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INTRODUCTION.

In the svring of 1944 Professor J. W, McNee addressed a
meeting of pmedical Practitionérs in Newcastle on the subject
of Infective Hevatitis. .

He dealt mainly with the symvtomatology, the revised
conceptions of the vathology and the oroblems of aetiology
and evidemiology. Also, he discussed the occurrence of
Homologous Serum Jaundice and Post Arsnhenamine Jaundice and
the views on their relation to Infective Hevatitis.

The writer, who had the nrivilege of being‘present at the
address, was the more interested as there had been a small
evidemic in his vractice in 1941. TFurther, the sveaker had
emphasized the gavs which existed in the knowledge of the
aetiology and evidemiology of the disease in svite of the
large amount of nainstaking study which had been devoted to
their elucidation. To the listener these conféssions of our
ignorance of such important asvects of the disease seemed
like a challenge. Were we just listeners, anxious, no doubt,
to acquire such hard-won knowledge? Or could we carry on
the stowy?

The vpresence of Dr. W, N. Pickles at the meeting, and his
interest in, and knowledge of, the disease, made one realise
that it might be vossible for a busy general vnractitioner to
glean some information about the very voints which were in
disoute.

This was a possibility which I was later to find stressed



by Pickles 1 himself, and also by Witt52 o« The former
emphasizes the veculisr advantages enjoyed by the general
practitioner in determining the matural history of this
complaint: the latter states that »the analysis of concrete
situations is the nrover method of avnroach.k

At this time tnére were two cases of infective Hepatitis
in the writer’s practice. They had occurred in a small
compact community at Cold Hesledon, mumbering about 600.
Within a mile, there was a large coiliery village of murton,
with a vopulation of some ¥,000.

It was anticivated that the numbers involved in the earty
months of the enidemic might be small (esvecially i1f the
evidemic remained confined to the smaller community)y in
which case the analysis might be the more intimate. Purther,
the exverience gained in this early stage, might, it was
hoved, be of great assistance in the attemdpt to folLlow the
incidence and snread of the disease in the larger commumity.

As events vroved, the epidemic did smoulder in the small
community for several months, when it spread to murton. L was
thus fortunate in those respects.

Here was an ovvortunity to attemnt to emulate others in,
say, the field of epidemiology. With a due humility for the
many shortcomings in my kmowledge, 1 felt that the vossibili-
ties of solving some of the wroblems of this disease devended,
not entirely on knowledge and gbility, but on the vroduet of

ability (including knowledge), avolication, and ovwvortunity.



Ovportunity afforded; on application I resolved; —me-

and the oroduct ? 1 hoved it might be helpful.

Reference.
1. Pickles, W. N. Epidem in Country Preetice. Bristol 1939.

2. Witts, L. J. B.M.J, 3/ 6 / 44 D741, Vol I.



THE CONTENTS OF THLS WORK AND THE MANNER
OF PRESENTATION.

The work can be devided, ratner obviously, into original
and non-original sections.

The original work 18 contained in the second nortion of
this tnesis, and 1t consists of anAaccount of the evidemie
referred to in thé introduction, and a discussion bf the
findings. Lt will, therefore, be dealt with iater.

in view of the vastness of the subject and of the recentiy
nubiished titerature, the seirection of the contents of the
first oortion of tnis work nas obviousiy caried for consider-—
abie discernment and a micety of selection. A ful.y cowvre-
nensive survey would be beyoﬂd my reach, esneclally as |
desire to emphasize my orlglnéi observations as the main
feature of the study.

L feey that 1 must crave tne induigence of the reader 1f
1 briefiy state ny reasons in justification of the seiection
and inciusion of the various comnonents of the non-originai
éectlon of the work.

L nave inciuded mention of such facts as would be useful,
and 1n fact necessary, to allow the student of infective
Hevatitis to observe intetrligently, the characters and »ro-
gress of an enidemic of the disease; such facts as would also

enable him, further, to assess and analyse the observations



which he was so enabled to make.

A knowtedge of the anatomy and vhysiology of the Liver is
obviously essential for such a study.

In no other instance is the term vwan introduction to the
study of medicine» more annlicable to vathology than in
Infective Hevatitis.

It soon became obvious that a study of the work of others
would devend in many instances on an understanding of, or
famiiiarity with, the numerous tests for liver function.

It is commonly accevted that the casual agent of Infective
Hevatitis is a virus.

When I qualified in 1923, my knowledge of viruses and virus
diseases was scant. In order to attempot to understand the
problems of Infective Henatitis, it avpeared to me that T must
become familiar with the vresent day views on virus diseases
in man. Having confessed to this original defect in my armament,
1 have felt it necessary, in order to retain the confidence of
my reader, to show that 1 have in some measure remedied it.

I therefore include a section on Viruses and their Role in
disease,

These sections of the work are preceded by an historical
review, which can so often be not only interesting but also
instructive;esvecially as the unconfirmed views or »susvicions"
of earlier writers quite frequently receive support from more

recent investigations and knowledge, and thereby assume a

fresh significance.



Possibiy the most difficult question to decide 1s the form
in which to nresent the recent views on the disease in question.
A vast 1iterature has to be considered in view of the revival
of interest in this disease, and 1t 1s felt that to attemnt to
review 1t in any detail would throw the intended study comvliete-
Ly out of the mmtended balance. 1f L deal rather briefiy with
this section of the work, at this stage, 1t 1s nevertheiess
noned that a comnsideration of the thnesis as a whote may voint
to my being not unduly unfamiliar witn such recent study and
thougnt.

For such reasons then, have 1 included such work as now
.foilows, and 1n the drder already given in theﬁtable of

contents."



THE CIRCUNMSTANCES UNDER WHICH THE INVESTIGATIONS WERE
CARRAED: OUT.

Murton is a colliery ¥illage in the County of Durham. The
present investigations were conducted from march, 1944, to
March, 1945, whilst I was engaged in genersl vractice there.
in the winter months, when the majority of the recorded
ilinesses occurred, it was necessary to visit 25 to 40 neovle
daily and to consult with at least twice as many.

This is mentioned not in any snirit of excusing the
quality  of the case records, ete., but it may exnlain many
emissions, e.g. serum protein estimations, ven den Bergh
tesfs, etc.

!l can only offer such information as may be acquired by
a8 general practitioner in his round of visits, and have
attempted to add to this such additional academic data as
time and ovvortunity afforded.

THE GENERAL APPROACH TO THE PROBLEMS.

At the risk Jf antieinating the findings of this work,
it might st1ll be helnfui to the reader if certain v»rineivples
adonted in the investigation were now mentioned.

The obvious method would avrear to be, to become acquainted
with the symvtomatoLogy of the disease in so far as nersonal
exverience and study of the literature would allow, to seek
out the vnatients who had these symvdtoms, and to base one's
findings on such cases.

But I soon begar. to doubt the soundness of this procedure.



Others, more able, had toiled at the vroblem in this manner,
and its complete solution had evaded them.

I considered that this orthodox method of approach could be
critized for the following reasons:

1. Few could claim to be completely familiar with the
symotomatology, in its entirety, according to the published
accounts: nor was 1 one of the few,

Whilst there was considerable uniformity in the descrintions,
there were noticeable variations in the symvtoms, and their
relative frequency, in many of the evidemics.

2. As regards my versonal exverience, whilst I had been
relatively fortunate in having observed the evidemiec of 1941,

1 hoved to greatiy enlarge it during the 1944 enidemic.

3. To adort the so-called orthodox method of study and
recording, would imvly that my observations would be limited
to the acceontance of the previously recorded symvtomatology
as complete, in so far as 1 would not include the consideratiors
of illnesses which did not corresnénd to the descriptions pub-
lished by others.

The last enumerated reason seemed the more relevant in that
this was a disease where our knowledge was, admittedly, very
incomvlete. 1t seemed reasonable to assume that our knowledge
of the symptomatology of Lnfective Hevatitis might be incomniete,

Looked at from this angle, it anveared tc me that a more

laborious method of investigating the evidemic was indicated,



differing from what . have called the orthodox in certain
respects,which 1 will now mention.

Whenever I encountered a case of Infective Hepatitis I
noted the usual data of name, age, occuration, and address.

I further took similar note of all contacts, both with regard
to the source of the vatient’s infection and the role of the
patient in the further svnread of the disease.

Next I ascertained where the child sat in his classroom at
school, and had diagrams made showing the seats occunied by
every child in the school: noting the distance between seats.

It will be remembered that the evidemic occurred in the
small commnity of 600 veonle at Cold Hesledon. I had intimate
knowledge of the friendshivs, customs, hygiene, habits, etc.,
of the villagers (who were almost embarrassingly co-operstive)
ags | had practised there for over 20 years.

1 watched closely, shamelessly conying Pickles, the local
‘dances and socials, etc., either by versonal observation or
inquiry; water and milk supvlies, including thos®e to the
village school, were investigated. The drainage system was
considered re the course and efficiency. The local resevorrs
and stagnant ©pools, including even the A. R. P. water storage
tanks, were scrutinized, vartly in view of insect vectors
having been vreviously considered, esnecially in the widdle
East.

The records of absenteeism at the local works, e.g. the

colliery, the larger business premisés, including, esvecially,
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a very large bakery, the 'bus garage staff, etc., were
inspected to see if periodicity in absenteeism occurred.
Teachers, the Attendance officer, and works managers ——-
they all co-operated.

This, L am afraid, may be boring in the recital, but 1t
was essential and 1t was orthodox.

now, for some time the evidemic ran true to tyve, and
jaundice led to jaundice in the contacts.

vater some of the contacts did not develov jaundice. ‘This
L had anticivated from the Lliterature —-- in faet it had been
stressed by Fordlin relation to Wembliey evidemic.

And now i decided to break away from the orthodox.

supnose a contact took ill after the anticinated, say, 50
days. Purther, suppose he was not jaundiced. Again let us
assume that he did not develov an iliness which seemed to fall
within the Ltimits of what was commonly termed ¢ nfective Hevna-
titis without Jaundicer.imst we exclude this patient's illness
from our consideration of illnesses related to infective
nevatitis or even illnesses caused by the agent responsible
For Infective Hepatitis =

0f course, it might well be by chance that he had develoned
an i1liness entirely unrelated to infective nevatitis on that
particutar date.

1f, however, 20 or o0 or more develoved a similar 1llness
at an anoroximately similar interval of time after contact

with cases of ,nfective nevatitis, the aetiological relation-
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ship, it seemed to me, would constitute a probability rather
than a vossibility.

Therefore, agreeing with the dictum that vknowledge is
dall' and thaf the greater pleasure lies in the pursuit of
knowledge, L decided unon a more laborious method: the more
laborious in that much of the work involived could not be
exvected to show any return.

The pnlan adonted, therefore, was to watch all the contacts
of a case of jaundice from the 14th to the 35th day after
contact: to record, preferably verbatim, every complaint made
by such contacts, no matter, within reason, how irrelevant it
appearéd to be, together with any vhysiecal findings, and,
later, to study the recorded histories.

To be consistent 1t was necessary to make similar records
of veovie who had been in contact with such contacts, whether
the latter had been jaundiced, or had had an illness accevnted
as indicatingwinfective Hevatitis without Jaundice" or an
illness falling within neither of those classifications.

This was a nolicy of the idesal, imvossible of comvlete
fuifilment. L, versonally, attend nrofessionally urén some
75 ver cent. of the small vowmulation (600) at Cold Hesledon,
but at the larger village of murton (9,000 vopulation), the
provortion does not exceed 40 ver cent.

My vartner and my other vrofessional colleague, who

practice in the area, offered generously to helv me. This
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offer I could not accept, and for at least two reasons:
first, the inguiry had to be my own unaided work: and
secondly, time did not permit.

Lt only remains to add that some of the cases which I
fmfig;nailyf considered to be so atyvical as to be without
the accepted bounds of "Infective Hepatitis without Jaundicer
were discovered on more intimate acquaintance with the
literature to fall within these bounds:—~ thus justifying,
if on the grounds of my original partial ignorance, my

dracedure. -

~ Refererce. L
1. Pord J. C. Infective Hepatitis. Lancet Vol 1, D 675
29/5/1943. | |



A REVIEW OF THE HISEORY OF INFECTIVE HEPATITIS.
Acéording to FPord , Jaundice of enidemic tyve is mentioned in
. De interms affectionibus, often ascribed to Hivpocrates and
quoted by Cockayne (1912)" Ford also states that corresvondence
between rone Zaccharias and Saint Boniface in the eight century
A.D. reveals that it was then regarded as contagious.

in July, 1745, an outbreak of evidemic jaundice occurred in
Minorcaz. 1t is referred to by Hirsch, who, in the same book,
discusses the outbreak of jaundice in a Bremen shipyard in 1885.
This incident was of great interest in that the 191 cases of
jaundice followed the waccination of 1,280 workers with glyceri-
nated humanised lymoh. The cases occurred over a veriod of
several weeks. Additional significance attaches to the further
fact 3 that of two other grouns of workers in the same yard, one
groud of &7 men, the other of 500, who were vaccinated with
different lymvhs, not one develovred jaundice. Hirsch attributed
the evidemic to the vaccination. He also surnosed that some
epidemics of the disease were of g dietetic kind. As the
Lancet 4 remarks in a leading article on Diet and Hevatitis:
nPo-day the first of these premises finds immediate acceptance,
while a variety of exact observations focusses attention on the
second.*

But vrior to Hirsch's work, Bright and Addison in 1836 in
their "Practice of Medicine" exvressed the view thatmmany cases

of simnle jaundice were exvressions of mild forms of subacute
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Hevatic necrosis. Thus, in discussing subacute inflammation
of the 1iger, they observed that 5 cases of the less acute
kingd —e- éénerally yield to treatment --—- and they form a
large vronortion of the cases of simvle jaundice which nresent
themselves in vractice.t |

The first evidemic to be recorded in England is said by
Lisney 2 quoting Hirsch, to have occurred in Birmingham in 1852.

A few years after Hirsch wrote, Weil described the disease
which now bears his name, and in 1912 Cockayne was the first
in this country, at least, to differentiate "epidemic ecatarr-.
hal jaundice" from Weil’s disease. It was not until 1916 that
Inada et al set the seal on Weil’s earlier work by the discovery
of the levtosvira icterohaemorrhsegise.

Progress in the knowledge of catarrhal jaundice was imveded
by "one of Virchow’s less fortunate contributions to vpathology.
Such was the eminence and authority of this observer that his
concention of the pathology of the disease held the field for
over sixty years. .Virchow held that there occurred a catarrh
of the duodenum which involved the amvulla of Vater. The
oedema of ‘the mucosa at this site, or the vresence of a mucous
nlug, was held to lead to obstruction of the common bile duect.
This vathology fitted in "beautifully" with the symptomatology
of the disease, as it was then understood. L1t now appears that
Virchow based his report on the observation of, te put it

mildly, an insufficient number of cases.
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Many clinicians had suspected, like Bright and Addison,
that the jaundice was due to a Hepatitis and that, in the
rare fatal cases, the liver cells had undergone necrosis.
During the War of 1914-18, Evpinger revorted on the vost
mortem findings in the liver in the case of three soldiers
who had been killed whilst suffering from jaundice. BHe
stated that there was no distension of the bile ducts and
described the liver as showing "acute yellow atrovhy in
little.w

In 1929 Roholm and Iverson confirmed this view, and, in
1943, Dible, McMichael, and Sherlock's liver biopsy studies 6
further confirmed and extended this knowledge.

Until a very recent date there were many éminent clinicians,
who, with the late Sir Arthur Hurst, thoughtthat whilst some
cases of the disease were due to Hepatitis, there were still
many which were due to the duodenitis aforementioned.

It can now be said that few clinicians still uvhold this
view, and the occurrence of Hevatitis is almost universally
accepted as the casuse of the jaundice, and indeed much of

the symvtomatology in every case.

in the midst of this account of the work of such a galsaxy
of talent, it is, with considerable trepidation that L venture
to intervolate a versonal ovinion.

But, if it took 60 years of clinical observation to undo

the error of Virchow, we must be careful that the brilliant
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work of Evpinger; Roholm and Iverson; Dible, McMichael and
Sherlock, and others dees not lead us to #rest on our
clinical oars.~

In a leading article 7 The Lancetrefers to the importance
of evidemiological studies ——- "Snow, Budd and Panum had by
keen observation and logical deduction ——- revealed the
essential epidemiology of cholera and tyvhoid and measles
before the bactericlogical era.n It also refers to the work
of Pickles of Aysgarth in infective hepatitis etc.

Many have a part to play in inereasing our knowiedge of
infective hepatitis.

As Wittss says: "Obviously, infective hevatitis is not a
disease one would chose to study if one was out for quick
results.®

From those vossibly apvarenty disconnected remarks, |
would state that, in my ovinion, clinical observation should
be guided by pathological findings and ovinions, and not led
by themn.

McMichael and his colleagues have proved much, and helped
mach, in the study of infective henatitis. But I feel that
the clinician must not accept even such really besutiful work
as being final and total.

Although special méﬁ%iéﬁ.éf Pickles has been made, this is
partly to be ascribed to the writer being similarly engaged in

ngeneral vracticer and due credit must be given to others. At
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'this stage a mere enumeration apvears to be indicated.

