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Introduction.

The view of the ancients that the blood was the vital
part of the body, a view that gained expression in the system of
humoral pathology;in which an attempt was made to ascribe all
morbid processestof the human body to variations in this fluid,
naturally led to an eager study of its composition in health and
disease, The application by Lavoisier in 1730 of accurate
scientific methods of measurement and analysis to vital processes,
and his famous declaration that "La vie est une fonction chimique,"
opened up a new era in medical history, so that it is not surpris-
ing that the first half of last century saw the publication of
many painstaking researches on the chemical constituents of the
blood, and the alterations that might occur in disease. By 1350
however, the death knell of humoral bathology had been sounded,
and the doctrine that disease depended rather on modifications
in the processes of cells than in the fluids which nourish them
had been firmly established. This teaching, which owed much
at its inception to Virchow's work, has resulted in the huge
system of cellular pathology as it is now known, a system which
although 'it has brought great advances in medicine, has led
thought too much the other way, has resulted in our pathology
books belying their name and becoming text books of morbid
anatomy, and has brought about an almost total neglect of the
chemical processes of the body in health and disease. The
last ten years, however, have seen the pendulum slowly swinging
back, and the biochemist with ever improving means at his dig-
posal is stepping forward to take his place along with the bac-
teriologist, immunologist, and morbid anatomist in the fight
against disease.

The history of the researches on the serum proteins
reflects these changing view points as to the main factor in the
causation of disease. Whilst the middle part of last century
saw many inquiries into the normal quantities of the serum al-
bumin and globulin, and into the changes brought about in the

amounts in various diseases, the interest in the subject evidently
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waned, for little mention is made of these bodies in the litera-
ture at the commencement of this century. Perhaps the cessation
of the practice of bleeding for all complaints, and the consequent
fact that blood was not so available for examination, partly
accounted for this. It is only since about 1212 that the study
of the serum proteins has been revived, since when there has been
a considerable amount of work done to determine their function im
the organism, and the part tney may play in disease.
So we find that Gamgee (1) writing in 1830 gave a

very full account of the subject, M. Foster (2) in his physiology
in 1393 estimates the total proteins as being 3.9% of the serum,
and mentions that the relative quantities of albumin and globulin
are very variable. Writing at the commencement of this century,
however, Metchnikof (3) in his "Immunity in Infective diseases,"
apart from noting the fact that the antitoxins are precipitated
with the globulins, takes no notice of the changes in the serum
proteins in infections. Ehrlich (4) in his "Studies in Immunity,"
and later in his work with Lazarus on Anaemia does not refer ®
these bodies at all. Wm. Hunter in his careful account of
Pernicious anaemia, omits any mention of the proteins of the
blood; and Buchanan (5) in his book entitled "Blood in Health
and Disease" published as late as 1902 has nothing to say about
the subject. In the last few years it is remarkable to note
that standard works like Starling's and Halliburton's physiology
text books, and Adami's, WMacCallum's, and Beattie and Dixon's
pathology books only state baldly that the blood contains serum
albumin and globulin. The best modern accounts of the work are

given by Hammarsten, (6) Luciani (7), Pobertson (3) and Macleod
(9), but these are all very brief, and in the first two cases
rather erroneous.

In the account given below, an attempt has been made

to indicate the views held concerning the serum Proteins at
different times, and to give in more detail the modern work that

has been done in attempting to solve the problem of these substances.



The account of the estimations of the serum albumin and globulin
made at different times by various workers is by no means com-
plete, for Rowe (10) published a very full bibliography of the
subject in 1216. Rowe in his account, however, only gives,
practically, a list of the values for the total proteins, serum
albumin and globulin, found by different workers up to that date,
with the references. He does not enter at all into the subject
of the functions of the blood proteins, or of the use that may

be made of their estimation in medicine. Whilst most of the
references to old work made below will be found in his article,
yet in some instances literature has been found to which he
evidently did not have access. Moreover, much work has been done
since his articles appeared, so that the account below is in no
way simply traversing the ground again, but is rather supplemen-
tary to his article, looking at the subject from a different view

point, and also giving new work done since that time.
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Historical Summary

of work done on the Serum Proteins up to the present day.

It is difficult to place with certainty when the
presence of serum albumin and globulin was first recognised in
the blood. Hewson (11) who was Hunter's bPartner from 1762 to
1772, and gave some of the lectures for Hunter, did much valuable
experimental work on the blood. From his writings, however, it
appears that the main problem of the day, and the one towards
the solving of which most of the experiments were directed, was
how the clot was formed from the circulating blood, what con-
stituents of the blood entered into the clot, and in what form
these bodies existed in the fluid blood. It was known that
the serum was coagulable by heat, and various other agents, as
alcohol and the salts of mercury, and further that the bart left
after coagulation, known as the "serosity," contained all the
mineral salts of the serum. But little attention seems to have
been given to the coagulable matter, except that Hewson compares
it to the pellicle which forms on milk when it is heated. There
is a shrewd remark in a book published before Hewson's time in
1754 by R. Brookes (12) that the blood serum coagulates like
white of egg which, he adds, it resembles.

