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while pernicious ansmia may have a elinical, it has no
pathological, existence ; that while forms of the disease
found associated with definite organic disease, such as
malignant disease, are to be regarded as secondary, others.
in which no such definite morbid changes can be found may
be regarded as primary, while a third series are to be con-
sidered as infermediate in their nature ?

The difficulty attending the answer to be given to these
questions may be gauged by the fact that within the past
few weeks so able an authority as Dr. Bristowe! has con-

fessed it to be ““impossible at the present time to make
any trustworthy distinetion between the ehlorosis of young
girls and pernicious angemia, except such as depend on the
age and sex of the patient and on the effects of treatment,”
even while, at the same time, he expresses his belief in the
existence of some fundamental difference between the two
conditions.

It has been the object of my investigations to learn, with
special reference to pernicious anwemia, whether any, and if
so what, fundamental difference exists between this and
other recognised forms of anmemia.

Much of the confusion which still prevails regarding the
title of this form of anwmmia to be considered even clini-
cally a special disease is undoubtedly to be aseribed to the
vague use of the terms progressive and pernicious unfortu-
nately applied to the disease in the first instance by Biermer.
These terms have been constantly used by observers to
designate conditions of ansemia having little or nothing in
common. The assumption has been that the term perni-
cious is applicable to every condition of ansmia sufliciently
profound, irrespective of its true nature, especially if it
terminates fatally. Pathologieally, much of the obsecurity
regarding the true nature of pernicious anmmia as dis-
tinguished from other forms of anmemia is similarly to be
aseribed to the vague use of the term anwmia itself. The
term is constantly used as almost synonymous with pallor,

1 Brit. Med. Jour., vol. i, 1888, p. 1149.
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venience be divided into three groups :—1. Those occasionally
found associated with the clinical features of pernicious-
anemia, including especially malignant disease and various
gastro-intestinal lesions. 2. Those which may with justice-
be regarded as the result of the animia, including especially
pallor and fatty degeneration in various organs of the body.

3. Those found in the bleod itself or in those organs con-
cerned either in blood formation or blood destruction.

SECTION L—VARIOUS ANATOMICAL CHANGES OCCASION+
ALLY FOUND ASSOCIATED WITH PERNICIOUS ANJEMIA.

The possibility of all the features which we have come
to regard as more or less characteristic of pernicious anemia.
being in certain cases apparently the result of well-marked
organic disease, such as cancer, is a fact which has to be
borne in mind and explained at the very outset of any
inquiry into the pathology of this disease. It is this asso-
ciation, of the existence of which there cannot be a doubt,
which is relied upon by those who hold that pernicious
anemia is not a special disease, but is merely a profound
form of ordinary anmmia differing from others in its in-
tensity, It is largely from this association that pernicious
an:weimia is often regarded merely as a symptomatie eondition.

Malignant disease.—0Of the existence of the clinical
features of pernicious anwemia in association with malignant
disease, especially cancer, there cannot be a doubt. At the
same time, the frequency of this association has been
probably over-estimated, mainly owing to the indiseriminate
use of the term pernicious to designate any anemia suffi-
ciently profound, irrespective of its true nature. Apart
from these more doubtful eases, however, a sufficient number
of cases have been recorded by competent observers to prove
conclusively that all the characteristic features of pernicious.
anemia may be presented by patients the subjects of
malignant disease. The question to determine is: What.
is the nature of this connexion? Isit accidental or essential?
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That malignant disease is not usnally characterised by the
clinical features of this variety of anmmia is certain. Hence,
when the two are found in association, the question
arises; Have the features, or association of features,
which constitute clinically the disease we term pernicious
anemia been stamped on those proper to malignant disease
without further anatomical morbid change than that con-
stituted by the malignant disease itself? Or have anatomical
changes special to, and characteristic of, pernicious anemia
been added to those already and independently existing? It
is interesting to note that most of the cases of the nature
recorded have been cases of malignant disease of the
stomach. Nevertheless, there is no doubt that cases of
malignant disease of this organ are constantly met with,
running their course to the fatal termination without pre-
senting any changes in the blood or any clinical features
other than those which usually mark ordinary wasting
diseases. It is equally without doubt that all the features
of pernicious ansemia in their fullest intensity may be pre-
sented by cases in which no definite organic changes,
whether of malignant or of other nature, are to be found.
Hence the conclusion seems justifiable that when the two
conditions—malignant disease and pernicious anemia—are
found associated, the connexion is to be regarded, if not
precisely as accidental, at least as not essential; that the
malignant disease does not constitute the essential ana-
tomical change underlying the pernicious antemia associated
with it, however much in certain situations it may favour
the development of those changes,

It is only on such a view of the nature of the connexion
between malignant disease and pernicious ansmia that we
can explain why malignant disease, especially in the
stomach, is not more usually found associated with the
features of pernicious anwemia, and it is only on this view
that such a case as that recorded by Eisenlohr! can be ex-
plained, in which the ordinary symptoms of malignant

1 Deuntsch. Archiv f. klin. Med., Bd. xx., 1877, p. 499,
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disease of the stomach had existed for over two years and
then suddenly took on those of pernicions angemia. The
natural view to take of such a case is that to the malignant
dizease already existing there had more or less suddenly
been superadded those anatomical changes characteristic of
pernicious anwmmia. Such is the conclusion we must arrive
at, unless, with Dr. Coupland,* we are prepared to recognise
two forms of pernicious anemia: one symptomatic, exem-
plified by cases such as the above, in which definite organic
disease is found; the other idiopathic, exemplified by cases
in which all sueh changes are absent. Even if we aceept such
‘a classification, the difficulty still remains to discover what
the anatomical changes are which underlie the idiopathie
variety of the disease; for, however obscure they may be,
such changes must exist to account for a condition of the
blood such as that met within pernicious anwemia. It is
more reasonable to suppose that the same anatomical
changes underlie the features of pernicious anzmia in all
cases alike, than to suppose that in one case the ansemia is
the résult of the malignant disease, while in another the
same features, perhaps intensified, are to be found alto-
gether apart from recognisable anatomical changes of any
sort.

Gastro-intestinal lesions.—In the case of another group of
anatomical changes it is not so easy to decide what the
precise connexion between them and the anemia is. I
refer to the very various gastro-intestinal lesions so fre-
quently met with in patients dying of this disease.

The frequency with which gastro-intestinal changes have
been found appears at first sight to lend colour to the view
held by many—that pernicions anwmia cannot be regarded
as a special disease, but is merely the outcome of a dis-
turbance of nutrition such as is met with in no other
disease. In addition to cancer of the sftomach, to which
reference has already been made, these gastro-intestinal
changes include atrophy of the mucous membrane of the

1 Gulstonian Lectures, THE LANCET, vol. i. 1881, p. 571
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stomach, and especially of the gastric glands; cirrhotic
contraction of the stomach, with disappearance of the gastrie
glands ; inferstitial inflammmation of the gastric mucosa, with
partial or total atrophy of the gastrie glands; wleers of the
stomach and duodenwm ; duodenitis ; degenerative changes
in the sympathetic ganglia of the abdomen ; and similar
changes in the nerves of Meissner’s and Awerback’s plexuscs
in the intestinal wall ; and lastly, in this connexion, fie
presence of intestinal worms. Here, as in the case of malig-
nant disease, the question to determine is how far these
lesions are to be regarded as the essential morbid ana-
tomical changes underlying the anmmia sometimes asso-
ciated with them.

In the first place, it is to be remembered that it is only in
a comparatively few cases that even these changes have
been found. As the essential morbid change, therefore, in
this disease, they cannot possibly be regarded. What im-
portance is to be attached to them in those cases in which
they are present? To obtain an answer to this question,
it is necessary to consider the various changes individually,

(1.) It will be noted how frequently changes in the gastric
: muecosa—thickening, interstitial inflammation, and atrophy
4 of the gastric glands—have been described. To this point
N particular attention has been drawn by Dr. Fenwick.!
& What significance is to be attached especially to this
3
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condition of atrophy of the gastric glands? The answer to
the question is, I think, best supplied by the observations
©f Dr. Fenwick himself. He states that *he was struck
with the frequeney with which atrophy of the gastrie
‘glands presented itself in those dying of cancer.” Thus,
of fifteen cases of cancer of the breast, in only four were
mo anatomical changes to be found in the gastric mucosa.
Some degree of atrophy was found in every case of cancer
of the stomach, If atrophy of the gastric glands is to be
regarded as the essential anatomical change in pernicious
anemia, it would seem reasonable to expect that pernicious

1 THE LANCET, vol. ii. 1877, pp. 1, 89, 77.
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anéemia should be found frequently associated with cancer
of the breast, and almost invariably with ecancer of the
stomach. Curiously enough, however, I have not found a
single case recorded in which cancer of the breast has pre-
sented the features of pernicious anwemia ; and as regards
cancer of the stomach, it is the exception and not the rule
for it to be marked by the clinical features characteristic of
pernicious ansemia.

