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Introduction.

The subject of Pernicious Anaemia is now receiving
renewed attention owing to the great therapeutic advance made in
its treatment, as a result of the Minot and Murphy diet - a
well balanced diet rich in liver.

The scope of the present work is to review the subject of
Pernicious Ansemia with special reference to its treatment by
liver and to discuss the relationship of Pernicious Anaemisa
with the liver.

The cases hereafter described were, with two exceptions,
under tresatment in hospital in the wards of the Royal Infirmary
ot Glasgow and were diagnosed and treated as patients suffering
from Pernicious Ansemia. The remaining two cases were discov-
ered by me while msking observations on the significance of
paraesthesia of the hands and feet as possible early cases of
Sub-acute Combined Sclerosis. Following a psper read by
Hurst, (Hurst, Britieh Medical Journal, p. 676, 1927) I thought
that some nervous diseases were overlooked in their earliest
phases by disregarding sensory disturbances. I concluded that
persistent parasesthesia of hands and feet required further
investigation.

I collected 200 cases where this disturbance of sensation
was complained of either in the hands or feet. the ma jority of
these cases had disturbed sensation of but a temporary nature,
but those remaining were specially investigated by further

examining the nervous system, giving a test meal, and examining



the blood. In this series of cases there were two, which
in my opinion were early subacute combined sclerosis.

The liver has been an object of interest for centuries,
even in the time of the ancients. Galen had decided views
on the function of the liver. He rezarded it as the organ
of "sanguification". Galen saw the liver interposed between
the heart and the gastro-intestinal tract, and intimately
connected with each. Because of its position he inferred

that the function of the liver was to transform chyle into

blood. Galen's theory remained unchallenged until compara-
tively modern times, when Bartholin published his work on the
lymphatics in which he declared that the liver was the bile
producer, Harvey did not relinguish Galen's theory though
he was awgre of the existence of lacteals. He too considered
the liver as the chief organ of sanguitication.

During the Galenical period the liver was regarded as the
seat of the soul. Clifford Allbutt writes that certain
Chinese today believe the liver to be the centre of the circu-
latory system, and that the right radial pulse is an indication
of the action ot the liver, while the heart forms the left
radial pulse.

Modern investigation on liver has confirmed Gelen's
theory. Modern physio}ogy has shown that the larger proport-
ion of aliment, ggt;¥?2§ied upon by the gastro-intestinal

tract, is picked up by the portal veins and carried to the



liver, where it is altered and made suitable for passing into
the general circulation, i.e. it becomes sanguified. To
recount some important sanguification processes we have (:)
absorption and storing of certain fats from the blood, (b)
controlling iron metabolism, (c¢) maintenance of blood sugar
level, (d) converting ammonia into urea, (e¢) certain materials
tormed in the gastro-intestinal tract become detoxicated in
the liver, (:) destruction of certain bacteria absorbed from
the gastro-intestinal tract, and (.) the ingestion of liver
causing a remission in pernicious anaemis.

The beneficial effect following the ingestion of liver
has been appreciated for centuries. Crow's liver is
treasured in China because of the improvement that results
after debilitating conditions. Amongst savage races the
fresh liver forms a staple part of their diet, due to the
belief that it is a blood forming organ. This can be under-
stood by the amount of blood this organ contains and its

richness on ingestion.



ThelAetiOIOgy of Pernicious Anaemia.

The aetiology of pernicious ansemia is very controversal
and since the work of Minot and Murphy, who found the
excellence of liver as a therapeutic agent, new interest in
kthe setiology of pernicious anaemia has been aroused.

1. Age, 8ex, and Geographicsel Distribution of Pernicious

Anaemia.
It has been found that the greatest incidence is between
40 and 60 years. Occasioneglly cases occur under twenty years
of age, but cases reported under this age are rare and have to
be carefully exsmined before being accepted as genuine. In
infants the bone marrow tends to revert to the primitive type
when stimulated and has great powers of regeneration. The
stimulus may be of any kind and causes extra medullary islets
in the bone marrow, while in the peripheral dirculation
embryonic cells are found. Certain cases of aplastic ansemia,
leukaemia, snd infantile purpura 1n“{5;ants would be difficult
to be distinguished from the blood picture of pernicious anaemia.
Paber (1928) reported the occurrence of a very severe
anasemia in two patients age 12% months and 3 months respectively,
who showed a striking clinical and haematological improvement
as a result of giving liver extract. It is of interest that
one of these cases had schlorhydria. This suggests a deficiency
of a specific factor necessary for normal blood formation in
Paber's cases and the therapeutic value of liver as a medium

for the formation of mature red cells.



Cases of pernicious anaemia have occurred over 70 years
of age though it must be remembered that the anaemia of old
age resembles pernicious anasemia superficially. Senile
anaemia is of the aplastic type and is due to lowered physiolog-
ical activity.

Sex Incidence.

Both sexes sre liable to the disease, but in my experience
found that females are more liable. Possibly the puerperal
type of pernicious anaemia may account for the difference in
sex incidence. Authorities very as to which actually prepon-
derates.

cornell (1927)collected the figures from widely separsted
ecountries and found that of a total of 1,726 cases, 819
occurred in males and 907 in females, while Calet (1916) in a
series of 1,157 cases, found that 723 males were affected and
434 females. Gulland and Davidson in examining the sex
incidence in 300 consecutive cases of pernicious anaemis
found 159 in females and 141 in males.

yeographical Distribution.

Northern Americs and Northern Europe are its main locstions
and inhabitants of tropical and sub-tropical countries are
seldom éffected.

Cornell has produced figures which tend to show that in
certain states of North America, there is a relatively high

death rate of cases with pernicious anaemis. The death rates

in Nova Scotia and Alberta are 4.8 and 4.3 per 100,000 of the



population respectively while in Ontario during the years
1922-1924 the death rate was nearly 15 per 100, 000. Cornell
does not advance a reason for the differencee in incidence,
but it is admitted to be exact.

~» Conditions which may have Megaloblastic Anaemia.

It is generally sdmitted that pernicious anaemia constitutes
a pathological and chemical entity but not an etiological one.
A megaloblastic anaemia may be found in mglaria, syphilis,
severe sepsis, cancer, sprue, pregnancy and bothriocephsalus
latus infection. Sprue is the only one of these conditions
where a megalocytic anaemia is present relatively more, while
in the others they are rare. T

In a typical case of pernicious anaemia the haematological
data are charecteristic. These may be conveniently divided

into three sections:-~

A Evidences of abnormal Blood Destruction - the oligo-cy-

thaemia, the sggll m{procytes, the phagocytosis of corpuscles
by the clasmatocytes, the deposits of iron pigment, the abnormsl
features of the bile pigment metabolism, and fragmented ery-
throcytes.

3. Evidences of Abnormal Blood Formation.- the macro-

cytes, and larger microcytes of the circulation, also nucleated
red blood cells and megaloblasts.

S. Evidences of Blood Regeneration.-~ the presence of

immature red blood cells, such as reticulocytes, nucleated

forms, an increased red blood cell count and higher haemoglobin

—

percentage.



Evidence of a disturbed bile-pigment metabolism is shown
by the hyperbilirubinaemia, the increased output of urobilino-
gen and urobilin by the liver, and the increased urobilin from
the kidneys.

Van den Bergh has shown thet the plasma bilirubin in
pernicious anaemia behaves differently from the bilirubin
associated with hepatic obstruction or disease as tested by the
diazo-reaction. The lemon-yellow colour so often preseht
is due to staining of the tissues by this bilirubin. As 8
rule severe anaemia is accompanied by hyperbilirubinsemis,
but it is possible that a severe ansemia may be present without
a marked hyperbilirubinaemia.

The other teatures of pernicious anaemia are achlorhydria,
central nervous system degeneration and the phases of remission
and relapse.

Fe The Constitutional Pactor in Pernicious Anaemis.

The constitutional factor in the production of diseased
conditions is now admitted to be of aetiological importance.
Hurst declares that patients suffering from gastric or duodenal
ulcer have an ulcer disthesis.

Sprue, bothriocephalus letus infection, the anasemia of
pregnancy, prolonged sepsis, syphilis, cancer and malaria may
lead to severe anaemias which resemble pernicious anaemia.

With the exception of sprue it is very exceptional that a
megaloblastic snaemisa is formed, it is usually normoblastic in

type.



It is difficult to account, except by the inherent
factor being in the host, that one person should develop a
megaloblastic anaemis and another a normoblastic type, even
though the type and severity of the underlying process may be
the same. The tendency or diathesis may vary in degree and it
may require only a small stimulus where the diathesis is
marked to produce & megaloblastic anaemisa.

Familisl Incidence of Pernicious Anaemia.

Palmer Howard is said to be the first to note the familial
incidence of pernicious anaemis. Klein in 1891 saw the dis-
ease in three brothers and sisters. Bramwell later described a
family in which seven individuals in two generations had
sutffered from pernicious anaemis. Many other workers have
since notviced its familial incidence. In examining the
history or patients with pernicious anaemia it is a relatively
frequent occurrence in my experience of relatives having died

of "anaemia". Sub-acute combined degeneration of the cord

has been proved t0 have hereditary influgpces.

Familial Incidence of Achlorhydria.

It is universally known that achlorhydria is a constant
finding in pernicious anaemia, and it has been demonstrated
that relatives of patients may have no free hydrochloric acid
in the gastric Jjuice, although there may be no ansemia.

Laelek examined 49 relatives of 20 cases of pernicious
anaemia and found that 26 had complete or nearly complete

achlorhydria.



Wemberg, as quoted by Piney, examined the blood of persons
with familisl achlorhydria and foufid Colour Index over unity,
slizht megalocytosis, and scanty blood platelets. They had
however no anaemia.

Hurst, 1923, has confirmed the presence of achlorhydrias in
blood relatives and calls it the "achlorhydric gastric diathesis".

B. Latus Anaemis.

With the exception of Sprue, the B. iatus has g higher
proportion of cases with megaloblastic anﬁemia than any other
condition. It is recognised that only a smell proportion of
patients bearing this parasite develop the anaemis. Apparently
there is no relationship between the development of the ansemisa
and the type of heléminth.

Schaumann {19204 found evidence to support this view. He
found that there were patients who had suffered from the parasite
many years previously subsequently suffered from pernicious

angemia., Careful exa;;nation revealed that the parasite had
been expelled. He also found that parasite-free relatives of
patients suffering from tape-worm anaemias had a tendency to
develop pernicious anaemia. These relatives had s higher
ing}dence to develop pernicious anaemia though they migrated to \7\
countries where the B. Latus is not found.

Norway and Sweden have a high incidence of pernicious
anaemia)in my opinion due to a constitutional predisposition to
the disease and the frequent presence of B. Iatus as the

exciting cause.



It is alleged that there is a type of patient who developed
pernicious anaemia. Addison (1855) noted that the disease
occurred "chiefly in persons of a somewhat large and bulky
frame". Most of the patients I have seen are of this build,
but it may also occur in small, lean people. Maitland-Jones
as well as other observers have noted the frequency of gray or
white hair. Sheard (1924) noted in his cases that the change
in colour of the hair occurred fifteen years earlier than the
normal. He further noted, as others have, the frequency of
very fine, soft hair. »

Draper (1924) has taken very careful anthropological
measurements in 45 cases of pernicious anaemia. Briefly
summarised, as the result of these cases, he concludes that
there is a particular type of individual who will develop the
 disease and that is a person whose measurements tend to
approach the acromegalies.

There is then, from the above-mentioned facts, a consider-
able mass of evidence to support the contention of the exist-
ence of a constitutional predisposition to the disease, and
that it is an essential factor in its production,

Achlorhydria.