It must be remembered that in the years before Hunter
and Hewson, argument had waied strong as to whether the red cor-
Puscles entered into and assisted to form the clot, and it was
only during the time of these two great teachers that the fact
that the red cells have nothing to do with the clot, became
universally recognised. The fibrin we know today was variously
styled “coaguléble lymph," "plagtic lymph," or “gluten“,to men-
tion a few of the terms, and it was known that this substance
was the same whether it appeared in coagulated shed blood, in
the clot on wounds, in emboli in the vessels, or deposited in
flakes in inflammatory processes. Cullen (13) in Edinburgh,
from his book for the students in 1777, taught that this "gluten*
did not all solidify in the clot, but that some remained as the

coagulable material of the serum. That is, he thought that the



serum protein and the fibrin were identical. This was soon
corrected, for Blumenbach (14) in Germany writing in 1817, re-
marks that the coagulable part of the serum is albumin, and says
that this substance used to be confused with fibrin,

In 1330, the first records of quantitative estimations
of serum protein commence. These measurements were at first of
the total proteins only, for even when it was known that the
protein existed in two or more forms, it was all believed to be
albumin modified in different ways, and it was all grouped to-
gether under that name. At this time Prévost and Dumas (15):
(1821 - 1823) and Berzelius (16) of Thenard, did work of great
value by estimating the average composition of healthy blood, z.nd
thus establishing a standard with which the blood in disease could
be compared. The latter writer in 13831 records the average
value of the total proteins in normal serum, as being 8%. The
next twenty years saw the publication of innumerable estimations
of the composition of the blood of various animals as well as of
men, with comparison of the alterations in the quantity of the
constituents in the two sexes'during starvation, in persons of
different temperament, and in diseased conditions. Simon (17)
in his "Animal Chemistry" gives a very good account of the
researches by the workers of this time. He notes. the results
of Denis, Lecanci,Nasse, and Awdral and Gavarret, who obtained
results for the total proteins ranging from seven tc nine per
cent, and compares them with his own results of 7.5 =- 7.7% for
healthy persons. He thought from the results of these workers
and himgself that sex, age, and temperament all exerted an in-
fluence on the composition of the blood, albumin being present
in greater quantities in females. The great work of the time,
however, was done by Becquerel and Rodier (13), who investi-
gated the chemigtry of the blood in health and disease in a very
thorough manner. These writers found that the normal value for
the serum proteins was 8%, and that in chlorosis and plethora,

there was no alteration, whilst in nephritis and cardiac disease
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with oedema, endocarditis, typhoid, acute rheumatic fever,
pneumonia, secondary anaemias, and pulmonary tuberculosis, they
wWere lowered. For the time at which they worked, these two
men were remarkably accurate, and noted the¥r many facts which
are thought today to be new discoveries. For example, they
showed that the cholesterol in the blood was increased in old
age, a fact which has been rediscovered by many workers of

late years.

But as yet little was known of the nature of the serum
proteins or the part they played in the bodily economy. For
Liebig (19), one of the fathers of our modern organic chemistry,
and who stood alone in his day, writing of the blood in 1842,
states that it contains'fibrine“and'albumin: and that these bodies
were isomers of one another. He held that the nitrogenous con-
stituents of blood, of muscle fibre, and of vegetable food were
isomers, and €ould all be converted into albumin, and that the
reverse process also was possible. He thought that albumin’
and ‘fibrine could be changed into one another, and into muscle
fibre, and this latter substance back into thenm. To use his
own words "The true starting point for all the tissues is con-
sequently albumin; &ll nitrogenised articles of food, whether
derived from the animal or vegetable kingdom, are converted
into albumin before they can take part in the process of nutri-
ticen.® So that the serum protein was then believed to exist for
nutritive purposes, a view, which will be seen later, has been
held even of recent years, but which modern work seems to have
finally disproved.

Liebig also describes the discovery of a substance by
Mulder which was believed to be the basis of all nitrogenous or-
ganic bodies, and which had been named "proteine." It was thought
that substances such as albumin and fibrin were formed by the
union of this "proteine" with various inorganic substances.

From now onward this term commences to be used in the literamre,

gradually assuming the significance which is attached to it today.
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In 1843 an outbreak of cholera in Dorpat provided
C. Schmidt (20) with material to work on, and he found that the
serum proteins Were increased in severe cholera, and also after

the use of hydragogne cathartf%, and he confirmed Becquerel &
N

RPodier's (18) findings that the total protein is diminished in
nephritis. He recorded the value of the proteins as being in
cholera l5.3§|and in nephritis 4.4%. He adopted the explana-
tion, which is still held today, that the blood loses fluid in
the former states, and becomes diluted in nephritis, and so the
change in the percentage composition is brought about.

For about the next 30 years, apparently very little
work was done with regard to the serum proteins, Very few
references exist to any estimations made during this period.
Claude Bernard (21) in 1859 in his lectures, states that the
serum albumin is difficult to measure, but that as it varied
s0 widely both in health and disease, not much importance could
be given to alterations in the quantities present. This great
physiologist held, though, the modern view that the proteins of
the blood do not exist as such in the cirdulating fluid, but com-
bined together, but the deductions from the experiments he did
to prove this, were, in the light of present day knowledge, erron-
eously drawn. Leven (22) in 1373 found that the normal value of
the total serum protein was 7.9%, but that from a patient with
scorbutus it was 7.6%. Then A. Schmidt (23), working on the
coagulation of the blood, incidentally made some observations on
these bodies, and it is with his work that the first definite
recognition of the globulin and the albumin fractions appear.
Unfortunately this scientist, although he did very valuable work
on clotting,work which stands to this present day, made two mis-
takes with regard to the serum proteins. His modeg of separating
the globulin fraction was by dialysis, which, of course, only
gave him the euglobulin, so that his estimations of this subst ance
Were very low, Thus he found ox blood to contain 0.4% of globu-
lin, whereas the true figure is somewhere about 2.2%. Secondly

he thought that the globulin, or "fibrinoplastic substance," as
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he termed it had some part in changing the fibrinogen into fibrin.
These errors were recognised by Hammarsten (24), who in
1878 pointed out that all the globulin was not precipitated by
A, Schmidt's method, and discovered that saturation with magnesium
sulphate threw down all the globulin, wnilst not affecting the
albumin. Incidentally, in his invaluable researches into the
coagulation of the blood, he followed up and extended Schmidt's
discoveries, but corrected Schmidt's error of supposing that the
globulin acted as a fibrinoplastic substance. Hammarsten (24)

published the following estimations of the serum proteins in

normal cases.: -

Serum Total Proteins Albumin Globulin
Horse 7.26% 2.67% 4 .56%
Ox 7.49% 3.33% 4.17%
Rabbit 6.22% 4.43% 1.79%
Man 7.62% 4.52% 3.10%

From this it can be gseen that except in the case of the rabbit,
his values for globulin are far too high, but it should be remem-
bered that the rise in these bodies produced by infection was not
known in those days, and consequently this fallacy was not guarded
against.