Ameng these are Ford, who described the Wembley evidemic
of 1943; Evans9 reported 65 cases in an institutional out-
break; Edwards gave an account of 64 cases -- the patients
being mainly school children.

C@eksonio described an epidemic in Gloucester during 1943,
and Damodaran and Hartfall11 revorted on the disease as
encountered in the garrison at malts.

Cameron's report of infective hepatitis affecting military
personnel in Palestine in 1940 included accounts of the 342
cases encountered: and his discussion on, and intervretation
of, the circumstances of the outbreak bear the mark of the
expert, with negative findings as significant as the nositive.

But with all this work, and that of others, the vroblems
of the disease were to a large extent unsolved, and in 1944
it was still termed "the medical problem of the year.+

How large that problem was, and is, L feel we have not
hitherto fully recognised. As will be seen later, 1 think
that the question of the non- jaundiced ratients is a much
larger one than the rather brief mention made to them in the
vublished work, might lead us to sunvose.

1t would here avvear relevant to refer to the occurrence
of Homologous Serum Jaundice and Post Arsenical Jaundice,
although the nature of the 'original' observations of the

writer which follow later, @ight 'indicate' a comparatively

brief resumé as adequate, at least for the present.
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The occurrence of jaundice after waccination with
glycerinated humanised Lymph in Bremen in 1885 has already
been noted. 1n 1937, of 100 rersons who received measles
convalescent serum no fewer than 41 develoved jaundice and

o died. The incident occurred in the South of England.l?

Findiay and McCallum%gwho have both contributed much to
the literature, revorted simitariy in 19373 the causal agent
in this instance being Yellow Fever Vaccine. This again was
the agent implicated in Braziilgn 1939, where an attack rate
of 27% occurred. On both occasions the Vaccine contained
human serum. |

The matter assumed serious vrovnortions in 1942, when
about 30,000 cases with 62 deaths followed the vaccination
with Yellow Pever Vaccine of troons of the American Army%2
In march of that year no fewer than 86 British soldiers
became jaundiced following the administration of less than
14 c.cm. of Seitz filtered vooied mumrs convaiescent serum.

Suffice if for the present to say that, although definite
differences in the incubation vericd of the illnesses as
compared with infective Hevatitis were encountered, and other
differences were also remarked, many considered that the
similarities far exceeded the differences, and seriously
considered whether the diseases might be due to a common

agent. This was a view which the similarity of the v»atno-

logical changes in the liver, as voreviously referred to,
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showed to be a distinet vessibility.

Jaundice occurring in the course of the treatment of
Syvhilis by the organic arsenicals is frequently referred
to as rost arsvhenamine Jaundice. wany hold the view that
it is caused by the virus of Infective Heratitis acting on
a liver already subjected to the winsult: of two votentiai.y
hevatotoxic agents in the form of the initial disease ——-
syrhilis -- and the theraveutic agent —-- arsenic. This
brief reference, which-wiil rater be suvniemented in this
work, wirLi serve the nurnose of showing that the considerab.e
recent increase in the nuwbers of cases of Homologous Serum
Jaundice and of rost Arsvhenamine Jaundice have added to the
comniexities of the understanding of the aetiorogy and
enidemiorogy of Lufective Hevatitis. On the other hand I
feel that any'such nrobrem may werl be brought nearer to an
uitimate soiution by the acquisition of more xnowiedge,
‘however mizzling 1t may be immediately.

Recent investigations and exneriments such as that of
Himsworth and Giynn on Trovhovathic and Toxinathic Henat1t1§r
focus attention, inter aiia, on the nossible infiuence of
diet on the‘occurrence, Location, nature, and extent of iriver
damage and the vossiblLe infiuence of such (Trovhovathic)
dietetic factors on the course of a case of infect.ive Heva-
titis. eseevsosee

1t 1s hoved that the above resume wiLL serve to show the

trend of thousght and the evoiutiom of the methods of annroacn
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to the understanding of this disease.
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THE ANATOMY OF THE LiVER.

The Finer Anatomy of the LobuLe.

in the study of hepatitis 1t 1s essential to have a xnow-
tedge of the finer anatomy of the river robute. wmamy authors
vrovide schematic diagrams, which are heipfur particurariy
with regard to the occurrence of jaundice and the crassifica-
tion of the varieties of jaundice. 1in Beaumont's Nedicine
the author emnioys a diagram modified from Rich. Rolieston
and MCNeebln their Diseases of the hlver% base their descrint-
101 on a schematic diagram, and from this descrintion 1 pPronos
to quote free.y.

Each robuire compnrises a series of tubuiar grands shaved
11ke a test tube, the ciosed ends being situated centraiiy.
The waris of each test tube are taken to represent a basement
menmbrane, which mehbrane is iined by the granduiar cerLirs of
the river. These gianduiar ceirirs are norygonai. The bile
capiiiary situnated in the centre of the test tube 1s thus
comnietery surrounded by the giranduiar voiygonai ceilrs. The
centre of the ifobuié 1s oceunied by a branch of the nenatic
vein. The w1dé vortal vascular caniliaries vass between the
tubuiar girands described, to join this branch of the henatic
vein.

who described them in 1876, Lie aitong the walls of these

¥
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portal canuitaries. They were later recognised as belonging
to the ReticulLe Endotheiial System to which further reference
wiLt be made.

Passing between the glanduiar cells to form a very fine
fibrous mesh work is the so catied Liver reticurum. The
vreservation of this reticuium is an important feature in
the extraordinary revair processes which frequentiry forirow
even severe hepatic injury.

mcmeelfouﬂd no..evidence of different tyves of gilanduirar

cerrs within the same tobule.

THE BLOOD SUPPLY.

This 1s derived from the Portal vein and the Hevatic
artery.

Formed by the union of the splenic and superior mesenter-
1¢ veins, the portal vein carries by far the Largest amount
of brood through the LobulLes. 1t 1s interesting and imnor-
tant to note that the i1eft branch courses from the Large
bowel, whereas the right brancn derives 1ts bLood from the
smatl intestine. 1n this way the right Lobe receives blood
rich in nrotein derivatives thus contrasting with the biood
sunpLy to the Lteft Lobe.

The biood in the vortal vein has alLready vassed through

one set of capniilaries in the intestine.

L
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The snianchnic viexus drovides the nerve supply to the
vortar vein and its tributaries -~ stimmiation of the
svianchnic area causes active contraction of the vportal
venous system.

The henatic artery i1s surrounded by a dense sheath of
symoathetic nerve fibres as 1t enters the tiver. it vrovides
a considerabke vrovortion of the oxygen suvvly to the
giandutar cells and supporting tissues. The caviliaries

eventually drain into the central branches of the hepatic

veline.

@@ 0o * P oo tergsseee
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THE PHYS10LOGY OF THE L1VER.

A xnowledge of the vnhysiology of the Liver i1is an obvious
essential to the study of infective Henatitus. it is
certainty obvious from recent studies that in many cases,
1f indeed not in ail, the initiai iescons occur in the
grandutar celis of the iiver and in the vortal tracts, and
certainiy the iiver 1s the organ most Drominentiy affected
when the disease has become estabiished.

Thefinctions of the Liver are so many and varied and
also so vital to Life that their study 1s comviex and a
really vrodigious tasx.

in the foiiowing.chapter i nave inciuded sucn knowiedge
as L nave considered essential to the present study, and
1 have dealt with the foiLiowing and in this order.

Biie. 1. Birie Saits. Comvosition.
FPunctions.
The cycLe of the biie saits.
2. ChoiesterolL Action of itiver on.
gffect of diet on.
3. Bigze nigment. The cyLe of birirubain.

Urobitinuria and the significance
thereof.

Ihe jiaver and Carbonydrate metaboirism
and Fat metabolism

and rrotein wmetaboirism

as a brLood forming organ
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The Liver in retation to Haemovoietic Factors.
in relation to Blood Coagulation..
Toxiphylactic function of
Ag an excretory organ.

Bile. The main constituents of bile are
1. Bile salts.

2. ChoiesterolL and lecithin-

3. Blle Y)lgmento

1. The bile saits are dextrarotatory sodium salts of mixtures
of the comviex acids —-- glycochoiic acid and taurochoiic acid.
in human bile, glycochoitic acid nredominates, there being
about three times as much of it as of. taurocfioric acid.

un hydrolysis they yietd a chotie acid, and glycine or
taurine respectivelry. |

StarLlng?states that taurine i1s probably derived in the
body from the metaboiism of cystine.

The bire sarts are believed to be »nroduced in the iiver.
‘‘hey are the substances which are main}ly resvonsible for
the unngue functions of bile in dugestion and absorntion,
egnecirally of fats.

(a) Hydrotronic action of the Bife salts.

Hydrotronic substances have the vower of making
water insoluble substances, water soluble. The bile saits

have this vower, forming nydrotroviec combounds with a
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number of substances; these comnounds so formed, are diffus-
1bie through membranes. OUne of the cholic acids, desoxychoiic
acid, is especiaitly active in this (hydrotropiec) resvect. The
resulting compound are calLled choieic acids.

By such combinations insolublte fatty acids, cholesteros,
fat soiubie vitamins, drugs (e.g. alkaloids) are rendered
soluble and diffusible and can %e abs@rbed.,

1t 1s interesting to note that when gall stones containing
cholesteroi are nresent, the biie acid: cholesteroi ratio 1is
usually less than &:1l. This 1s a lower ratio: tha. the
normal.

(b). Effect on Surface Tension.

The biite salts lower surface tension. ‘hey Lower
the surface tension between the watery and oiLy fluids in the
intestine and allow. of verfect emulsification.

(e¢) Effects on the asction of Laivase.

When fats are acted uvon in the intestine by stean~

sin, the Linase of vancreatic juice, they are nydroiised.
Lt should be stated that fats are the fattyvacld esters of
the trinydric alcoholL, glycerol: the chief fatty acids being
valmitic, stearic and oteic acids. The products of this
1ivolytic action are thus readily understood to be:-

1. Glycerol.

2. Fatty acids.

5. Soaps.

GlycerolL 1s soluble in water. PFatty acids are seiuble 1n
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bile acids, as mentioned.
The aikaline soaps are soiluble in water.
The soaps of magnesium and calcium are soluble in bile.
in this way, the fats are reduced to substances which are
soluble in the intestinal contents whatever their reaction.
Now,1:d ‘Ppure vancreatic juice, steapsin i1s retatively
inactive, but 1t 1s activated by biie (or calcium salts).
Purtnermore, the actions referred to under (a) and (b)
facititate the action of the Linase.

(d) Chotagogue action.

Bilte salts are resbsorbed from the intestine and are
returned to the 1iver. They stimuiate the nproduction of bile
and,incidentally, economise in the amount of bile acids which
the tiver must synthesize.

(e) Buffer action.

As a large awount of the base in bile 1s combined
with weak acid, bile can buffer hydrochloric acid. Thus 1t
can neutralise the hydrochloric acid of the gastric contents.

(£f) The Absorntion of Fatty Acaids.

1t was formerly considered nrobable that minute
rarticiles of fatvassed through the ceiL walls of the intestin-
al evithetium. 1t 1s now thought, on convincing exverimental
evidence, that most ofthe fat is completely hydrolysed before
sbsorvtion. Fat can be demonstrated in the evithelial cells

and the expianation now offered is as follows.
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Hydroiysis 'reduces' the fat to glycerolL and fatty acigd.
The glyceroi is soluble and passes into the evithelium. The
fatty acids (see Section fa) ), are acted uron by the hydro-
tronic bile acids and a solublg Loose compound, choleic.acid
is formed which is diffusible éven at pH 6.0. After
di1ffusion of the glycerol and fatty acids,resynthesis to
fat occurs.

Lt should be remarked that if bile does not enter the
intestine - as 1in obstruction of the bile duct - the
absorntion of fats 1is vractically nil. Obstruction of the
vancreatic duct does not have a similar result, as the
vresence of livases in the succus enterieus’may allow of the
absorvtion of 50% of ingested fat; the failure tc compnletely
absorb the fat being in fact mainly due to delayed digestion
as evidenced by the fact that the faecal fat is hydrolgsed
or vsplit". |

(g). The amylolytic power of a vancreatic extract is
doubled by the addition of bile or bile acids.

® 00 9000t g 0o

THE CYCLE OF THE BLLE SALTS.

The bile salts vroduced in the i1iver and excreted in the
bile nass into the intestine. The work of Wnlpple$points to
their source being body rrotein or food protein. There 18 no
anoreciasble loss of bile salts in the urine and faeees as

none can be detected in either excretion. They are re-absorbed
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rapidly by the intestine, 'bDicked out' by the liver and
re-excreted in the bile; thus they complete a cycle. (n
star#ation they are still produced for a considerable time,
and they are vresent in small amount in the verinheral blood,
in health, They must therefore be 'threshold! substances.'3
In the early stages of obstruetion to the bile passages,
the amount of bile salts in the blood increases above this
threshold, and they are found in the urine. Later, they
disappear to reavpear frequently for a short time after

relief of the obstruction.3

@008 0o

2. Cholesterol.

It will be remembered that the cholesterol content of the
blood in health ranges fromAiég to 200 mgm mer 100 c.c; of
this amount some 50% to 80% is bound as cholesterol-ester of
higher fafty acids.?

The cholesterol in the bile is free cholesterol.

The glamdular ceils of the liver, therefore, act on the
cholesterol ester, de-esterizing it and not merely excreting
it unaltered.

There is an interesting parallel in the supposed aLteratlon
of bilirubin in its exeretion by the liver to which reference
will tater be made.

The effect of diet on the concentration of choiesterol in

bLood and biie.
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5
Nancy Gough reported in The British Medical Journal the

effect on the blood cholesterol vroduced by feeding hospital
patients whose metabolism was supposedly normal, on diets low
in cholesterol (about 300 mg daily), and later the comparabie
results of a diet rich in cholesterol (1,100 to 2,170 mg daily)
She concluded that the blood cholesterol did not rise in
direet nronortion to the cholesterol content of the diet. By
further exveriments in ratients with biliary fistulze, and in
a dog, she concluded that the cholesterol content of the bile
was not effected to any vermanent anpreciable extent by a
greatly increased intake of cholesterol in the diet, even wnen
combined with an increase in the dietetic fat content.

Her findings inclined her to the view that in patients
suffering from Cholelithiasis, a low fat, low cholesterol
diet was probably of no benefit; in faect, it was unphysiol-
ogical as being low in fat soluble vitamins, and because fat
is a natural stimulent to biliary contraction and drainage,

o @8 0 g te oo 0

3. The Bile Pigment.

The Cycle of Bilirubin and the occurrence of Urobilinuria.

Red blood cells vrobably become effete after they have been
present in the cireulation for some two to three weeks. They
then become engulfed by the phagocytic cells of the reticulo
endothelial system and are disintegrated.

The cells of the reticulo endothelial system are widely

distributed throughout the body especially in the commective




31

and perivascular tissues. The stellate cells of the liver,
previously referred to as being present in the wide vortal
venous capillaries,are termed Kupffer cells after van Rupffer,
who described them in 1876. It is now realiséd'that these
Kupffer cells represent a very small proportion indeed of the
whole reticulo endothelial system, the cells of which are
particularly numerous in the spleen, the bone marrow and the
lymoh glands, and are also vresent in connective tissuesg

for examvle, the microglial cells (del Rio Hortega) of the
interstitial tissue of the central nervous system, and the
vhagocytes which engulf the silica in the lung in cases of
Silicosis.

When the red blood corpuscles are engulfed the haemoglobin
is broken down into o compound containing iron, which is used
by the bone marrow for the building up of new red cells; and
the iron-free compound,bilirubin. The bilirubin is conveyed
in the blood stream to the liver, and it passes through, and
is excreted by, the volygonal glandular cells of the liver in
the bile, Thus bilirubin is to a very large extent produced
toutside' the liver which simply excretes it and does not
secrete it, as was formerly believed. This fact has been
convincingly demonstrated for example by animal experimeﬁts
where the formation of bile pigments has been demonstrated
after the extirvation of the liver.

However, it is generally thought that the liver modifies

bilirubin as it passes through the liver cells; and the terms




haemobilirubin or indireet bilirubin, and cholebilirubin or
direct bilirubin are employed te denote the two slightly
different tyves.

The bile vasses from the liver to the gall bladder where
the bilirubin, in common with other constituents of the bile,
is concentrated and thence it passes to the duodenum. In the
large intestine the bilirubin is reduced by bacterial action,
to stercobilinogen which is a colourless chromogen. The.
stercobilinogen is partly converted inte the brown pigment
stercobilin which colours the faeces. But a lesser part of the
stercobilinogen is absorbed into the blood stream from the
large bowel. The bulk of this absorbed vigment, which is now
referred to as urobilinogen, is returned to the liver which
re-excretes it as such, or oxidises it back to bilirubin befomw
excreting it in the bile. A very small amount of the absorbed
urobiliogen escapes the liver and, entering the general circu-
lation, is exereted by the kidneys. Thus the urine normally
contains a slight trace of urobilinogen.

It is probable that fresh normal urine contains only the
chromogen, urobilinogen, and that urobilin is not vresent.
in vathological conditions the amount of urobilinogen exceeds
that of urobilin but the term urobilinuria is, nevertheless,
usually empldyed to denote the vresence of the vigment or the
chromogen.