In the literature there is a certain looseness in the
terminology regarding achlorhydris and achylis gastrica. In
both conditions there is an absence of free hydrochloric acid
in the fasting gastric juice or during the process of digestion.
In achlorhydria small smounts of hydrochloric acid and pepsin

may be secreted, but the acid is immediately neutralised by
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alkaline muc&us secreted from the gastric glands. Combined
acid may howéver be present. While in achylia gastrica there
is a complete absence of any .secretion of either acid or pepsin
and therefore an absence of combined acid.

The absence of free hydrochloric acid in the stomach is
of great diagnostic importance in pernicious anaemis. ror
about forty years it has been known of the constant association
of achlorhydria with pernicious anaemis. Faber and Bloch,
Levine and Ladd, Hurst, Paber and Gram have confirmed this
result in their cases. This finding has been constant in
ny series of cases. #lint and renwick, both many yesrs ago,
drew attention to the frequency of an atrophic condition of the
gastric mucous membrane as a post-mortem finding. There is
not genersal agreement with this conclusion as some believe that
the degencration seen is due to post-mortem change.

80 far as critically reported, achlorhydria precedes all
other symptoms of pernicious anaemia. Riley reported twwo
cases in which achlorhydria was present twenty and twenty-five
years respectively before the onset of the disease. Hurst,

v Eaﬂer, Wilkinson, interalié; have reported cases in which

- achlorhydria preceded pernicious ansemia for varying periods.

i Hurst has moreover, shown that achlorhydria with or without the
full picture of pernicious anaemia may exist in several members
of the same family. the familisl incidence o the disease is
well recognised, and in view of these facts it is difficult to
avoid the conclusion that, in the words of Hurst, "achlorhydria

is an essential predisposing cause of the disease".
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The condition of achlorhydria in pernicious anaemia 1is as
permanent and ususlly more permanent than the disease. It
does not alter with remissions, whether natural or as a result
of treatment, and though the blood condition as a result of
treatment may be normal for a long period, achlorhydria will
still be found.

Achlorhydris is frequently present in diseases with no
angemia or if present may be associated with & secondary anaemia.
Prolonged toxaemiss or debilitating conditions reduce the
fundamental activity of the stomach. Advanced carcinoms of the
stomach is the only condition which approaches pernicious
anaemia in the frequency of achlorhydris.

Achlorhydria may follow infective or toxic processes and
is known as the acquired type. Chronic alcoholic gastritis,
cirrhosis of the liver, pyorrhoea, etc., may csuse achlorhydria,
and so 40 gastrectomies.

Hurst reports pf five cases in which pernicious anasemia
followed removal of the stomach. As pointed out by Piney, since’
this operation is usually done for carcinoma, any subsequent
pernicious anaemia would have to be carefully examined to rule
out a secondary deposit of carcinoma in the bone marrow.

There is not however, general agreement on the advent of
pernicious anasemia tollowing gastrectomy, as tnere is ample
published evidence to show that gastrectomy patients are no

more likely to pernicious anaemia than normal people. i

i
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If no pathological cause in the stomach or elsewhere can
be found and especislly if the achlorhydria has been known to
be present since infancy, it is reasonable to assume that absence
of free hydrochloric acid is an inborn error and would be classed
as the constitutional type of achlorhydria. Modern works
attribute this type of achlorhydria to be:. associated with
pernicious anaemis in most cases. In my opinion this finding
greatly supports the view that the constitutional factor is
of great importance in pernicious anaemia.

The following are several of the alleged causes of this
achlorhydria.

Le The Ansemis. This conception arose during the

original discussion of the subject, but it caen be dismissed
because it is known thct the achlorhydria out-dates the ansemia
and persists even during a remission.

Ze The Toxic or Infective Processes which also cause

the other symptoms of the Disease. According to this theory

the achlorhydria is the functional result of a foxic gastritis
following prolonged irritation of toxins. In favour of this
theory is that 20 - 26 of cases have a prodromal debility for
many years previous to the disease. Againgt this view is
that about 7% of patients have always been healthy and that
there have been cases where gastric atrophy has not been found.

Be Constitutional Factors 0f Unknown Nature. This is

the most common view. The theory admits achlorhydria to be of
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constitutional origin not necessarily associated with gastritis.
Hurst and Passey have shown that on post-mortem examination the
gastric mucosa may be perfecE}y normal although achlorhydria
was present. Hurst has fﬁrth;f pointed out that a non-
functioning gastric mucosa is more 1likely to have secondary

in jury than a functioning one, allowing the liability of mechan-
ical irritsastion. ‘he gastric secretion is an excellent anti-
septic defence and its absence sllows infection from bacteria-
laden food and saliva from the unhesal thy mouth. The theory

regards gastric sepsis seems to be from secondary injury and

~ - — -~

invesion, and regards the achlorhydria of pernicious anaemia
t0 be constitutional or even inherited.

The Significance of Achlorhydria.

Lo Pree hydrochloric acid is of great antiseptic value
end is the natural protective barrier to infection from |
poisons and pathogenic organisms. Its absence causes an
altered biochemical reaction of the contents ;p the small bowel,
and allows an enormous growth of micro-organisms. As a result,
therekis infection from above snd below, from above due to the
notoriously septic mouth and below from the ascent of micro-
organisms. The stomach and upper part of the small intestine
contain in pernicious anaemia a bacterial flora simila{~gs in ,)(
the colon. Because the small intestine is known Q;—the site
of maximum absorption and also that the irr{EEPility of organisms‘>

is much greater than in the large bowel and that the factors

necessary for toxin formation exist, it has been argued that



there must be auto-intoxication in these circumstances. The
question of alimentary toxaemia will be gone into subsequently,
but the strongest evidence against auto-intoxication as an
etiological factor is the work of Knott, who demonstrated that
after a remission brought about by the use of liver there was
no appreciable difference in the fauna and flora of the lower
bowel.

e Absence of free hydrochloric acid does not affect
digestion, Apparently healthy people may have achlorhydria
"and be periectly well. Many cases of pernicious anaemia have
at some time gastro-intestinal disturbances, but there is a
proportion who have no disturbance. ihe pancreas takes up a
bigger role in digestion when there is no peptic sctivity.

O The work of Castle has increased the importance of
achlorhydria. His work tends to show that the achlorhydria is
associsted with some constitutionsal secxetory deficiency of an
enzyme whose action is necessary for the elaboration from pro-
tein of the specific factor needed for normal blood formation.
The importance of Castle's work and its exact significance will
be discussed further with reference to the nature of the anti-
ensemic principle.

Hypotheses regarding the Aetiology of Pernicious Anaemia.,

For the past forty years two hypotheses have been held
regarding the setiology of pernicious anaemis. The haemopoietic
system is the one principally affected in pernicious ansemis, Y
but it is to be remembered that the frequent involvement of the

gastro-intestinal and nervous systems and the phases of remission.
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and relapse, that any theory propounded must include these

changes.

"1. Bone Marrow Theory.

Pepper and Cohnheim, and later Ehrlich, satisfied them-
selves that the bone marrow was the primary pathological site
of the disease which had reverted to an embryonic type, thus
producing abnormal cells. They did not believe haemolysis as -._
of great importance since the ceg}s of the reticulo-endothelisal
system, acting as phagocytes, caused this effect on the abnormal
circulating cells. They did not satisfactorily explain why
there occurred a megaloblastic degeneration of the bone marrow.
Some believéd it to be s developmental error while others
explained the bone marrow changes to be the result of a toxin.
This toxin was unknown and hypothetical and not proved.

Cohmheim demonstrated the fact which lies at the proper
understanding of the disease, thst the4more active the bone
marrow in respect of its blood-meking function, the worse is
the anaemia. An active bone marrow in other anaemias is
associated with improvement in the anaemis. Marked activity
of the bone marrow in pernicious anasemia is accompanied with
relapse and increased anaemia. The bone marrow during the
last and fatal relapse is scen at the height of its blood forming;
activity. this behaviour of the bone marrow is highly distinct-;i
ive of pernicious anaemia. There are two possible explanations |

to account tror the anasemia with an active bone marrow:-
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() The red cells formed in the bone marrow are
destroyed on liberation to the blood stream, or

(b) These cells are never liberated.

The anaemia according to the evidence is apparently
maintasined in both these ways. A powerful haemolytic element
has been long\liberated in pernicious anaemia and there has
been a tendencfffo regard haemolysis as the sole cause. 1t
is now held that the haemolysis is largely responsible for the

anaemia.

e Hunter's ‘theory.

Hunter's views represent the English 8chool and they held
thatv the primary site or the disease to be in the gastro-
intestinal tract. A haemolytic toxin was thought to be
absorbed from this tract and caused great blood destruction in
the portal circulation. The bone-marrow changes were
thought to be of a secondary compensatory nature. Hunter did
not define the nature and origin of the haemolytic agent. He
demonstrated by graikmetric analysis that the liver in pernicious
anaemia contains more iron than the liver in other anaemias.

The Continental School, as represented by Cohnheim and
Ehrlich paid little attention to siderosis and thought it due
to iron medication. In the same way as Ehrlich held up the
megaloblast as a specific finding, so did Hunter hold up
hepatic siderosis. Hunter concluded from his results that the
deposit of irog% bearing pigment in the liver, was the result

of abnormel blood destruction in the portal circulation.
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It is of interest that McMaster, Rous and Larimore (1922)
concluded from their experimental work that liver siderosis
does not indicate any specific bodily site for blood destruct-
ion.

Hunter believed that a toxin produced from within the
lumen of the gastro-intestinal tract, was being sbsorbed into
the portal blood and there caused an intense destruction of
blood corpuscles, the treed pigment from which was deposited
in the liver. Hunter's hypothesis is important from the
point of view that it was the first to explain the anaemia by
extensive blood destruction. Hunter's theory is not accepted
because; -

(=) There is no evidence of intravascular haemolysis
in pernicious anaemisa.

(p) No specific haemolytic agent has been found.

(c) The recent work of McMaster, Rous and Larimore,
(1922) indicates that there is an increased iron content in the
liver, kidneys and spleen in other blood conditions, and that
the site of haemolysis mey be elsewhere than the liver, also
that the haemolysis may be the result of intravascular or
intra-cellular blood destruction. |

(d) It is known that haemolytic extracts can be obtained
from the dead body of the B. Latus. Supporters of the theory
0t portal haemolysis have noted the association of this
heleminth with pernicious anaemia and concluded that there

mist be a haemolysin in pernicious anaemis. Though a haemoly-



tic substance may be extracted from the parasite, there is no

proof that it is absorbed. Further, it is known that only a

small percentiage of people who harbour the parasite develop a
megaloblastic anaemis.

(e) Richter, Warthen and Isaac (1928) individually
treated with liver extract several cases of pernicious anaemia |
resulting from B. Latus, with very satisfactory results.
The anthelmintics were not given till the anaemia was in a
marked state of remission. Liver or its extract not having |
any antihaemolytic or antiparasitic action is further proof !
that the anasemia could not be from any hasesmolysin from the %
parasite.

(1) When haemolyﬁie agents such as haemolytic sera,
B. Welchii toxin, etc. are injected into animals, an anaemis

resembling pernicious anaemia is formed. the other points

found in pernicious anasemia are not found such as degeneration
of the centfal nervous system, leucopenia, and the phases of
remission and relapse. A macrocytic, haemolytic anaemia is
really formed gs a result of these experiments.