Mention must be made at this stage of Gamgee (1) in
England who evidently had a wide knowledge of the work done on
the blood, and carried out work on it himself. In his book pub-
lished in 1380, he gives a very good account of the subject, par-
ticularly of the work of Hammarsten and A. Schmidt, and describes
the various methods then extant of estimating the serum proteins.
Unfortunately he does not state any quantitative results he him
self obtained.

During the remaining years of the nineteenth century,
comparatively little work was done, the main workers in this field
during the period under review being von Jaksch, Limbeck, and
Pick. After Schmidt and Hammarsten's work, however, the importance
of estimating the globulin and albumin fractions of the serum pro-

tein was recognised, so that the results published from this time



on, practically all show the variations in the relative amounts
of these two bodies, as well as in the total amount of proteins
present. In 1382, Hoffmann (25) found the normal value of the
serum protein to be 7.4 to 7.8%. Estelle (26) and Csafary (27)
in 1830 and 1391 respectively, recorded the results they found
in cases of "nephritis," the latter finding that the globulin
Wwas increased in this condition., Mya & Niglezio (28) investi-
gated the albumin-globulin ratio in various diseases, and found
that the globulin was increased in Pneumonia, angina pectoris,
tetanus, nephritis, and diabetes. They also estimated the same
ratio in different transudations and exudations, and found that
the alterations in the serum vary directly with those in the
transudations. Hoppe Seyler (29) determined the total proteins
in a case of melanotic sarioma, and found that they were lowerdl,
This author (30) published a new method of carrying out this
estimation, using alcohol as the frecipitating agent for the pro-
tein in the serum. He also noted (30) that an approximate value
for the amount of serum protein could be obtained with a clear serum
by the polarimeter. Several workers at this time sought the
effect, if any, of starvation on the amount of protein in the
blood. Thus Panum (32) found a diminution in fasting animals,
and concluded that part at least of the serum albumin must be con-
sidered as nutrient material. Bruckhardt (33) and Tregel (34)
found in dogs and snakes respectively that the globulin is in-
creased relative to the albumin in starvation, but Howells &
Savioli (35) showed that their work was erroneous. A small
amount of work was done by Halliburton (36) on the composition of
human serum in disease, He stated that the globulin was increased
in acute fevers, and connected this with the accompanying leucocy-
tosis., He also estimated the normal values of the proteins in
Hen's serum (37), but later work has shown his figures to be
erroneous.

After all these isolated researches, a more complete

survey of the subject was undertaken by TLimbeck and Pick (38) in

1383, and investigations made into the changes both in the total
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protein and in the serum albumin and globulin in numerous diseases.
These investigations were undoubtedly spurred on by the work of

von Jaksch (39), who just at this time published the results of his
estimations of the serum protein in a host of diseases. The me thod
used by von Jaksch was to find the amount of nitrogen in the serum,
and to calculate the albumin present indirectly from this by multi-
Plying the result obtained by 6.23. It will be obvious at once
that such a method gives too high results, and this was immediate-
ly pointed out by Limbeck and Pick, who in numerous experiments

in various diseases showed the difference in the results obtained
for the value of the total serum protein when using von Jaksch's
method, and when estimating the protein by precipitating it and
weighing it. These writers from a study of the results both of
other workers and themselves felt certain that the total amount

of protein in the serum was comparatively fixed, altnough the serum
albumin and globulin might vary considerably as regards one another.
They further investigated this latter question, and obtained first
that the normal relations were albumin 62 -~ 33%Z and globulin 17 -
33%. Similar estimations carried out on the serum of Persons
suffering with disease gave them varying results, but as, on the
whole the globulin was generally raised in quantity relative to

the albumin, they concluded that the facts indicated that the
globulin is more resistant in the serum.

The only other researches in this subject during the
remainder of this period that are of much interest are those of
Freund (492) in 13% who found that the percentage of globulin in
nephritis varied from 25 - 33 per cent., whilst in pernicious
anaemia it was 33 per cent., and of Seng (41) who in 1892 found
an increased percentage of glcbulin in animals immune to dip-
therisa. Szontagh & Wellman (42) also found that with immuniza-
tion the total proteins were slightly increased, and their work

was repeated and confirmed by Butjagen (43) in 1902.



The investigations concerning the serum proteins made
during the present century may be conveniently considered in two
groups, namely, those made up until the years 1914 and 1915, and
those performed since that time. The former researches were
chiefly carried out on the Continent, the latter in America.
This division, although quite arbitrary, aids one in grasping
the history of the subject. For as will be emphasised later, any & -
work done before 1915, must be examined very carefully, and dis-
counted to a certain extent for the following reasons. Firstly,
all the methods employed in those times, to estimate the serum
proteins, as has been shown again and again by various workers,
were 1inaccurate. But, as with one worker using the same tech-~
nigue for all analyses, the same error occurs each time, so, al-
though the actual values obtained may not be true, nevertheless
the comparisons made of the proteins in various conditions by
this worker may reveal any alterations faithfully, as for example
a diminution in the total proteins in a case of nephritis with the
advent of oedema. Secondly, it was not fully realized that in-
fections caused a rise in the amount of globulins, and even when
it was recognised, this fallacy was, and often could not,be ex-
cluded. Even in the present day, when we have the additional
help given by bacteriological examinations, by radiographic ex-
aminations, and by direct instrumental examination of wvarious
membranes, as by the urethrascope and cystoscope, it is often
impossible to detect the presence of an infection in a patient,
which subsequent events show t0o have existed all the time. How
impossible it was, then, for an o0ld time observer, in noting an
increase in the globulin percentage, to say definitely what tnis
was due t0. So that the o0ld records must be considered very
cautiously, and even modern work, where an increase in the
globulin albumin ratio is shown, must be charily accepted, unless
it is shown that all necessary care has been taken to exclude the
possibility of a complicating infection. Even then, knowing the
difficulty of doing this in the human body, it seems necessary
if one wishes, to prove actually that a rise in globulin does

take place in a particular condition, to observe this rise in a



large number of cases.