The occurrence of urobilinuria may signify either disease




of the liver or excessive haemolysis. But the clinieal value
of this test is robbed of part of its specificity by the
fact that an excess of urobilinogen ocours in other widely
different affections of the bddy. Por instance, constivation
admits of an increased absorvtion from the stercobilinogen
of the intestine; and an increase of urobilinogen in the
urine is described as eccurring in many svecific fevers,
Again, it is often present after the absorption of large
extravasations of blood.

Nevertheless, urobilinuria is of value as a dizgnostic
aid, bearing in mind those limitations, in the consideration

of cases where liver damage is suspected.
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THE LIVER AND CARBCHYDRATE WMETABOLISN.

The carbohydrates in the diets are converted inte
monosacccharides in the small intestine. They are absorbed
and reach the liver in the portal blood stream. For our
vresent purpvose 1t will be simviler and sufficiently accurste
to consider the fate of the glucose.

The orlglnai concention was that enough glucose nassed
through the Liver to meet the immediate requlrements of tne
body and to maintain the blood sugar at a constant Level.
The remainder, 1t was thought, was stored in the liver in
the form of glycogen. To this conversion of‘glucose to
glycogen the term %“Glycogenesis" was agvonliied.

But this simvie concention proved to be both incomplete
and otherwise inaccurate.

In the first viace 1t was found that the blood sugar
level did not remain accurately &tabilized especially after
the ingestion or injection of carbohydrates or glucose.

Again it was found that the 1iver continued to contain
glycogen in animals which were suffering from starvation.
The diet of Eskimos, which is very low in carbohydrate
content did not i1ead to nynogiycaemiéi The blood in the
hevatic veins was frequently found, esvecially in starving
animals, to have a higher glucose content than the blood in
the vortal veins. In this, and many other ways, which snace

does not nermit of even the mere enumeration, it became
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known that glycogen can be formed from many non carbohydrate
substances. .

To this vrocess Starling avvlies the term"Glyconeogenesw‘fii
We, therefore, now believe that the liver cells are continu-
ally manufacturing glycogen from a variety of materials.
Thorve states that these materials include galactose, mannose,
fructose vwyruviec acid, glycerol and several amino acids, e.g.
alanine, glwtamic acid and glycine.

As regards the conversion of fats to glycogen, Rolleston
and McNeeb stated that this is wnot yet agreed uvon" (1929).
Starling9 assumes that such a conversion does occur, and
Thorpelo, speaking of the fatty acids, states nOnly those with
an odd number of carbon atoms like provionic acid form
.glycogen in the Lliver,w

When the glycogen in the liver is given out to the blood,
we refer to the process as wglycogenolysis."” This vrocess is
continually in overation although not always vroceeding at the
same rate.The conversion from glycogen to glucose takes vlace
under the influence of an enzyme glycogenase. incidentally,
glycogenolysis is stimuiated by adrenaline and inhibited by
insulin: these occurrences are instanced by the occurrence of
hyvoglycaemic coma and its treatment. Thus glycogen storage
and glycogenolysis proceed in the liver concurrently.

1t must not be assumed that all the blood glucose is

derived from glycogen. Some of the glucose in the vortal
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circulation derived from carbohydrate metabolism passes
through the Liver unaltered to the general circulation and
is ready for immediate utiligzation.

The vresence of an adequsate carbdhydrate intake in the food
renders it unnecessary for the liver to utilize protein as a
source of glucose.

This is referred to as the Protein svaring action of carbo-
hydrate. It was clearly demohstrated in the experiments of

E. P. Cathcart.1l

THE LIVER AND FAT WETABOLISM.

The action of the bile acids and the emulsification and
gbsorption of fats nhas already been referred te.

It is believed that the liver nlays an imvortant vart in the
further metabeolism of fat.

The fat content of the liver is relatively low. Lt contains
3% vhosvhatide and 1% glyceride. The vhosvhatide is mainly
leaithin. The iodine value of the fat content is high, 115
to 135. "During starvation the percentage of true fat rises,
while the iodine value falls, indicating that the liver is |
being flooded with neutral fat, of iodine value 35-65. This

o

increase is transitory..." (Thorpe.)

A similar incresse in liver fat occurs in such conditions
as poisoning by alcohol, chlorofrom or vhospbhorus: in diabetes

and vernicious ansemia; and in experimental feeding with rhigh
fatr diets.
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Experiments on animals emdloying labelled fats show that
the store fats or depot fats are transferred to the liver,
possibly in the form of lipomicrons.

Lt has also been proved that ketone bodies are produced
in the Liver. A bare enumeration of these facts is all that
can be included in this vnaver, but as the result of this work
and other interesting investigations it is now generally
concluded that the fats are désaturated in the liver, being
converted into vhosphatide by renlacement of one of the fatty
acids by a vhosvhoric acid comvlex (e.g. vhosphoric acid —-
choline).

The extent to which further oxidation occurs in the liver
is not yet definitely known. in his short book »The Diabetic
Lifev, TLawrence states that after some 36 hours starvation
in normal men "the body turns to the utilization of fat for
energy requirements. Fat is withdrawn from the body denots
and carried in the blood to the liver ——~ in the tiver the
fat is broken down into ketone bodies and these are circulated
o0 the muscles for burning, it having been recently vroved
that both diabetic and normal muscles use them readily as fue%f

This extract is quoted to make the voint that many now
consider that ketosis is simvly an exaggeration of a normal
process. When carbohydrate metabolism is proceeding normally,
the need for such excessive fat metabolism does not arise,

and so harmful ketosis does not occur.
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LIPOTROPIC ACTION OF CHOLINE.

- 15 . )
Best discovered that on diets which are free from choline

large amounts of fat anpear in the liver, wheregs a diet
containing choline prevented this derosition of fat. Choline
therefore controls the 'liver fat'. If choline is adminis-
tered to an animal with a fatty liver the fat is removed.
This control of liver fat by choline is known as the lipo-
tropic action of choline,

The Liver and Protein Metabolism.

As the result of gastric and intestinal digestion the
protein in the diet is reduced (largely) %to amino acids.
These amino acids are absorbed by the cavillaries of the
villi to enter the portal vein. They are thus conveyed to
the liver where they are readily 'taken un', but they are
also distributed to other tissues. The aminc acids serve
two main purposes. The first function is to maintain the
protein of the body protorlasm. The second function is to
provide energy. The needs of the body for the repair of
tissue waste are modest, and the amount of nitrogen available
in the amino acids 1is far in exéess of such requirements.

The nitregen is eliminated as of no further use, by a vrocess
of deamination (or deaminisation). In this process the protein
molecule is not completely disintegrated, the nitrogen

vortion is, as it were, sinply thrown off. The first stev

is the formation of ammonia, which vrobably occurs chiefly
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in the liver and to a less extent in the muscles. The ammonia
ig in turn convexted to urea and this process eccurs vrobably
exclusively in the liver. Mauy believe that this chemical
change is the explanation of the so called specific dynamic
action of vrotein: a belief which avvears to be surported by
the exverimental finding that ammonium salts are converted
into urea in the liver, with the production of heat.

The molecule remaining after removal of the amino grouv
is nrobably an & ketonic acid which may be converted into a
fatty acid. These fatiy acids are ultimately oxidised to
C 0g and water: their more immediate metabelism varies. Some
form glucose, some form aceto—acetic acid, some form neither,
as an intermedia&e stage in their metabolism. Amine acids
which form aceto-acetic acid at a stage in their metabolism
are termed'ketogenic.!' Those whiech form glucose are said to
be antiketogenic.16

The sulvhur vroviding vroteins in the diet contain the
amino acids, cystine, cysteine or methionine. Food vroteins
contain on an average 1% of sulvhur.
The 'sulvhur .is excreted in the bile in the taurine of tauro-
cholic acid, some is utilized in the body, e.g. for the for-
mation of keratin, and some is excreted in the urine.,

Sulphur occurs in the urine as inorganic sulvhates,ethereg]
sulphates or unoxidised as 'meutral' sulphur.

The rate of excretion of the inorganic sulvhates corres.

Ponds so closely with the rate of urea excretion under average
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conditions that we believe that the sulphur containing part
of the protein molecule 1s threwn off in the process of
deamination in the liver. ILike ures vexctetion,the excretion
§f inorganic sulvhates can be regarded as reflecting exogenous
protein metabolism.

neutral sulvhur excretion, in the form of cystine and
thiocyanates does not decrease in starvation. It may be

regarded as an indicator of endogenous metabolism.

Vitamin A. The liver is the site of storage of the bulk

of the Vitamin A in the body.
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THE LIVER AS A BLOOD FORWING ORGAN.

Early in feetal 1ife the liver, with the spleen, begins to
form blood. ‘The red cells are formed from the endothelial
linings of the blood channels; the leucocytes are formed
extravascularly, from reticulum cells%vAt about the fiftn
month of foetal 1ife the bone marrow begins to form blood
and from this time 1t'rap1dly and progressively becomes the
main blood forming organ.

Although the liver ceases to take any active part in
haemopoiesis in the adult, in times of stress it can and
does resume this function, in common with the spleen, the
renal velvis, and the Lymvh glands.

In this way we can understand the myeloid metavlasia seen
in the liver when the bone marrow is invaded by e.g. carcinoma,
when the erythrovoietic activity is hampered as in some forms
of leukaemia, in mauy types of ansemia, and atter a large
blood loss.

THE LIVER IN RELATION TO HAEMOPOIETIC FACTORS.

When it is considered that the chief materials essential
for erythrovoiesis are "iron, traces of copper etec., the
haemovoietic princinle, vigments, vitamins and internal

: 18 ‘ ' .
secretions we can not fail to remark the im?ortant role of
the liver in the »nroduction of normal red cells.

IRON. The liver has a great cavacity for iron storage. The

and
iron which is absorbed from the duodenum/jejunum is transnorted
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in the viasma, and excess iron is stored in the lLiver. When
iron is édministefed therapeutically it is believed that tnis
1ren reserve in the liver 1is feplenisned (when the nlasma
iron has reached its nhysiological level), befdre the bone
marrow can receive any of the ingested iron. We nave aiready
referred to the vhagocytosis of the red cells (page 30).

The iron nortion of the haemozlobin molecule vrovides the
liver with haemosiderin, a vigment believed to be mainly
ferrie hydroxide in organic combinatlon.19
| The itiver contains a small quantity of copper.

Conner does not cure anaemia but it probably scts as a

catalyst.

1f oure iron is administered medicinally the liiver

reserve of iron is increased, but this hevatic iron
may not be adequately utilized until covper 1s also giveh.

THE HAEVOPQIETIC PRINCIPLE,

The haemonoietic princivnie 1s formed by the interaction
of the dietetic extrinsic factor and the intrinsic factor
of the gastric juice. After absorvtion it is stored in the
liver.

THE LIVER IN RELATION TO BLOOD COAGULATION.

1t is commonly accented that blood clotting occurs in
this manner. (Whitby and Britton quoting Morawitz).20
A blocd clot is essentially conmwosed of fibrin.

This fibrin is formed by the action of thrombin on the
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"soluble fibrinogen of the plLasma.

The circutating blood does not contain thrombin but an
inactive nrecursor named ¥orothrombin.s

When blood is shed the prothrombin is converted info
thrombin, and this eonversion is effected by thrumbokinase
or cevhaline. This thrombokinase is a substance lLiberated
by the blood viatelets which disintegrate when they come
in to contact with a water-wettable surface: 1t 1s also
formed by damaged tissue cells. The presence of frge calecium
10ons 1is also essential for the conversion of vrothrombiie
to thrombin.

How does the activity of the tiver affect this process ¢

In the first olace Vitamin X is essential to the manufac-—
ture of nrothrombin. Like Vitamins A, D, and E, it is a fat
soluble vitamin. The action of the bile salts in the absorp-
tion of fats has been considered (see page 27), and it is
obvious that an absence or deficiency of bile salts will
reduce the absorvtion of Vitamin K.

Further, vrothrombin is synthesized in the lLiver, and
disease of the Liver may Lead to reduced manufacture of
prothrombip: this even in the nresence of normal absorvtion
of Vitamin X, or, indeed,when it i1s absorbed in excess of
the normal in attemvts at theravy.

Yet again, 1n severe Liver damage, plasma fibrinogen may
be reduced?lForster and Whinnie consider that the iiver 1s

the main, if not the only, source of fibrinogen. 22
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THE TOXIPHYLACTIC FUNCTION OF THE LIVER.

As described in the anatomical section, the Liver has a
blood supviy from the hepatic artery as well as its major
sunpLy from the vortal vein. Any noxious substance present
1n the systemic circulation can therefore gain access to the
liver, as %ell as any similar *'voison' absorbed from the
intestinal tract.

The liver may thus be damaged in any systemic or genera-
lised disease, as for examvle in acute specific fevers or
syvhilis. |

The vortal vein may, convey to the Liver certain drugs,
inorganic voisons or bacterial toxins absorbed from the
intestines.

In dealing with these many and varied'poisons', the Liver
not only protects i1tself but in many cases acts as au
important i1ine of defence against attack offi the body gener-
ally. The 1iver may be damaged by the action of the voisons,
in which case we refer to the resulting vathologicali condition
of the liver as 'hevatitis.n

The harmful substances may be dealrt with either by
ox1détion, reduction or conjugation: the two vrincinie
methods of conjugation being with suivhates, and witn
glycuronates. They may be destroyed or they may be arrested
and stored in the Liver cells.

When the liver is damaged there are two facts which
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infiuence the immediate and remote effects of the lesion.

First, the Liver may function perfeetly for some consider-
able time when a large vortion of 1t 1s destroyed. There is a
very ltarge ‘'reserve'! as in the kidney.

Second: the Liver has truly amazing vowers of regeneration
and revair after injury.This will be referred to in the
section on vathology (see page 53 ).

THE LIVER AS AN EXCRETORY ORGAN.

Just as the kidney serves for excretion from the systemic
circulation, so does the Lliver provide the excreting vath for
the vortal circulation. +n addition to its normal ingredients
which we have vnreviously considered, the bile may serve as a
vehiclte for the excretion of drugs, organisms —-- as in tyvhoid
fever —— and other voisons. t‘he bile is the chief medium for
the removal of fat soluble dyes such as Sudan I1i and certain

water soluble dyes are excreted by 1t,‘main1y, or even entirely.
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JAUNDICE.

When the bilirubin content of the bleod is in excess of the
normal, this may be evidenced by the visibie staining of the
skin, mugbsae and conjunctivae. To this visibire yellow stain-
ing we anvly the term «Jaundice.n

1t 1s noteworthy that there i1s no fixed level of hyver-
bitirubinaemis at which jaundice can be said to occur. [t may
be evident in a vatient whose blood biLlirubin level is lower
than that of a vatient who is, nevertheless, not jaundiced.

In some conditions e.g. acholuric jaundice, jaundice may be
absent in svite of there being well-marked Ryverbilirubinaemia.

How doés this hyverbilirubinaemia occur ?

A consideration of the source and cycle of bilirubin as
given on rage 30 of this study, is helpfui, and from it, 1t
witl be evident that bitirubinaemia may occur in several ways.

1 oropose to classify jaundice as being of three types.

i. Haemolyt;c Jaundice.

2. Obstructive Hepatic Jaundice,

3. Toxic or Infective Hevatic Jaundice.
1. Haemoliytic Jaundice.

When excessive haemolysis occurs, we have increased
oroduction of bilirubin. The liver cells excrete 1t but they
may be unable to cove with the increased load, and so bilirubin
is retained and jaundice occurs. Lt would seem to be an
unnecessary comvlication to vostulate a decreased functional

activity on the vart of the Liver cells in all these cases,
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1
as does Rich, according to Beaumont. It will be noted that in

haemolytiec jaundice only biiirubin is retained in the biood.
" Acholuric Jaundice "a chronic familial disease character—

t (1]
® 0 ¢ o000 00 ¢ but

ised by crises of excessive blood deétruction‘
with no biiirubin in the urine may be taken to tyvify thas
cléss of Jaundice.z |

The absence of bitirubinuria in the vresence of
bl;irubinaemia will be remarked. This finding is not
confined to acholuric jaundice but is tyvical of Haemolytic
jeundice 1in generai.

As to the site of the haemolysis, Pairliey’s view is that
methaemalbuminaemia indicates intravascular haemolysis,
whereas bitirubinaemia without methaemalbuminaemia denotes
that haemolysis has been affected by the cells of the

o
reticuloendothelial system.

2. OSTRUCTIVE HEPATIC JAUNDICE.

1f the flow of the bite to the intestine 1is arrested by
pressure on the bile duct, there is a rise of pressure in the
bile in the biie ducts and, as a result, bile is absorbed
into the blLood stream.

Obstruction to the biie duct may occur by the blockage of
the lumen of the duct, by swelling of the duct walls, or from
pressure from surrounding structures. Gall stones, carcinoma
of the duct, careinoma of the vancreas, enlarged glands in the
vortal fissure, chronic pancreatitis, atresia foliowing

operation -- such are tynical causes,
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The ohstruction may be partial or complete and 1t may be
intermittent, the Lattef}as for examvie in the case of obstruct-
i1on by a gall stone, in the amvuiia of Vater;

3. TOXIC OR LNFECTIVE JAUNDICE.

in this type,'Qauudlce 18 produced in the absence of
haemolysis or biliary obstruction, and is caused by the
»gickness" (as Boyd4so tritely puts 1t) of the glandutar
cells of the liver.

