sprinson(43) has reported a marked decrease:
n the rate of conversion of labeled serine to glycine in similar,
mimals It should be noted that neither group reported any non- -
pecific controls but their findings seem compatible with the whole .
sicture Two criticisms may be made of these studies in general +
“irst, in most instances the specific activity of the original material ~
1as been many orders of magnitude greater than that isolated. ~
Jne cannot be too careful to avoid the danger of a small amount -
f hot contaminant in such cases, particularly when such mmute
wunounts of matenal are involved. Second, even if this danger has

seen avoided, as a net ph of what real bolic and
wtritional significance is all this® Certainly, 1t provides a mechanism
‘or the thesis of dietary Is like glycme, serine and

purines, but to what extent may one really dispense with dietary
methyl groups? While the analogy may be dangerous, it may also
be well to note that CO: fixation 1n mammals 15 now well estab-
hshed, and the reactions 1nvolved appear to be remarkably similar
to the pathways of photosynthests, but we must, nevertheless, con-
tnue to consume 2,000 calories and some reasonable amount of
protein per day. Nutritionally the problem becomes, “What is a
reasonable protein consumption when Bia 15 supphed?” And from
this same standpoint, one cannot help but be mtngued with the
possibulities of methanol as a growth factor and hpotropic agent!

Best: 1 think this summary 1s extremely valuable for those of us
who want to go back and do more experiments

Schiff Thave a chinical obsen ation that may be of some nterest
to Dr Gyorgy We recently had a young woman with phesphorus
poisoning to whom we gave one mifligram (1000 gamma) vitamin
Bz, one milhgram per day for five or seven days She died at the end
of two weeks At autopsy her hver showed fatty vacuohzation and
cansiderable necrosis I mention it for whatever 1t might be worth

_ Gyorgy- Biz has no effect on dietary hepatic necrosis Accord-
ing to Dr, Popper it may have a slight beneficial effect on cellular
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Handler: If you start with the larger rats, the most obvious phe-
nomenon is their markedly increased survival time. In fact 2 large
proportion survived the entire 6-month experimental period And
a great fraction of these show nothing but exceedingly fatty livers, * -
A small fraction could be described as “cirrhotic.”

' 'With respect to cystine deficiency, then, the picture is much like
(that which Dr. Gyorgy suggested. The young rats died in about
‘one month while the older ones survived very much longer. In the

. young rats we find the now classical massive necrosis, in the older
i rats little or nothing. What bothers me is that the cystine-deficient
|, young rats who do not show hepatic necrosis die after the same time
on the diet as do those with necrosis. Nor have we found any other

, lesion 1o account for their early deaths.

Gyorgy: For the record, I have now succeeded in securing an
American type of yeast which produces massive necrosis It is not
a prerogative of the British.

Woetson: Dr. Handler, what sort of diet do you use?

Handler: Five percent casein, a mixture of sucrose and starch
and about 20 percent fat.

Watson: What percent of the rats get massive necrosis on that
diet?

Handler: A bit better than 50%, I think.

Hoffbauer: 1 should like to ask, Dr. Handler, if the character of
the dietary fat varied. -

Handler It was somewhat different in the choline- and the
cystine-deficient diets

Hoffbauer: What is the nature?

Handler A mixture of cottonseed oil and commercial Jewell
shortening

Watson: No yeast?

Handler No yeast.

Fremont-Smith: 1 am very grat
of what I said at the very beginning
organism is as mych determined by t
the nature of the stimulus.

teful for this particular illustration
and that is the response of the
he state of the organism as by



Lipotropic Agents 27

Shorr: Do 1 remember Dr, Gyorgy saying last year that he had
a strain of rats particularly susceptible to cirrhosis?

Gyorgy. Yes, that was the Fisher strain, With thus strain of rats
I'obtained the most pronounced and uniform fatty hver on lipo-
tropic diet The individual vanations were negligible. In addition,
a§ Dr. Tarver found for the same strain, liver slices obtained from
Fusher rats do not take up methionine as readily™as hiver cells of
other straing

Tarcer: The uptake of methionme by shces of lver taken from®,
a Fisher strain rat is generally found to be less than what we have
found with other strains Presumably, therefore, its rate of protein ;
synthesis, or turnover, is less. i

Gyorgy® Rats of the Fisher strain show this poor methionme :‘
uptake and the same strain is especially sensitive to an alipotropic’
duet

Shorr: Where is the Fisher strain obtained from®

Gyorgy: From Dr W. F. Dunning, Wayne University College
of Medicine, Detroit,

Watson Dr Gyorgy, am I mistaken in thinking that you had a
rather low incidence of massive necrosis except when you used
British yeast?

Gyorgy: Never higher than 40 percent.
Watson Do you know why there was the difference?®
Gyorgy: No, not yet

Shorr, T had one experience with yeast which suggests that there
may be differences between English and Amencan strams I had
bad Tuck with attempting to 1solate co-enzyme I from Amencan
yeast during a summer 1n England Dr Green was gaod enongh
to let me carry out a similar preparation with Brtish yeast in the
Cambridge Laboratory of Hopkins and I obtaned a wonderful
yield, using exactly the same methods that had proved unsuccesstul
with Amencan yeast

Handler- The variable properties of yeast have played quite a
role in the history of biochemistry. Pasteur, about 25 years before
the brothers Buchner, made an extract of brewers yeast much in
the same manner as the Buchners in a deliberate attempt to prepace
a cell-free extract which would ferment. But he got his yeast from
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