To return to a review of the actual researches carried
out in the earlier period mentioned above, the work of Erben (44)
must first be congidered. In a series of papers published dur-
ing the years nineteen hundred to nineteen hundred and five, this
investigator reviewed the existing literature on the chemistry
of the blood, and then gave his own findings for the normal amounts
of its organic and inorganic constituents. He further investi-
gated the serum proteins in a number of diseases, and amongst his
results it may bs noted that he found the total vroteins lowered
in a case of pernicious anaewmia, but with no rise in the amount
of globulin. In nephritis and carcinoma, the serum protein was
also lowered, and he noted an increase in the globulin in wvarious
infections, for which he offered the explanation of Gottwalt (45)
that the globulin was more resistant to the toxins than the al-
bumin. The increase in the amount of globulin in different in-
fective processes evidently attracted notice at this time, for
several workers turned their attention to it, and their results
can be briefly reviewed at this point. In 1900, Atkinson (46)
showed that the antitoxic power of the serum was associated with
the globulins, a most important discovery for from it has grown
the methods of preparation now employed to obtain anti toxins for
therapeutic purposes. In nineteen hundred and two, Jakoby (47)
found an increase in the euglobulin in animals immurized to cas-
tor o0il, and Joachim (48), besides showing an increase in the

glcbulin in human serum in many diseases, demonstrated that the

same phenomenon happened when a horse was immunised to diptheria.
This work was followed up the next year by Moll (49) who injected
various proteins and killed bacteria into animals, and found that
this produced a rise in the globulin, which he associated with the
increase in the immune bodies, He revived the suggestion put
forward by A. Schmidt (23) that some of the globulin may possibly
arise from the leucocytes. Similar experiments were carried out

in 1904 by Longstein and Meyer (50) who showed an increase in the



globulins in the sera of imwmunized and infected rabbits, and this
work was confirmed by Muller. Glaessner (51) repeated MMoll's
work in 1905 and confirmed it, but offered the explanation that
globulin was more resistant to ferment action than albumin to
account for the increase of the former body in infectious diseases.
The work of Vadala (52) who published the estimations
of the serum proteins in two cases of anaemia from ankylostomiasis,
finding the albumin to be 7.3% and the globulin 2.4%, and of
Grentt, Gilbert, and Chiray (53), who found the serum proteins
decreased in liver insufficiency, may be mentioned here in passing,
but the neXt important group of researches into the subject con-
cern the behaviour of the serum proteins in Syphilis. The es-
timation of the total proteins in this disease had already been
made in 1902 by Jolles and Oppenheimer (54), who found no altera-
tion, but the first mention of the determination of the albumin
globulin ratio was made by Winternitz (535) in 1908, He found
an increase in the amount of globulin. This increase was also
noted in the same year by Xlaussner (56), and by Sachs and Alt-
mann (57), the latter believing that the Wasserman reaction was
due to the increased globulin. Elias, Weubauer, Porges and
Salomon (53) also thought that the substance causing the
Wasserman reaction belonged to the globulins, which bodies, they
noted, were increased in syphilis. Noguchi (59) investigated
the problem, and he thought that the increased globulin ran so
nearly parallel to the Wasserman test that, for a time, he sug-
gested the estimation of globulin as a test for syphilis. Gay
and Titzgerald (60), however, were unable to obtain such definite
results as did Woguchi, and in 1911 Muller and Hough (61) could
establish no relation between the increase in globulin and the
result of the Wassermann test. TRowe (10) and others of more
recent years have definitely settled this question, and shown

that the Wasserman reaction is not due to the increased amount

of protein, but their work will be considered later.

In concluding the survey of the work of this period,

the researches of Epsteen in America, and of Reiss and his co-



- 14 -

workers with the refractometer on the Continent, remain for con-
gsideration. The former (62) in nineteen hundred and twelve,
thirteen, and fourteen published three papers dealing with the
chemistry of the blood serum, included in which were estimations
of the serum proteins in various conditions. He concluded from
his results that the globulin was increased in amount in "cardiac
diseases associated with decompensation and serous effusion," in
"pulmonary or respiratory affections of inflammatory or non- in-
flammatory origin (pneumonia, emphysema, polycythemia)" in
"diabetes mellitus,” "parenchymatous nephritis," and in "localized
infections of the kidneys." He found that the globulin content
of the ssrum is normal or diminished in the following diseases,
namely, "simple achylia gastrica," "tuberculosis," "diabetes
insipidus," "chronic interstitial nephritis," and "prostatic
hypertrophy." In "minor surgical cases" the protein content
was also normal. Unfortunately, in none of his cases does he
give any indication as to whether the presence of a complicating
infection was excluded. He does not zven say whether Wasserman
tests were performed, so that it would be certain that the rise
in the amount of globulins reported was not due to syphilis. It
may be rscalled here that Epstein has publishzd further articles
{63) since, in which he has used the estimation of the serum
proteins to guide him in the diagnosis and treatment of certain
cases of nephritis. In fact, he has separated off a class of
nephritis in which there is a heavy loss of protein in the urine,
accompanied by 2 very low amount of serum protein with a large
increase in the globulin albumin ratio, and termed such cases
"nephroses.” Oedema is generally a feature of these cases at
one stage or other of the disease. Epstein thinks that the low
protein content of the blood is partly, at any rate, due to the
heavy loss through the kidneys, and believes that the disease

is unlike a true nephritis but is comparable rather to diabetes,
being a disturbance of the protein metabolism. Further, the

low amount of serum protzins, he thinks‘hy lowering the osmotic

pressure of the blood, plays a large part in causing the oedema.