In this case, therefore, as in the case of malignant disease,
I am compelled to conclude that, however important atrophy
of the gastric glands and other changes in the gastric mucosa.
~may be as etiological factors—and what part they probably
play we shall afterwards have occasion to refer to,—they
cannot be regarded as the essential anatomical lesions under-
lying this form of anemia, even in those cases in which they
are found present.

(2.) The same holds true of the degencrative changes in the
nervous apparatus of the intestinal wall and of the abdomen
deseribed, amongst others, by Sasaki' and Banti,® and
regarded by these observers as independent lesions and as
the cause of the anmemia. The view which naturally suggests.
itself, that these changes may possibly be as much the
result as the cause of the anmmia, is fully supported by the
observations of Scheimpflug® made with special reference
to these observations of Sasaki. In opposition to Sasaki,
Scheimpflng finds that in a large number of cases the
nervous structures of the intestinal wall present changes.
which may be regarded as theresult ofinflammatory, degenera-
tive, or other pathological processes. He made a number of
observations on the appearances presented by the plexuses
of Auerbach and Meissner in various conditions. The result
was to show that in many various conditions these plexuses
were to be found more or less fattily degenerated. As
regards the general frequency of pathological changes in the

1 Virch. Archiv, Bd. xcvi., p. 287.
2 Jahresber. u. d. ges. Med., Bd. ii., 1881, p. 239,
3 ,‘.ﬂeit?.chritb f. klin, Med., Bd. ix., 1885, p. 58.
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nervous structures of the intestinal wall, he finds that such
changes are by no means uncommon, and that not only in
wasting diseases, but also in certain acute infectious diseases,
changes in the nervous apparatus of the intestinal wall—
cloudiness, swelling, atrophy, fatty degeneration, &c.—are
by no means unfrequent in their ocenrrence.

In the face of these observations, I think it is impossible
for us to agree with Sasaki in regarding these degenerative

changes as absolutely independent lesions, and as the-

essential morbid anatomical condition underlying the
disease,

(3.) The only other gastro-intestinal condition I shall
notice at present is the presence of intestinal worms, the
connexion between which and anmmia, similar in its nature
to pernicious anwmia, has recently excited much interest
and attention both in this country and on the Continent.

The angemia of the workers in the St. Gothard Tunnel pre-
sented apparently all the features of true pernicious an®emia,
and was found to be due to the presence of the Anchylostoma
duodenale, sometimes in large numbers, in the intestinal
tract ; it usually disappeared rapidly on their removal,
More recently a number of cases have been recorded by
Reyher and Runeberg, in which the connexion between
anwemia of this kind and the presence of Bothriocephalus
latus has been apparently equally close and equally marked.
In neither case has the nature of the relation between the
condition of an@mia and the presence of the worms been
altogether satisfactorilyexplained. In the ansemiaassociated
with the Anchylostoma duodenale the condition has been
aseribed, probably in great part with some truth, to the loss
of blood occasioned by the presence of the parasite. This
explanation cannot, however, apply to all eases, On such
a view, we are unable to explain why in certain cases
recorded! the anwemia was by no means proportionate to the
numberof woris present, and whyin others it is almost absent
altogether, when large numbers of the eggs of Anchylostoma

1 Sahli ; Deutsch. Archiv f, klin. Med., Bd. xxxii., 1883, p. 422,
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are to be found in the stools.! Hence, the »dle played by
the worms in producing the anmmia is by no means so
gimple a one as the above view would indicate. As Sahli
clearly shows, the degree of an@mia is certainly not dependent
solely on the number of worms present; nor yet on the dis-
turbances in digestion occasioned by their presence, sinee in
the first instance digestive disturbances may be entirely
absent.

In the case of the Bothriocephalus latus, it is not even
pretended that the anmmia is occasioned by any loss of
- blood. Some pathological factor other than the presence
of worms must be here at work. Runeberg’s observations®
clearly show that not only may worms be present sometimes
in considerable number, unassociated with any of the features
of pernicious anemia ; but that—and this fact is still more im-
portant—even in Finland, where this parasite abounds, cases
of pernicious ansemia are met with in patients not infested by
the parasite, and that these cases prove especiallyintractable.
This observation agrees with our experience of the disease
in this country, where of its constant oecurrence, independent
altocether of the presence of worms, there cannot be a doubt.

The conclusion is therefore forced upon us that none of
the conditions just considered, whether malignant disease
or other gastro-intestinal lesions, ean be regarded as the
essential anatomical change even in the few cases in which
they are present, or as fitted in any way to account for the
pecnliar features of this as distinguished from other forms
of anremia. With regard to them all, the same statement
may be made—viz., that in all of them it is necessary to
assume that there have been superadded certain anatomical
changes essential to pernicious anmmia, and on which the
features of pernicious ansemia depend. This conclusion is
based chiefly on two considerations: (1) that similar ana-
tomical changes, sometimes even more marked, are con-
stantly to be met with in cases presenting none of the

1 Dentsch. Archiv. f. klin, Med., Bd. xxxii,, 1833, p, 428, 2 Ibid. 1838,
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features of pernicious anwemia; and (2) that cases of per-
nicious anwemia are constantly met with in which no such
3 gross anatomical changes are to be found,

¥ SECTION IL.—ANATOMICAL CHANGES, THE RESULT OF
THE ANEMIA,

E These inelude, in addition to the pallor so generally ob-
: served in the various organs of the body, notably the heart
and kidneys, the fatty degeneration so frequently met with in
varying degree in certain tissues of the body, more especially
the heart muscle, the liver, kidneys, and smaller arteries
and capillaries. They include also the exfravasations meb
with, especially in the retina and elsewhere. Fatty degene-
ration of the heart is a condition so often met with that it
has been regarded by various observers, amongst others by
so great an authority as Dr. Wilks, as the chief pathological
lesion to be found in this disease. Pernicious anwmia, ac-
cording to this view, is made up of an ordinary anwemia
intensified by the occurrence of this change in the heart.
There is no doubt that more or less marked fatty degenera-
tion of the heart muscle is found in the great majority of
cases of pernicious anemia. Thus Dr. Coupland found that,
out of seventy-six cases recorded, in no fewer than sixty-four
this condition of the heart was expressly stated to have been
present ; in six no mention was made of it, and in six the
heart was described as healthy. Apart altogether from
the likelihood—so strong as, in my opinion, to amount
to certainty—that this change in the heart is the resvlt
of the angemia, it is clear that its absence in certain
cases of apparently undoubted pernicious anemia must
suffice to exclude any essential importance being attached
to it. And this conclusion is further strengthened by the
fact that fatty degeneration of the heart is met with in
many other conditions of disease, and has been deseribed as
oceurring to a very marked degree in a case of anamia the
result of metrorrhagia.’

12 Neumann : Zeitschrift f. klin. Med., Bd, iii., 1881, p. 414,
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The result of our considerations so far, therefore, points to
the conclusion that pernicious anmemia cannot, like the
anemia of phthisis or other organic disease, be regarded as
symptomatic in the ordinary senseof that term ; and that even
incases in which itisfound along with definite organic disease,
-such as malignant disease, or definite morbid anatomical
-changes, such as atrophy of the gastrie glands, all the features
of the disease cannot be explained solely by reference to
these changes. The essential morbid changes must there-
fore be sought for in the blood itself, or in those organs con-
cerned either in blood formation or blood destruetion.

SEcTION IIIL.—CHANGES IN THE BLOOD.

These I shall only briefly refer to, as I have already dis-
cussed them more in detail elsewhere. They affect both the
number and variety of the eoloured corpuscles of the blood,
as also their richness in hemoglobin.

As regards the corpuseles, the changes are of a threefold
nature :

1. An extraordinary diminution in their number—an oligo-
cythemia far more marked than that ever met with in
ordinary forms of anzemia, sometimes more marked even than
that resulting from loss of blood. This marked oligoeythemia
is not unfrequently found apart altogether from loss of blood.

2. An extraordinary variation in form and size of the red
elements of the blood, aptly deseribed by Quincke under the
comprehensive term poikilocyfosis. Thesechangesarecommon
toallformsof anwemia, provided they are of sufficient intensity.
They express merely the degree of anemia existing, not in
any way its nature. I find especially that they are common
to pernicious anwmia and the anmmia the result of loss
of blood, and hence they cannot be regarded as in any way
peculiar to the blood in pernicious ansemia.