These cells are damaged in such conditions as voisoning
by e.g. arsenic, chloroform arseniuretted hydrogen,phosvhorus,
and T. N, Te, and similar benzene derivatives. They are sSimi-
larly affected in such 1llnesses as nneumonia, tyvhoid, and
tynhus fever.

Most imnortant from our present veint of view, they are -tne
site of extensive damage in infective Hevatitis.

In fact the substitution of the term vinfective Henatitisw
for the previowsly embloyed nCatarrhal Jaundicev is:due to thne
recognition that in this disease the essential pathology 1is
this liver cell damage. ;

The extent of this damage is probably far in excess of
that estimated even by those who were the first to entertain
the "henatic" theory of the vathogenesis of jaundice. Thus
meNee and Smith statescartarrhal Jaundice "is essentially a

toxic or infective hevatitis, generally of fairly mild degree,

and due to an unknown cause.® Reference to Page v7 of this
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study would suggest that this, then progressive, view is
probably a marked understatement.

L nrovose to defer the discussion of the mechanism of
the vroduction of the Jaundlcé in such cases to a later
stage, as 1t entails a knowledge of the recent pathological
findings., But at this stage it may be stated that some
inciine to the view that not only do the Liver cells fail
to excrete in normal amount the bilirubin from the blood into
the bile canaliculi, but that some of the bilirubiu,which they
do : succeed 1n excretlngyls absorbed from the canaliculi
owing to interference with the fiow of the biie in these
very fine channels.

BILIRUBINAEMIA AND THE VAN DEN BERGH TEST.

The estimation of the birtirubin in the blood is the more
imvortant in fhat we can nof esflmate the bile acids which
fhe btood confalns. Bitirubin 18 s normalnconsfltuent of
the blood, normal serum containing from one part in 1,000,000
to one part in 250,000. Whitby and Brltton give the normal
range as 0.51 ¥ 0.03 mgm ver cent. in the serum but admit that
higher readings do normally occur. It is commonly believed that
the liver modifies the bilirubin in its vassage through the
glandﬁlar cells, although some (ef Harrison)ydo not accevt
this view as proved., Some expiain_the difference between
bilirubin in the brood stream, which has not vassed through

the tiver cetls — (haemobilirubin)and bilirubin whieh has
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entered the blood stream afier passing: through the liver
cells (Cholebilirubin) in the following way. It is assumed
that the haemolilirubin is a@isorbed tethe Dvlasma vroteins,
whereas when cholebillrubln is present'the bile salts absorbed
into the blood stream with the cholebilirubin vrevent this
adsorntion.

The van den Bergh test was introduced in an attemnt to
distinguish between the two varieties of balirubin, and,
from this differentiation, it was hoved that we would be able
to deduce the exact pathology overating in any given case
exhibiting jaundice. 1t enables us to estimate the amount
of bitirubin present in the blood. Although briiliantly
conceived, 1t fell short of expectations in some respects.,

As a quantitative test 1t has proved invaluable. As a
qualitative test, 1t was least helvnful in the very cases in
which we had hored it would sunvlement our scant knowledge
of the Dathology.

The test owes its name to Hijmans van den Bergh of Utrecht
who found that hpperbilirubinaemia €ould be demonstrated by
the occurrence of a colour reaction, emprloying as a reagent
EhrLich’s diazo solution. The solution contains p - sulpho-
vhenyl-diazonium chloride in acid solution.

There are two distinct processes in the test, one being
termed "the direct reaction", the other, "the 1ndirect reactionv,

In the direct reaction, the diazo solution is added directly

to serum or plasma, snd we note any colour change and the time



taken for its development. The colour change is effected by
the formation of azobiiirubin.

Lf the maxamum colour change occurs within 30 seconds,
the direct reaction is referred to as "oprompt.n

If the colour change occurs in 1 to 15 minutes, we term
it a "Delayedr direct reaction.

The colour change may occur in vart as a wpromptr direct
reaction, to be followed by a further deevening of the colour
later, as in the vdelgyed" direct reaction, and this we refer
to as a "bivhasic" reaction.

Finally, no colour change may occur, this obvieusly constitu-
ting a "negativen direct reaction.

In the inddrect reaction the pnroteins of the plasma are

precipitated with alcohol prior to the addition of the diazo
solution. The alcohol alsc eXtracts the azobilirubin. In this
test the colour change occurs immediately. A quantitative
estimation of the bilirubin can be made by comparison with a
standard. The 'standards' usually used are solutions of
anhydrous cobaltous sulvhate or coloured glasses made by
Messrs. The Tintometer Ltd. for use with the Lovibond compafa-
'tor? Whitby and Brittongemploy a standard of ferriec thiocyanate
dissolved in ether. Bile pigment giving the direct reaction

will invariably give an indirect reaction.
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INTERPRETATION O® THE RESULTS OF THE VAN DEN BERGH TEST,

From a condideration of the foregoing varagraphs, and
taking the majerity view of this much debated question, it
would seem to be fair to summarise out intervretation of the
van den Bergh test results as follows:

wThe character of the bilirubin in the blood in 8ll probab-
11ity depends on the integrity of the Liver cells, sc that at
one end of the scale, as in vure haemolytic jaundice, the van
den Bergh test shows a completely negative rdirect" resction,
and at the other extreme, as in tyvical obstructive jaundice,
the "direct” reaction is .always obtained: while, in between,a
"bivhasic: reaction is taken to mean that some form of liver
damage is Dresent.%QThe direct result is negative, delayed,
or bivhasic, according to Price's Wedicine, When the jaundice

is due to inabiitity of the Liver cells to excrete bilirubin,

The ®indirect" reaction is invaluable in the detection of
latent jaundice.

Bilirubin is a ®threshold" substance, and the kidney does
not excrete it until the plasma level is abeut 4 (ven den Bergh)
units (one van den Bergh unit = 1 in 200,000). The vindirectr
test is the best way in which this »latent" jaundice can be de-
tected. This hyverbilirubinaemia may reach 18 units in the
plasma, in the haemotiytic tyves of jaundice, and there may

still be no bilirubin in the urine. This may be exvlained by




the haemobilirubin being adsorbed to the pretein molecule,
and so having a raised renal thresheld. Here again the

nindirect" test uncovers the nlatent" jaundice.

54
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LIVER FUNCTIQON TESTS.

The present would seem to be the logical stage at which to
consider the tests emvloyed in the evaluation of hevatic
efficiency. It must, at once, be admitted that such tests
as we have evolved are, on the whole, disavvointing in the
help they afford, not only as indications of the presence
and degree of hepatie dysfunction, but also as a means of
differentiating between the site of the lesion in the liver
or bile passages. [Bul see later comment.f

Like the kidney, the functions of the liver are many and
varied. They are not all, as we have seen, excretory fundtions,
nor is the bile (the liver excretion) readily available for
examination, unlike the renal excretion (the urine).

Not only has the liver a large functional reserve, but it
has remarkable regenerative vowers, as will be noted in the
gection on pathology, and, thus, avvarently normal functional
activity may be preserved in the face of considerable damage
even to its glandular cells.

many tests have been evolved from time to time, and at this
stage I vropose to refer only to such tests as are considered
to be of clinical value. Among the tests which I do not pro-
pose to discuss further are those devending on the anglysis

of the duodenal juice, obtained by duodenal intubation, and
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the estimation of the concentration and awount of stercobilin
plus stercobilinogen in the faeces. The results of the former
give very limited help, and the latter test gave results which
were of limited value owing to the wide physiological varia-
tions ——~ the estimations varied widely as between healthy
individuals and even 1in any one verson from day to day.

This direct approach, in an attempt to evaluate the bile
excretion, being largely unsuccessful, we have had to emvloy
less direct methods mainly based on examination of the urine
and the blood.

As the various liver functions are frequently not affected
to the same degree in any particular vatient, the emvloyment
of several tests becomes essential in each case.

By the correlation of the results of various tests, and
after allowing for the activity of, especially, the pancress,
it would be fair to state that recent progress, in the face
of the great difficulties already mentioned, has been encoura-
ging.

Reference will be made in the following survey to recent
evaluations of some of the tests.

The tests are dealt with in the undermentioned order.

1. Pat in the faeces. The colour of the faeces.

2. Examination of the urine for (a) bilirubin; (b) urobilin
and urobilinogen, and (c¢) bile salts.

S. Examination of the Blocod Serum.




4.
5.
6.
7.
O
9.
10.
11.
12.
13.
14.

15.
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(a) The van den Bergh test.

(b) The icterus index.

(¢) Xlein’s Intradermal Histamin Test

The Laevulose Tolemance Test.

The Galactose Tolerance Test.

Dye Tests.

Hipouric Acid Tests.

Plasma Phosphatase Determination.

Bilirubin Excretion Tests.

Estimation of Plasma Proteins.

Flocculation Tests.

Serum Choline Esterase Best.

Vitamin K Administration and Prothrombin response.
Dextrarotdtory Sod. Lactate Test (considered at this stage
as it is so recent).

Recent References to Liver Efficiency Tests.

1. Fat i1n Faeces. The colour of the Faeces.

In obstructive jaundice, the bile salts fail to reach the

intestine and the absorption of fats is grossly defective. But

the vpancreatic livase solits the fats in a normal nanner. We

have therefore an increase 1n the totat fat but the »rovortion

of sv»iit fat 1s normal ~—— 1n the faeces.

Normally the fat content 1n the dried faeces is not more

than 25 4 and of this oronortion not more than 25% is unsniit
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neutral fat. When there 1is biliary obstructlon'fat may
comprise 50% or more of the dried faeces but the nrovortion
of unsolit fat is usually unaltered.

The vale stool in obstructive jaundice is partiy due to
this high fat content, but also nartly owing to the decreased
excretion of bilirubin. The failure of the intestine to
absorb the fat causes an increase in the bulk of the stool.

In haemolytic jaundice the fat content is unaltered, but

excess of stercobilinogen leads to the stools being dark.

2 (a). Examination of the Urine for Bilirubin.

Normally there is no bilirubin in the urine.

Urime containing bile nigment 1s greenish or brownish
yellow in colour. [t 1s more viscid than normal and after
it has béen shaken the froth, which is coloured, usually
yellowish or greenish, persists. if bile salts are present.

The following are simnle tests for the vresence of biliru-
bin in the urine. They are the tests which | found it feasible
to employ.

LODINE TEST.

PTincture of Iodine, dituted with an equal
quantity of distilled water, is floated on the surface of
the urlne; in a test tube. This is a ring test and thne

presence of a green ring indicates bilirubin.
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Formulta for the Tineture of fodine (Harrison).
Todine 2.5. Potass. [odid. 2.5 Aq Dest. 2.5. alcohol %o
100 narts.

o <
Hutchinson and Hunter advise 10% alcohol solution of 1odine.

gmelin’s Test. On 3 c.c. of concentrated nitriec acid in a

test tube suverimnose 4 c.c. of urine.

A grean or biue ring indicétes bilirubin.

This test is not very delicate and | employed the following
improved modification:- R

The urine 1s filtered reveatedly through an ordinary
fitter vaper. A drop of yellow nitric acid is then placed on
the impregnated paper. Urobilin in the urine is revealed by

a vlay of colours —--yellowish red, red, violet and greenish.
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2 (b). UROBILIN AND UROBILINOGEN IN THE URINE,

This question has already been referred to on Page 30.

A recent comment of the significance of excess urobili-
nogen in the urine is that of Gordon. 9

In assessing 1ts value as a diagnostic aid in the vre-
icteric stage, he says:

nEXcess urobilinogen 1s (alsd) found at this stage, but
its nresence must be accepted with cautidn, since it occurs
in the urine....... 1ndeed where vnyrexia 1s high from any
cause. Excess urobilinogen in the urine of afebrile cases
‘is of much more diagndstlc value."

The following tests were used as a routine in my cases,
the latter, however, was not employed where the former was
negathe.

4 ,
Schlegsinger’s Test. To about 10 c.c. of urine in a test tube

add 8 drovns of the tincture of 10dine as employed in the
10dine test for birirubin. In another tube place 10 c.c. of
absotute alcohol and 1 gm. of finely vowdered zinc acetate
and shake thoroughly. Pour the contents of one tube into the
other and reveat this decanting untiit the zinc acetate has
mostLly gone into solution. Filter and then examine the fil-
trate directiy ly transmitted Light, and secondly by transmitted
1ight with your back to the window.

A vositive result 1s indicated by a green fiuorescence.

This should be confirmed spectfdscoplcaLLy ——— there
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1s a characteristic band at the junctidn of the green and
blue. (L was quite unab2e to purchase a svectroscove for
the confirmation advised.

5 .
Bozomolow's Test. Add 10 drovs of 20 ver cent. coovper suloh-

ate to half a test tube full of urine. Add 5 or 4 c. c.
of chioroform.

Place the thumb on top of the test tube and invert ten
times, without shaking.

Urobilin is vresent 1f the chloroform is coloured nink
Or yeLlow.

Here again spectroscovic confirmation is indicated.

Bitirubin may colour the chloroform greenish yellow, but
1t gives no absorntion band although it may cause a general

absorntion of the biue end of the snectrum.

3 (a). The van den Bergh Test.

I have referred to this test at some length on Page o0.
it may here be added that Altxenf%ostulates the
presence of bilirubin in the biood in a colloid form and
its conversion by the liver ceils to a soluble form,
probably a bilirubinate. He further summarises the uses
of the reaction, as we have already also mentioned, as:-
(1) To detect the vresence of bilirubin in the viasma
or serum i.e. 1in the absence of clinical jaundice or

biiirubinuria..
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(11) To distinguish thecertioidal from the soluble form.

(iii) To measure 1its amount.

5 (b). The leterus L[ndex.

This test attempts to estimate the degree of
bilirubinaemia by a determination of the yeLlowness of
the blood serum by a comparison with a solution of notassimm
dichromate., The 1index 1s the ratio of the intensity of the
colour in the serum to that of the standard potassium
dichromate solution (1 in 10,000) .

1 find that different autnorities give varying values
for the normal range but the normal Limits are exceeded
when six units are oresent. Between 4 and 8 units 1is
accepted as a normal index? Some (e.g. Bernheim)dregard
any reading below 4 units as constituting hypobilirubinaemia,
although more workers regard the lowest normal range as
extending to as low as 1 unit.

Forstertgives the normal fange as 0.24 to 0.y7 mgm ver
100 cc of urine corresvonding to an index of 1 to 5.

Latent jaundice gives an index of 6 to 15 at which higher
figure jaundice becomes visible, usually.

The test has largely been supplanted‘by that of van den
Bergh. The main use now made of it,is in the investigation
of carotlhaemia, where in conjunction with the van den Bergn
reaction 1t yields helpful information.

The reading does not always vary directly with the degree
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of bilirubinaemia and the results are not accepted as very

accurate.

5 (¢). Klein's Intradermal Histamino Test.

This test is also attributed to Brodribb and Cullinan.
As | will state Later 1in my summafy and conclusions,
L think it is feélly disavvointing as a pré-1cter1c a1d to
diagnosis. This view is also exvressed by Gordon? Professor
McNee referred to the test in his address at Newcastle.
The test consists of the intradermal injection of % cc
of histamin hydrochloride . A vositive result is evidenced
by the edge of the wheal becoming yellow in 90 seconds;

vresently the yellow colour is evident throughout the intra-
dermal wheal.

4, The Taevulose Tolerance Test,

The tiver»takes un* nearly all ingested laevulose from
the blood and converts it into glycogen. Next to none of
the laevulose is utilised by the tissues. [t has been
assumed that ravid gly06g8n881s nrevents a rise in blood
sugar. The test is nerformed exactiy as we perform the
glucose tolerance test. The natient takes 50 grams of vure
laevulose, fasting, and the blood sugar lLevel is estimated
before the test, and %, 1, 14, and 2 hours after the
administration 8f the Laevulose. Uyrine examinations are
not an essential vart of this test (e¢f glucose tolerance

Y
test) as laevulose is a non threshold substance.
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Usually the bldod sugar level is very Littﬁp raised, the
curve belné very flrat, or almost a straléht*Llne. LT the
blood sugar level rises to 450 mém, or more, beyond the nre-
test Level, 1t 1s 1ndicative of disordered hevatic function.

A very hiéh fise, and a late veak in the curve indicate
nrovortionately, severer degrees of Liver dysfunction.

Hdwevef, the test may fail to éive a positive result even
in the presence of marked disease of the L1Ver ——— the
remalnlng Liver cells being sufficient to deal witn the
laevulose.

The nart oniayed, 1f any, by pancreatic disease 1is
uncertain. The test 1s positive in diabetes mellitus.

A negative result 1s therefore of no value.9

The test is of use mainly in following the course of a
liver disease where a flattening curve of increasingly
shorter duration would indicate fecdve:y and vice wersa,
1t has been used in an attemot to assess the probable risk
of e,z. 8alvarsan treatment.

This tesf nas been to a Lafge extent suverseded by the

Galactose “est whicn 18 incidentally simnler.