(.)  All agree|lto the presence of marked phagocytosis of
red blood cells in pernicious anaemia by the cells in the re-
ticulo-endothelial system and the disturbed state of the bile-
prigment metabolism. |

Peabody and Brown made a compsrative study of the vertebral;

bone marrow in pernicious anaemia and in other diseases as

well as in normal people killed as a result of accident, with
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special reference to the phagocytosis of the red bdlood cor-
puscles by the reticulo-endothelial cells. They found that
in pernicious anaemia the bone-marrow wasyhighly phagocytic

as to suggest this process of blood destruction to be a factor
in the production of hyperbilirubinaemia. In the disesase
known as familial acholuric jaundice, where there is marked
bone marrow activity, reticulocytes, possibly up to 25% of the
total red cells, may be present in the peripheral circulation
for long periods without increasing the total blood count.

These reticulocytes are slightly immature red cells gnd normallyg

constitute 1% of the circulating cells. If the red cell
count remains stationary and the reticulocytes have this high
percentage, it is obvious that the proportion of red cells re-
presented by the reticulocytes must be dsaily destroyed. %
Nevertheless, the degree of siderosis in familial acholuric
Jaundice is very small in comparison to pernicious anaemia.

The reason is that as soon as the iron is stored in the liver
it is withdrawn for use in the hyperblastic bone marrow.

(h)  The increased stercobilin content of the faeces in
cases of pernicious anaemias is generally held to be definite
evidence of the importance of haemolysis in pernicious anaemisa.
The conclusions of Whipple (1922) are different from this
evidence. Their @ﬁeory is that in-pernicious ansemia there {f,

sy

is g deficient or abnormal blood production and not increased

blood destruction. Whipple's conception of pernicious anaemia
is that there is a scarcity of stroms building material or a

disease of the stroméﬁforming cells of the marrow which limits
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the output of red cell framework. There is also, according
to whipple, an excess of pigment material as proven by the
high colour index. He adds that when a high colour indeéx
is met some deficiency in stroma construction should be sus-
pected. whipple's observations strengthen the view now
commonly held that in pernicious ansemia there is asbnormsl and
deficient blood formation and that haemolysis is of secondary
importance.

In conclusion the hypothesis that pernicious anaemia is
a result of portal haemolysis cannot be accepted from the
above evidence, and that meéaloblastic degeneration of the
bone marrow is the chief cause and precedes the haemolysis.

Haemolytic Theory of Pernicious Anaemis.

UntilArecently the conception was held that pernicious
angemia was caused by a blood-destroying agent absorbed from
the gastro-intestinal tract. The chief reason for hypothe-
sizing s toxin was that in Bothriocephalus Anaemia the cause
waé supposed to be the autolytic products of the worm being
absorbed by the intestine. the fact that no true haemolytic
products have been found absorbable from the intestine does
not prove logical reasoning. the "Haemolytic theory" was
conceived and'the toxin, however produced, acted on the
erythrocytes which were then removed from the circulation by
the reticulo-endothelial system. NOo definite proof of a
toxin exists and there is no haemolys%s gf a ga@}enp's serum in
vitro. It was however supposed that the toxin was immediately
absorbed to the erythrocytes which were then removed by the

reticulo-endothelial cells.

X
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Any toxin to be considered must produce:-
(.) Megaloblastic marrow reaction.
(o) Typical blood picture.

(c¢) Degeneration of the nervous system without
increased neuroglial tissue.

() Phenomens of remissions and relspse.

Should a toxin be hypothesized, then because of the N
constant clinical and pathological picture in pernicious
anaemia, there should be a uniform toxin - Subacute degenera-

L

tion of the cord temporary without anaemis suggests plurality

of toxins. The difference between "haemolytic" énd neuro-
toxic" cases might then be accounted for by difference in the
strength of the toxin. 10 cause remissions the toxin would
~have to possess immunological properties OEL?roduced by a :X{
fluctuant mechanism. No such toxin has been shown to be ;
specitically active within the body.

(2) Gastro-Intestinsl Toxsemis.

Hunter's work on pernicious anaemia did not prove that
alimentary toxaemia was the cause, yet he strongly supported
this cause. He noticed the symptoms associated with the
alimentary canal and having demonstrated that there was a
higher percentage of iron pigment in the liver than in other
anaemias he assumed that haemolysis took place in the portal
system. Intestinal "auto-intoxication™ being accepted by
many as the cause of many diseased conditions including /0

pernicious anaemis also because of the gastro-intestinal

Symptoms.
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Alvarez did a great amount of work in support of intestinal
intoxication. The fact that there are many poisons within the
lumen of the bowel and little knowledge as to their individual
‘absorbability by the mucosa is a great objection to this theory.
The foxin suspected would have to be demonstrated to get in the
circulation in a harmful condition or that there was increased
absorption by the mucosa in pernicious ansemia.

Koessler as the result of his experiments, claims that
there is in pernicious anaemia an increased absorption, but it

has not been contirmed.

Iwao reported that tyramine, formed from tyrogine by B‘.
Coli, when injected into the guinea pig causes a "pernicious"

type of ansemia. The B. Coli is normally present in the bowel,

it appeared that this work would support the theory of iﬁtestinal§
intoxication. Koessler and Harris failed to Gonfirm this a
result.

Abnormsl states of the gastro-intestinal tract have been
Buspected, especislly chronic intestinal stenosis.. Seyderhelm
produced a "macrocytic " ansemis in dogs by stenosing the small
intestine near the ileo-caecal valve. He noticed the encroach-
menf of colonic flora on the ileum in these dogs and in perniciou#
anaemisa. The muscoa of the tract has also been under snspécion#é

Cornell while experimenting with B. Welchiykn dogs by
attempting to implant the organism in the bowel, caused a

temporary ansemia with typical anisocytosis and also diarrhoea.
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zNo toxins heve been proved to cause the typical

ichanges as in pernicious anaemisa.

(b) The Intestinal rlora.

‘Nearly every organism thaet inhabits the lumen of
the intestine canal has been suspected of causing the
disease. The B. Welchii, B. Coli end the Strepto-
cocci have each in turn been credited as the specific
agent. No organism has been found specific.

(i)  The B. Welchii Teory.

This anserobic organism was first identified by
%Welghii,to produce gas in the tissues during post-
émortéﬁ examination. Hertz in 1906 suggested a
Epossible connection between this organism and pernicig
anaemia. He showed that the mumbers of B. Welchii
in the faeces of patients with pernicious anaemig‘
were greatly increased as compared with the normal
and other diseased conditions.

Kahh and Torrey, Moench, Nye and others cdnfimmed
this result. the strains of B, Welchii were not
any difterent EEEE_in healthy people qualitatively
and slong with B. Coli and Streptococci are greatly
increased in numbers. TEE demonstrated that B.
Welchii is found at higher levels in the small intes-
tine normally bacteria free, and that experimental
evidence proves it to be haemolytic and to form an
exotoxin. 10 prove that an organism is the causal

agent in a disease, it must be present in every

case and have some specific action or in every

us
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case be present in excessive numbers or in abnormal situstions.
The fact that in a small percentage of cases the B. Welchu occurs
mumerically as in normal people is against this organism being
the causal agent. Experimental evidence on animals by paren-
-teral and enteral methods produce & marked anasemia which is
secon&éary in type, but sometimes resembles pernicious ansemisa,
and the other features of pernicious anaemia, viz. the charact-
eristic degeneration of the central nervous system, the achlor-
hydria, the phenamena of remission and relapse are asbsent. |
Achldrhydria is a constant feature in pernicious anaemia and it
is postulated by Nye and others that the slkaline condition of
the proximal ileum csuses this part of the intestine to be

colonic in organisms. The absence of acid allows pathogenic

organisms from the mouth, nose, throat, and small intestine to
multiply in the stomach. As the increase in organisms is
secondary to the achlorhydria it cannot be claimed to be an
etiological factor. The t oxin has never been shown capable of
absorption from the intestine and neither the toxin nor the
serum be found agglutinative nor found it capable of complement
— =
fixation. The Welchii Antitoxin has been repeatedly admlnistered
to patients without v1sih1e beneflt.

Knott has demonstrated that after a remission has been
successfully brought about by the use of liver, there is no
apprecisble alteration in the flora and fauna of the lower
bowel. This, in my opinion, is the strongest evidence that |
the bacteria and tlora of the bowel have no causal relationship |

of pernicious anaemia.



There has been done a great deal of work in America
investigating the Welcﬁ%jbacillus, and the chief result found ,
was that in rabbits, mogkeys and pigeons, a profound ansemisa '%W
resembling the pernicious type. It has not been proved that
this anaemisa bears any relastionship t0 man. In France this
theory still exerts a little influence in treatment. This
is due to the work of Weinberg, who recently demonstrated that
liver extrsct has & neutralizing effect upon Welchp toxin in
vitro and alsc that liver extract given per rectum is efficient
in producing a remission in pernicious ansemia. Because of
these facts ?Egy claim that pernicious anaemia is due to the i
toxins from BT/Welchu; In my opinion, Weinberg's work shows
that liver extract neutralizes Welchu toxin and that liver can

be successfully administered by the bowel.

(i1)  The Streptococcus Theory.

William Hunter as the result of his work on the analysis

of iron in the liver concluded that the siderosis was the
result of blood destruction in the portal circulation. He
attributed the haemolytic agent to a streptococcus which he
discovered in the glossitic lesions in pernicious anaemia.
Hunter claimed to have isolated this organism in a virulent %
é state in pure culture. He attributed fhis organism as the

‘ cause of septic conditions seen to accompany oOr precede the
ansemia. He did not, as some believe, claim that this was the
Cause of the anaemia. Hsemolytic streptococci have been fdund
in the gall bladder in cases of cholecystitis associated with

pernicious anaemia. The search for a haemolytic agent has been ;
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continuous since Hunter's treatise appeared. In 1927 Knott
declared that specific strains of haemolytic organisms were

of great aetiolozical importance. He found as did Hunter,

large numbers of living streptococcus longus in the stomach

contents of patients, and also igg{easeé in the saliva.

e

Moench, Kahn and Torrey and others have shown however that

haemolytic streptococci are rarely found in the faeces. Hurst |

is the leading exponent of the streptococcus theory as the
cause of the disease. He first demonstrated that achlor-
hydria was constant in subacute combined degeneration as in
pernicious anaemia. Hurst made cultures of the duodenal
contents in his cases and found the strept. longus constantly.

He viewed this organism, decomposed the unaltered protein :><
c-//" e

absorbed casused the disease. Because this organism has not

been found capable of forming these bodies nor capasble of being !

gbsorbed by the intestine, this theory cannot hold. Experi-
mentally the Strept. longus has been found capable of producing
a pernicious type of anaemia, but this is neither constant nor
fg;m the ﬁther symptoms of pernicious anaemia.

(1ii) The B. Coli Theory.

Adami in 1900 suggested that there was &n pernicious
anaemia a subinfection by haemolytic colon bacilli from the
intestine. It was suppoéed that these strains of B. Coli
invaded the bowel wall, and liberated haemolytic and neurotoxic
endotoxins. MMoench, Kshn and Torrey noted high counts ot

Bi Coli in the stools of pernicious anaemia patients, and 80

|
i




did Seyderhelm, Faber and Grassmann. Lowenberg found that a
culture of the duodenal contents showed B. Coli present in 85%
cases and only 35% in uncomplicated achlorhydria. Nyfeldt
experimentally produced in rabbits an anaemis and histological
lesions resembling pernicious ansemis in sevem out of sixteen
cases, wWhile the remaining nine developed a simple anaemis as
g result of B. Coli injections. For reasons explained with
B. Welchﬁ and Streptococci the Coliform organism can be

dismissed as an setiological agent.

(b) Recent Views as to the Nature of the Disease.