It was for this reason that he introduced the well known "Epstein
diet," which consists of a menu rich in protein, saying that so
the protein content of the blood is increased, and the eadems
consequently decreases, Although in practice his diet in the
right class of case, is often successful, the reasoning on which
it is based is fallacious. For, as will be shown in the series
of cases presented bzlow, there :gn be a very heavy loss of pro-
tein through the kidneys without any alteration in the serum
protein values, and conversely the total serum protein may be
greatly lowered and the globulin~albumin ratio increased without
any albuminuria, Further, as has been shown by many experi-
menters, feeding of any description, makes no difference to the
amount of protein in the blood. English workers, foremost among
whom Maclean (64) must be mentioned, have demonstrated that it is
rather the metabolic products of the rich protein diet that cause
the decrease in oedema, and in those cases where such a diet is
successful, equal results may be obtained by the administration
of urea.

The thorough and careful investigation of the serum
proteins 'in health and disease published by Reiss in 1913, however,
overshadows all other work done in this field at about that time.
After the introduction of the use of the refractometer to de-
termine the total proteins quantitatively by Strubell in 1900,
this method was perfected by Reiss in 1902, and thereafter used
by him to estimate these bodies in physiological and pathological
states. All his work together with that of the many investiga-
tors, who had also used this method since its introduction, amongst
whom may be mentioned Strauss, thme, Oppenheimer, Sandelog%ky,
and Widal, is summed up in his admirable account. It must he
borne in mind, however, in considering Reiss' work, that his method
was only for estimating the total serum protein; he could not
estimate the albumin and globulin separately. He tried to evolve
a way of doing this with the refractometric vrocess, but by a

mischance - using too strong acetic acid to precipitate the pro-

teins and obtaining hydrolysis - failed, and concluded that it was



impossible. Further, his values for the total proteins were
obtained on the assumption that the non protein constituents of
the blood were constant in quantity. Af ter estimating the re-
fractive index of the whole serum, he subtracted a certain fixed
number representing the index of the non protein constituents, and
80 obtained that of the protein elements. Reiss recognised him-
self that in uraemia, because of the retention of certain bodies
in the blood, this method of procedure as given above rendered his
results valueless. It is known now tnat in many other conditions
besides anaemia, a high content of non protein constituents may
exist. Consequently in all such casés his method is liable to
give erroneous results. An additional error was introduced into
the values he obtained as follows (66). The refractive index

of a one per cent solution of globulin is much greater than that
of a similar solution of albumin. S0 that the refractive index
of a solution containing one per cent of protein made up of a
mixture of albumin and globulin will depend on the relative amount
of these two bodies present, and will vary as they do. Now the
serum protein of the blood is just such a mixture and to assign

a fixed value to the refractive index of a one per cent solution
of it, when the albumin-globulin ratio in it is always varying

is an impossibility. Yet this is what Reiss attempted to do,

and so introduced a further error into his analyses. But, if
these errors in “eiss' work are recognised, and allowed for, his
results are still very wvaluable. From a study of the existing
literature, and from his own researches he came to the following
conclusions, namely, that the total serum proteins were the same

v, .
in amount in capillary,venous ,or artegial blood. Venous stasis,

)
he found increased the proteins, as did muscular work. Feeding
caused no difference, but by drinking large amounts of water, he
was able to lower the amount of protein by 0.2 - 0.6%. Perspira-
tion did not alter the percentage present, but blood-h&iiﬁmgkﬂtﬁng
lowered it more than could be accountzd for by the mere loss of

protein in the shed blood, and during the first and second days

of menstruation, it was also lowered, He found that the normal
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value of the total serum protein was 7 - 9%, but for persons
lying in bed, lower figurss were not unusual. He estimated the
percentage of protein present at various ages from birth to 18
years and found that it gradually rose from 6.7 = 8.5% in the
first two years and thereafter is practically constant. In
investigating the changes in disease, Reiss reasoned that the
amount in the blood might be less owing to a real loss of pro-
tein, or from a dilution of the serum, and similarly an increase
might be accounted for in two such ways. S50 in all his cases, he
kept a chart of the body weight and of the chloride excretion.

If there was an increase of body weight, he assumed that there was
a retention of fluid in the body, and any decrease in protein
found would be due to a dilution of serunm. As the protein might
increase, decrease, or remain stationary in amount, and the body
weight could do likewise, it will be seen at once that there are
nine possibilities in any case. Reiss recognised this, and
noted which occurred in any particular case, and the deduction
he might thereby draw, Working along these lines, he investi=
gated cases of diabetes, nephritis, heart{ disease, acute infec-
ticus diseases, pernicious anaemia, syphilis, and various in-
testinal disorders. In nephritis, he found that there was a
diminution in the total amount of protein due to a retention

of water, and this "oedematous state of the blood" was present
before oedema was clinically manifest, and also after it had
disappeared. In cardiac cases, he concluded that there was no
alteration until compensation failed, when there was a decrease
in the amount of protein, again due to dilution of the serum.
Reiss strongly re;utes Strauss' contention that the blood pro-
teins are much lower in nephritic than in cardiac cases, so much
so that diagnostic help may be obtained from this point. In
acute infectious disease, during the period of fever, a retention
of salt and water was found, with a consequent lowering of the
gerum protein. In pernicious anaemia, however, there was a

true loss of protein, not due to dilution of the serum, and in

syphilis there was a rise in protein durag the incubation and
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secondary periods. Reiss advocated the clinical use of serum
protein estimations especially in the treatment of nephritis.