5. The Galactdse Tolerance Test,

Galactose is not so readily converted into glycogen by
the liver as are glucose and 1aevulose. The test essentially
consists in the ability of the liver to carry out this con-

vefsidn. If the liver fails to cafry out this glycogenesis
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efficiently, the galactose passes out into thes general
circulation. 1t is utilised to a feally-very slight
extent only by the tissues, and it is excreted by the
kidney as a "no threshold® substance.

The maximum dose with which the liver can deal in health
avpears to be about 40 gfams , and this is the test dose
emvloyed. In health, not more than 3 grams are excreted
in the urine in the five houfs fdllowing theingestion of
this test dose? The fanée is from nil to 5 grams.

The test may be of value, unlike the laevulose Tolerance
test, even in diabetics because the glucdse in the urine
can be removed by fermentation as a preliminary to the
estimation of galactose.

Altkenvstates that the main value of this test (and the
preceeding test too) is in the diagnosis between jaundice
due to acute liver disesse and jaundice caused by obstruction
of the bile ducts. Broadly speaking, performed in the early
weeks of the jaundice, the test gives abnormal results in
the former condition and normal results in the latter condi-

. 4
tion.

5 (a). Galactose Index.
10 . ,
Maclagan defines the galactose index as the sum of
the four blood galactose values at 4, 1, 1%, and 2 hours

after the orsal adminlstfation of 40 g. of galactose. He

considers a normal result in health to be 0 to 180.
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He gives an evaluation of the test in 145 cases and states
that the index is almost invafiably raised in toxic and
infective cases; but 1s ffequently normal in obstructive
cases. A raised index can, howevef, occuf in obstructive
cases, especially after the first three weeks, and in
febriie and cachectic vatients.

He further states that a normal result in an elderly
jaundiced patient has so far only occurred in obstructive
cases and 1s of high diagnostic significance.

It is interestiné to note that this test gives raised

values 1n most cases of hyrerthyroidism.

6. DYE TESTS.

These tests have fallen into comparative disuse owing to
the fact that while they are vossibly rather more helvnful
than the laevuiose and galactose tests in the assessing of
the presence and degree of liver damage, they are of no heln
in the determination of the tyve of jaundice.

They frequently simply corroborate more obvious evidences
of disease, and they may, indeed, increase the existing liver
damage (but see later). 11

The dyes emnloyed are foreign substances excreted by the
liver into the bile and not by the kidneys into the urine.

There is a narallelism between the biliary excretion of the

naturally occurring pigment bilirubin and those foreign dyes.
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Obviously the abnormal results devend on either liver
cell damaée, 6f mechanical obstruction to the bile excretion
via the bite ducts; thus explalniné the failure to aid
differentiation in this resnect.

Harrisgiléiscusses the use of Phenoltetrachlorrhenolvhtha-
lein and Bromsulphalein and states that the tatter is non-
toxic and non-irritant.Rose bengal was formerly emvloyed.

In the case of the Latter dye there is, at most, a mere
trace of the dye in the blood:stream half an hour after the
intravenous injection of a dose equivalent to 2 mgm. of the
dye ner Xgm body weight.

The test may show un to 5% dye retention in "non hevatic
diseases.

In liver disease the value may actually reach 100 %.

7. Hinouric Acaid Test.

This test was devised by Quick in 1936. It is considered
to be a gauge of the "Conjugating and detoxicating" nowers
of the Liver, and 1s based on the relétlve abi1lity of the
liver to convert benzoic acid to ninnuric acid.

This conversion denendson the fact that glycine required
for conjugation with benzoic acid to form hivpuric acid, is
produced by the Liver.

In the original test 6 g. of benzoic acid was administered

ofaily and the total urlnafy outout for the following four
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hours was tested for ;ts excretion, in the form of nhippuric
acid.

A normal excretion in health was 3 g. with extremes of
2.6 to 3.3.

Gordon’s renort in the British Medical Journalo claims
that the test is reasonably accurate and satisfactory.
Quick’s original test has been modified by some workers in
two resvects. e.g. Freda K., Herbert (Biochemist Royal Victoria
Infirmary Newcastle) emnloys a dose of 4 g. benzoic acid, and
1 have had access to some 'cases' in this institution where
the test has given suvport to 'clinical susvicions' of
heratic disease.

Again Livschutz has administered the test dose intraven-
ously —--- 20 c.cm. of a 10 ver cent. solution (2g) of
sodium benzoate.

To refer to Gordon’s article again, his results showed a
very slow return to normal hevatic efficiency in many of his
cases of infective hevatitis ---— which findings confirmed the
suspicions of sitow regaining of full function arrived at by
the author on clinical grounds.

H. B. Catesléhowed that only 18 out of 32 natients who
were proved to be suffering from cirrhosis, by biovsy througn
a veritoneosconre, synthesized a subnormal :emount of hinpuric
acid as compared with 22 out of 28 @howing ¥Yetention of brom-—

sulphalein. . Other workers, however, have more favourably



comhared the test with the dye test mentioned.

8. Plasma Phosphatase Determination.

The enzyme vhosvhatase which is normally present in
small amount in the vlasma is excfeted, by the liver cells,
in the bile where 1t 1s vresent in Larée amount.Obstruction
of the bile ducts would therefore be expected to iead to
retention 1n the blood, with raised nhosvhatase content.
ln hsemoiytic jaundice we should exnect no increase, and in
infective hevatitis we should be prepared to find a moderate
rise. The raised levels in bone diseases etc (the recent i
work on prostatic carcinoma and secondary bone growths comes
readily to mind) must be remembered.

Maclagagf)however, states that the estimation of serum -
alkaline vhosvhatase "does not test any known function of
the liver." He emnloyed the method of King and Armstrong
(this is mentioned owiné to the different runits" referred
to in different methods).

As ageneral rule,cases of henatitis gave values below
25 units and 'obstructive' cases showed values of usually
over 35 units.

Doubtful results (25 to 35 units) occurred, and exceptions
to the above generalisation were remarked.

13
Aitken in an editorial commentary on the piver Punction

Tests, states that the higher values found in obstructive

Jaundice (as compared with the lower values found in disease
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of the liver varenchyma} are considered by rennie vas merely
reflecting the absence of bile from the intestine.u

¥v. Bilirubin Excretion Tests.

This test is based on the fact that only the Liver and
the kidney can excrete bitirubin from the brood. if renal
exeretion of bilirubin is avoided, and we inject a known
quantity of bitirubin into a vein, it foiLows that the sveed
with whienh this biitirubin is removed from the brood depends
on the efficiency of the iiver as a biiirubin exereting organ.
Tthe technique 1is exacting and difficult and 1t receives

Little mention in the Latest reviews (1v44).

10. Estimation of the PlLasma Proteins.

There 18 a relation between albumin deficiency and
Liver deficiency. in a recent contribution to the yritisn
medical gournai, niggins, o’ Brien, Stewart and Wlttéiétate
that changes in the vnlasma nrotein in diseases of the iiver
are of great significance. ‘they found that the changes were
no%}aLL marked in acute nepatitis but that they are of
great significance 1n subacute and chronic cases especially
from the voint of view of pPrognosis.

. the aitbumin-globin ratio remains disturbed for g iong

time, the Liver is probably permanentry damaged.
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So long as the albumin keeps above 3.5 g. ver cent. in
chronic hepatitis, the liver may contimme to fanction
adequately: below this content, the outlook becomes rapidly
worse, and below 2.0 g. 1t 1s grave.

Simitarly, in subacute hevatitis with vrogressive disease
of the liver, they found that an increase in the plasma
albumin accompanied temvorary improvement in the remissions.

While the albumin diminishes the globulin increases: an
extremely high globulin level was reached in many of the
subacute cases which eveutually vroved fatal. So much 80,
that 1t more than comnensated for the reduced albumin content
of the plasma and in several instances there was marked
hyvervroteinaemia (up to 9.8 g per cent.)

In carcinoma of the liver the globulin was not usually

incregsed and in no case did it exceed 3 g ver cent.

11, Plocculation Tests.

(a) . Serum Colloidal Gold Reaction.

(b) » ‘he Takata Ara Reaction. _

(¢). The Cephalin Cholesterol Reaction.

These tests are thought to be dependent uvon an increase
in the gamma globulin content of the serum. It has not been
proved that this vrotein is metabotised in the liver, but
nositive results in those tests occurs vrincivally in diseases
of the liver.

10
(a) Maclagan selects the serum colloidal gold reaction,
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as modified from Gray's original method described in 1940,
as the best of the tests for the vurvose of differential
diagnosis of the types of Liver damaée. The excess of serum
gamma globulin is not directly denendent uvon the total serum
globulin, nor uvon the albumin globulin ratio. In Maclagan's
revort he demonstrates this by the fact that half of his
series of cases which yieided strongly vositive reactions
had normal globulin flgures.'A further important observation
was that the 'inverted' albumin-globulin ratio in cases of
nevhritis 4id not lead to vositive test results.

The test yielded, in a large series of cases, the following
results:

Infective hevatitis: 93 ver cent. positive.

Jaundice due to bitiary obstruction: 93 ver cent.negative.

Another imunortant diagngstic aid lies . in the fact that
increasing liver damage 1n cases of obstructive jaundice usual-
ly yielded a negative result. Here the test 1s an imvrovement
on the galactose test where differentiation 1s not vossible.

Further, in infective hevatitis the test, strongly vositive
at the onset of the jaundice, became increasingly weaker,
becoming negative in 9 to 6 or more weekss whereas, in cirr-
hosis there was Little change from month to month.

MacLagan remarks on the fact that negative results in nost
arsphenamine jaundice may suggest a different actiology from
that of infective hewnatitis whefe, as mentioned above,positive

results are the rule.

-
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12. Serum Choline Estefase Test.

In disease of the liver there is a diminution of the
serum choline esterase, which is an enzyme whose action is
to destroy acetylcholine with the formation of choline and
acetic acid. 15

+f acetylcholine is added to a mixture of the blood serum
and Ringer’s solution, the amount of acetic acid formed (as

estimated by the amount of CO, produced) reveals thecholine

2
esterase content of the tested serum.

In a review of the results of the test, Schifrin Tuchman
and Antopoilgonciude that values over 40 are against cirr-
hosis and values of over 50 vractically exciude 1t: values
under 40 are "agalnst obstruction", 1f metastases and
cholangitis can be excluded. As the values 1in wecatarrhalw
and toxic jaundice ranged from 28 to 100 and were rather more

frequently over, than below, 50, it will be seem that the test

is of limited value in the study of this group of cases.
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15. Vitamin kK. Administration.

Prothrombin Resvonse.

In #extra-hepatic* (obstructive) jaundice, the blood
prothrombin lLevel is reduced. This is due to the fact that
Vitamin k is fat soluble and 1ts absorption 1s thus diminished
in such cases. [f Vitamin X is administered and its absorvtion
is assured, the vrothrombin level rises quickly and markedly.

But in cases of wintrahevatic" jaundice where the
liver cells are damaged they are unable to manufacture a
normal quantity of prothrombin from the Vitamin X supplied
to them -—~ even when the supvly is in excess of normal.

Briefiy, the fault in obstructive cases lies in the
absorption of the Vitamin K: whereas in cases of hepatitis the
fault lies in the inability to synthesize the prothrombin
from Vitamin K.

In verforming the test we assuré the absorvntion of the
Vitamin by administering it hypodermically (10 mgm daily is
the dose employed by Allan and Juiianﬁénrby admiﬂastering
it orally,with bile salts.(Allan and Julian's oral dose was
8 mgm Vitamin X with 2.5 gramms bile salts, daily).

It follows from a consideration of the above and
reference to Page 42, (The Liver in relation to blood
coagulation) that the test dose would be expected to restore
the prothrombin level to normal in obstructive cases, and to

have little similar effect in #intrahepaticr cases. And such
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is the case.
Similarly we can understand how the recovery of the
glandular cells of the liver can be gauged by a rising

response to Vitamin K administration.

14. Dextrarotatory Sodium Lactate Test (Cohn).

Cohn claims thet this test gives more reliable results
in the recognition of jaundice as bheing due to diffuse liver
damage or eftrahepatic biliary obstruction,thén any of the
following— the sodium benzoate test (benzoic acid test)
the galactose tolerance test and the ratio. of total to
esterified cholesterol.

Normal liver cells convért the test substance into
glycogen.

As the test is a new one 1t may be worthy of brief,
cryptic description. 13
Patient in bed fasts for 12 hours.

Blood samvle taken before test. Lactic acid content
estimated.

inject d sodium lactate. Dose 75 mgm. per kilo body
weight (in 14 per cent. eolution), intravenously.
Blood sample lactic acid content estimated 30 minutes
after the test. 7

A retention gquivalent to © mgm or more ver 100 cc of

the total dose indicates liver damage.
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ADDENDU M.

15. Recent references to Liver Efficiency Tests.

10
Maclagan classifies the tests as follows:

Class 1. Testing known or accepted funétions of the liver.
(2) Serum‘bilirubin estimations.

(b) Galactose and Laevulose Tolerance Tests.
(e) Serum vrotein tests.

(d) Urinary urobilin estimations.

(e) Hinvuric acid test.

Class 2. "Empirical vrocedures which do not test known
functions but which are obviously correlated either
with certain tyves of liver damage or with certain
diseases in which liver damage is vprominent.r
(a) Estimation of the serum alkaline vhosvh@&base.,

(b) Choline esterase test.
(e¢) mlocculation tests (i) Takata ara reaction.
(ii) Serum colloidal gold reactim
| (iii) Cevhalin cholesterol test.
Class 2 tests are said to show more striking differen-
ces in different tyves of liver damage and are therefore
considered to be, in this réépect, the more promising.

) He mentione positive results from the newer more

sensitive tests in vneumonia, hyverthyroidism, rheumatoid

arthritis, scarlet fever, divhtheria and tuberculous menin-

gitis.



in an attemot to obtaihrfhe greatesf differentiation
vossible between cases of toxic jaundice and of obstructive
jaundice he selects a Flocculation test ——-the segum
colloidal gold reaction; ——- an enzyme test -- serum alkaline
rhosvhatase estimation: -- and a vurely functicngl test —~ the
galactose index. |

He summarises his findings by stating thati—-

1. A jaundiced patient with a negative colloidal gold
reaction and'a phosvhataése' above 35 King Armstrong
units vrobably has biltiary obstruction.

2. A jemndiced vatient with a vositive colloidal gold
reaction and a 'vhospvhatase’ beléw 25 units vrobably
has not biliary obstruction.

5. A strongly positive gold reasction (& or 5) is against

biliary obstruction whatever the vnhosphatase level.

4. The galactose index is helvful as a confirmatory test
and to assess the degree of any liver damage ovresent.

¢ & 6.0 ¢ 0 00 08 8 0 ¢ s

A leading article in #The #edical Journal of Australiar Lt
stresses the importance of the sneed factor in the evaluation

of liver function tests. In relation to the Hippuric Acid

Test it advises that the test should be conducted by
giving the equivalent of 1.5 gramms benzoic acid (1.77 gramms

of Sodium Benzoate) intravenously. #“Readings" are taken in

1 hour. The normal value is equivalent to from 0.70 to
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0.95 gramms of benzoic acaid.

1t advises the serial bromsulnhalein test.

1t stresses the fact that a damaged Liver may give rnormai
test resurts 1f given time, but that the deficiency i1s more
Likeiy to be reveared in 1ts inabiiaity to verform 1ts funec-
tions as sneedily as the neaitny orgast.

Altﬁenlo sees most oromise 1n the (intravenous administra-
tion) galacose test in differentiating between obstructive
Jaundlce,a?%éundlce due to diseases of the iiver nerencnyuma,
and weircomes tne new and nromising sodium d Lactate torerance

test of Cohn.

.18 . X
A. Dick renorts on the cevnaiin cholesterol flocculation

reaction. The test introduced in 193y, by Haiiger, deveands on
the degree of fiocculation droduced by the »atient's serum
acting on a cewnaiin-cholesteroi emursion. readings are taken
in o4 hours and described as tizero¥ to 4 vius. 1t 18 au
extremeLy sensitive test in tne ear.y detection of neratic
insufficiency.fositive flocculation occurs in the cresence
of narencnymatous disease of the Liver, and the degree of
fioccuration 1s found to correstond to the extent of tne
damage. Dicx revorts that the test was vositive in all cases
of infective Hewnatitis, being 4 »ius 1n severe cases.
Ciinzical imrrovement was attended by a towering degree of
flocculation and conversely the nersistence of vositive

resuits was of unfavouranie nrognostic significance.

The test 1s of great vaiue 1in dafferentiating between
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obstructive jaundice and jaundice due to narenchymatous
damage, but of comparitiveiry rittie heip in determining
whether cirrhosigs or carcinoma are vresent.

1t 1s interesting to note tnat‘Dick found the test mositive
in only 7 natients suffering from nost arsenicai jaundice,and
in view of the fact that the author i1s a wathologist, 1t 1s
varticularty imnortant that he does not accevt the view that
the jaundice in such cases ~ .is.” always due to rarenchymatous
liver damage (nevatitis) "but may be caused by an obstructive
vrocess within the biriary passages.n

The test 1s negative in normal hearthy individuals. it 1s
nositive in a small number of vatients suffering from disease
not known to effect the Liver. in such cases the use of other
henatic function tests usually gives negative resulrts,

The Erythrocyte sedimentation Rate.