Cohnheim's and Hunter's theories of pernicious ansemia
held up to sbout four year's ago, when as a result of the
successful treatment of the ansemia by liver or its extract,
%;Atook a subsidiary place. Influenced chiefly by the results
of experiments on dogs by Whipple and R. Robbins, (1920), who
found that certain glandular organs such as liver and kidneys
had a remarkable regenerative effest on red blood corpuscles
and hasemoglobin, iinot and Murphy in 1923 decided to apply
this knowledge on patients with anaemia. It should be
pointed out that the animals experimented upon were suifering
from a severe haemorrhagéc snaemia. Minot and imrphy gave
a well balanced diet rich in liver to patients with pernicious
ansemisg, They found that within a week an improvement of the
blood picture and which continuéd, if the treatment was per-

e

8isted in, so that the patient was able to leave hospital in

8004 health in a matter of weeks. Similar results were




obtained on feeding with kidneys and certain other structures.
Peabody (1927) as a result of tibial punctures in living
patients found during the period of relapse the bone marrow to
be crowded with megaloblasts, while during the period of
remission following liver therapy, there was a return to
normal of the histological appesasrance. the remission was
ushered in by the appearance of a large number of immasture
red blood corpuscles known as reticulocytes. Zeabody's
observations on the alterations in the marrow correlates the
appearance of the blood during remission and relapse. As a
result of this work, the mammalian liver conteins an unknown
substance necessary for normal formation and maturation of
blood and Eggt its absence or dimimution leads to the abnormal
formation of cells found in pernicious anaemia.

Certain resemblanées between pernicious ansemia with
sprue, pellagra, and beri-beri suggest that pernicious anaemia
may be & deficiency diseass. Minot and Maurphy found in their
series of cases that many of their patients had been taking
abnormal diets, with notable deficiency, in many cases, of red
meats and an excess of fats.  ‘this latter fact did not appéar
in the history of my series of cases nor in the literature in
this country. -

McCollum suggested tﬁat the;beneficial effects of liver
therapy in pernicious anaemis depended on Vitamin E. which
liver is known to contain. Cohn and West independently
produced by a method of chemical fractioning a liver extract,

which is believed to be a polypeptide om & nitrogenous base,




and certainly does not contain vitamin E.

There is the view that pernicious anaemias is due to a
failure of manufacture of an internal secretion in the liver
and thus resembles myxoedema oOr disbetes mellitus. In this
case the specific factor would be known as a blood hormone.
There are points of resemblance between the action of the
efrective liver principle in pernicious ansemia and that of
insulin in diasbetes mellitus.

The fact that the effective principle is found in the
kidney as well as in the liver could not easily be explained.
It is known that the liver has many functiouns and contains the
principle effective in causing new formation of red cells and
that the kidney an entirely unrelated organ should contsin this
entianaemic principle seems inexplicable.

Recent work throws some light on this problem and on the
nature of this principle. It is now assumed by many that
achlorhydria is at the root of pernicious anaemia. The
constancy of achlorhydria in pernicious ansemia might have
been regarded as either in the nature of cause or effect, but
for the fact that records exist of many cases where the achlor-
hydria was present for years before the anaemia began. Also
there have been cases of gastrectomy as a result of which the
hydrochloric secreting portion was removed. An anaemia of
the pernicious type followed. From this one may conclude
that the achlorhydria is an aetiological agent in pernicious

anasemia.
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Formerliy many held the view that achlorhydria allowed the
development of abnormal fauna and‘ flora in the bowel which
caused an alimentary toxaemisa. This hypothetical toxaemia was
held to cause the abnormal anaemia, It was not until lately
that another aspect was considered, that achlorhydria caused
s disturbance of protein metabolism and that this abnormal
protein metabolism was responsible for the blood condition.
Working on this basis, W.B.: Castle.experimented on beef muscle
which was sub jected to normel gastric digestion. It was found
that digested beef muscle developed an antiesnaemic principle
which was not previously present. The fact that liver and the
products of beef subjected to gastric digestion are identical
in the nature of their actions permits one to postuiate there
being identical. Its presence in the kidneys is probablj(E;;
to retemption of the principle in small quantities.

Castle's work has not been entirely verified but present
evidence appears favourasble in this direction. The hypothesis
is that hyérochloric acid in the stomach produces in the course
of protein digestion some substance which is then stored in
the liver and regulates the proper formation of blood. Its
absence causes the absence of this substance which does not
permit the red blood cells to mature. These immature red
cells reach the peripheral circulation unchanged ang then
destroyed by the reticulo-endothelial system. This hypothesis
plausibly explains the features of pernicious anaemia char-

acter of the bone marrow, the haemolysis and the anaemia.
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() Bffect of Liver Therapy in Pernicious Anaemie.

Minot and Murphy in 1926 reported on a series of cases of
pernicious anaemia treated by a "special diet" which was a well
bslanced diet rich in liver. This diet was 120-240 gm. of
cooked calf or beef liver; 120 gm. of red meat; about 300 gm.
of vegetables; 250-500 gm. of fruit; 40 gm. of fat; an egg,
240 gm. of milk, dry bread, potatoes and cereals, in all a diet
of 2,000 - 3,000 cslories daily. They gave as the chief
reason for the choice of diet the experimental work of Whipple
and Robscheit-Robbins on the influence of blood regeneration.
These workers found ample evidence of the importance of a full

protein diet in the regeneration of blood in the secondary

anaemia produced by hasemorrhage. They also clearly demonstrsated

that the addition of iron materially ascists blood regeneration.,
Minot and Murphy further stated that in their patients with
pernicious anaemia they obtained the history of habitually
eating excess of fat. They reported the results of this diet
in 45 cases. Four out of this series died because they were 80
ill a® not able to take liver. There were several who were
unable to take the full diet at the beginning so that liver
alone was given. All the patients improved under treatment
remarkably. They observed a marked increase in the number of
reticulated red cells after one week's treatment and noted that
the percentage of reticulocytes come to normal by the end of the
second week. Following this initial period the red cell count
and haemoglobin percentage gradusally improved and from four to

8ix months tregstment there had in most cases a normal blood

picture. ’/:;
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The rate of improvement was greatest in those
wno had a low blood count. There were three
patients in the series who relapsed becsuse they
had not taken their diet satisfactorily, who, on
returning to the proper diet improved. To remain
well the patients had to keep up their diet.

Minot and Murphy pointed out that in pernicious
angemia there occurs a natursl remission accompanied
by an increase of reticulocytes in the blood, and
that an artificdal remission can be produced regu-
larly in a case Within one week of treatment. They
also showed that the remissions following liver
therapy was greater and more snstaiiigg than the
natural one. 7

The next advance in treatment was by Cohn and
others who prepared a liver fraction and produced
excellent results on patients.

In 1927 Minot and Murphy reported on further
cases, bringing the total mumber of cases treated
by them up to 1056. Three of the cases had died
but none were from failure of treatment. A
very full comprehensive paper was given by them in
which was noted the improvement in the anaemia, and
those symptoms associated with the gastro-intestinal

tract and some nervous symptoms.
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Since these cases have been reported by MeulenQ
gracht, Davidson, McCrie and Gulland;, East,
Brewer, Wells and rraser. the ma jority of their
cases confirm the results of Minot and iurphy and
those cases that failed can be explained by inter-

current disease, splastic condition of the bone-

marrow and inadequate dosage.

The Medical Research Council published a reporﬁ
on 34 ¢ases treated with liver extract and all but
two were found to result satisfactorily. The
astonishing results as a result of liver therapy
are s0 constant that s failure has to be examined
carefully for other conqitions simulating perniciousg
anaemia. There have been cases reported as per-
nicious ansemia which failed with liver therapy
that later were found to be malignant condition of
the stomach. Arso cases of aplastic anaemia may
simulate the pernicious type. ‘'he remisgsion as
shown by reticulocytes in the blood is so definite
and coustant that liver therapy is specific in
pernicious anaemia and any case which does not
respond is a doubtful one. In no other condition
is the'reticulocyte response to liver so high as in
pernicious anaemisa.

Prophylaxis of Pernicious Anaemia.

It has been established that there is a

familial incidence and constitutional tendency in




pernicious anaemis. Observers have noted that
children of parents with pernicious anaemia have s
relative tendency to achlorhydria which is known to
precede this anaemia; Those children who have
normally functioning stomachs are not likely to
develop pernicious ansasemia. Achlorhydria being a
known setiological agent in pernicious anaemia has
been administered by some with a view of prophylaxis.
Continued administration of hydrochloric acid'by
mouth has not lessened the arrival of the anaemia
nor even does it influence the acidity of the
stomach as shown by test mesl. An interesting
point is that even when liver therapy is given to a-
case and the blood condition becomes normal, free
hydrochloric acid does not return in the stomach.
Nor does the administration of free hydrochlorié
acid with liver make any difference ?o gastric
acidity. All cases of achlorhydria, where no
organic disease has been found, should be kept under
observation and if megaloblasts appear in the blood,
~ to administer liver treatment. Nervous signs such
as persistent paraesthesia may indicate early sub-
acute combined sclerosis. this condition often
precedes pernicious ansemia and the two diseases, Or
properly symptoms of the same disease, are commonly
associated. Both achlorhydria and early megalo-

blastic change have to be carefully watched and




liver treatment given early. I was fortunate to
have in my cases two patients with persistent é
paraesthesia. 1hey were kept under observation |
and the appearance of megaloblasts prompted administ#a-
tion of liver extract which ceused an improvement of'
the paraesthesia and a return of normal blood picturé.
In cases of pernicious ansemia it is advisable %
that all septic foci whether in the teeth, upper |
respiratory passages or elsewhere should be removed.
fhere is on record patients who did not respond so
well on liver treatment improved when their septic
foci were removed. I saw one patient with per-
nicious anaemis, who, on removal of septic teeth,
made a remarkable improvement with liver, who

prior to this therapy did not make much headway.

Effect of Liver Therapy on Sub-acute Combined

Beclerosis.

Pernicious ansemis is a disease in which the
nervous system mey become affected. Woltman (1919)
reported that in his series of 150 cases roughly
80% cases had nervous symptoms, the majority of
which had mild paraesthesias. Henneberg and lMeulen-
gracht individually corroborated this finding.
Sub-acute combined sclerosis has received greater

attention since the introduction of liver therapy.
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There have been many reports that liver
therapy leads to marked improvement in symptoms, §
but generally speaking, the results of investigators%
have been conflicting. |

It has been established that sub-acute com-
bined sclerosis may precede haematopoietic changes.

Collier, reviewing the literature, states thsat no

case under observation for pernicious ansemis, has

been known to develop signs and symptoms of sub-
acute combined sclerosis. This observation, how-
ever, is not consistent with the results of other
| workers in this country and also in America, where
E cases of subacute combined, degenerstion héve been
é known to occur during excellent remissions following
% liver therapy.
Minot and murphy, Cornell, etc. have reported
% that following liver therapy there is a distinct
é improvement in the blopd picture, with little or no
§ change in the nervous symptoms.
Cohn (1928) found there was increased neuro-
logicel symptoms after the iinot and imrphy diet
" ‘though there resulted an improved blood condition.
Sturgis, Isascs and Smith found that the improvement
in the signs and symptoms of sub-acute combined
sclerosis did not run parsllel with the blood condi-

tion.




Ungley and Suzmsan reported & series of cases
showing ansemia and marked nervous lesions in which
liver treatment was successful in bringing sbout
great improvement.

Wilkinson and Brockbank are of the opinion that
once the deep reflexes have become affected, there
is very little improvement in the nervous symptoms
though the blood picture may be kept normal.