3. The presence of small coloured elements not usually
found in the Dblood —the so-called *f microeytes” or
¢¢ Eichhorst's corpuseles,” which have from time to time been
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regarded as pathognomonic of the disease. These small
bodies are remarkable in three respects: («) their small size,
their diameter in many cases not exceeding the fourth part
of that of a normal red corpuscle; (&) their perfectly
spherical form, resembling in this respeet minute red cor,
puscles; and (¢) their uniform deep yellow colour, resem-
bling sometimes in this respect droplets of oil rather than
elements of the blood., By their uniform spherical shape
and depth of colour they are distinguishable, in my opinion,
from the various other coloured microcytes so constantly
seen in the blood in various conditions of profound anemia,
especially that due to the loss of blood. These present
usnally the most various shapes—drawn out, pointed, oval,
&e. ; and their depth of colour varies for the most part
according to their size, in no case, however, exceeding that
of the surrounding red corpuscles. These *“ yellow spherical
microcytes” are to be found in the blood in the great
majority of cases of pernicious anwemia, but not constantly.
They vary much in number in different cases, and even
in the same case at different times. They may dis-
appear from the blood for a time altogether, to appear
later on in greater number perhaps than before. They
have been variously regarded as stages in the development
of young red corpustles, or as products of blood destruction.
They have been considered as pathognomonie of pernicious
an@mia;' and, on the other hand, they have been described
by at least two observers® as occurring in other forms of
an@mia and in some other conditions.? Whatever view
may be held as to their nature or pathognomonic value,
there can be no doubt that the presence of these bodies con-
stitutes a marked feature of the blood in many cases of
pernicious anemia.

Some of the other changes occasionally met with in the

1 Eichhorst : Centralbl. {. d. med. Wiss. 1876, p. 466.

2 Litten : Berl. klin. Woch., 1877, No. 1; and Lepine, Union Méd.,
1877, No. 114.

& Afanassiew ; D. Archiv {. klin. Med., Bd. xxxv., 1884, p. 233,
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blood may here be briefly referred to. The presence of
nucleated red corpuscles in the blood cannot be regarded as
peculiar to pernicious anmemia. It is only in a few cases!
that they have been described. In mno case were they ever
found by Quincke? in his many observations. On the other
hand, Ehrlich® has found them in the blood in all varieties.
of severe anemia; and Neumann® found them in the blood
in a fatal case of anemia the result of long-standing and
profuse metrorrhagia. »

As regards the colourless elements of the blood, the great
majority of observations agree in showing that there is no

“absolute inerease in the number of white corpuscles in this
disease ; and there is usually no increase in the number of
granular elements and blood-plates—in striking contrast,
therefore, with the condition of the blood in many forms of
wasting disease, such as phthisis, in which there is usually
a very considerable increase in the number of these
elements.

As regards the richness of the blood in hemoglobin, one
extremely interesting fact is to be noted—viz., that the
percentage diminution in haemoglobin is by no means pro-
portionate to the percentage diminution in the number of
corpuscles, Thus, Quincke states, as the result of his
numerous observations, that, while the corpuscles were re-
duced on an average to 10 or 12 per cent. of their original
number, the hemoglobin percentage was only reduced to
from 20 to 40 per cent. Some of Dr, Coupland’s observations®
entirely agree with these ; and this condition of the blood
I have noted in most of the cases which have come
under my notice. The condition is precisely the reverse of
that found in ehlorosis, where the poverty in heemoglobin is
far greater than can be accounted for by any fall in the

1 Litten : Berl. klin. Woch., 1880, p. 693.

2 D. Archiv f. klin. Med., Bd. xxv., p. 577.

? Berl. klin. Woch., 1880, p. 405.

4 Zeitschr. f. klin, Med., Bd. iii., 1851, p. 414.
5 THE LANCET, vol. . 1881, p. 571.
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‘number of corpuseles. To this condition of the blood I am
inclined to attach no little value, both clinically and patho-
logically. Its full significance will be afterwards seen.

In connexion with the relative richness of the blood in
Jh@moglobin there may be noted, further,

(1) The readiness with which, in this condition, the
-eolouring matter of the corpuscles separates itself from the
-atroma, and diffuses out or becomes collected toward one
part of the corpuscle.?

(2) The readiness with which erystals of haemoglobin may
‘be obtained from the blood ;% and

(3) The extraordinary richness of the individual corpuscles
in hemoglobin, even in cases (as in one recently under my
-notice) in which the diminution in their number is excessive
—an observation which I have repeatedly had occasion to
make.

These, then, are the anatomical changes found in the
‘blood in this disease. It will be noted that, unless perhaps
in degree, scarcely one of them, with the single exception of
‘the relative richness in hwemoglobin, can be regarded as
peculiar to pernicious anemia. As regards the other
«<hanges—the oligoeythemia, poikilocytosis, presence of
yellow microeytes, the occasional presence of nucleated red
<corpuscles, the absence of increase in the number of white
corpuseles, or of the colourless granular elements of the
‘blood—they are neither absolutely constant nor peculiar.
It is only when they all exist in a certain degree and in a
certain association that they can be regarded as sufficiently
distinetive to constitute the form of anmmia we term par
«@xcellence pernicions. This point, however, I have discussed
at some length elsewhere. (Op. cit.)

1 Mackern and Davy : THE LANCET, vol. i. 1877, p. 642,
2 Copeman : St. Thomas's Hospital Reports, 1887,
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SECTION IIL—CHANGES IN THE BLOOD-FORMING AND
BLOOD-DESTROYING ORGAHE. '

The changes in the blood are nevertheless the most marked
and the most constant anatomical changes to be found in
cases of pernicious anwemia. One naturally turns, therefore,
to the organs concerned either in blood formation or blood
destruction, since it must be on some disorder of one or
other of these two great processes that the condition of the
blood depends. It is in these organs that we must look for-
the characteristic anatomical changes underlying the disease.
" These changes I shall first consider seréafim in connexion
with the various organs in which they are found—viz., the
liver, spleen, bone marrow, and lymphatic glands.

SUBSECTION 1.—CHANGES IN THE BONE MARROW.—
In the red bone marrow the changes found are both ma-
croscopic and microscopie. The inerease in the quantity of
the red marrow at the expense of the yellow marrow of
the shafts of the long bones, as well as the striking change
in its appearance—its peculiar rosy-red or violet-red colour
in the great majority of cases,—has long directed attention
to thiz as the possible seat of important changes in this
disease. The microscopic changes associated with this
change in the appearance of the bone marrow are of a two-
fold nature—the presence of large numbers of nucleated
red corpuscles apparently pointing to some profound disorder
of haemogenesis (blood formation); the presence of large
numbers of corpusele-carrying cells, cells enclosing old red
corpuscles or their pigment remains, apparently pointing
to some disorder of hiemolysis (blood destruetion). When
first described, both of these changes were thought to be
peculiar to pernicious aneemia. Both have since been shown
to be common to pernicions anmmia and other forms of
severe anemia.

As regards the former, nucleated red corpuscles are un-
doubtedly to be found in the bone marrow in large numbers
in the great majority of cases of pernicious anseemia. Their
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presence, however, is neither constant nor peculiar. On

the one hand, they have been described as absent altogether
in certain cases; or, in others, as only few in number. In
a well-marked case of this disease, which I have recently
examined, nucleated red corpuscles were exceedingly few
in number, and had to be sought for. On the other hand,
they have been found in the bone marrow in other con-
ditions, especially in cases of anmmia the result of severe
and long-lasting heemorrhages, as in the case of metrorrhagia
deseribed by Neumann.” Similar changes in the bone
marrow have been produced experimentally in dogs by
Litten and Orth,® and by Bizzozero and Salvioli,* by
repeatedly withdrawing blood from these animals, and thus
bringing about a condition of severe an:emia. The presence
of nucleated red corpuscles cannot therefore be regarded as
a change essentially peculiar to this disease ; still less does
it serve to explain the characteristic clinical features nusually
presented by this form of ansemia.

The same remark applies to the corpuscle-carrying cells.
First regarded as pointing to some excessive destruction of
red corpuscles peculiar to the disease, they were soon shown
to be common to this and many other conditions. Thus
QOsler, in observations on seventy-five cases of disease other
than pernicious angemia, found these bodies so frequently
that he could not connect their presence specially with any
one disease. They were especially numerous in phthisis,
pneumonia, typhoid, and uleerative endocarditis. My own
observations entirely confirm those of Osler. On the one
hand, I have found that their presence in any excess is not
a constant feature of pernicious ansemia. Thus, in one case
in an elderly man I found them extraordinarily numerous,

- individual cells containing as many as ten or twelve old red

corpusecles ; while in another in a young man they were ex-
ceedingly few in number. On the other hand, I have found

i Op. cit. 2 Rerl. klin. Woch., 15877, No. 51.
3 Centralbl. f. d. Mel. Wiss., 1870,

B2




( 20 )

them very numerous in many other conditions, especially
those of wasting disease ocemrring in elderly people.