He thought that the diet and administration of drugs could be
regulated by observing the amount of protein in the blood. A
falling indicated an "oedematous" state of the blood, and gve

a warning that oedema would soon appear clinically if measures
were not taken. Again, when a patient had had dropsy, and this
had disappeared with treatment, Reiss believed that the examina-
tion of the blood proteins revealed the true state of the patient,
and if the test showed that the proteins were still low in amount,
it meant that oedema was liable to recur and treatment should
still be persisted with. Reigs' assumption, however, that, be-
cause in certain conditions, he found an increase in the bédy
weight with a decrease in the amount of serum protein, and there-
fore the blood was diluted, needs reinvestigation. For work
with modern means of estimating the blood volume leads one rather
to believe that the body keeps the amount of circulating fluid
fairly constant, so that before accepting his conclusions as
proven, it would be well to see what results are obtained in pro-
gressive estimations by the "vital red" or "carbon monoxide"
method, in cases, say, of acute infections or nephritis.

It will be well to pause here and consider the actual
methods employed in all the researches that have been dealt with
so far,

In some of the latter, as has been indicated already,
the use of the refractometer was employed. The best technique
in the application of this instrument to the determination of
the serum proteins was thatdeveloped by Reiss. The weaknesses
of his procedure, and the errors introduced by them, have al-
ready been discussed, so that there is no need to dwell on them
again here. All the other estimations were carried out by
precipitating the proteins by various agents, and then finding
out the amount of precipitate. The globulins were thrown out
of solution by salts such as magnesium sulphate and ammonium

sulphate, whilst the total proteins were thrown down by such
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reagents as acetic acid, and alcohol. The amount of protein
precipitated was then estimated either by filtering’and wWeighing
the residue on the filter paper, or by obtaining the amount of
nitrogen in the precigpitate by Kjeldahl's method, and calculating
the amount of protein from this. The technical difficulties
involved in these procedures render them very inaccurate when
dealing with the small quantities of material met with in analys-
ing blood sera, and moreover the tediousness of the methods and
the relatively large amount of blood required for the estimat ions
precluded repeated observations being made on any one subject,
and so an accurate picture of any variations being obtained.
These considerations vitiate thes work of all Oobservers up to

1914 whether their results were obtained by refractometric or
other methods, Moreover, as has besn stated above, in consider-
ing their work in detail, where estimations of the serum proteins
in only one or two cases of a disease have been published, the
question as to whether the results have not been rendered in-
accurate by a complicating infection, has always to be reckoned
with. In spite of this, these researches are valuable today, in
that the conflicting results can be weighed over, and the balance
used to provide guidance for future work, or even as accessory
evidence in favour of more recent findings. Mloreover, a study
of the o0ld experiments reveals the pitfalls that must be avoided
if we wish to obtain accurate analyses today.

Peiss' work, which has been reviewed above brovides a
very adequate summary of the knowledge which had been gaied up to
that date as to the quantities of proteins normally present in
the blood and the variations that might occur in disease. In
addition, it can be seen that it had been almost universally
found that the quantity of globulin increased in infections. But
although the various theories already mentioned had been put for~
ward to account .for this rise, practically no experiments hal been
carried out to confirm any of them, nor had any attempts been

made to see what purpose in the bodily mechanism this phenomenon

served, if indeed it did any. The views concerning the functions



- 20 =

of the serum proteins that held most sway at the time under dis-
cussion were that these bodies had nutritive duties to perform.
Abderhalden (67) supposed that, as foreign proteins are not toler-
ated in the circulation, the products of the digestion of pro-
teins in the intestine were resynthesized by the intestinal cells,
just as the fats were. But unlike the fats, the proteins ﬂimed
did not resemble those of the food whence they came, but were the
serum albumin and globulin, the only proteins that are borne in
the blood stream. ‘Thus he thought that the blood proteins were
the form in which nitrogenous material was carried to the var ious
parts of the body for anabolic processes. Abderhalden was ar-
guing on the aésumption that the amino acids are not absorbed as
such, an assumption which has since proved to be false. Luciani
(63) in his "Human Physiology" published in 1911, which still
ranks as a standard work, so thoroughly and completely did he
deal with his subject, held similar views. He states that the
serum proteins are tissue-forming substances, of which the al-
bumin is the true form, and the globulin a different modification
produced by cell metabolism. He quotes WMiescher and Burchhgrdt
as having actually shown that the globulins of the blood increase
during hunger whilst the ablumin decreases, and says that these
same facts and the explanation of them have been confirmed by many
experiments by Fano and his pupilqpucceschi and di Frassinetts.
The survey of the latter of the two groups into which
We separated the work done in the present century may now be
entered on, and the reason why this arbitrary division ws made
can be briefly stated at once. It has just been seen how the
obgservers before this time laboured under the disadvantac es of
imperfect methods of analysis, and also how the question of in-
fection vi%éated their results. From the commencement of the
period now coming under review, both these obstacles that had
been blocking the progress of knowledge in the subject were removed

for the following reasons, Firstly, two simple accurate methods

of estimating serum proteins, only requiring small amounts of

serum for an analysis, were devisged. Secondly, it was fully



- 21 -

recognised by all investigators at the outset that most inﬁ:ction%
if not all, brought about an increase in the globulin-albumin
ratio, so that the errors that this might introduce were as far

as possible guarded against.

In 1915, Robertson (62) published his refractometric
method of estimating the proteins of hunan sera. This investi-
gator had, in the preceding years, been working with the refrac-
tometer, determining the refractive indices of different substances
when dissolved in various soclvents, and in 1212 had shown how the
proteins of ox serum could be measured by means of the instrument.
In his paper (7C) at that time,he critiscised Reiss' technique,
and showed where the values assumed by that author were wrong.