Brewer however states that where advanced
nervous conditions are found, very little improvemenﬁ
can be looked tor until the red blood cell count is |
about four millions per crm. | ‘

An understanding of the underlying pathologicalé
process accounts for the divergenee of reporvs by
Observers.

the pathological process passes through a serieg

of changes at first scarcely perceptible and causes

a complete degeneration of neurons and axis-cylind- |

ers, which is later replaced by sclerotic changes. ;

! Nerve cells and nerve fibres once destroyed cannot

. be replaced and cannot be regenerated with any form

of treatment. If the deep reflexes are lost be-

cause of neuron destruction it must be permanent.
There are cases in which the reflexes have returned
but this is due to temporary disorganisation in the
conducting mechanism of the nerve fibres. |

The Babinski response may be obtained in N
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uraemia Or epilepsy in the active phase and re-
turns to normal response when the condition sub-
sides. A toxic process could cause temporary
changes which simulate organic disease.

In the majority of cases when first seen only .
mild paraesthesias are found which tend to improve
with theraby only to return with inadequate treat-
ment.

In cases where the nervous lesions are more
advanced the response of the resultant treatment

to liver therspy varies, depending as to whether %

there has been gross destruction of the nerve cells
or temporary disorganisation. The majority of |
advanced cases have had permanent damage to the
cells.

The majority of cases with subacute combined
degeneration the neurological changes occur earlier
than the blood condition. The hypothesis that the
enaemia is the primary cause of the nervous system |
changes can be dismissed for the above reason and é

also because the majority of patients with perniciou

angemis seldom develop neurological conditions.

S

It is possible to assume that the anaemia may devita--

lise the nerve cells and thus make conditions worse.
The constitutional factor, in my opinion, is

a predisposing cause of the involvement of the
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nervous sSystem in pernicious anaemia, because of ;
its presence in only 5% of cases, occurring frequent+
ly before the ansemia snd also because it may be
absent though the blood count is very low.

The intimate mechanism of the action of
liver in this condition is unknown since the path-
ogenesis of pernicious anaemia is not known defin-
itely.

While it is admitted that in liver there is s
specific factor necessary for normal blood forma-
tion and that there is & deficiency of this factor
in pernicious anaemia that accounts for the megalo-
blastic condition in the bone marrow, it is diffi-
cult to assume that the liver has & substance that
keeps the nervous system normal. One would expect
that should be a condition of the central nervous
system in cases of advanced pernicious anasemia.
Further it is known that cases of subacute combined
degeneration may occur during a state of sustained
remission of the anaemis following liver therapy.

A further view is that a hypothetical toxin
causes the changes in the central nervous system.
It is nov nedessary to postulate two toxins (a
hasemotoxin and neurotoxin) for a single toxin may
affect the nervous or blood system or both should
there be a predisposing constitutional weakness.
The differences in reaction would depend to a great

exterdt on the degree of constitutional weakness and
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the blood system would be more affected in the
majority of cases for this reason.

The liver diet can claim to arrest the pro-
gressive processes in subacute combined degeneration
in the majority of cases. There can be no improve-
ment in cases of advenced lesions of central nervous
system though the anaemia ususglly does. The exact

——

pathogenesis of the cord lesions remains unsettled.
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e A Review of the Status of the Liver.

(2) Nature of Substance acting beneficislly in

It has not as yet been possible to ascertain the
. nature of the active liver substance either by ex-
perimental or biological methods, so that any dis-

cussion on its nature must be speculative.

This especially refers to the discussion on the

nature of the active principle as to whether it is a,
vitamin or an unknown hormone. This is the view |
expressed by Seyderhelm and Opitz (1928) with which ?
one agrees. 2

Originally as much as 400-500 gms. of fresh |
liver together with a well balanced diet was given
daily to patients with pernicious anaemia till a
normal blood-count was reached. Many patients
could not agree, because of the taste of liver, to
carry out the treatment. An effective extract of
liver containing the active principle was produced
mainly on the work of Cohn working in Minot's lsb-
oratories. Cohn was able to concentrate one half
pound of liver into .6 gm. of the effected principle,
It has not been possible as yet to k;;;f;hat is the
character of the effective principle. It is known
to be soluble in water and insoluble in ether and

alcohol. It is neither a protein, fat nor carbo-

hydrate and there is no iron nor phosphorus in it.




Cohn declares it to be a nitrogenous base or poly-
peptide. His work was confined only to the liver
and because the kidney has a similar, though not 80|
powerful effect as liver, that organ must also have;
the effective principle. Up till recently it was
difficult to understand why the kidney, sn organ
unrelated with the production of any blood con-
stituent, should contain an antisnaemic factor.
The liver is intimately related throughout foetal
and adult life with the blood.

At the present time great attention is psid
to achlorhydria which is now accepted as an setio-
logical factor in pernicious ansemia. It is now
agreed that achlorhydria is constantly present and
precedes the blood condition in pernicious anaemis,
also there have been cases where the anaemia has
followed partial gastrectomy. As Piney hes
pointed out gastrectomy is often performed for
carcinoma of the stomsch which is acsociated with
achlorhydria and if a secondary deposit was present
in the bone marrow, it could produce a blood picturs
resembling pernicious anaemia, though the actual
condition present would be an aplsstic anaemia.

I submit these facts strongly point to achlor-
hydria being an setiological agent in pernicious
anaemia. Even the use of powerful gastric stimu-

lants fail in producing a secretion.
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Following the work of Castle there has resulted
the theory that achlorhydrie interferes with pro-
tein metabolism and that the abnormel products
formed are responsible for the anasemis. Previous=-
ly achlorhydria was held to permit the growth of
abnormal flor and fauna in the alimentary canal
which caused’an alimentary toxaemia. This hypo-
thetical toxin was alleged to cause pernicious
anaemia. Castle fed patients suffering from
Addison's ansemia with beef that had been predi-
gested in a normal stomach, Oor with normal gastric
juice in vitro, and obtained reticulocyte responses
and increased red blood cell counts similar to
tnose producédAwith liver. When beef which was
given alone, or predigested with hydrochloric acid
and commercial pepsin, or incubated with 150 gms.
of mucous membrane of hog's stomach, there was no
improvement. Wilkinson (19309 however, in his
series of cases found that the mucous membrane of
the hog's stomach was active in pernicious ansemis.
In addition he found that the muscular layer of the
hog's stomach, and desiccated preparations of the
mucous membrane snd musculer layer were successful

in the treatment of the anaemias, proving as potent

as liver. Sturgis, Isaacs and Sharp (1929) success+

fully treated three cases of pernicious anaemia with

desiccated whole stomach. We have in our wards

been equally successful with desiccated whole
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stomach in two cases when ventriculin was sdminist-
ered.

We are at present aware that thé action of
liver, kidney, the products of gastric digestion

—

of beef muscle and the hog's stomach wall ?ff}the
same, and though there is no direct evidence, one
may assume that the antianaemic principle in each
is similar. Apparently this substance is formed
in the stomach as & result of the digestion of pro-
tein and then stored in the liver, the latter being
recognised as an organ which stores and regulstes
the products of digestion. The antianaemic princi-
ple present in the hog's stomach wall does not
necessarily indicate that it is poured out from the
stomach wall during the disestion of protein. The

explanation would be that the action of the liver,

kidney and stomach wall in pernicious anaemia was

H ‘ ¥
llf,.,‘,f 4 T e

anal ogous toﬁfhe pancreas in diabetes mellitus.
It is acknowledged that insulin is found in various
organs of the body in minute qQuantities, though the
pancreas is the chief organ.?

The probable process of events is as follows,
In pernicious anaemia the substance formed as s
result of protein digestion for the proper formaticn
to maturity of red cells is absent. ‘the Eigﬁggg.
hyizig,causing sbnormal protein metabolism and the

effective principle formed normally during protein

digestion is absent. 'he immature cells produced

—
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in the bone marrow pass into the peripheral circu-
lation unchanged and sre then destroyed by the
chasmatocytes of the reticulo-endothelisl system,
and this would account for the evidence of haemolysis.
The role taken by the liver would be to store and
regulate this effective substance and this reason
would account for the large amount of the principle
found in this organ.

Discussion on the Action of the Liver in pernicious

angemia.
There are at least three views on the action
of the liver in permicious anasemia:-
(2) That the liver produces a hormone which
permits and promotes the maturation of the red cellsq
(b) That the liver acts by producing a
vitamine. | ‘

(¢c) That the liver acts by detoxicating the
contents of the alimentary canal.

The effective principle known to be present
in the liver being as yet not isolated and an un-
known factor, causes a discussion on its nsture to
be hypothetical and allows ornly evidence pointing to
its likelihood.

Minot and Murphy when they introduced their

liver diet reported that the resemblance of certain

symptoms and signs of pernicious snaemia with

Pellagra, beri-beri, sprue and diseases known to be
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associated with a faulty diet, partly influenced
them in choosing this thersapy. It is very common
for the latter diseases to have symptoms and signs
relating to the central nervous, slimentary and

haemopoietic systems which could be found in pernic-

e

ious anaemisa.
The liver is known to contain Vitamin E, and it

was suggested by McCollum that the excellent results
/

f_obtained from liver therapy'yas due to this vitamin.

Cohn's work by preparing a liver fraction definitely
disproves the presence of this or any other known
vitamin. Whereas Vitamin E. is insoluble in water,
the liver substance influencing pernicious anaemis
proved to be soluble in water, precipitable in alco-
hol and insoluble in ether.

The true deficiency diseases such as scurvy,
beri~beri-, are due to lack of accessory food fact-
orsg, and the administration of liver in pernicious
anaemia is as reliable as orange juice in scurvy.
When a vitamin is withdrawn from the diet in normal
peuvple a true vitamin deficiency disease is always
produced. Very few people take liver constantly
and sufficiently as required by patients with
pernicious anaemia to maintain a normal blood count.
The evidence is more in favour of %Bd{; being a
deficiency or failure 6f the liver to manufacture

ean internal secretion. One could@ compare the




result of liver thersapy in pernicious anasemis with §
thyrcid in myxoedema or the action of iodine in
exophthalmic goitre and could be classed as a hor-

-

; mone. It is known that hormones are higher speci-

fic substances secreted by specific cells in indi-
vidual organs, while in pernicious anaemia the
effective substance is found in various organs, e.g.g
liver, kidney, stomach wall. Thié is an argument
against the hormonic view, but everyone agrees that |
insulin is mamfactured in various organs in the
body apart from the pancress.

The work of Castle in 1928 is greatiy in fav-
our of the theory that there is a hormone deficiency
in pernicious anaemis. He found that when beef-
steak which had previously been acted upon by normal
gastric juice had a similar sction in pernicious
anaemia as liver therapy. He was unable to pro-
duce the same result by means of beef artificislly
digested in vitro with hydrochloric acid along with
with the other constituents of gastric juice.

Beef previously digested in the stomach of patients
whth achlorhydria also failed to give the character-
istic effects. This work tends to show that the

stomach of the patient with pernicious ansemia lacks
the effective blood regeneration principle found in

normal people. There must be in normal gastitiec
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Juice an enzyme or hormone at present unidentified
which is the specific factor iq/perpieious ansemia,
The stomach produces the éfinciple’and‘is apparently
stored in the liver where it is found in large pro-
portion. According to the demands of the red cellsg
this effective factor is used and casuses the cells

to become mature. The megaloblastic anaemias of

preznancy and sprue show frequently normal gastric
digestion and for this reason it would be nececssary
to decide on a different site and cause of the anti-
anaemic factor.

There is the view that the liver acts by detoxiga-
ting the contents of the slimentary canal. There
has been a great amount of work with the supposed

LN,
role of toxins in the disease which were believed

.

to act as héemolysins. Herter and other workers
classed pernicious anaemia to be due to alimentary
Sl ' —

toxaemisa. There was one set of workers who believed
that the toxins resulted from abnormal fermentation
in the bowel and could be put right by diet. Other
workers held that the organisms of the bowel were
responsible. for the formation of toxins. raber,

AN

Kiralyfi, Grassmann et(gzshibelieved the B, Coli-‘as |

<<

the cause, Hurst the haéﬁolytic streptococei,

Kahn and 'torrey and iioench the B. Welchu, qé}le

Egvidson all the bowel organisms.