In connexion with these changes in the hone marrow, it
may be noted, as my observations have shown, that in most
cases the nucleated red corpuscles present a high degree of
eolouration—this appearance therefore indicating a great
richness of the corpuseles in hiemoglobin, similar to that
already described as oceurring in the red corpuscles of the
blood.

Further, in most eases, as determined by miero-chemieal
~reagents, such as sulphide of ammonium, the bone-marrow
tissue contains a considerable excess of iron, partly in diffuse,
partly in granular form. This excess, however, is not con-
stant, nor is the reaction of iron given by the tissue at all
proportionate to the amount of granular pigment or number
of effete red corpuscles it sometimes contains,

SUBSECTION 2.—CHANGES IN THE LYMPH GLANDS —Few
or no changes have been described in connexion with the
lymphatie glands. The absence of any enlargement or other
marked change enabled Biermer in the first instance to dis-
tingnish at once this form of anemia from leucoeythaemia,
and this observation has been confirmed by all subsequent
observers. One case is deseribed by Eichhorst1 in which
the mesenteric glands presented some appearance of redness
and swelling. Another is deseribed by Weigert?® in which,
along with dilatation of the lymphatics of the neck, and of
the mesenteric, portal, omental, and retro-peritoneal lymph-
atics, there was also some swelling of the mesenterie glands,
their sinuses being filled with lymph containing many red
corpuscles, This case Weigert was inelined to regard as one
of supplementary blood formation on the part of the glands ;
but it stands alone, and any great value cannot therefore
be attached to it. In Eichhorst’s case the microscopical
changes were not noted; and as regards the importance to
be attached to the appearance of redness and swelling, it

1 Die progressive perniciise Ansemie. Leipsig, 1878, p. 288.
2 Virch. Archiv, Bd. lxxix., 1880, p. 387.
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Subsequent observations, however, of Quincke' and Lis-
scholar, Peters,* have shown that this excess of iron in the-
liver is a more or less constant condition, and apparently
by no means an accidental one.

Results of Micro-Chemical Observations.—My own obser-
vations in nine cases of pernicious anwemia enable me fully to-
confirm these observations of Quincke. In all cases, without
exception, I have found a great excess of pigment in the liver,
differing entirely in its distribution and its character from
that sometimes found in that organ as the result of extravasa-

tion, or as the result of chronic venous congestion. The

presence of this pigment is the only constant morbid change
to be met with in this disease. As such it seemed at the
very outset of my observations to deserve special attention.

The result of these observations with regard to the signi-
ficance of this condition of the liver I shall now give.

The possibility of it being due to the administration of iron
before death may be at once set aside. The observations
of Kobert,® Cahn,* and Glavecke® all agree in showing that
the richness of the liver in iron is in no way affected by the
administration of that drug by the mouth, and is but
slightly affected even when the drug is injected subeu-
taneously (Glavecke). The source of the pigment in the
liver in ecases of pernicions anwmia can only, therefore, be
the hiemoglobin of the blood.

The question then arose, how far this excess of iron in the
liver stood in any causal relation to the peculiar features of
the anwmia, or was merely the result of some general weak-
ness of the red corpuscles common to this and other forms of
anemia. I therefore made a large number of observations on
the liver in various diseases with a view to determine how far
an excess of pigment in the liver was common to all forms.
of anwmia alike, varying merely in different cases aceording

1 Deutszh., Archiv f, klin. Med., Bd. xxv., p. 567; DBd. xxvii., p. 2025
Bd. xxxiii., p. 22, 2 Ihid., Bd. xxxii., p, 182

3 Arcliv f. exper. Pathol. n. Pharmak., Bd. xvi., 1823, p. 390,

4 Ibic., Bd. xviii., 184, p. 146. § Ibid., Bd. xvi., 1£83, p. 469.
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to the degree of anwmmia present. If the richness of the
liver in iron was merely an indication of some weakness on
the part of the red corpuscles common to the corpuscles and
other tissue elements of the body, it might be expected that
in other conditions of anwmia—e.g., wasting diseases,—
marked by failure in nutrition, a similar condition of the
liver would be found.

Micro-chemical Methods for detecting Iron.—The richness
of the liver in iron is most easily determined by placing a
piece of the tissue ina fresh solution of sulphide of ammonium.
The reagent at once darkens all pigment, whether in diffuse
or granular form, in which iron is contained more or less
loosely bound up—most usually in the form of an albuminate.
Tron as it is found intimately bound up in the hiemoglobin
molecule is not affected by this reagent. Hence the colour
reaction obtained is in no way affected by the richness of the
organ or tissue in blood—a matter of the greatest importance
where, as is often the case, the organ is congested.

An equally good micro-chemical reagent is ferrocyanide of
potassium, which in the presence of dilute hydrochlorie acid
gives with such pigment a beautiful reaction of Prussian
blue. In using this reagent, however, two precautions are
necessary to be borne in mind : (1) that the solution of ferro-
cyanide of potassium be freshly prepared ; and (2) that a very
dilute acid be employed, since under prolonged contact with
strong hydrochloric acid a blue reaction may be developed
even with iron in heemoglobin, With either of these reagents
there is no diffieulty in at once recognising the extraordinary
excess of pigment in the liver in cases of pernicious anwmia.

The various conditions in which these observations were
made as to the richness of the liver in pigment included
many examples of each of the following diseases : phthisis,
empyema, chroniec suppuration, malignant disease, &e.,—
conditions all marked by profound anwemia; also typhoid
fever, chronic Bright's disease, leucoeythwmia, Addison’s:
disease, diabetes, cardiac disease, tubercular and syphilitic
diseases, and various morbid conditions of the liver itseli—
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viz., acute yellow atrophy, toxie poisoning, portal cirrhosis,
<chronic venous congestion, and fatty degeneration. :

A similar investigation made by Peters! at the instigation
of Quincke had yielded some interesting results. Out of
seventy-seven cases examined, he found that, according to
the reaction of iron given on micro-chemical examination,
the cases could be divided into three groups.

1. In seventeen cases, including eases both of acute and
chronic disease—e.g., cronpous pneumonia, scarlet fever,
tuberenlar disease, carcinoma—no iron reaction was obtained
either in the liver, spleen, or bone marrow.

2. In twenty-seven cases, including more especially all
Jorms of wasting disease, a slight reaction was obtained only
in the spleen and bone marrow, none in the liver.

3. In thirty-three cases, including four of granular atrophy
of the kidneys, four in which the liver showed changes the
result of congestion, five of chronic lung disease, twelve of
intestinal catarrh in children, and the remainder of diseases
partly subacute, partly diseases of the blood, such as perni-
cious anemia, purpura heemorrhagica, &e., some reaction of
iron was given by all three organs—liver, spleen, and bone
marrow. In most of the cases the reaction obtained in the
liver was, however, extremely slight, merely appreciable;
whereas in pernicious anwemia the reaction was very marked.

These observations of Peters appear to show that some
excess of iron in the liver, recognisable even on miecro-
chemical examination, is a condition by no means peculiar to
pernicious angemia, but is one met with in a very considerable
proportion of cases (44 per cent.). The method of grouping the
cases adopted by Peters is, however, faulty in this respect—
that it has no regard to the amount of pigment or to its sifue-
tion within the liver, but merely to its presence or absence.
Thus cases of cirrhotic Bright’s disease are grouped on the
-one hand with cases of pernicious an@mia, and on the other
with cases of purpura heemorrhagica, the amount of pigment

1 Op. cit.
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in the first of these diseases being so small as scarcely to
give any appreciable reaction, while in the latter the liver
often contains a very large quantity of pigment.

Even the two latter conditions are easily distingnishable
from each other on microscopic examination. In purpura
haemorrhagiea the pigment is found in large irregular heaps,
seattered irregularly throughout the liver. In pernicious
an@mia the pigment is in form of fine granules, lying for the
most part within the liver cells and distributed uniformly
throughout the liver, and confined for the most part to the
-outer two-thirds of each lobule.

The observations of Peters are therefore likely to lead to
a wrong conclusion if they are regarded as indicating that in
44 per cent. of cases the liver contains some excess of irom.
At the same time his observations are of importance, in so
far as they clearly show that the anemia of wasting disease
is not accompanied by any weakness of the red corpuscles
and consequent accumulation of pigment in the liver, such
as is implied in the view generally held that the condition
of the liver in pernicious anwmia is due to this cause.