In a recent contribution to the British medical Journal 19
Paul Wood stresses the vaiue of the E. S. R. in the early
diagnosis of infective nevatitis, esvecially in i1ts differen-
tiation frow clinical mararia: such differentiation 1is
naturally of greatest imrvortance in e.g. the wmediterranean
area, where both conditions are »revairent.

He conciudes that in thne first 10 days of infective nevatitis
about ob5% of cases have an E. S. R. below 10 m.m.in an hour,
using Wintrobe's method. Conversely, in the first 10 days of

malaria about 85% of cases have an E., S. R. above 10 m.m.
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A result exceeding 20 me.m. 1n one hour during the firsit
week of the "P,U.0." is said practicaily to exclude infectave
hevatitis, whereas in malaria he found such a reading in two-
thirds of nis cases during the first week.

].%'Lobmson“)'U confirms  the above and extends the neriod of
observation of the E. S. R. ‘he mean value in the first 12
days was about 4 m.m. Between the 12th and 30th days the

range was from 3 m.m. to 2Y m.m. 1n a series of 63 cases.

The megn value was 10 m.m. sand the sgtandard variation 5.89Y.
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THE PATHOLOGY OF INFECTIVE HEPATITIS.

Reference has already been made in the "Historical
Review" to the theory exvressed by some clinicians that
in infective jaundice the main vathological changes consis-
ted of a degree of hevatitis. This was believed by those
observers to be usually of a mild degree, and fatal cases
of acute yellow atrovhy were considered to represent
extreme degrees of the same nathological process.

Logical as this deduction seemed to be, its further
consideration was largely neglected in face of the wverdicte
of Virchow which few apveared to question or, might we say,
dared to question ovenly.

The firm foundation on which the modern conception of
the vathology of the disease is based, lies in the work
of Eppinger.i During the War of 1914-18 Evvinger examined
the livers of three soldiers who had been killed in action
while suffering from jaundice. He found no evidence of
any obstruction to the bile ducts, but he described a
condition of hevatitis which he stated was ‘an acute atronny
in little.®

Biovsy studies conducted by Roholm and i(versen and
revorted in 1y29 did more than confirm this work. They
showed that similar damage to the liver occurred not onLy

in infective hevatitis but also in hepatitis oceurring in

vatients under treatment with organic arsenicals.,
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in 1943 Dible, McMichael and sherlocﬁ"zpublished their
brilliant work which confirmed the above—mentioned findings,
and further extended them.

They emvloyed the method of »vunch® bioosy.

The technique employed was to pass a 2 mm canula
transvleurally into the right lobe of the liver and to
thus obtain a small cylinder of liver tissue.

The fact that the authors found it impossible to make
a differentiation based on the histological findings
between the cases of infective hepatitié, post arsenother-
avy jaundice and serum jaundice will bear the emphasises
of.repetition.

They describe the changes encountered in the following
words ~—--"Broadly sveaking, the victure is one of hevatiec
cell necrosis and autolysis associated with leucocytic and
histiocytic reaction and infiltration.*

1t was found that the cellular necrosis and autolysis
were most marked around the hevatic vein in the centre of
the lobules and that, if the vrocess svread, it did so
outwards or centrifugally.

The infiltration on the other hand was most marked in
the portal tracts whence the spread was towards the centre
of the lubule, i.e. centrivetal.

In severe cgses the early changes were described as of

the Diffuse tyve, and in these theliver cell degeneration
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was most marked and the histiocytic and 1%Ecocytic infiltra-
tion _invaded:.the' lobule:.in a widespread manner.

in contrast to this diffuse tyve was the Zonal Tyve of
change. This was found to occur in the milder cases, or in
cases which had reached a faﬁourable stage in their recovery;
and in those the nicture was dominated by the perivortal celi
accumulations --— centrilobular necrosis and autolysis being
relatively ihconsplcuous.

The distinction between the 2 tyves was frequently
definite and decided, but they recognised the occurrence
of an intermediate picture where a 'mixed' lesion occurred,

The original article demonstrated the Diffuse, Zonal, and
mixed Diffuse and Zonal Llesions, by reference to micronhoto-
granhs>and it is a model of conciseness allied to clear and
masterly description. n fact it is difficult to condense
the article and the vital knowledge which it conveys, and
no anoLogy is offered for the length of the following summary.

Starting with the Diffuse lesions, they give two illustra-
tive instances each of slightly differing tyve.
Tyve 1. 1 (a) Severe Acute Henatitis (Diffuse lesion).

The general histological annearance is chaotic when
compared with the regular vattern of the healthy liver.
The whole architecture andears to be disorganised. Thus the
lobular vattern of the liver is largely lost and the usually
orderly columnar arrangement of the liver cells is equally

interfered with.
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tauy of the glandular cells have undergone necrosis and
autolysis and have been revlaced by a tissue comvosed of
collavnsed sinusoids with their xunffer cells and reticular
framework. Other glandular cells are seen to be undergoing
necrosis and yet others have two nuclei. The vrocess of
regeneration is occurring pari passu with that of destruction

comvlete recovery from this condition can and does occur.
1 (b). Severe Acute Hepatitis.

The case illustrated { a post arsenotherany hepatitis)
demonstrated the conditions as in 1 with an associated
marked verivnortal leucocytic and histiocytic infiitration.

We are told that in this case recovery was delayed by
the nersistence of jaundice and ascites.

The authors add that while comvlete clinieal recovery
occurred it may not have been accomvanied by comnlete
structural recovery and may subsequently show marked
nodular hyvervlasia and a‘true cirrhosis.

nNext they deal with the mixed type' of lesion, and give a
demonstration of biopsy liver material from a case illustra-
ting |
Tyve 2. Moderate Acute Hepnatitis with mixed diffuse and

Zonal lesions.

In this instance the destruction of the liver lobule is
less marked and there is more marked infiltration in the
rortal tracts. The disturbance of both the lobular arrange-

ment of the liver and the reguiar architecture of the 1liver
columns is still considerable.,
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The liver cells in the central regioh of the lobule
are found to be reduced in number, and many of the
surviving cells are undergoing necrosis and autolysis.

Not only is there an infiltration with small inflsmmatory
cells in the nortal zone, but the whole of the liver lobule
shows leucocytic infiltration. The xunffer cells are
increased in number.

Tyve 5. They next vroceed to the study of cases where the
lseion is vredominently Zonal.
This victure, they state, is seen in two circumstances.
(a). ln cases of a mi1ld tyvwe it is present from the
beginning.
(b). In recovering cases of hevatitis where it may be
associated with other, chronic, changes.

{a) The striking feature in this tyne is the cellular
“infiltration of the vortal tracts byhistioeytes, volymor—
nhonuclear leucocytes and a relatively few eosinovhils.
in contrast to the changes in Tyve 1 and Tyve 2 thevnormal
liver structure and architecture is usually unaffected, but
there is usually relatively trifling or slight evidence of
autolysis of the glandular cells around the hevatic central
vein; slight proliferation of the xunrffer cells of the
sinusoids, and glandular cell multivlication.

The normal cells stain well with Best’s stain ~-=Droving

that they contain a normal amount of glycogen.




88

(b) The retrogressive zonal Llesion.

The authors give the foilowing clinical data to
1ltustrate the veriods at which the two 1ilustrative
biorsis were taken.

A man aged 52 years suffered from infective henatitis,

e deveroved jaundice, which clreared up in g days.
Jaundice recurred 1o days rater. After 1t had continued
for ¥ days he was admitted to hosnital. The serum bilirubin
was then 6.4 m Su. ner 1UU cc.
1st Bronsy. Jn admission.

Lt suows a wide zone of nerivortaL celiutrar connective:
tissue witn numerous new bile ducts. The Lobule also shows
some 1nfiammatory change becoming more intense towards the
centre.
2nd BLovsy.

8 weexs later. 1.e. 12 weeks after the initiai attack

of jaundice.

The serum bilirubin was now u.6 wm gu Per 100 cc. and
clinical recovery avpeared compLrete. ’

- This biopsy shows a narrower periportal fibrotic zone
and less numerous bile ducts,

The infiammatory changes in the Lobule have subsided.
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The suthors believethat, whilst verilobular Fibrosis,
or scarring, is quite frequently to be observed in the
biovsy specimens obtained at a considerable peridd of time
after clinical recovery avpears comvlete, such fibrosis may
ultimately disavvear altogether: this in view of the extreme
rarity of such verilobular fibrosis in #routine:iautovsies.

® 0 68 00 0 6 ¢ 0 00 o0

Pathological iLesion in Relation to the Duration of the

Disease.

Bearing in mind that the bionsies were carried out in
14 cases of Evidemic Hepatitis, 55 cases of Arsenothersavy
Jaundice and 7 casesof serum jaundice, it is instructive
to note that +jaundice versisting over z weeks is more
likely to be due to a éonal lesion.”

1L revroduce the authors' table which is self exvlanatory.

Tyve of Lesion Duration in Weeks.

Under 1. 1 to 2. Qver 2.
Diffuse....;...........12x 2 1.
Nixed Diffuse and Zonal ¥ 4 3.

Zonal..'...'."...-'i.‘9 5 9.
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END RESULTS OF HEPATITIS.

There are 4 vossibleead results.
A. Recovery.

This is the rule. Lt is obvious from an examination of
theohotogravhs that the degree of necrosis present 1is
frequently greatly in excess of that which the clinical
nicture would have led us to anticinate. And, further, the
nresence of marked neri-nortal cellular infiltration 1is
vresent to a surnrising extent even in ambulant cases.

Nevertheless a comnlete recovery (restitutio ad 1ntergr&m)
structurally and functionally, is »robably the rule. The
preservation of the reticulin framework as a scaffolding for
subsequent orderly:regeneration and revair is here of orime
imvortance.

B. Death. |

the death rate 1s low. Fatal cases nroceed to acute
henatic necrosis by an extension and exaggeration of the
diffuse or mixed diffuse and zonal lesiors Dreviously
described. Thefatal outcome may be delayed when the
condition nrogresses with remissions, with more gradual
destruction of the Liver celLls, in subacute henatic mecrosis.
C. A classicai Cirrhosis may be the outcome when the disegse
is mrolonged,

The lLiver cells become broken‘un into i1slets. Thesge

istets *assume the circular adenomatous character of
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cirrhosis or nodular hyverviasia.i
They are surrounded by bands of collagenous fibrous
tissue and outgrowths of new bile ducts.wThe essence of rAz
condition is the destruction of hevatic cells and their
“

revlacement by fibrous tissue.

De M11Ld Residual Cirrhosis.

Lt 1s considered nrobable that, although the miid
residual fibrosis consequent on the zonal tyve of henatifis
may versist for some time ultimate comvlete recovery is
Likely. This the authors compare with a reversible
fibrosis, which they quote as having been described by
Cémeron (1936) who demonstrated the condition nroduced

by exveriments on animals.




HISTOLOGICAL DETAIL OF THE LIVER BIOPSY SPECIMENS,

Before discussing the mechanism by which jaundice is
produced, it would be helnful to summarise the histological
detail as revealed by the liver bionsies. At the same time
we can summarise the findings mentioned in the immediately
vreceding vages, grouning them as they occur in each vart
of the liver lobule.

1. Henatic Lobules.

In the severe cases, including all those
showing v"diffuse" lesions, disorganization of the hepatic
lobule architecture is observed. The regular vattern of the
columns of v»olygonal glandular cells is disturbed, the
columns being broken uv and the individual ceils sepgrated.
many of the cells are seen to be swollen and they may
contain a large nucleus or more or more than one nucleus.
Other cells are seen to be devoid of a nucleus and such
" cells frequently become converted into eosinonhilic masses.

The changes are less marked in the »mixed" lesions and
still less marked in the zonal lesions. LIn the latter the
chaﬁges are nresent mainly in the cells suirounding the
central vein, where swelling and autolysis are observed
frequently to a minimal degree. Dual nuclei are often
observed. Perivortal infiltration is thought to lead to

loss of nolygonal cells in the veriphery of the lobule.
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2. Central Zones.

Owing to the destruction of the liver cells
in this area rarefaction is usually marked. The cells which
survive 1n the centre of the lobule are often swollen, their
nuclei being swollen and the cytoolasm shows»rarefaotion.
The sinusoids entering the central vein are dilated, and
this vein frequently shows hyaline thickening.

5. Portal Zones.

Cellular infiltration is esvecially marked
here. The cells are mainly small mononuclears of the
histiocyte class, a much smaller number of voiymorphs and
a relatively few eosinovhils. Besides svreading from vortal
tract to vortal tract, these cells 1nf1Ltrate4centripetaLLy
into the lobules. This lobular infiltration is probably in
part a simple infiltration, in vart a revlacement of nécrosed
liver cells. This latter assumotion is basesd on the fact
that these cells infiltrate into areas where the condensation
of the reticulum avnears to signify the orior destruction of
cells of the liver varenchyma. I|f the vroliferation versists
fibrosis occurs.

4, Sinusoids.

Polymorvh. leucocytes and eosinovhils are
frequently visible within the sinusoids. The endothelial
cells of the sinusoids are enlarged and increased in number.

5. Glycogen.

The surviving liver cells have a normal glycogen
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content. As autolysis proceeds the glycogen content is lost/
6. Fat. | |

| In contrast to the findings at autopsy, the cells %
obtained by biovsy show no evidence of fatty change.

7. Reticulin.

Several of the micronhotogravhs demonstrated the
remarkable vreservation of the reticulin frameworx in the
presence of even marked cellular necrosis. The vreservation
of the framework is essential to the restoration of the
normal liver architecture which so often follows even such
marked injury. The verivheral condensation has been remarked
above, but more striking and imvortant is the condensation
of the reticulin which follows really severe injury in the
central zones: in which case scarring is vermanent.

- 8., There was no evidence of haemorrhages and the iron

content of the liver was not increased.

y. Bile Ducts and Bile Pigment. THIS IS IMPORTégg

Proliferation of the bile ducts is more noticeabie 1in the
severe tynes -- mixed and di1ffuse lesions.

Some bile staining occurred in the central cells of the
Lobuies, many of which it will be remembered are undergoing
necrosis. Kunffer cells in the central zone were simiiarly
stained.

"Bile thrombi were frequently seen: occasionally they were

orominent. The distribution of the thrombi was chiefly in
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the mid-zones of the lobules; the larger interlobular ducts

avpegred normal."
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THE MECHANIS®M OF THE PRODUCTION OF JAUNDICE.

As a result of the biovsy findings referred to above

we are enabled to form a fairly accurate ovinion as to how
jaundice occurs in (most cases of) infective hevatitis, !
vost arsenhenamine and homologous serum jaundice. %

The findings of Dible, meimichael and Sherlock agree with 3
the eartier findings of Epvinger, the biopsy studies of
Roholn and lverson, and the recent observations of Cameron.
Very recently Lucke has vroduced a very valuable pvaver,
confirming, and in some resvects, agugmenting, the work which
1L have just detailed. He based his observations on 125
fatalities from over 52,000 cases of the disease in the
U. S. Army in 1y42.

NEGATIVE FINDINGS AND INFERENCES THEREFROM.

The first observation L would make is that none of those
workers found any evidence of disease of the amvulla of Vater
or of any obstruction either at that site, or in the main
bile ducts. (The gbsence of the alleged vlugging of the
Amvulla of Vater had also been recorded in 1942 by van
Rodyan and Gordon after observations employing duodenal
intubation.)

Further there was evidence that the Larger interiobular
bile channels were not obstructed: nor was there evidence of

any degree of ascending cholangitis.
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B. POSITIVE FINDINGS AND CONCLUSIONS THEREFROM.

The most striking finding was that of hepatitis. This
we might term the essential lesion, in suech cases. From tne:
detailed account of the condition it seems reasonable to
infer that jaundice can be produced in the following ways:—

The degree of 1liver cell damage in some
cases may be such that the remaining liver cells are
“gquantitatively inadequate» to excrete all the bile nigment
brought to them in the blLood stream. 1t must be observed
that the nercentage of the liver cells which are severely
damaged is almost i%ariaﬁ%znin marked excess of the number
which we would anticinate 4n the clinical findings.

The disruvtion of the liver cell columns, leading to
consequent ruptﬁfe of the interceliular bile canaliculi
may result in interference with the fiow of bile. Cells
which become isolated may, similariy, excrete bile into
tissue svaces.

Particularly imvortant is the oresence of thrombi which
occur in the finést in#ggoellular canaliculi.

The thrombi consist of bile which has failed to escave,

The mresence of vigmented cells in the central areas of
the lobules, which has been mentioned, calls for a word of

explanation. wmauny of these cells are dead and the affinity

of dead tissue for bile, which is well known, explains their
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vigmentation. Other cells in this area have lost their
glycogen and it is thought that they are unable to excrete

the bile which they contain.

Thus, liver cell damage and ggﬁzglobular or
intercellular obstruction both contribute to the
production of jaundice. The reabsorﬁtion‘of bile
"soilled" into the pericellular tissue spaces is

probably a contributory factor.
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DIET AND HEPATITIS.

With reference to the more reecent views on
the effect of diet on the causation and course
of the disease: and some observations on

dietetic experiments in man.
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DIET _AND HEPATITIS.