J
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The toxins produced axe hypothetical and haye not
been produced wig?in the bowel, and it has ﬁ;f been
| proved that toxinéhcan be absorbed through the
mucous membrane otf the bowel. these workers have
only demonstrated that in pernicious anaemia the
organisms of the bowel are found at s higher level
than in normal pe0p1e,.énd that in many cases there
are increased numbers of organisms. these findings
are very likely due to the achlorhydrias which is
constantly present and precedes the blood condition.
the organisms would then be secondary and the result
of effect and take no place in the asetiology of the
disease.

Knott has demonstrated that following a remissiqn
after liver therapy there was no apprecisble change
in the bowel contents. this is strong evidence
against believing that the bowel flora and fauna
have an asetiological bearing in pernicious anaemia.

The Effect of the Liver on the White Cells.

A very characteristic finding in pernicious
angemia is the relatively &mminishgd polymorphonu-
clear leucocyte count. A typical percentage count
is polymorphs. 4C, and 1ymphocytes 60, there being
a relative lymphocytosis and the total white cell

count is usually less than 5,000 per cmm. The
lymphocytes are very little affected in pernicious
angemia as the disease does not disturb the lym-

phatic tigssues.




The eosinophils are diminished. the polymorpho-

é nuclear leucocytes are known to undergo grester
segmentation in pernicious ansemia. Cooxe and
Naegeli have done much observation in this direction
and the common finding is to notice a "shift to the
right", i.e. an incressed number of cells with
nuclei showing 3, 4, 5 or more lobes. In very
severe cases primitive white cells are found in the
peripheral circulation. Such cells as myeloblasts
and myelocytes and qg}ermyelocytes are found.
Following successful liver therapy there is a dis-
appearance of polymorphs with highly segmented
nuclei, and there occurs s neutrophil leucocytosis
and increase of eosinophils. A case I observed
had a leucocyte count which rose from 4;000 to
9,000 following liver therapy.

Fleming (1929) reviewed the efrfects of liver
treatment on the polynuclear leucocyte count of
Cooke. The polynuclear count of Cooke is a modi-
fication of the Arneth count. The neutrophil
leucocytes are classified in divisions, e.g. those
with one lobe to the nucleus, wo lobes to the
nucleus, etc., till five lobes to the nucleus.

In the polynuclear count described by Cooke and
Ponder, the percentage of leucocytes with one 1obe
to the mucleus are multiplied by one, those with two
lobes to the nucleus multiplied by two, etc., and

Similerly up to five.

o >



j All these numbers added together and divided by one
hundred give the weighted mean number of lobes in
each mucleus. In normal health the weighted mean
number per leucocyte is about 2.75. Arneth (19209
observed there was & shift to the right, i.e. in-
creased segmentation of nucleus, of the neutrophil
nucleus, which accompanies the neutropenis which is
characteristic of pernicious ansemia.

In pernicious anaemis there may be found cells
with seven or eight lobes. A shift to the left has
been noted in infective conditions. Arneth noted
also & shift to the right in sprue and lymphatic
leukaemia. According to Fleming, Carbonars (1929)
reports there is a shift to the right associated
with liver disease, an important observation if con-
firmed in view of the liver therapy in pernicious
ansemisg. Following successful liver therapy the
total white cell count becomes normal and so does
the polynuclear couht of Cooke.

Secondary Actions of Liver given as Therapy.

(a) Liver Treatment in Secondary Anasemia.

whipple and Robscheit-Robbins (1920) performed
a series of experiments in which dogs kept in a
condition of severe ansemia for long periods by
bleeding. These dogs were fed on diets to discover
which possessed the highest value as regenerator of

blood cells and haemoglobin.

|
{
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They demonstrated that the best effect was fromi
the administration of liver or kidney. As a re- | §
sult of this work chiefly, Minot and Murphy decided 1
to apply this thersgpy on anaemic patients. They
expected that the benefit following the therapy on
the secondary haemorrhagic anaemia in dogs would
benefit patients with secondary snaemis. The
reasoning was faulty as secondary ansemis in man has§
other factors. FPortunately patients with perniéioué
anaemia were included in the trial with results now |
known,

The secondary anaemiss in man differ from the
pernicious type in not being s elinical entity.

They are divided roughly into two classes, (1) after
a haemorrhage, (:) action of a toxin. When fo0llow-
ing upon acute haemorrhage it is impossible to dis-
tinguish between the effects of therapy and the
natural recovery process. If associated with
chronic haemorrhage the responce to therapy is
obscured by the possible continuasnce of the bleeding,
In cases due to toxins an'effort first of all must
be made to remove them; when this has been accom-

- plished it is impossible to differentiate the
results of this treatment from that directed towards
improving the ansemisa. From these facts our know-
ledge of the effect of liver therapy in secondary

anaemia in man cannot be precise.




-0l -

The red cell count and haemoglobin content of
the blood gives very little valuable information about
the response to liver treatment, but the reticulocyte
response is of help. Minot and Murphy, Stetson,
Janet Vaughan and Dyke carried on observations on
the effects of liver on secondary ansemia due to var-
ious causes. In some thére was a reticulocyte res-:
ponse especially from those following .a haemorrhage.
The most marked response was in those secondary to
haemorrhage, but was much below that produced in
pernicious ansemia.

There was a case admitted into hospital during !
May 1929, a man aged 35, who had a haematemesis and
melaena complicating a duodenal ulcer. The hsemo-
globin was 30% and the red cells 2,500,000 per
cubic mm. At the end of a week the reticulocyte
response was 5% of red cells. This did not keep
up owing to slight recurrence of the haematemesis.

A couple of weeks later he was given iron in
addition and when examined two months later the red
cell count was 4,000,000 and the haemoglobin 70%.

Powers and Murphy have arrived at the same
conclusion that secondary anaemia following haemorr-
hage benefits from liver therapy, and found that
the addition of iron enhances the effect of liver.

(b) Liver "Preatment in Other Conditions.

Liver treatment has been attempted in other




conditions which are chiefly associated with a
degree of anaemia. The response to treatment has
been varied but in some there has been considerable
success.

(1) Sprue. This disease characterised by
typical diarrhoea and s severe anaemia is contined
to the tropics and sub-tropics. The aetiology of
>the condition is still unknown. The anaemia in
sprue may be so profound as to resemble the pernicioqs
type and because 0f this some hold the view that
there is a very close relationship between the
anaemis of sprue and that in pernicious anaemia.
Liver soup has been administered for many years as a
therapy with not consistent success. There have
not been many records/9n the results of liver in
sprue, but in many cases where liver or its extract
has been given an apparent cure has resulted. The
diarrhoea ceases and the anasemia disappesars.
According to Bloomfield and Wyckoff a complete cure
with liver is the rule and differs from pernicious
anaemia where liver has to be continued.

(z) Ansemia bf Pregnancy. Occasionally a pro-

found anaemia is associasted with pregnancy and

little is known of its aetiology. This anaemia
also may resemble the pernicious type of anaemia.
The colanr index is not so high as in pernicious

anaemis and there may be leucocytosis present and

free hydrochloric acid in the gastric juice.
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There have not been many cases recorded on the
treatment of this anaemia by liver, but in uncompli-
cated cases a typical response is expected. A
typical temporary reticulocyte response occurs and
is followed by an increase of red cells and the
percentage of haemoglobin. Te white cells at
first increase but later become normal.

(2) Haemophilia. This is a hereditary disease,
appearing only in males, but is transmitted by the
females, and is characterised by marked prolongation
of the coagulation time of the blood. Clinically
it is distinguished by recurrent haemorrhages into
the tissues and serous Qavities and by prolonged
bleeding from relatively siight wounds.

The liver has been recognised to be concerned
with the mechanism governing the clotting of the
blood. Pickering has recently applied liver thera-
py to the treatment of haemophilia. In three
cases 0of haemophilia he was able to bring about a
diminmition of the clotting time of the blood as was
afterwards proved in vitros Pickering st first
used s diet contsining % 1b. liver deily, which was
later replaced by the commercisl extract. This work
Seems promising and is of great interest as it
appears that the effective principle in liver benefitp

the plasma besides the red cells. Nasse's view of

M e




—5% -

? hsemophilia wes the persistence or a roetal type of
constitution of the pleasms, & view now supported by
Pickering. the condition in pernicious anaemisa is
analogous as the view taken is that there is a
failure in maturation of the red cells.

(4) The Leuksemias. This therspy has not been

fully tested with the leukaemieas. Both myeloid

end lymphatic leukaemias vary much in their response
to treatment, though in some cases considerable
benefit was obtained. As to whether it could be
attributed to the liver or to any other therapy
given in aduition cannot be gauged.

(5) Bothriocephalus Latus Ansemia. The B. Latus

is not found in this cbuntry but is common in
America and Northern Europe. The degree of

ansemig may be of the pernicious type and in certain
cases indistinguishable from that in pernicious
snaemia. There may be achlorhydria, and hyper-
bilirubinaemia. The administration of liver in
this ansemia and its response is similar to that in
pernicious ansemia, and it is known to be similar
even when the patient harbours the parasite. the
great similarity between B. Latus snsemia and per-
nicious anasemis has been used as a basis for the
belief in the toxic theory of pernicious anaemia.

(6) Aplastic Anaemia. Hayes Smith has claimed sud

cess with liver in a case of aplastic anaemia.

i
J
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This result has not been corroborated and the
pathology of the condition is not in favour of

successful results,

!
i
i
|
i
i
i

(7)  Acute Febrile inaemia. Brill (1926) described
this rare condition which is characterised by pyrexié
and collapse and rapidly progressive anaemia, which
proves fatal if not checked in about six weeks.
Benhamore reported a case treasted by liver and liver
extract which was converted from a very severe
anaemia t0 a normal blood count.

(8) Liver Treatment in the Dermatoses.

fﬁ\
The responseg?f)liver therapy in dermatological
conditions has not been tested. I saw a lady, aged
45 years, who had typical acne rdsacea. Achlor-

hydria is invariably present in this condition and

Uin A N

was 80 in this case. The evidences of ansemisa

caused a blood examination to be made, which resulted

S

to be pernicious anaemia. Liver therapy did not

e S

affect the blood condition so easily nor did the
L—.‘\.
skin condition clear up. the addition of hydro-

chloric acid medicinally to 1;ver,improved, caused

Tt 7T

a rise in the blood count and there disappeared the

acne rosacesa. Liver therapy has cleared up derma-
toses associated with pernicious anaemia, e.gZ.

Scatiness, pigmentation and skin lesions.

(¢c)  Testing,Preparations containing the Effective

Principle.
The only way of testing preparations for its
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aciivity in pernicious ansemia and other ansemias hasi
been their use in known cases of pernicious anaemia.%
These cases are scarce now because of the universal
application of treatment. Sabin conducted experi-
ments upon the effect of the active principle on
cultures of the blood islets of chick embryos in
vitro. This work has not been concluded but it

i has been found that the blood islgpg.from chick
embryos incubated in Locke's solutigé there was no
second division of the embryonic blood célls while
second division took place in the presence of active
extract. Should this work be corroborated and
consistent in result, it will be of great assistance
in measuring the activity of the effective principle.

(i) General Survey.

Observation on cases of pernicious anaemia by
ooservers has shown that those with a marked icterus
requ?d more feg@ilyagpﬁwgffgqtivq;y“ggﬂliver therapy
then those who}_\\ddilnot. Minot and Lee classified
these types as (1) Haemolytic, (&) Myelotoxic.