The results of my own observations go to show that this
excess of pigment in the liver in pernicious anmmia i=
neither the result of extravasation, nor yet can be regarded
simply as the result of the profound anmmia. On the con
trary, it is a feature so constant and so marked that it
must be regarded as standing in direct causal relation to the
peculiar features presented by the anemia itself. In no
disease presenting clinically any resemblance to pernicious
anemic does the richness of the liver in iron approach
in its degree that characteristic of pernicious anmmia.
This is specially true of those forms of anmmia associated
with wasting disease regarded by Coupland as the sym-
ptomatic variety of pernicious angemia. My observations
show—in entire agreement with those of Peters—that in
this form of anmmia the liver usually contains no excess of
iron at all. This difference is, I find, sufficient to enable
me at once to distinguish post mortem between a true case
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of pernicious ansemia and one which has only resembled it
during life.

The amount of pigment naturally varies in different cases,
but in all cases it is distinguished by two peculiarities :
(1) its distribution—always most abundant in the outer
two-thirds of the lobule; (2) its situation—always most
abundant within the liver cells.

In well-marked cases the whole appearance of the liver
lobules is transformed. The liver cells in the outer two-
thirds of the lobule are usunally filled with minute pigment
granules, all giving the characteristic reaction of iron; while
‘the cells in the central third of the lobule are usually
markedly fattily degenerated and atrophied, and the yellow
pigment granules often found within them fail to give any
reaction of iron.

The peculiar distribution of the pigment above noted
serves to distingunish this pigment aceumulation in the liver
from that found in cases of cirrhosis, where extravasations
of blood are so often met with. The pigment is there found
in irregular masses, made up of granules and globules of
pigment of the most varying size, lying around the lobule
in the perilobular connective tissue. s The distribution of
the pigment masses is simply determined by the site of the
original extravasations.

The situation of the pigment in eases of pernicious anemia
serves at once to distinguish this condition of the liver from
that found in chronic venous congestion. In this latter con-
dition it is also common to find pigment in the liver; but it is
found most abundant around the central vein of the lobule,
and may be entirely confined to this situation, the liver cells.
at the periphery of the lobule being free from pigment.
Moreover, an even more marked distinetion exists—
viz., that in chronic venous congestion the pigment never
gives any reaction of iron with the ordinary micro-chemical
reagents.

ResuLrs oF CHEMICAL ANALYsIs.—Having satisfied
myself as the result of my micro-chemical observations,
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TABLE III.—Summary of Analyses showing Percentage of
Tron in Liver in Pernicious Anwmia.

PERNICIOUS ANEMIA. OTHER DIS.
. EXAM. BY SAME
Ob 3 A tag = 2
Server. verage percentage H,.—-J-—...
Iiff‘- mmpomt-?un in {Ti)l'l mﬁl E‘:Ersatst- u?' Average
CaBes. pm;‘:}ﬂﬂgﬂs Y | percentages. cases, pﬁmt'
‘Stahel 1 0.614 - — 9 0083
- Rosenstein | 1 0518 — — —
Zaleski .. 1 0623 —_ 3 0083
Quincke .. 5 1008 0364 to 2°01 2 0437
Total .. 8 0713 0364 to 2:01 14 0203

Exeluding five analyses, which for various reasons are not
suitable for purposes of comparison, the analyses in the first
aroup are twenty in number. The average percentage of
iron in twenty discases other than pernicious anwemnia was
0-078 per cent., varying from 0023 to 0-201. In no fewer
than seventeen of these cases, in which the analyses were
made by three observers (Stahel, Graanboom, and Zaleski),
the average percentage obtained is, remarkably enough,
.almost the same—viz., 0°083, 0-083, and 0-081.

In eight analyses of the licer in pernicious ancemic the
average percentage was 0°713, varying from 0-364 to 2°1.
In no fewer than five of these cases the percentage varied
from 0-518 to 0°623. The highest and lowest percentages
recorded are both by Quincke.

If we compare the average percentage of twenty cases
other than pernicious ansemia (viz., 0°078) with the average
of eight cases of pernicious anmmia (viz., 0-713), it is ab
once evident that the difference in the two cases repre-
sents a more than ninefold increase in the percentage of
iron in the liver in pernicious angemia.

Comparisons of this nature are only of value, huwver,
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These ohservations must, I thmlc be regarded as establish-
ing conclusively—
(1) That the amount of iron contained in the liver in per--
nicious angemia is far in excess of that met with in any
condition at all resembling it ; and
(2) That the presence of this excess can no longer, as
hitherto, be regarded as an accidental condition—the result
of some weakness of the corpuscles common to all forms of
anemia alike, and only varying in degree in different cases.
On the contrary, this condition of the liver appears to me
-elearly to indicate—and this I would regard as one of the
most important results of my study of the morbid anatomy
of the disease—
(1) That a destruction of blood occurs in this disease far
greater than is met with in any other form of ansgemia, and
notably much in excess of that occurring in the angemia of
wasting disease ; and
(2) That the liver must be regarded as playing an im-

portant part, if not in the destruction itself, at least in the
disposal of the pigment remains.

Relation of this Pigment Accumulation in Liver to that
in Spleen.

Further evidence of the importance of the réle taken by
the liver in the disposal of the products of this blood
destruction in pernicions anamia is afforded when the per-
centage richness of the liver in iron is contrasted with that
of the spleen, the other organ of the body most con-
cerned in the disposal of pigment remains.

I find from Stahel’s analyses (Table I.) that in most dis-
eases, as in health, the relation between the liver and
spleen as regards their percentage richness in iron is main-
tained unaltered --viz., that the percentage richness of the

spleen usnally crmsldemhl:,r exceeds that of the liver. His
analyses (niae m number) give an average of 0:171 per cent.
for :ue=pleen, as compared with 0-083 per cent. for the liver.
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In only one case was the percentage in the spleen slightly
less ; in most cases it was more than double, and in a few
cases it was five or six times greater than that in the liver.

This relation between the liver and spleen appears to be
disturbed, and that, too, in a very striking way, in pernicious
anREIn.

I have alreadystated that, as determined by micro-chemieal
examination, the spleen in my own cases of pernicious
anemia contained little excess of iron, and that in three
cases it appeared to contain less iron than usual. Only
two analyses have been made of the spleen in cases of per-
nicious anwemia; but the result of these analyses is so
strikingly in harmony with the results obtained on miero-
chemical examination that they may be regarded as sufficient
to establish the fact that a marked disturbance in the rela-
tion of liver and spleen to each other is to be found in this
disease. Thus in Rosenstein’s case, in which the percentage
of iron in the liver was 0-518, that of the spleen was only
0227 per cent,—less therefore than one-half ; and in Stahel’s
case, in which the liver contained 0°614 per cent. of iron,
the spleen eontained only 0'091 per cent.—less, therefore,
than one-sixth.

It is necessary to bear in mind that these analyses express
merely the percentage of iron per 100 parts of dried sub-
tance of the organs; and that, if the spleen be enlarged, it
is quite conceivable that a considerable excess of iron might
be contained in that organ as compared with the normal,
without that excess in any way appearing in the percentage
of iron obtained by analysis,

Without attaching too much value, therefore, to the re-
sults of these analyses, they must, I think, be regarded as
pointing to the conclusion that the iron present in the liver
in pernicious an®emia is not only absolutely, but still more
relatively, greatly increased.
~ The result must appear not a little surprising. As
we have seen, little or no importance has hitherto been
attached to the presence of pigment in the liver in

C2




{ 38 3

this condition. It has been held to merely indicate some
oeneral weakness on the part of the red corpuscles and
their premature decay, the aceumulation of their pig-
ment remains taking place in those organs—such as the
liver—usually concerned in the disposal of such produets.
On such a view we should naturally expect to find an
increase in the amount of pigment in the splﬂen at
least in some degree proportionate to that fmmd in the
liver.

All observers are agreed that the spleen plays an im-
purtsmt part in storing up pigment particles circulating
in the blood (Ponfick); and my own observations after
transfusion of blood show that the spleen is even more
concerned than the liver in getting rid of the excess of red
corpuscles cirenlating in the blood under such circumstances.
So far from the increase in cases of pernicions ansemia
being proportionate, the sevenfold increase in the amount
of iron contained in the liver is unaccompanied by any
inerease at all in the amount contained in the spleen.

So far as I am aware, this disturbance in the relation
of the two organs to each other as regards their richness
in iron has not before been drawn attention to; and it
must undoubtedly serve, in eonjunection with the great in-
crease in the amount of iron in the liver, to acecentuate con-
siderably the importance to be attached to this peculiar
condition of the liver as one of the most essential, if not the
most essential, pathological changes to be found in the body
in this disease.