It has long been believed tnat if the Liver cells were
well fiitied with glycogen they were better able to with-
stand the action of hapnatotoxic agents. The use of a high
carbohydrate diet in cases of hevatitis, and the preoveratiwe
administration of glucose to vrotect against the nossible
hevnatotoxic effect of the anaesthetic, have been common
practioé.

Recent exverimental work has shown that the vrovision
of a high carbohydrate diet is, in itself, inadequate to
ensure that the lLiver glycogen content is maintained at a
high teveli: the dist had to be generous, in ofner words of
high caloric vaiue. As regard the comnosition of the diet,
the imvortance of its vrotein content has recently been
stressed. in an articie on the rrevention of Liver
Damagel, The nancet refers to the work of Whivple.

He showed that when the ©vlasma vrotein Level was Low,
dogs became increasingly susceptible to voisoning by
chioroform and that the sulvhur coantaining amino-acid
vilethionine* vnrotected them from such hepatic injury.

The methionine afforded nrotection even when it was
administered uv to 4 hours after the chlorofrom.z

Milter and Whionie found that the w/S ratio in dogs witn
devieted viasma v»roteins was nigher than normal and they

believed that this was due to a greater reduction in the §
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in the tiver than of the N. By the administration of
methionine the Sulvhur (S) was increased, the ﬁ/S ratio
was restored to normal and the Liver was again vrotected.

Anderson of Covenhagen found that he could transmit
infective hevnatitis to nigs, and from v»ig to vig, but that
only the undernourished vigs became 1LL3. This was a
significant observation.

Other workers found that the suscevtibility of the triver
to injury vroduced by adminstration of arsvhenoxide to dogs
fed on a vrotein deficient diet, could be reduced by giving
the dogs methionine.

This orotection might be, in part, exnlained by the fact
that cysteine and methionine can combine with and detoxicate
many organic arsenical compounds. These suivhur containing
amino acids might be "used uo¥ in detoxicating the arsenicals,
and the Liver would then be devrived of their continued
orotection.

The orotection of the Liver by v»roteins in infective
hevatitis, if it was so protected, could not admit of such
a simple exvianation; we would have to assume that the
guarding of the Liver cells by the vroteins was , as it were,
of a more direct nature.

‘The Lancet3 states that kosterlitz was able to show that
a tow protein diet led to diminution in ‘the iiver cell cyto-

4

nlasm. An earlier issue of the same journal™ referréd to
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the work of Gyorgy and Goldblatt who »roduced acute necrosis
of the Liver in rats by feeding them on a diet deficient in
caseine. This effect they were abie to counteract by
adninistering methionine alone, or cystlne and cholin im

combination.

in 1944, Himsworth and Glynn nubliished their article om
Toxivathic and Trovhonathic Hevatitis ?

1t had the effect of stimulating interest in the possible
effects of diet on the occurrence of hepatitis, and on the
course of the disease. The Lancet immediately devoted an
editorial article to the subject of Diet and Hepatitis4,
and writers’ ' ‘who reviewed the year's work on fnfective
Hevatitis gave vrominence to the views of Himsworth and
Glynn: not that those views were accevted as being vroved,
but they were generally considered to be worthy of close
consideration.

The authors based their views on the results of animal
experiments, they emvployed rats, and compared their findings
in these exveriments with the tyves of heratic injury known
to occur in man.

They found that by feeding rats on diets deficient in
protein they were able to vproduce severe L;ver damage.

Not only could they assure the vroduction of this damage in

100% of the rats, but they could modify the time of its onset
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and the severity of the lesions by varying the profein
content of the diet.

The type of liver damage produced in such experiments
was consistently uniform and the authors termed it a
massive necrosis.®

After a latent veriod of several weeks the animals
became ill, be it noted, suddenly. During this latent
veriod the liver showed no evidence of disease.
Coincident with the onset of the illness, the liver
showed evidence of injury. The early microscoric avvearance
was that of acute yellow atrovhy and this was followed by
subacute red atronhy, and finally nodular hyvervlasia.
Thus, in the early stages, there were large areas of
coagulative necrosis alternating with areas in which the
liver cells remained intact. pater, the disesased cells
were removed and diluted sinusoids took their vlace.

Ultimately the nicture was that of areas of normal liver
tissue, sevarated by broad bands of scar tissue, within
which could be seen islets of regenerating parenchymal
liver cells.

The histological vricture as nortrayed above is quite
distinet from that of the true vortal cirrhosis, which can
be produced by quite different dietetic means, in rats.
This portal cirrhosis begins as a fine generalized veri-

lobular fibrosis which later invades the liver lobule.
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The vorogress of this tyne of cirrhosis is gradual and
hevatic necrosis does not accompany it if the vrotein
intake is adequate.

When the diet was very deficient in vwrotein, those
changes were vresent throughout the whole organ. A lesser
degree of nrotein deficiency led to similar changes
affecting only the left lobe of the liver.

This was a varticularly interesting observation as we
know that the left branch of the vortal vein, which subvplies
the left lobe of the liver, contains blood which courses
from the large intestine and the svleen; whereas the right
lobe of the liver is suvplied by the right branch of the
portal vein which contains blood from the small intestine,
and in this way it receives blood which is much richer in
the products of protein digestion.

This tyne of Liver damage, produced by orotein dietetic
devrivation, the authors designated wProtovathic Hevatitis.n
Protection agaihst the onset of such massive necrosis was
afforded by caseine or methionine, a sulphur containing

amino acid in which caseine is rich.

Contrasting with the Protovathic Hevatitis is the
Toxivathic Hevatitis which the authors describe as resulting
in their experiments from the use of chemicals, such as

phosvhorus, chloroform and carbon tetrachloride, and g
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bacterial toxin, the endotoxin of B. Proteus. Those liver
voisons produced their effect rapidly, usually in a few
hours. The resulting hepatitis took the form of either a
verivortal, zonal, necrosis (Phosvhorus and endotoxin of
B. Proteus) or a centrilobular, zonal, necrosis (CH Clz and
C 014) Always the changes were uniform in nature and degree
in all the liver lobules.

The illness was fully develored in some 48 hours, and,
usually, within 14 days, the dead cells had been removed,
and the liver presented a normal microscovic appearance.

Such was the effect of a single dose of the poison, but
repeated doses were followed by the develovment of a typical

vrortal cirrhosis.

How could those findings be correlated with the tyves of
hevatitis which were known to occur in man?

Himsworthy and Glynn thought that the Toxivathic Hevatitis
which oceurred in their rats was exactly covied in cases of
voisoning by Phosrhorus, chloroform and carbon tetrachloride
in man.

More closely pertinent to our present study, the

histological pvicture of the liver in Infective Hepatitis

was usually of this zonal type. Here again we had the,
frequently, acute onset, the disease rapidly reached its

height usually in a few days, and recovery was the rule.
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The delay in the onset of the symptoms they ascribed to
the "incubation of the infecting agent;" the resulting
damage was similar to that produced by a single dose of the
chemical voisons already mentioned; complete restitution
to health similarly occurred, in most cases.

Now we have préviously seen, in our consideration of the
vathology of Infective Hevatitis, that the lesion is not
always of this transient zonal tyve. In fact, examvles have
been given of the hepatitis featuring the massive necrosis,
leading uv to scarring and nodular hypervlasia (which we
have descvibed as characteristic of Trovhopathic Hevatitis)
occurring as a result of Infective Hevatitis.

Those workers thought that the develovrment of such massive
necrosis was to be ascribed not to a prolonged or very severe
action of the causal agent of infective hepatitis, but to the
occurrence in the course of the attack of infective hevagtitis
of a deficiency of the suvply of protein to the liver: it was
not due to severe toxivathic action but to trovhopathic
influences.

If trovhovathic influences caused the massive necrosis
which sometimes occurred in casesof infective hevatitis,
how could we understand or exvlain the mechanism of their
production?

The spovly of the vrotective protein factors to the liver

via the blood stream would obviously depend on the amount of
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such factors vresent in the blood, and on the gquantity of
blood suvplied to the Liver. If either of the above were
reduced, the Lliver would be less efficiently vrotected and
the damage to the Liver might be anticiﬁated to be vrovor- -
tional to the reduction in the vroduct of thosr two control-
ling factors, and to the duration of such a reduction.

In infective hevatitis the liver is enlarged, the swelling
leads to increased tension, and this, in turn, must lead to
the circuiation being imveded. Such circultatory restriction
would inevitably reduce the amount of nrotective nrotein
factors suvniied to the Liver. 1In this way, Himsworthy and
Glynn state, there occurs in infective hevatitis a
"conditioned nrotein deficiency.t

We have already remarked that, normally, the ieft Lobe of
the Liver is suvviied by blood moorer in protein factors
than is the right 1obe. Lf the blood sunply to the iiver is
restricted the iteft lLobe would receive a supvly of protein
protective factors which would fall below the i#ecriticalw
level necessary for the maintenance of its integrity,whiist
the right Lobe's suvoly continued to be adequate for its
vrotection. This agrees wiih the finding that massive necrosis
tends torPick on" the iteft iobe of the Liver.

In the exnerimental Tronhovathic henatitis, we have
observed that there was a long latent veriod, during which

the "protein" content of the blood gradually diminished
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until 1t reached a level where hevnatitis, quite suddenly,
occurred. But in man, as Dible, MclMichael and Sherlock have
vroved, “massive necrosis® occurred early in the course of
some cases of infective hevatitis. This could be understood
if we accent the theory that in infective hepatitis the
nortal circuiation is restricted, as it is obvious that sucn
a mechanism would operate ranidly as compared with the
deficiency consequent on gradual denletion of the protein

vrotective factors produced by dietetic measures.

Was there any other evidence to suvvort this theory of

the trovhovathic hevatitis in man? There was no certain
evidenceé. The high incidence of cirrhosis of the tiver in
the voor natives of the Punjab and the Rand might be so
exnlained. Their diets were very low in protein.

The incidence of cirrhosis is very high in the poorly
nourished classes of Egyvt, Bengal and China.6

Further by feeding rats on a diet similar to that of the
native workers in the South African mines C'Tillman)7 produced
hevatiec cirrhosis.

A provortion of neovle who have been poisoned by T,N.T.
or by Cincovhen develov a “massive necrosis" of the liver,
and at autowsy tynrical changes, scarring, nodular hyvervhasia

etc. are evident. Frequently a long latent interval intervenes

between exvosure, or continued exvosure, to those Poisons snd
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the onset of the consequent illnesses. Lt may well be that
this Latent veriod is the time required for the vroduction

of a vrotein deficiency. In the case of T, N. T. Poisoning
the deficiency could be caused not by circuiatory restriction 1
in the substance of the Liver, but vrobably by an increased
nutabolic rate and protein utilization indiced by the drug,
which may also reduce the amount of the circulating amino
acids by combining with them.

This hyvothesis is in line with their finding that if they
fed rats on diets low in vrotein and nigh in fat, but snort
of causing a trophovathic hevnatitis, they could then produce
such a change by administering T, N. T. after a latent veriod
of a week or two.

In vregnant woman such influences as anorexia, vomiting,
dietary defects, malabsorvtion, the nossibility that the
‘foetus may have first call on certain nutriment, and the
vredisnosition of the vregnant female to deficiency state
may lead to deficiency of the protective protein factors.
In such a way might we exnlain the reputed'gffect of pregnaﬁoy
on the course of infective Hepatitis in pregnant woman as
commented on by Cockayne, by Ballot in the epidemic in
St. Peirre in the island of Martinique and by Bardinet
(instances quoted in Himsworthy and Glynn's article).

Thus in Infective Hevatitis, noisoning and vpregnancy the

course of the hevatitis might be infiuenced, and massive
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necrosis be nroduced not by sevarate factors but by the
common factor of reduction of the suilvrhur containing amino
acids essential for the vrotection of the Liver or the
maintenance of the organ in a healthy state: such reduction
below a critical level would lead to trovhovathic henatitis.

In sunnort of such a theory as the above was the observa-
tion of German clinicians that the remarkable frequency of
massive necrosis in Central Eurove which followed the war
of 1914-1918 occurred at a time when the inhabitants had
existed on diets Low in vrotein. The astonishing increase
in such cases was not thought to be, at least entirely,
due to the vrevalence of infective hepatitis.

This ingenious, interesting and attractive study was
however in its entirety barely consistent with the views
exoressed as a result of biopsy study combined with clinical
observation. Nevertheless i1t led many to hove that at least
the more serious forms of hevatitis, where scarring and
nodutar hynervlasia develoved, might be influenced or even
vrevented by dietary measures: such measures would include
the use of methionine.

A consideration of the results obtained by the employment
of thig/'extremely expensive, amino~acid can, 1 fear, only be
considéred very disavpointing.

6
Thus NMcMichael states "Benefit has not resuited from the

treatment of acute hepatitis'witn; large doses of amino acids

t
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or with a high vprotein diet.»

Beattie andﬁMarsha118 found that amino acids,especially
methionine, did not reduce the woverall incidencey of Liver
damage in syvhilitis under treatment with neoarsvhenamine.

They stated that certain of them were markedly effective
in " (a) shifting the time of neak incidence of liver
damage towards the end of the <nd course of antisyvhilitic
treatment or later,

(b) moderating the severity of the liver damage when it
did occur.®

Later Beattieb again reported further favourable results
in the course of infective hevatitis and vostarsphenamine
jaundice when a diet containing 150 grammes of protein daiiy
was emvloyed.

Other workers, e.g. reters (I have not read the original
revort of his investigation) thought that cysteine and
methionine had a “significant but not remarkable effect on
the, nostarsvhenamine, jaundice.ns

Certainly with regard to the treatment of infective
hepatitis, the most recent contributions to the literature,
1945, make it clear that neither the use of methionine nor
the nrovision of a diet high in protein have proved of
benefit. Wilson, Pollock and Harris9 found that the admin-

igstration of 5 grammes of uethionine daily, by mouth, to
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100 vatients suffering from infective hepatitis was not
attended by any benefit judging by the severity of the
attack, its duration and the incidences of relapses.

Higgins, O’Brian, Peters, Stewart and Wittgi) treated two
grouns each of 18 vatients suffering from infective hevatitis.
The'control groun was given a low fat high vrotein diet with
vitamin sunvlements. The other groun received an exactly
simiiar diet with the addition of a daily dose of 5 grammes
Methionine. "Treatment with Methionine did not significantly
affect the clinical course of the illness, the anorexia or
the average duration of bilirubinuria or of bilirubinaemia.

As recently as June of this year, 1945, Darmadfrhiscussed
the effect of "protein'diet" on infective hepatitis.

in view of the fact that yeast was thought to contain a
liver nrotecting factor ? itkwas added to the diet, which

then consisted of:-

Protein 154 G.
Fat 108 G.

Bakers' Yeast 30 G. All the above daily.
Anahaemin 2 cc.

Thiamine Hyd. 5 mg. Each twice weekly subcutareously.
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The Control diet was a classical low fat diet.
2. Carbohydrate 320 G.
Protein 70 to 90 G.
Fats. 60 G. All the above daily.

No improved resvonse to diet 1 was observed.

In svite of this adverse finding, Darmady, with commend-
able restraint, does not condemn the views on which the
trial of this diet was based. Rather does he avpear to
credit that the findings of Himsworthy and Glynn are
applicable to hevatitis in man, in some aspects. He noints
out that the natients in his series of cases were R, A. T.
personnel, whose diet, prior to their illness, was above
what is estimated to be adequate as regard vrotein require-
ments.

At ovresent, the findings, he states, are consistent with
the effect of protein being maximal as a *protective but
not as a restorative measure." As no harm resulted from
the use of the high protein diet, this contributor is now
undertsking further experiments with widely divergent

vrotein intakes.
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POST ARSENICATL and HOMOLOGOUS SERUM JAUNDICE,

(a) .Post Arsenical Jaundice.
1 have nreviously referred to the occurrence of jaundice 1in

the course of the treatment of Syvhilis by the injection of
organic arsenicals and also to its similar occurrence after tre
injection of sera or vaccinefi-containing even minute quanti-~
ti1es of numan serum. We have further seen that the histolo-
gical detait of the Liver in both of thnose conditions and in
infective Henatitis has been described as being 1dent;ca¢.

This Latter observation naturaily iLed many t¢ guestion
whether all three diseases were in fact simdly instances of
one disease vprocess caused by a common agent.

The subject of rost Arsvhemamine Jaundice was reviewed by

Beattie and marshall in the British Medical Journaj.1 and the
létter discussed the question at a meeting of the Section of
Exverimental wmedicine and Theraneuties of the Royai Society
of M€d101ne.2 Jaundice tends to occur most frequently at
cértaln neriods 1n the arsenicai treatment of sy»hilis.

in the early stages of treatment, e.g. from the 6th to tne
21st day, hevatitis is regarded as a »true toxic arsenical
reaction«, the nepatltls and resulting jaundice being
considered as nart of a “general toxico dermal reaction:
(mrtian). About 100 days after the start of treatment a
larger number of cases occur, and 1t 1is this grouv witn sucn

delrayed nevatitis, with which we are at the moment concerned.