The haemolytic type shows great evidence of blood
@estruction and is characterised by frequent periods
of remission and relapse. The myelotoxic type have_
only a 1ittle Jjaundice or.icterus and %2;9 a chronic
course. In the cases I observed this classification

and the response to therapy held good. Apparently

in pernicious anaemia the response to liver therapy

points to the whole of the bone marrow cells being‘
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' disordered. Liver therapy has been shown to cause
both the red and white cells to return to normal.

"~

The degree of éfibct Varies)for in the haemolytic
type the red céils are chiefly affected while in the
myelotoxic type the white cells bear Ehe brunt.

The return of the normsl from a low platelet count in
a remission further supports the view that the whole

of the haematopiétic system is at fault.

Cases of gastritis with vomiting causei;)al

s

therapy if liver in pernicious anaemia"ﬁseless.
Various workers including Reznikoff gave liver per
rectum with & typicsl reticulocyte response.
American workers have ciaimed successful intravenous
therapy of liver. This variation in administration
permits greater success in the stage of relapse with

N
its complications.
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Prognosis.

The cases recorded show the beneficial results
of liver in pernicious ansemia, also that good
results follow the administration of ventriculin.

4 normal red cell count was not obtained but that is

not always essential for good health.

Early in 1928 there was admitted a male patient

whose red cell count was, 800,000 per cmm. snd felt
R

very tired.  When the blood count reached 1} milliogs

he was able to play a round of golf. For domestic
reasons he had to lesve hospital.

Cases 11 and 12, which weré early cases of
subacute combined deéeneration of the cord, their

s

chief symptom, that of paraes?hesia disappesred.
It is perfectly obvious thé%féases which have gross
destruction of the cord{restération of function is
impossible, but that if liver therapy is introduced
in the early stages of degeneration, not only is the
degeneration arrested but the function is restored.
The literature in this connection supports this wmiew,
The ultimate prognosis in cases of pernicious
angemia is now very favourable but liver therapy
given during a period of relapse does not produce a
Permanent cure. Liver therapy, the quantity vary-
ing in each case, must be kept up indefinitely to

keep the patient well.
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Minot and Murphy and others have recorded casesz
where relepse followed the avpsence of liver from theg
diet with a restoration when liver was included. |

The vast majority of patients after being re-
stored to health by liver continue achlorhydric. é
As, in my opinion, achlorhydria plays a very impor- é'
tant role as the cause of pernicious anaemia, it is ‘
quite probable that the restoration of free hydro-
chloric acid to the gastric juice would indicate
complete recovery. 1his question has not been
settled. Seyderhelm and Opitz (1928) report the
reappearance of free hydrochloric acid in the
stomach in a case of pernicious anaemia treated with
liver. It has not yet been established as to
whether definite cure was obtained. Against this
view is thatyﬂy;bulland and Davidson who know of a
limited numberjof cases of pernicious anaemia where
gastric digestion was normal and free hydrochloric
acid was found in the gastric Jjuice.

The prognosis of pernicious anaemis can be
held to be very good, though permanent cure camot
be promised. lProviding liver therapy is maintained
the patient's health is restored. Refractory cases

to the therapy have been reported but in these full

investigation has to be proceeded with for the possi-

T~

bility of complications and diagnosis and the potenc]

of the liver fraction.




Soon after the discovery raw liver and cookéd liver
.was given to patients, and some could not persevere
with the treatment because of nsuses. A poseibility
of rensl damage in kidney cases made it unfavourable
in these cases. The successful isolation of the
liver fraction by Cohn sllowed the sdministration of
a liver extract which is less bulky, does no renal
damage, and when mixed up with ordinsry diet is quite
palatable. It is known that liver extract can be
potent when given per rectum and an American obser-
ver reports it can be given intravenously.

The price of liver prevents poor people from ob-
taining liver regularly and sufficiently. This is
an economic problem and should be dealt with by the
public authoritiese.
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Conclusions,.

1. The effective antianaemic principle is
present in liver and restores a patient with
pernicious anasemia to health. this principle is
_also present in the kidney, spleen, and wall of the
stomach. 1he potency of the latter has been
tested in cases with good results. A smaller
quantity of liver fraction can be given than that
from the kidney, stomach wall, or spleen, possibly
because the principle is stored in the liver.

Ze Achlorhydrig must be stressed as s very
important aetiological factor. Pree hydrochloric
acid in the stomach produces some substance in the
course of protein digestion which regulates the
proper formastion of blood. With achlorhydrisa
this substance is not formed and the haematoﬁ?}tic
system becomes abnormal. The red blood ceils do
not mature and the other formed elements are af-
fected but not to a great degree. The red cells
formed in the marrow pass in their immature state ’
into the blood stream where they are destroyed by
the reticulo-endothelial system.

Se The antianaemic principle pfesent in the
liver, kidney, stomach wall,Ba@ not been isolsted
though an effective potent fraction has been formed.

The nature of the effective principle has been ' ss-

cribed to a hormone vitamine, or detoxiceting agent.
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1, administration of the therapy the principle is

In my opinion the evidence is more in favour of the
antianaemic principle being a hormone.

Against the vitaministic theory is the fact
that average people partake of little liver and
their blood formed elements keep in normal numbers.

Also sbsence of liver in normal peqple does not form

R, - \nuv,.
a deficiency disease. The numerous organisms found

in the upper part of the bowel can be accounted for
by the achlorhydris. the observations of Knott
are against detoxicatingvagents. He showed that
after a remission following liver therapy there is
no appreciable difference in the floras of the lower
bowel, This result, in my opinion, is sgainst these
organisms causing pernicious anaemia.

4, Liver therapy restores a patient with
pernicious anaemia to normal health and relapse
occurs when the specitic factor is exhausted.
this does not occur immediately as there is s certain

quantity stored in the system and following the

again stored.
S. It is probable that once free hydrochloric .

acid is restored in the stomach, permanent cure will

resul v, Liver therapy is too recent to decide if

persistent therapy will restore this function.
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G Persistent paraesthesia of the hands and
feet may be early cases of subacute combined degen-
eration. All cases with these symptoms should
have a cytological examination and a fractional
test meal performed. Liver therapy does arrest
the degenerstion and damage to the nervous system
can be avoided if all cases with this paraesthesiav
are examined early.

e All cases who have achlorhydria should
be periodically examined as also near relatives of
patients with pernicious anaemis. A slight megslo=-
cytosis should in these cases, especially with
achlorhydria in the absence oI any causal factor, be

treated with liver therapy.
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Case 1.

Jelie iele, age 69 years. Occupation: Railway
Shunter.

Admitted. 2.7.28.

Dismissed. 13. 8. 28.

gesult. much improved.

Comp2saint. Increasing weakness of 18 months
duration.

History. e was in goo0d health and able to do hard
work up till 18 months ago. At first felt appetite
TOo be poor and had to stop work on January 18. 1928,
because of a severe cough. The weakness became
more pronounced and had to stay in bed for 2 months.
He resumed work on March 22. 1928. The anorexia
and weskness became progressively worse, and had to
stop work on June 9. 1928. ™o weeks before ad-
mission he had ringing noises in his ears and also
headache which was worse at night and prevented
sleep.

Past Illness. He developed erysipelas 20 years ago

following a burn. At the age of 14 years his eye
‘was removed following an accident.

So¢ial Condition. Lives with his wife in one room

and kitchen. The house is in a good state of

repair. He smokes 1 oz. tobacco per week and is g

teetotaler.
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Present Condition. He lies comfortably in bed in

any decubitus. Te patient is of a heavy build and
has a lemon yellow skin. His expression is list-
less and talks in a weak voice. The mucous mem-
oranefof the lips and conjunctivae were very pale.
The pupils were of normel size and were equal and thd
sclerotics were pale. Pulse 96. Respirations 26.
Temperature 97.

Family History. His parents died of old age. He

has a wife, one daughter and two sons alive and well.
Three of his children died during infancy from

chest complications. A son get 17 years died
following a T.B. knee.

(a) Physical Exemination of Digestive System.

The lips were pale; eight decayed teeth were seen:
the tongue was large, moist, and deeply fissured.
The fauces and pharynx were pasle and he complained
of occasional dysphagis. His appetite was poor and
had nausea when taking food - this symptom was
present irrespective of the type of food. He was
rather constipated.

Inspection of Abdomen. This appeared well nourished

and of normal contour.

Palpation. There was marked rigidity in the epi-
gastric region beginning sbout 3 inches above
umbilicus and also slight tenderness in the left

iliac fossa. The spleen was not palpable and the




liver was of normasl size. Nothing abnormal could
be felt in the abdomen.

Percussion. The spleen was slightly enlarged;
the liver dullness was normal.

(b) Examination of the Respiratory System. He

had a short dry cough and no expectoration, The
respirations were 26 per minute, regular in rhythm, |
with poor expansion.

Inspection. Chest of normal shape.

Palpation. Nothing abnormal. Vocal fremitus
normal.

Percussion. The lungs were resonant throughout &nd
of normal pitch and resistance.

Auscul tation. The breath sounds were vesicular, no

edventitious sounds heard. There was normal vocal

resonarnce.

(c) Exsmination of the Circulatory System.  The

pulse was 96 per minute, regular, normal tension
but of small volume.

Heart. No abnormal pulsations seen. The apex
beat seen and felt in 6th intercostal space 1 inch
within the nipple line.

Percussion. The upper border of cardiac dullness wa

the 3rd interspace; left border 1 inch within the

nipple line; the right border, the right sternal
line.

Auscultation. The first sound at the apex was

weak but the sounds were normal in the other areas.

8
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(a) Examination of the Nervous System.

1. Motor functions. There was no spasm, tremor

nor paralysis. The gait was normel and his
strength feeble.

Ze Sensory functions. These were normeal.

.  Reflexes. The knee Jjerks were normal, the
plantar refiex flexor, normal, abdominal reflexes,
the biceps, triceps, supinator and pronator jerks
were normsal. ''The pupils were equal and reacted to
light and sccomodsation.

4o Nothing abnormal on ophthalmoscopic examination
and the special senses were normal.

(e) Genito-urinary System. Normal. Urine pale

amber; acid; S.G. 1017; contains mucous and trace
of acetone.

(f) Blood examination.

Red blood cells, 1,090,000

White blood cells 4,375

Haemoglobin 33%

Colour Index 1.51

A blood film showed anisocytosis and poikilo-
_cytosis. No nuclesated reds.

Treatment.

3.7.28. R Liq. id hydrochlor d11. ;51
Agqua vi.

5131. ygvuth mesals.
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6.7.28. B Liq. arsenicelis hydrochlor. m. 36.
' Aquasd vij
$iq tJsied.

18.7.28. Lig. arsenic. hydrochlor. m. vii t.i.d.
6.8. 28, Allowed up.
Diet. Milk.
3.7, 28, Soup, pudding, tea and toast.

6 ozs. cooked liver. )

) Daily.

2 ozs. raw liver.

Case 2.
A.D. lale. Age 36 years.  Occupation.

Farmer.,
Admitted. 12.6.29.
Dismissed. 17.7.29.

Result. Much improved.

Complaint. General weakness during last 8 weeks.
Pregent Illness. About middle of March 1929 he

noticed that he eaéily became drowsy and was not
himself, also that his lips were pale and his skin’
e lemon yellow colour. He became sleepy when he
sat down. On one occasion during April he fainted.
His doctor gave him a tonic and advised teeth
extraction - this made no improvement. He hsad
later increasing difficulty in climbing steirs and

for the past four weeks was confined to bed.