SeEctioN IV.—CHANGES IN THE KIDNEY.

To the anatomical changes already desecribed it remains
to be added that in certain other organs some excess of
pigment is occasionally to be found in cases of pernicious
ansemia, This is specially true of the kidney, It is only,
however, in a certain number of cases that any pigment is
to be found in the organ, Its presence is by no means con-
stant. When present, the pigment is in the form of small
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Nature of Pernicious Anwmia.

We are now in a position to consider what is the true
pathology of this form of anwemia.

Are the changes in the blood, which are certainly one of
the most marked features of the disease, the result of a
profound disturbance in hwemogenesis, or are they to be
traced to some equally marked disorder of hwemolysis?
Th= answer to this question has already been in part supplied
by the consideration just given to the anatomical changes
most commonly found.

As regards the blood-forming organs, we have seen that
there is nothing to show why pernicious anmmia should
differ so markedly from other forms of ansemia.

In the case of the spleen and lymphatic glands, there is no
evidence at all of any disturbance in blood-forming funetion.

In the red bone marrow the evidences of some such disturb-
ance are much more marked—viz., the presence of large
numbers of nucleated red corpuscles. The presence of these
corpuscles insuch largenumbershas beeninterpreted as point-
ing to some failure or imperfection in blood-forming function
on the part of this tissue—some interference with the proper
development of the red corpusecles. It is obvious, however,
that the appearances may be interpreted in another and
entirely different way—viz., as pointing to an excessive
activity on the part of this tissue in blood formation,
such as is met with, for example, after loss of blood. So far
from pointing to any interference with blood formation, the
presence of such large numbers of nucleated red eorpuseles
rich in hemoglobin seems rather to indicate that the con-
ditions are by no means so unfavourable to blood formation
as is implied in the view that this form of anwemia is essen-
tially hiemogenie in its nature. ‘While their presence in such
number points to some marked necessity for inereased blood
formation, their large size in many cases and their richness
n hemoglobin, along with the richness of the individual
corpuscles of the Llood in hiemoglobin, seem equally to
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dndicate that the demand is being always met by the
bone marrow, even up to the time of death. TUnless
4he conditions were very favourable, we should expect
40 find less evidence of blood-forming activity in the
bone marrow. And if we look for any conditions which
might be supposed specially to favour blood formation in
this form of anmmia, we shall find them in the presence
within the body in this disease of a large supply of material
suitable for purposes of blood formation. So far from
there being any want of iron in this disease, as is
the case in chlorosis, the evidence I have already adduced
shows that there is a great excess; and although this
ds found for the most part in the liver, an organ not
concerned in blood formation, it is also found in excess
in the bone marrow. It is this tissue which, as all
my observations show, must be regarded as the chief seat of
blood formation both in health and disease. In this fact
we find a ready explanation of one of the most characteristic
features of the blood in pernicious anemia—viz., the relative
richness of the blood in hwemoglobin, a condition the very
reverse of that found in chlorosis. Fuailure in blood forma-
tion, plays, therefore, little or no part in pernicious ancemic.

The foregoing observations must, I think, be regarded as
clearly establishing that the essential nature of the disease is
-excessive blood destruction. When the fact is clearly estab-
lished, we find an explanation of many of the most cha .
racteristic clinical features of the disease.

EXPLANATION OF CHIEF CLINICAL FEATURES.

Changes in the Blood.—I have already shown how the
relative richness of the blood in hiemoglobin can be at once
explained on this view. I have now to add, as regards the
-other changes in the blood, that my experiments with de-
struetive agents—such as pyrogallic acid and toluylendiamin
—clearly show:

1, That a profound degree of oligocythzemia is more readily
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purpose were transfusion of blood, and the injection of
various destruetive agents. The chief agents employed were
distilled water, glycerine, pyrogallicacid, and toluylendiamin.
The changes in the blood in different parts of the circulation
and in the different organs of the body during the progress
«of the destruction were then observed, and a careful study
afterwards made of the changes presented by those organs
specially concerned in the disposal of the produets of this
destruetion—viz., the liver, spleen, and bone marrow.

My observations and experiments were made on animals
representative of the different classes : on dogs and cats, as
representing the omnivora; on rabbits, as representing the
large class of the herbivora; on pigeons and ducks, as repre-
-senting birds; and on frogs, as representing cold-blooded
-animals. The experiments in all have numbered over a
hundred. The largest series were made with pyrogallie
-acid and toluylendiamin. They were varied in a number of
ways. The effects of large toxic doses, as well as the
-cumulative effects of smaller doses administered over longer
-or shorter periods of time, were studied. With the object
of determining what part was played by ecertain organs in
‘blood destruction, other series of experiments were made.
In a number of experiments the spleen was excised ; and the
-effects of certain of the destructive agents then noted, and
compared with the resnlts obtained after the administration
of the drug in the healthy animal. In a few experiments
on pigeons the liver was similarly removed or cut off
from the circulation, previous to the administration of the

drug.

These experiments, bearing on the nature of blood destrue-
tion in health and disease, with special reference to the time
pathology of pernicious ansemia, have engaged my time and
attention during the last three years. The results obtained
will be published in detail elsewhere. In the present paper
it is impossible for me to do more than refer to such of them
-as seem fitted to throw light on the true nature of the blood
«destruction characteristic of pernicious anmemia. My object
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wvill, perhaps, be best attained if I refer to two conditions—
malaria and paroxysmal heemoglobinuria, of which excessive
blood destruction is also animportant pathological feature,—
and contrast the blood destruction found in them with that
found in pernicious anmemia.

SECTION IL—THE DIFFERENCE BETWEEN THE BLOOD
DESTRUCTION OF PERNICIOUS ANEMIA AND THAT
FOUND IN MALARIA.

1. The excessive blood destruction of pernicious anemia
differs essentially in its nature from that which occurs in
malaria. In the latter it is a death of the individual
corpuscles ; in the jformer it s a disintegration of the
corpuscles with liberation of their hamoglobin.

That an increased destruction of corpuscles oceurs in
malarie is evidenced by the number of pigment remains
found in various organs of the body in that disease. This
destruetion is the result of actual morbid changes in the red
corpuscles themselves.! What the nature of this morbid
change is need not at present concern us. The result
of it is that even while circulating the blood the red
-corpuscles present evidence of diminished vitality and
gradually become effete. The fate of their pigment remains
is that of all other foreign pigment particles circulating in
the blood. They are taken up by the lencocytes of the blood,
and earried to various organs of the body, notably the liver
.and spleen, where they become ultimately stored up. In
the liver this pigment is often found very abundant. Itlies
for the most part within the capillariesenclosed in leucocytes.
It is always more abundant in the capillaries than in the
liver cells. In all cases it is also found abundantly in the
spleen.

A similar distribution of the blood pigment is sometimes
found after transfusion of blood in dogs.® The red cor-

1 Marchiafava and Celli, Fortschr. d. Med., i.
2 Quincke: D. Archiv f. klin. Med., Bd. xxv., p. 567 ; Bd. xxvii., p. 103.
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SEcTioN II.—THE DIFFERENCE BETWEEN THE BLOOD
DESTRUCTION OF PERNICIOUS AN.EMIA, AND THAT
WHICH OCCURS IN PAROXSYMAL HEMOGLOBINURIA.

2. The excessive blood destruction in pernicious anemice
differs both in its nature and its seat from that which
occurs in paroxsymal hemoglobinuria,

In paroxysmal hemoglobinuria and other forms of heemo-
globinuria the destruction of blood corpuscles is excessive
while it lasts. This is evidenced by the large quantity of
haemoglobin exereted by the kidneys during the attack.
- This destruetion of corpuscles is only of short duration. In
this respect, therefore, it differs markedly from that occur-
ring in pernicious ansemia.

This is, however, by no means the only or the chief
difference between these two diseases. In pernicious
anemia hemoglobinuria never oceurs, although the actual
amount of blood destruction during the progress of the
disease is greater than that met with in any other disease.
The absence of heemoglobinuria cannot be solely aseribed
to the fact that, while in paroxysmal hwemoglobinuria the
destruction is rapid, in pernicious anmmia it is more
gradual, and perhaps at no time equals that which occurs in
the former disease. It is indeed true that pernicious ansemia
is a chronie disease. It is none the less true, however, that
its progress is often marked by exacerbations more or less
acute, in which, as evidenced by the diminution in the
number of corpuscles, a destruction of blood occurs,
probably as great as that occurring in certain cases of
paroxysmal liemoglobinuria.  Nevertheless, pernicious
angemia is never at any time attended by hemoglobinuria.
Hiamoglobin is never found in urine in a form recognisable
by the ordinary tests, chemical or spectroscopie.