The method even as described then was simpler and more accurate
than any other in vogue at that time, and was used immediately by
its inventor and several men working under him to carry out in-
vestigations on the percentages of albumin and globulin present in
the sera of various animals under normal and fasting conditions.
Robertson (71) determined the blood proteins in the ox, horse,
rabbit, and rat, and noted that there was an alteration in the
albumin-globulin ratio during starvation, the direction in which
this alteration proceeded apparently varying with the species.

An inérease in the total protein with starvation was also observed.
Woolsey (72), Thompson (73), and Briggs (74) carried out similar
investigations on other animals. Their work was revised in 1916
by Jewett (75), who corrected their results by determining the
percentage of non protein constituents usually present in the sera
of the animals that had been expsrimented on. He substituted
these values in the work of the preceding investigators'in place
of the constant value which had been employed by them. These
researches are interesting in that they are the pioneer work domne
with the new method, and furnished normal values for the serum

proteins of wmany anhals. The conclusions formed, however, as to

the influence of food on the quantities of albumin and globulin
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bresent, were drawn from too small a number of experiments, and
were later found to be erroneous. Two other interesting researches
were carried out at the time that the work just mentioned was
going on. The first was by Wells (76), who investigated the
serum proteins in rabbits aged from three weeks to a year. He
found that the percentage was low in the young animal, and grad-
ually increased withage up to the time when the rabbit was 5
months 0ld, at which time it assumed a constant adult value. He
also tried feeding the rabbits on different diets, but could de-
tect no change in the amounts of the serum proteins as a result.
The second piece of work referred to was done by Buck (77), who
kept animals under anaesthesia with ether or chloroform for pro-
longed periods, so that albuminuria began to appear, when the
globulin-abdumin ratio was found to rise, far more than could be
accounted for by the loss of albumin in the urine.

The method as used in these researches, however, was
further simplified and improved, and published (6%) in 1915 as an
accurate, practicable method of analysing human serum for the
quantities of non-protein constituents, albumin, and globulin
present. It had the advantage of only requiring one ad a half
cubic centimetres of serum to carry out the test, and thus cou d
be performed at frequent intervals on a patient'without causing
any undue loss of blood. In experimental work, too, where the
effect of some procedure on the serum proteins was under investi-
gation, the quantities of thesebodies could be ascertained from
hour to hour without leading to an anaemic state of the animal
in use, and so producing the complicating factor of haemorrhage.

The principles of Robertson's procedure may be briefly
described as follows. The refractive index of the serum to be
ana%ysed is determined. One cubic centimetre is then taken and
boiled with a like amount of dilute acetic acid to precipitate
all the protein. The clear fluid so obtained, containing only
the non protein constituents of the blood, is taken and its re-

fractive index read. From this the percentage of non protein

constituents can be determined. The globulin in half a cubic

centimetre of serum is then precipitated by half saturation with
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ammonium sulphate, and the fluid left'which contains the serum-
albumin and non-protein constituents has its index read off on
the refractometer. By subtracting the refractive index of the
non-protein constituents obtained above, that of the serum alburin
is obtained, and hence the quantity of this body present. Then
knowing the refractive index of the whole serum, it is a simple
matter by subtraction to obtain the amount of serum globulin,

The second new method referred to sbove was of later
origin than the one just mentioned. It was originally published
by Van Slyke and Cullen (73) in 1920. These workers did not have
a refractometer available, and so had to develop some other tech-
nique. They followed Robertson in using Ammonium Sulphate as the
precipitating agent for the globulins, saying that in spit of the
criticism that had been levelled against the use of this reagent,
they were agreed from Robertson's work that it was the most satis-
factory salt for the purpose. In their article, they discuss
briefly the wvarious methods of estimating the protein after preci-
pitation. Washing and weighing the Precipitate they dismissed
as too inaccurate, and nephelometric methods were debarred for a
like reason. There remained the estimation of the nitrogen in
the precipitate, and the calculation of the protein present in-
directly from this. It must be remembered that with the intro-
duction of colorimetric procedures, the analysis of a substance
for the amount of nitrogen present has become simple, rapid, and
accurate, thus removing the drawbacks under which previous workers
with this form of analysis, laboured. Hence the reason for Van
Slyke and Cullen adopting this particular method. The process
in brief then, consisted of precipitating the fibrinogen in =a
measured quantity of oxalated plasina with calcium chloride, es-
timating the nitrogen in the precipitate, and so calculating the
amount of protein present. The globulins and fibrinogen were
then thrown down in another quantity of plasima by ammonium sul-
phate, the ammonia got rid of by boiling the brecipitate with
magnesium oxide, and the amount of Protein determined as before.

A third quantity of serum was treated with trichloracetic acid,
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to precipitate all the protein, and the nitrogen in the filtrate
due to the non-<protein constituents estimated. Finally the
amount of nitrogen in the whole serum was found. From these
results, the amount of albumin, globulin, and fibrinogen, can be
calculated.

This method had the disadvantages of requiring twenty
cubic centimetres of gserum in order to carry it out. Also, the
getting rid of ammonia from the globulin Precipitate by boiling
with magnesium oxide was found, for technical reasons, to be
difficult in practice. So Howe (79) in 1921 published a modifica-
tion which utilised only 2.5 c¢.c. of serum, and in which the
necessity of getting rid of the ammonia was done away with by sub-
stituting sodium sulphate as the precipitating agent for the globu-
lins. The trouble with this salt is that all precipitations have
to be carried out above 34 degrees C, which means keeping all
solutions and apparatus in an incubator or hot room, whilst the
test is being performed, but Howe did not seem to think that a
hardship. He stated that he found three critical strengths of
the sodium sulphate solution, at each of which he got down a
definite portion of the globulin, so in his technique, the globulin
is always estimated as euglobulin, pseudo globulin 1, and pseudo-
globulin 11. Howe and several workers after him have since used
this technique to carry out researches which will be spoken of
later. For quickness and simplicity, however, it can be seen
from the foregoing description, that this latter cannot compare
with the refractometric method, and it certainly is no more accurate.