Past Health. As a child he had measles and whoop-

ing cough.
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Family History. Pather diet age 67 (unknown cause)

and his mother age 66 of soﬁ% 'blood' disease. A
brother and sister died in infancy. :He has 3
brothers and 3 sisters alive and well. He is un-
married.

Social Conditions. He lives in a farm which is airy

and:dry. His meals are regular and there is ample
food. He drinks sbout six cups of strong tes
daily, smokes 20 cigarettes daily and is teetotal.

Present State.

(s) External Surface. He lies comfortably in bed

in any decubitus and appears well nourished. The
skin is of a lemon yeliow colour and has a languid
expression. He had sn arcus senilis, and very
pale conjunctivae. His eyes were a little
puffy and there was slight oedemsa of the ankles.
There were no glandular enlargements.

Pulse 112. Temperature 97.6. Respirations
22.

(b) Nervous System. there were no mosor dis-

orders, no tremor, no paralysis, though because of
his weakness he could not keep easily erect.

There was no disturbance of sensstion. the pupils
of the eye were equal and of normsl size and re-
scted to 1ight and accomodstion. the plantar

reflex was flexor and there wes no knee or ankle

jerk. The arm jerks were difficult to elicit.
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There were no vaso-motor nor trophic disorders.
Vision was good and ophthalmoscopic examination
revealed nothing sbnormal.

fc) Circulstory System. He had occasional bouts

of palpitation and dyspnoea on slight exertion.
Heart.

(1) Inspection. No abnormal pulsations, no
bulgings nor depressions. 'he cardiac apex could
not be seen.

(2) Palpation. The apex beat felt in 6th
left interspace 4" from nipple line. Ko thrills
felt.

(3) Percussion. Upper border 3rd rib;
right border - right sternal margin, left border "
within left nipple line.

(4) Auscultation. The heart sounds were

normal except for g soft V.S. murmur at the apex.
The arteries had a normal feeling, the pul se was
regular, normal tension and volume.

(d) Respiratory System. This was normal.

(¢} Alimentary System. The lips were pale and

80 were the gums, fauces and pharynx, His appetite
was poor and was inclined to be constipated.

Teeth carious.

the abdomen was of normal shape and palpation

The liver
and spleen were normal.
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(f) Genito-urinary System. This was normal.

Urine. Yellow colour. Acid. S.G. 1020, and

hed no abnormael constituents.

(g) Blood Exsmination. A film showed the red bloo

cells to contain megalocytes, megaloblasts. It
also indicated poikilocytosis and polychromasisa.

Red blood cells, 915,625,

White blood cells, 5,310

Haemogl obin, 31.7.

Colour Index, 1l.5.

Treatment. 19.6.29. Lig. arsenical m.3. tid.
22.6.29. Lig. arsenicsl, t.i.d. 28+6,29.
Allowed up.

Diet. Soup, pudding, tea and bread.

14.6.29. Light diet and % 1b. liver daily.
Case 3.

Mrs. A.S. Age 54, Occupation. Hou sewi fe.

Admitted. 15.10. 29.

Dismissed. 3.12.29.

Result. Greatly improvedf

Complaint. Weakness of increasing severity for
indefinite period, becoming more scute since the
attack of pneumonia in Augﬁst 1929.

History of Present illness. The patient was

operated upon for gall stones two years ago and has

not been keeping well since.

;
|
|
t
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She developed rheumatism in May 1929, which kept her
in bed for two months. At the end of August she
had pneumonia. gince then she has been feeling
very weak and kept t0 bed. She was troubled with a
cough and breathlessness, and felt heart thumping

when trying to fall asleep. The colour of her

skin was always pale but has been more so these past:

few weeks. Her appetite has been poor following the

attack of pneumonis and since then has had occasion-

al tingling sensations in the legs. She has had a
éore mouth occasionally. She is not subject to
headaches nor fainting attacks. Her bowels sare
constipated. |

Previous Illnesses. Her heal th has been good up

till ten years when she had an attack of acute
gastritis, Two years later she was keot under
observation in the hospital for gall stones, but was
not opefated upon. I'wo years ago she was operated
in a Nursing Home for gall stones. In Msy 1929

she was in bed with rheumstism and at the end of

August 192v had an attack of pneumonia.

FPamily History. Her mother died from an unknown
cause and her father died from bronchitis. A
brother died following asthma and she has one sister
alive. Of 12 children there are 8 living, one

died 4/12 year, another following an injury, and two

after pneumonia.
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Social History. She lives in a 2 room and kitchen

house which is damp.

Present Condition. the patient lies comfortable

in bed in any decubitus. Her complexion is pale
and her skin is of a lemon yellow colour. She
appears well built and nourished and the skin is
dry and smooth. There are no palpable glands but
she has & large scar in the epigastric region where
she was operated on. There is some oedems of the
ankles. W.R. negative.

(s} Nervous System. There are no motor

disorders but her strength is feeble, and there are
no sensory disturbances. The pubils are of equal
and normal size and react to light and accomodation.
The plantar reflex is flexor, there is a knee-jerk
and arm reflexes, and the superficial reflexes of
the body were present. There are no trophic or
vasomotor disorders and eye examination proved
normal, |

(b} Cardio-vascular System. The pulse rate

was 84 per minute, regulsr &n force and rhythm,
small pulse and moderstely easy to compress. No
cardiac impulse seen or felt in chest.

Percussion. Upper border of cardiac dullness was
the 3rd left interspace. Right border - was the
left sternal margin; the left border - 1C cm. from
the middle line. The cardiasc apex was in the 6th

intersvace 4" from the mid-clavicular line.
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Auscultation. The heart sounds were regular and not

very strong in character. the first sound at the
apex was abrupt, and there are no adventitious

sound s.

_ .
(¢) Respiratory Sounds. t'he chest was
symmetrical in shape and the bréathing was 20 per
minute and regular. There was s8lightly increased
vocal fremitus of the left base. on percussion g
there was an impaired note in the back of the chest
and there was dullness of the left base. 1he

respirstory murmur is harsh and there is tubular

breathing over the left base. rhonehi heard all
over the chest and vocsl resonasnce was increased
over the left base.

(i) Alimentary System. the lips were very

pale and the tongue pale, smooth and slightly
fissured. there was a lsrge amount of adipose tissue
in the abdominsl wall, but there was no pain, tend-
erness nor rigidity. the liver, spleen and kidneys
were not paslpable and on percussion the spleen and
liver were of normal size. there was an area
showing increased resistance and dullness to percuss-
ion just below the left costsal margin.

Urine. Alkaline, dark amber colour, S.G. 1016, dep-
psit o0t phosphates and a trace of albumin.

(e) Blood Examination. 15.10. 29. Blood

film shows red blood corpuscles, nucleated reds,

punctate basopenlia, polymorphs.
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Red Blood Cells 600,000

White Blood Cells, 6,000

Heemoglobin, 20%

Colour Index, l.7.

Preatment.

16.10.29. Lig. arsenicalis m.iii. t.i.d.

(8topped 22.10.29.)

16.10. 29. Neo Kharsivap,.6 gms. Liver extract.

22.10.29. B Liq. acid hydrochlordil Jiv.

Liq. arsenic¢ hydrochlr. m. 36.

Agqua. 3 vi.

jﬁq.zsdo.tzln. B

Neokharsivan,

28.10. 29. Neo Kharsivan, .6 gms.
4,11, 29. Neo Kharsivan, .6 gms.
13.11.29. 13/
/Lig. Arsenicalis 3i
i Acid hydrochlordil 3 vi.
Aqu;Eé_ESVi.

S.},. 2,!0 tio (Stopped 21.11.

2l.11.29. § Agid hydrochlor dil 3vi.
Aqué\j?ﬁfs vi.
5.;,,'36,,with meals.

R. Neo Kharsivan

1 28.10. 29. Antiphlogestine over the chest.

29)

.6 gms.

Yoo 1 P




30. 11. 2v. Heo Khsrsivail .0 gne.
Diet. Iilk, tea, soup.

27.10.29, Puddings, poached egz, tea, bread, fish.

3.11.29, +  liver daily.
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Case 4.

M.M., Fremale, age 39 years. Occupation. Housewife.
Admitted.  4.11.28.
Dismissed.  7.1.29.
Resul t. Much improved.

Compdaint. Breathlessneés and pain across the
chest on exertioni

History of Present Illness. Patient has been wesk

and ansemic for the past & years and was treated

with tonics without benefit. For the past 12

months she has noticed her feet and ankles swell

on standing. She cannot walk on the level beyond
200 yards without having a rest. Occasionally she
has fainting attacks when stooping. These symptoms
have become progressively worse during the past 2
months. Liver had not been taken.

Previous Health. She had measles and bronchitis

‘as a child. At the sge of 8 years enlarged glands
in the neck which had been present for some time

broke down.

Social Conditions. She lives in a 3 room and

kitchen house with a husband and five children.

ramily History. Her father died of pneumonisa.

Her mother, three brothers and one sister are alive

and well.

Present Condition. Pulse B4. Respirations 24.

Temperature 98.




The patient lies comfortably in bed any any
decubitus. Her complexion is pale and the skin
has & yellowish tint, which is dry to the touch.
The pupils are rather large and equal in size. ]
There is an 0ld irregular scar in the neck.
The mucous membrane are very pale. She is of
aversge build and appears well nourished. No
glands are enlarged.

(2) Cardio-vascular System. The pulse rate

is 84 per mimute, regular, easily compressed, low
volume. The arteries are scarcely palpable.

The Heart. The praecordial area does not show
any sbnormal pulsations. The apex beat can be
seen and felt in the 6th left interspace, 11l cms.
from the mid sternsl line. Upper border of the
heart is the 3rd interspeace. Left border of the
heart is 12 ems., from the mid sternal line.

Right border of the heart is left sternal line.

(b) Respiratory System. Both sides of the

chest are not quite symmetrical. There is slight
bulging'in the 3rd and 4%th interspasaces. The
borders of the lung were ﬁormal. On percussion
there was normal lung resonance, and on auscultation

the R.M. was vesicular.

(c) Digestive System. The lips are pale

and there are ten carious teeth. The tongue is

flabby, moist and slightly fissured, and the

fauces and pharynx are pale. Her appetite is
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very poor and she has occasional attscks of diarrhoea;
The spleen, liver and kidneys were not palpable,
though the spleen on percussion was a little enlarged|
Nothing abnormal could be felt in the abdomen.

(d) Nervous System. There were no motor,

sensory or trophic disorders. The pupils reacted to
light and accomodation, +the plantar reflex was
flexor, the knee reflex was difficult to elicit.
There was no abdominal reflexes; the arm reflexes
were present. There was no disturbance of vision

or of the specisal senses.

(e) Genito-Urinary System. This was normsl.

Menstruation was irregular and scanty. he urine
was yellow, S.G. 1018, acid, and contained a trace
of acetone.

(f) Examination of the Blood. This proved

negative with a Wasserman Test. Blood film showed
megalocytes, megaloblasts, momacytes, anisocytosis
and & few polymorphs.

Red Blood Cells, 1,220,000

White Blood Cells. 4,500.

Haemoglobin, 25%

Colour Index. 1.1
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Treatment.

7.11.28. Lig. Arsenicalis
11.11.28. Lig. Arsenicelis
18.12.28. Lig. Arsenicalis

2l. 12. 29. Allowed up.

\ Aqua&f?lvi

Diet.

Liver stopped 9.11.28.

5.12.28. FPull diet.

m.iii t.i.d.

Me Ve

mevi.

5‘7 %with food.
Soup, pudding asnd toast.

10.11.28. Liver extract.

teild.

tei.d.

31.12.28. 3, Liq. acid hydrochlor. 4il

3{:.
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