How are we then to explain the presence of the pigment
found in the kidney in many cases of pernicious anemia?

Hamoglobin in some form or other has been exereted
through the kidneys, Why is it not recognisable in the
urine by the ordinary tests?
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SECTION IIL.—WHY HEMOGLOBINURIA IS ABSENT IN
PERNICIOUS ANEMIA?

The presence or absence of hwemoglobin in the urine has
been hitherto regarded by all observers as simply dependent
on the gquantity of hwemoglobin present in the circulation.
When hwemoglobin appears in the wurine, it has been
regarded as an indication that the amount set free in the
blood is greater than can be disposed of by the liver and
other organs of the body. Thus, according to Ponfick,?
h@moglobinuria occurs when the quantity of free hwemo-
globin exceeds the sixtieth part of the whole of the
ha@emoglobin contained in the body. How are we, on this
view, to explain the differences in the behaviour of the
colouring matter of the blood in the two diseases,
pernicions anmwmia and paroxysmal hwemoglobinuria? In
both hzmoglobin in great excess is set free in the blood ;
but while in paroxysmal heemoglobinuria the heemoglobin is
at once exereted through the kidneys, and appears as such
in the urine, in pernicious ansmia hemoglobinuria is
absent.

These differences can, I find, be simulated experiment-
ally. The injection of a small quantity of glycerine into
the blood of rabbits is followed by h@moglobinuria,
although the destruction of corpuscles may be so slight in
amount that scarcely any evidence of it is to be found, either
in the blood or elsewhere. The injection of even large doses
of toluylendiamin, on the contrary, in the same animals, is
never attended by heemoglobinuria, although the appearances
presented by the liver, spleen, or other organs may clearly
show that a great destruction of blood has occurred.

- How are these differences in the results to be explained ?
The answer is supplied by my observations, which show that
the occurrence of hamoglobinuria is dependent not so much
on the quantity of hamoglobin free in the blood as on (1) the
seat of its liberation and (2) the jform assumed by the
hemoglobin after being liberated.

1 Ueber Hemoglobinurie : Berl. klin. Woch., 1883, No. xxv.
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afforded by the liver—viz., the formation of the bile and
urinary pigments. The amount of destruction which takes
place is constantly varying in health, and still more in
disease. Nevertheless, what may be termed physiological
haemoglobinuria never occurs. However great the destruc-
tion may be, heemoglobin never appears in the urine. And
this is the case so long as the disintegration of the red
corpuscles and the liberation of their heemoglobin is limited
to the portal eirculation. The products of this destruction
are successfully disposed of by the liver before reaching the
general circulation.

(b) In Paroxysmal Hemoglobinuria.—On the other hand,
the liberation of heemoglobin in the general circulation, even
in small quantity, is at once evidenced by the appearance
of hiemoglobin in the urine. This is the condition typically
exemplified in paroxysmal heemoglobinuria, as also after the
injection of distilled water, glycerine, or pyrogallie acid in
animals. The oceurrence of haemoglobinuria in such cases
depends not so much on the guantity of hemoglobin set free
as on the seat of its liberation.

We have seen that in animals the injection of even small
doses of glycerine is followed by hemoglobinuria, although
no other evidence of blood destruction may be found. The
glycerine acts locally on the red corpuscles, withdrawing
their haeemoglobin,

So also in man, the mere dipping of the fingers for a short
time in ice-cold water will suffice in some cases to bring on
an attack in those subject to paroxysmal hemoglobinuria,
the actual disintegration of the corpuscles, according to
Boas,! being confined to the small portion of the general cir-
culation exposed to the influence of the cold.

(¢) In Pernicious Anemia.—In pernicious ansemia, as in
health, this destruction is confined to the portal circulation.
No hwemoglobinuria ever oceurs. In paroxysmal and other
forms of heemoglobinuria the liberation of heemoglobin occurs

1 Beitrag zur Lehre von der paroxysmalen Hemoglobinurie, D. Archiv
f. klin. Med., Bd, xxxii., 1883, p. 371,

D
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in the general cireulation; hwmoglobinuria then results.
So important is this difference, that after the administration
of poisons, such as pyrogallic acid, having an intensely de-
structive action on the red corpuscles, the destructive action
is Limited in the first instance {o the spleen, even in cases in
which the drug has been injected directly into the general
circulation. When small doses are given, the destructive
action of the drug is then limited entirely to the portal eir-
culation, and chiefly to the spleen. The products of this
destruction are disposed of by the liver, no heemoglobinuria
~occurring, When larger doses are given, the destructive
action of the poison is no longer confined to the blood within
the portal circulation and its annexra ; an excessive libera-
tion of heemoglobin occurs both in the portal and general
circulation, and marked hiemoglobinuria ensues,

The excessive destruction of blood characteristic of per-
nicious anmmia is mainly confined to the blood within the
portal system, chiefly to that within the spleen and the liver.
It is this fact which explains why, in all cases alike, whatever
be their severity, the one constant anatomical change—viz.,
excess of blood pigment—is to be found within the liver,
the pigment being always most abundant in the outer
two-thirds of the liver lobule. Evidence of any excessive
blood destruction may be wanting in every other organ
of the body. Butin no case, however slight the destruetion
may be, can the liver escape. The products of this destrue-
tion must in all cases pass through it.

Provided that the destruction is within limits, the whole
of the products are disposed of, no pigment being found
either in the kidneys or elsewhere, If these limits are passed,
hsemoglobin then passes into the general circulation, and is
excreted through the kidneys. The evidence of this is the
presence in certain cases of pigment within the renal cells
of the convolute tubules, apparently thrown down in
granular form in the process of being exereted.

SUBSECTION 2.—CHANGE IN THE CHARACTER OF HEMO-
GLOBIN UNDER THE ACTION OF CERTAIN AGENTS.—The
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absence of hemoglobinuria under such circumstances is
explained by my observations, which show that the eccur-
rence of hemoglobinuria also depends on the forin assumed
by the heemoglobin after being liberated from the corpuscles.

H:aemoglobin set free in the cireulation by the action of
such reagents as distilled water or glycerine is excreted as
such by the kidneys, and chiefly through the glomeruli of
the kidney, only in part through the epithelium of the con-
voluted tubules.

Under certain circumstances, it would appear as if the
‘h@moglobin, on being set free, effects a combination with
the albuminous constituents of the plasma, and is then no
longer excreted as ordinary heemoglobin, Instead of passing
through the glomeruli, it is mainly excreted by the cells
of the convoluted tubules, and is no longer recognisable in
the urine by the ordinary tests applied for the detection of
hemoglobin.

This change in the character of the hiemoglobin, T find, is
characteristic of the action of certain destructive agents,
notably of toluylendiamin,

I have already stated that the injection of even large
doses of this dimg into the blood of rabbits is not attended
by hemoglobinuria, although the appearances presented
by the liver and spleen show that there has been a greaf
destruction of blood. Although hsmoglobin is not dis-
coverable in the urine by the ordinary tests, spectroscopic
and otherwise, on microscopic examination small globules
of yellow colouring matter of varying size are to be found
abundantly in the urine, and are easily recognisable as
products of blood destruction by their bright yellow
colour. These globules are always spherical in form, and
they so closely resemble at first sight ordinary spherical
red corpuscles that they may, on cursory examination, be
mistaken for such. They have more usually been regarded
as fragments of red corpuscles. The interesting point
regarding these globules of colouring matter—for such they
-are—is that in size, form, and colour they exactly resemble
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the granules of pigment found in the cells of the convo-
luted tubules of the kidney in certain cases of pernicious
anwemia.

Source of the Pigment in the Kidney.—What, then, is the
nature and source of this colouring matter or pigment ?
The answer to this question is, I think, supplied by some
observations of great interest which I made while studying
the action of toluylendiamin on the blood outside the body,
which show that under certain circumstances haemoglobin in
solution can assume « corpuscular forimn.

If a small quantity of blood (5 e.mm.) be added to a per-

fectly neutral 5 per cent. solution of toluylendiamin, the
following changes may be observed. At the end of twelve or
twenty-four hours the corpuscles will be found to have all
disappeared. On microscopie examination not a single cor-
puscular element of any sort is to be found in the perfectly
transparent, slightly hemoglobin-tinted solution. After
this time a deposit begins to form at the bottom of the
vessel, found on examination to be made up, not of the
original red corpuseles, but of innumerable spherical bodies,
of deep yellow colour and of the most varying size; identical,
in fact, in all respects, with the bodies found in the urine .
after the administration of the drug. The bodies are of
viscous nature, the smaller fusing readily with one another
to form larger. The uniformly spherical form and deep
yellow colour are, however, always retained.