The authors quote the'blépsy observations of Gutmam and
Hanger, and of waunyn, stating that biLe thrombi and
“cholangiolitis are vresent in the early class of cases;
the late groun of cases is characterised by the victure of
hevatitis as described by leﬁle, memichael and Sherlock
(Yo which L have vreviously referred.) !

To what agent, or agents, are we to ascribe this delayed
jaundice ¥ |

Eariier workers thought that it might be due to iWone or a

combination of the foliowing factors -~ the drug, syvhilis
1tself, or intercurrent infection. The evidence is convinecing
that many cases renresent attacks of non snecifiec catarrhal
jaundice occurring in vnatients whose Livers are subjected to
the added insults of syvhilis and an arsenical.% ( The
quotation 1s from the writings of Goodman and Giiman).

In 1943 wmitchell suggested that the jaundice was due to
vthe association of two henatotoxic agents —- the arsenic and
the agent of infective henatitis.w

These ovninions (vrior to the date of Beattie and wmarshall's
writings) imniied that the agent of the »infective Hepatitis«
recently so prevalent in the general Dohulation was resnonsibie
for the marked increase in the incidence of jaundice in Vv, D,
clinics.

To consider seriatidm the 3 likely factors in Yost

arsvhenamine jaundice, syo®hilis, arsenic and snon snecifie
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catarrhal jaundice» let us first deal with the influence of

miii1an advanced the view that the jaundice mignht be due to
a henato-recurrence of syvhiitis. This tneory 1is discounted by
the fact that in such viate jaundices# there is no evidernce of
simittaneous reianse anart from the Livery the occurrence of
jaundice as described seems, similarly, to nave no bearing on
the vrognosis of tne syvniiitic disease.

Again when arsenicals were adwministered tnrougnout tne
veriod of tnisnderayed jaundice- tne results definitery
suggested tnat this was a dangerous vrocedure:: in fact i1t
“produced araruwing evidence of increased Liver damage.«

Dibire, wmcwichael and SnerJ_ocJJ,«:5 stated that there was no
evidence to sunport the view that this Late hevatitis was
due to syvhilis.

Arsenic.

Wniist arsenic has undoubtedly some nart in the aetiology
of most arsenhenamine jaundice, -1t is not the nrime factor.n»
In clinics emnloying the same arsenicals, from the same batech
supniied by the same manufacturing chemists, the incidence of
the occurrence of iiate jaundice: varied significantly, in
different areas. if the drug emnioyed was the sole cause of
the incidence of tne jaundice it woulid be anticinated that tne
attack rate wouid have remained fairiy constant. Tnis was not

fouhd to be the case. Au iuncidence of 2% in the cases treagted

before 1941 rose untilL at one ciinic 1t actually reacned tune
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veak of 46%. Tnis in spite of simitar dosage and scnewe of
treatment and the use of the same arsenical throughout.
nevertheress, 1t 1s generalrly berieved that the incidence
of jaundice may be modified by the dose of the arsenical.
Curtis revorted that, in 1iv42, an increase .in arsphenamine
dosage from 7.5 G. to 15 G. in a course extending over
15 weexs was attended by an increase in the incidence of
jaundice from ¥ or o% to 25 to 30%, in the Wnitecnaner Ciinic.
in the Bratisn Army a reduction from 6 G. to 4 G. (for eacn
10 wéeks course) yielrded no significant reduction in the
number of cases of detayed jaundice.

In a cirinic where the same dosage, the same course of
treatment emnloying one drug throughout, had been emvioyed,
it was obvious that some other variant uwust be invoived.

The most nrobabie variant might be an infection by

Tne Virus of infective Havatitis

or a similar icterogenic agent.

Many observers have commented on the faect that the rate
of incidence of most arsnhenamine jaundice varies directly
with the vrevaience of infective nHevnatitis 1n the comwmmunity.
Ruge’s renort on tnis naraLleLlism 1S frequently quoted: .t
nas frequentiy been confirmed. 1 may add that in murtou
this inerease in nost arspnenamine jaundice nas been very
marked, although my figures wgurd be, fortunatery mignht i

say, smati. (Of 6 veovie treated by arsenicais in the nast
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four years, in this vnractice, 3 nave had nost arsnhenamine
jeundice, one has had the earLy stage jaundice -- ne nas
onLy had o weeks treatment to date —— and one has had no
jaundice so far after 8 weeks treatment. The ¢tn natient is
a female who 1 am not convinced is suffering from synh.rliis.
in the nreceding 17 years 1 saw onLy one case of -« post
arsvhenamine jaundice® 1in some 25 to 30 treated cases.

1t was noted that tne derayed jaundice usually occurred
at.a neriod of some 12 to 1% weeks agfter the commencement of
the treatment by arsenic. This and a general consideration
of the attendant circumstances led Blgger4 to suggest that
tne infection might be being smread as the result of iwmnerfect
steritization of the syringes and needles. 1t was easy to
visualize how small quantities of winfective materiai+ could
enter the needre (and syriuge) and be :in turn injected zuto
the next vnatient: esnecially when a rinse in water and
immersion 1in svirit was often regarded as wsterilization.-

Beattie and warshatt tested this theory by allotting to
each Datleﬁt his own syringe to be used throughout his course
of treatment. The syringe and needles were new and nreviousLy
unused 1in each case and were boiled before and after eacn
injection. Thus 1t was argued that tne transference of
winfeetion shouid be eriminated. Thne resurts of the exveriment
were as anticinated. wnine of the ten natients so treated did

not become jaundiced within the 120 days during which they

were ‘observed'. The tenth vatient did become jaundiced at
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a Later date after 2 injections at another elinic which used
the water and snirit nrocess of sterilization. The dates
given are interesting

1. Date of 1st injection at B. and m's CLinic way 26, 1940

2. " weoow " at 2nd Cirinic. geont. 2, 1940

3. W 2nd " at 2nd Ciinic Sent. o, 1y40

4, " v 1st symotom of iiver damage NOV 24, 1v40

5. L v leterus NOV  Zv, 1v40
intervalL 1 to 4 = &3 days.

These authors suggest that the incubation veriod of nost
arsvhenamine jaundice in this case wasnrobabLy therefor 12
weexs. They further exnress the view that their findings are
consistent with thais being the»usual incubation »eriod,tonger
veriods between injection and i1tiness being accounted for by
the fact that not airi natients could be exmected to be infected
at the first injection.

ulssieux5 and Biggar's exverience sunnorted the tneory of
such a transmission of the infective agent, and Sataman’s 6
observations further substantiated 1t. The irast named
emvioyed a careful aseptic technique and sutocraved nais
syringes and needies. He thus »reduced the incidence of
jaundice to negiigibie vrovortions in a venereal disease
clinic i1n which the incidence in control cases was very

i

great.u
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Thus the commonly accevted view at vresent i1s that rost
Arsvonenamine Jaundice #1s due to the transmission of smatlt
amounts of serum from natient fo natient in imverfectLy
steritized syringes.i

Some beiieve that a diet deficient in vrotein favours the
onset of the jaundice, or exvressed rather differentiy, that
a diet rich in »nrotein orobabrLy has a tendency to nrotect
against the onset of jaundice and may at Least deiay the time
of its occurrence,.2 Tne Liver onrotecting factor in the orotemn
is thought to be wmethionine, a suLonur containing aemino -
acid. Lt 1s aliowed that the arsenical emvloyed vrobabiy

towers the resistance of the river to the infective agent.
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HOMOT,0GOUS SERUM JAUNDICE.

This is not a vurely introductory section
and although based on the observations of
others, it is intimately related, in varts,to
my own observations which follow in part 2.
It includes several comments on the

published work of others.
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(b) HOMOLOGOUS SERUM JAUNDICE.

Having already referred in the historical review to the
‘occurrence of homologous serum jaundice 1 now propose to
confine my remarks in this section to the more recent views
on its asetiology and its relation to infective hepatitis.

In a series of contributions to The Lancet, Findley,

martin and Mitchell 1,2,3-

record, analyse and discuss
their observations in relation to hevatitis occurring after
yellow fever ‘inoculations. As such jaundice can be
regarded as typical of homologous serum jaundice, and as
the article deals with those matters in which 1 have been
most interestéd, close consideration of the authors' views
would appear to me to be the most vrofitable way in which
to deal with this matter, within the relatively short
compass which can be here allotted to it.

in 1934 it was remarked that jaﬁndice occurred in many
patients who had been inoculated with yellow fever vaccine,
but it was thought that those natients had fortuitiously
contracted infective hevatitis which was a common disease
in the area concerned -- Africa. By 1937 it was realised
that this explanation was quite inadequate, as the incidence
of jaundice after the inoculation was so strikingly high,
and the interval intefvening between the inoculation and
the occurrence of jaundice was in many cases fairly uniform.

Further, it was soom found that jaundice occurred in a very
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high proportion of the patients inoculated with some batches
of the vacecine: in short, certain batches were proved to be
markedly icterogenic. At'%his time prophylactic inoculation
against yellow fever consisted of the injection of human
yellow fever immune serum and a vaccine; human serum was,
further, employed in the vreparation of the vaccine.

Careful investigation showed that the human serum was the
agent resvonsible for the hepatitis which ensued: this
finding apvlied to the vaccine. Presently it became estab-
lished that jaundice similarly followed the use of measles
immune seryum, mumps immune serum, and vlasma,serum and,
probably, whole blood.

Thus it became known that human serum in many instances
contained an icterogenic agent.

What was the symptomatology of this pvost inoculation
jaundice?
| It is most important to this study that we should consider
it in close detail. Findlay, sartin and kitchell have
described the symptoms which occurred in their cases exhaus-
tively and in detail. They deal not only with leading
symptoms but with the less prominent symdtoms also.

Now, while many diseases mimic each other closely in
regard to the leading or presenting symptoms, in very few
diseases are the less prominent and less frequently occurring
symptoms identical. Lest this remark be criticised as a

platitude, I would say that, in practice, diseases are
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commonly compared and contrasted with relation to‘the
main symptoms. |

L am convinced that the comparison of, what I might term,
the "minutiaer of the symptomatology of similar diseases is
the most likely method by which we may decide as to whether
those diseases are closely related or identical.

A chief aim of my study has been to compare closely,
similar diseases, with a view to establishing (or at least
suggesting the possibility of) their identity.

For those reasons I now refer to the symptoms of the
illnesses recorded by Findlay and his colleaguesl. I will

first revroduce two tables. Table 1 gives the vresenting

symptoms and signs in their large series of 432 cases,
Table 2 gives the aggregate symotoms in the same series.
The inclusion of those two tables is necessary for later
references to their contents. They are very slightly

modified from the originals.
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Table 1. Presenting Symptoms and Signs in 432 patients.
In order of frequency.

Percentage of Cases.

Key No. SYMPTOM or SIGN

1. Loss of avpetite = 56%

2. Nausea = 49%

3. Lassitude = 23%

4. Epigastric vpain = 21%

5. Bad taste in mouth = 20%

6. Constipation = 16%

7 Vomiting and retching = 14%

8. Headache = 13%

9. Diarrhoea = 6%

10. Upver abdominal pain = 5%
11. Tlatulence = 4%
12. ¢iddiness = 4%
13. RFever = 4%
14. Backache = 3%
15. Joint pains = 2%
16. WMental Devpression = 1%
i7. Pruritus © Less than 1
18. Sore Throat Al oo
19. Insomnia " n "
20. Heartburn " ]
21. Pain at back of the neck " noon
22. " Blackout' LI
23. Palvitations " "o
24, Vuscle Pains " "on
25. Blurred Vision on woon
26 . Hiccough on won
27 . Dysvhagia " nou
1. Liver enlarged 36 .

2. Bile in urine 392

3. Jaundice 13

4. Srnleen enlarged 12

5. Light stools 4

6. Skin rashes 2




TABLE 2. Aggregate Symptoms and Signs in 432 Patients.

In Order of Frequency.

KEY NO-. SYMPTOMS OR SIGN. PERCENTAGE OF CASES TW
WHICH PRESENT.

1. Anorexia 73

2 Nausea 66

3. Evigastric pain 34

5 Bad taste in mouth 32

7. Vomiting or Retching 32

3. Lassitude 30

B Constivation 29

8. Headache 23
10. Ubner Abdominal pain 11

Ye Diarrhoea 10

i1. Tlatulence 10
12. Giddiness 7
14. Backache 6
15. Joint Pains 5
19. Insommia 5

13. mever 5
1i7. Pruritus 4

20. Heartburn 3

16. Wental Devression 3

18. Sore Throat 3

Pain in back 1

26 . Hiccough 1

24. Mascle vnains 1

23. Palvpitations Less than 1%
25. Blurred Vision woooon L]
27 . Dysvhagia nooon "

Biliary Coliec " " "

21. Pain at back of neck " " "
22 Blackout " " "
28.29. Dysuria. Urinary incontinence " " u
30.31. Deafness. Profuse sweats " “ "

32.

Extreme restlessness

"
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There are a few features of the symvtomatology to which
the authors refer, after mentioning the main symptoms, and
which peculiarly interest me in the light of my findings in
the yurton epidemics.

5.5 % of the patients complained of joint pains in the
absence of any swelling of the joints. The joints usually
involved were the shoulders, kmees and hips.

Dizzinesét insommia, blurred vision, conjunctivitis and
dysvhagia occurring early in the illness are remarked on by
the authors, as is marked loss of weight.

All of those less common symptoms are later reported in
my own obsegvations, as is the frequent occurrence of a bad
taste in the mouth.

The importance and significance of those "minor" symotoms
in the comparison of otherwise similar illnesses I shall
discuss in the "Summary" to Part x of this work.

Finally in relation to the symotomatology I would mention
that ekin rashes were described in 5,5% of the cases. They
took the form of urticaria in the majority of cases, but
purpurie, erythemateus and maculovapular eruptions also
occurred. The time of the onset of the skin rashes was
commonly a few days vrior to the onset of jaundice, but they
were noted in an occasional case as early as 25 days before
jaundice occurred, and as late as 32 days after the patient

became jaundiced.




127

Haemorrhages were uncommon: occurring in 2,5% of the
series; haematuria, haematemesis, enistaxis, bleeding gums

and subconjunctival hezemorrhages were reported.

The TLeucocyte Count and the Differential Leucocyte Count.

As T later devote a section of my observations to this
matter, L would briefly remark that the typical findings
were a fairly low total leucocyte count, 6000 or under.

The low count was due to a neutrovenia. There was commonly
a relativeﬁg small lymphocytosis, occasionally a slight

" absolute lymphocytosis, and in a few cases the large
mononuelears were slightly increased. Atypical monocytosis

was. only rarely detected.

e e & 5 00 0 0 0 0

The report on the occurrence of cases not featuring

jeundice is again vertinent to this enquiry. The authors
describe cases attended by definite jaundice, others where
bile was vresent in the urine but jaundice did not occur,
and yet others where neither bile in the urine nor jaundice
occurred.

The diagnosis of this last group of cases rested on the
occurrence of illnesses exhibiting rélatively mild and vague

symptoms, (such as nausea, anorexia, abdominal vain,diarrhoea
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or constipation, headache, bad taste in the mouth,flatulence
and tiredness or listlessness) in association with the
simultaneous occurrence of the definite wepidemier illnesses,
Such relatively vague illnesses occurred after a latent
period, following the inoculation, of some 72 to 99 days.

The use of the icterus index and the van den Bergh test

helped to establish the diagnosis.

Incubation Period. Relation to Infective Hevatitis.

The only vpoint of clinical difference between this vost

inoculation jaundice and infective hepatitis, observed by

. those workers, is that, in the former, the incubation veriod
averages 100 days, whilst, in the latter, the incubation
veriod is believed to be from 20 to 40 days.

In view of the identity in the clinical and vathological
findings, it is suggested that the diseases may be due to a
common agent, the difference in the incubation periods being
then ascribed to the virus being introduced into the body by
different routes in each instance.

I consider that this was indeed a very reasonable hypothesis
and I might here state that I believe that the truth in this
matter lies concealed in this aséumption.

Cameron’s work suggests that the incubation period in
infective hepatitis is from 1 to 6 months when the infection
is transmitted by subcutaneous injection.

Conversely, Findlay and Martin4, showed that the incubation
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veriod of vost inoculation hevatitis is only 28 to 50 days

when this disease is transmitted by intranasal instillation.

Post Inoculation Jaundice. Spread to Contacts.

In 1938, Provert® thought that children who had suffered
from hepatitis following the injection of measles immune
serum had spread the disease to contacts. The fact that
Findlay and Martin were able to transmit the disease ——-
vost inoculation hevatitis —~ by the instillation of nasal
washings, made it avvear that soread by contact was likely
to occur. They oresent evidence® which suvvorts the view
that such a soread does indeed occur from vatient to
contacts. Thus » officers, out of a total of 6 who had not
been injected by iecterogenic serum, develoved uwinfective
hepatitisr in circumstances which suggested that the only
possible source of infection was the vost inoculation
jaundice present in their units.

Again the guthors showed that cases of infective hepatitis
which were notified to them, »#came almost without excevtion
from units where hepatitis following inoculation was rife.s

Of particular interest to us in relation to the two
epidemic illnesses in Wurton is the authors’ further
observation that, in the area considered in their work, the
increase in the incidence of infeective hepétitis varied
directly with the incidence of vost inoculation hepatitis,

suggesting that spread by contact in the latter condition































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