A solution of pure erystalline heemoglobin does not throw
down bodies of this nature when similarly treated. I there-
Jore conclude that the hwmoglobin has formed some combi-
nation with the albuminous constituents of the plasma.

It is extremely pmbu.ble that a change of this nature
occurs in the heemoglobin in cases of pernicious ansmia.
Its removal from the blood is then effected chiefly through
the cells of the convoluted tubules. While in process of
being excreted, it may be thrown down in the form of
globules within these cells, the colouring matter gradually
becoming reduced, and giving afterwards more or less
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perfectly the characteristic reaction of iron in albuminate
form.

As we have seen, it is only in certain cases that the
kidney contains this pigment. This is explained by the
.above observations. So long as the destruction is slight,
the produets of it will be disposed of almost entirely by the
liver and before reaching the general circulation. If it is
excessive at any one time, then hmoglobin in its modified
form passes into the general circulation, and is exereted as
such through the kidneys. The most likely cases, therefore,
in which to find pigment in the kidneys will be those in
which the progress of the disease has been marked by
exacerbations of the destructive process more or less acute,
and in which, therefore, the destruction from time to time
has been very great. Microscopie examination of the urine
under such circumstances will probably reveal the presence
of colouring matter in the form of small spherical globules
similar to those just deseribed. I have not yet had an
opportunity of seeing such a case. In the light of these
observations I shall watch for one with interest.

SECTION IV.—EXPLANATION OF THE VARYING SIZE OF
THE SPLEEN.

I regard these observations as establishing that pernicious
-ansgemia is due to an excessive destruetion of blood ocenrring
in the portal system, especially that portion of it contained
within the liver and the spleen. Heow is this conclusion
reconcilable with the fact that in certain cases of per-
nicious ansemia the spleen apparently shows no c]mngea
either to the naked eye or on microscopic examina-
tion? Insome cases it is described as of small size, firm,
and red, or small and pale; while in others it is found
enlarged, swollen, soft in consistence, and of deep violet
colour, as in a case which recently came under my notice.

The explanation of these variations in the size of the spleen
I find to be that the size of the spleen cannot be taken as an
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indication of the amount of blood destruction which may
huave recently ocewrrved in i, While active disintegration of
the corpuscles is in progress the spleen is usually found
enlarged. On the other hand, two or three days later,
while the blood still eontains remains of red blood-corpuscles
and other evidences of blood destrnetion are numerous, the
spleen may be found small, shrunken, and contracted, con-
taining little blood and showing little evidence of having
been at all concerned in the process.

Now we have seen that the course of pernicious ansmia
towards the fatal termination is usually marked by relapses
alternating with periods of convalescence; also, that
these exacerbations are always followed by further deterio-
ration of the quality of the blood and by more marked
oligoeytheemia. This must be taken as an indication that
the excessive blood destruction occurring in pernicious
anemia is not constant. The process is marked by
periods of activity alternately with periods of quiescence.
The condition of the spleen found after death will
vary according as an exacerbation of the destructive pro-
cess has recently occurred or not. It is this fact which
explains, in part, the extraordinary variations in the
size of that organ in different cases. If destruction is in
active progress at the time of death, the spleen will be
found enlarged.

SECTION V.—EXPLANATION OF THE VARYING QUANTITY
OF PIGMENT IN THE SPLEEN.

As regards its other characters, we have seen that in the
hardened tissue mieroscopic examination usunally fails to
reveal any changes at all, and that in most cases the amount
of iron contained in it is by no means proportional to the
great excess constantly found in the liver. I was for a long
time inclined to regard this as an indication that the part
played by the spleen in the destruction of blood in this
disease was altogether secondary to that taken by the liver,
and for the following reason :—
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My observations showed that after transfusion of blood
the spleen always contains much more pigment than theliver,
and this organ is the chief seat of the disintegration of the
red corpuscles in such cases. The conditions of the cirenla-
tion in the spleen are specially favourable to the aceumula-
tion of effete red corpuscles and their conversion into pig-
ment.

I found, however, that the presence or absence of pig-
ment in the spleen is dependent to a great extent on the
aature of the blood destruction which has occurred. If
the corpuscles are broken down entirely and their hamo-
globin liberated, the amount of pigment found in the
spleen may be very slight, although the destruction of
corpuscles may have been great. After poisoning with
pyrogallic acid little or no pigment may be found in the
spleen, although marked heemoglobinuria has oceurred ; and
the appearances presented by the red corpuscles within the
spleen itself show that a great destruction of blood has
taken place. The hemoglobin of the eorpuscles has been set
free and carried to the liver to be disposed of, or into the
general circulation to be excreted by the kidneys.

The conclusion I ultimately arrived at on the ground of
these observations was that, as regards the spleen, much
more importance was to be attached to the recent appear-
ances, both naked eye and microscopic, than to those pre-
sented by the organ after hardening. In many cases the
spleen was found apparently normal on being examined after
hardening, while examination of the fresh organ had shown
that blood destruction had been in full progress at the
time of death.

This conelusion was confirmed in a very striking way in
a case of pernicious anwmia which came under my observa-
tion recently. The appearances presented by the spleen in
particular were extremely well fitted to explain why in so
many cases that organ after hardening shows so little change,
~ The spleen was much enlarged (weight 13 oz.), soft and
flabby in consistence, and, on section, presented an ex-
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tremely deep violet-red or dark-purplish colour. It seemed
to be extremely rich in blood, and in this respect presented
a marked contrast to the other organs, which were exceed-
ingly pale and ansemie,

On mieroseopiec examination of serapings from the fresh
organ the red corpuscles were found few in number. The
colonr of the splenic pulp was almost solely due to the
presence of free heemoglobin, the red corpuscles being in
no greater number than in the other organs of the body.
The splenic tissne gave little or no colour reaction with
-sulphide of ammonium. It contained no excess of blood
pigment.

The explanation of these appearances is at once evident.
Blood destruction had apparently been in active progress
at the time of death, and the spleen was the chief
seat of the disintegration of the red corpuscles. The
hemoglobin was carried to the liver to be disposed of,
the evidence of this being, in the present case, not only
a great excess of pigment in the liver cells in the usual
situation—the outer two-thirds of the lobule,—but also the
presence of a very large quantity of thick, intensely deeply
stained bile found both in the gall-bladder and in the upper,
part of the small intestine. The absence of any iron
reaction is explained by the circumstance already alluded
to, that iron, as it is contained in the form of hwmoglobin,
gives no reaction with micro-chemical reagents.

SecTioN VI.—CONCLUSIONS AS TO THE NATURE OF
THE BLOOD DESTRUCTION.

What, then, is the nature of the blood destruction in this
disease? I have satisfied myself that it cannot be regarded
simply as a dissolution of the red corpuscles in the general
circulation, such as oceurs periodically in paroxysmal
h®moglobinuria, and such as may be experimentally
induced by the injection of such reagents as distilled
water, glycerine, or pyrogallic acid into the circulation.
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Heemoglobinuria then occurs, and h®moglobinuria is always
absent in pernicious anemia.

In this relation the condition of the liver is of the greatest
importance.

As the result of my observations with distilled water and
glycerine after injection into the blood, I have been led to
conclude that mere cxcess of hwmoglobin free in the blood
is not capable of giving rise to a condition of the liver such
as is found in pernicious anemia.

Nor can it be produced by the action of a destructive agent
such as pyrogallic acid, which, in addition to its action on
the blood, has a distinetly poisonous action on the liver
cells, evidenced by the occurrence of intense fatty degenera-
tion of the liver cells, especially in the centre of the lobules.

My observations, however, show that, by the action of a
drug such as toluylendiamin, a condition of the liver as
regards (1) richness in iron, (2) situation of the pigment
within the liver cells, and (3) occurrence of fatty degencration
in the cells in the central third of the lobule, can be produced
closely resembling, although never so marked as that found
in, pernicious anemia. A similar condition of the liver has
been found by Stadelmann after chronic poisoning with
toluylendiamin in dogs.

Now, the peculiarity of the action of toluylendiamin, as
distinguished from that of a poison such as pyrogallic acid,
I find to be this—that it combines with ifs destructive
action on the blood a specific action, not necessarily a
poisonous action, on the liver cells. I find that a similar
gpecific action is to some degree exerted on the liver cells
by phosphate of soda, a salt well known to be a stimulant
of bile secretion. 1 therefore conclude that the agent (or
agents) which induces the excessive destruetion of blood in
pernicious ansemia is one whose action on the blood and on
the liver cells is the same as that of toluylendiamin; and
this conelusion is strengthened by the econsideration that
the form assumed by the heemoglobin after its liberation
from the corpuscles is, in cases of pernicious anwmmia,
E