To turn from the methods used to the work accompli shed
with them, the researches of several workers who used the refrac-
tometric method to attempt to solve the problem Presented by the
rise of globulins in infections must be considered. It has been
seen above that this rise had been recognised for a considem ble
time, and it had also been known that in many cases the immune
bodies produced were associated with the globulin fraction of the
serum proteins. Arising from this, there were two schools of

thought; one who held that the antibodies are a form of blood



glcbulin, and the other who considered that the antibodies are
only carried down in association with the globulin. The first
attempt to solve this problem was made by Hurwitz and Yeyer (80)
in 1916. Already in this year, Righetti (81) had made a study
of the albumin-globulin ratio in the serum of rabbits immunized
against typhoid, and found that the globulin rose in quantity,
whilst the albumin decreased, during the period of immunizat ion,
the total protein remaining practically unaltered. In animals
who had been highly immunized, the globulin was found to be raiged,
and on reimmunization the globulin-albumin ratio was found to
first decrease, and then rise, but this rise was not due to an
increase in the percentage of globulin, but a decrease in the
amount of albumin, and a lowering of the total amount of protein.
Hurwitz and Meyer investigated the question much more thoroughly,
They #eterminesd the amount of serum broteins and of immune bodies
at frequent intervals in rabbits whom they infected with va ious
organisms, and immunized against different bacteria. They found
that the rise of globulins produced in no way ran parallel to the
production of immune bodies, or to the leucocytosis, and further
that if the immuniZation was carried out carefully with well
graded doses, no rise in globulin need be produced . S0 too,in a
very mild chronic infection, the rise in globulins was exceedin gly
slight. They also injected bacterial toxins into rabhits, and
found that these alone gave a rise in the globulin albumin ratio.
Following this, they injected "aleuronat® intraperitoneally, thus
producing a non-bacterial infiammation, and here also a rise in
the percentage of globulins was noted. It is rather doubtful,
however, whether these last experiments can be interpreted as
they Wish, for in their reports of the autopsies of the rbbits
treated thus, it is noted that there was intestinal bParalysis
present, With coprostasis, and considerable enteritis, so that
evidently there was a secondary bacterial infection produced by
the procedure. Hurwitz and Meyer concluded that the evidence
brought forward by their results was against the view that the

immune bodies were a form of blood globulin. They thought furthar
’ Ly
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that a bacterial invasion was not necessary for the rise in the per-
centage of globulin, but that this rise might best be explained as
being due to the metabolic disturbances, particularly the accelera-
tion of metabolism, brought about by the infective agent. In the
following year, E.S. Schmidt and C.A. Schmidt (32), workingptogether,
confirmed the observations noted above, namely, that the increase in
globulin in infections is not due to the leucocytosis. They did
this by producing an increase in the white count by the injection of
various pure proteins, causing a decrease by administrating benzol,
and estimating the number of white cells and the amount of serum
protein simultaneously. No relation between the two could be noted
These workers found, like Hurwitz and Meyer, that immunity could
be produced without an increase in the bercentage of globulin
taking place. Schmidt and Schmidt argued that if the rise in
globulin was due to the formation of antibodies the injection of
non-antigenic bodies, as pure casein, should cause no alteration in
the albumin-globulin ratio. It had already been reported by
Wells (83) that the injection of gelatin, which is non-antigenic,
caused such an alteration. So they tried the effect of injecting
non-antigenic bodies, but could find no rise in the bercentage of
globulin. It was shown later, in 1913, by Clark (84) that Wellg~=~-
work was incorrect, for Clark injected gelatin and could obtain
no alteration in the relative amounts of the serum proteins.

The idea put forward by Hurwitz and Meyer'that the
cause for the increase of the percentage of serum globulin was to
be found in metabolic disturbancesiwas made the subject of an in-
vestigation in 1917 by Hanson and McQuarrie (85). Cervello (86),
and Breinl (37) had, seven years before, subscribed to this notion,
stating that a rise in the amount of globulin in the blood was
found after administration of antipyrin. These two workers,
like Hurwitz and Meyer were labouring under a delusion that al-
bumin could be converted into globulin, owing to the preposterous
assertion by Moll (33) that he had performed this feat by the

action of warm alkali, apparently obtaining the glycine necessary
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for this conversion ocut of the air. Undoubtedly from their
articles, this idea had led all these workers astray in their
thinking. Hanson and McQuarrie administered antipyrin to rabbits,
and also acetanilide and paramido phenol, but found tha these
bodies had no effect on the serum proteins. They then employed
quinine and sodium cacodylate as substances retarding metabolism,
and thyroid extract as accelerating metabolism, and here again
found no effect produced on the relative proportions of the serum
proteins. Hanson (8%) further studied this question by alternately
starving and feeding animals, and estimating the serum proteins day
by day during the experiment. He argued that if any disturbance
of metabolism would cause the rise in the globulin percents e,
surely the one thus produced by starvation would. Hanson carried
out a large number of experiments, and he was unable to find any
alteration produced in the albunin~globulin-ratio as a result of
the fasting or feeding. So taking this in conjunction with his
other work, 1t seems that the explanation of this vhenomenon must
be sought elsewhere than in the idea that it is produced as a
result of disturbed metaholic processes. Hanson carried out one
other research (90) on this subject. He noted that inall the
experiments in this subject that had been performed up till then,
the antigenic bodies used had been such that the antibodies pro-
duced in response to them were carried down with the globulins on
precipitation. 'Fﬁypsin on the other hand, produces antibodies in
the albumin fractions. S0 Hanson tried immunising animals to
this body, but he only coafirmed the pravious work that immunity
is non-dependent dn the concentration of the serum protens.

Whilst all this work had been proceeding on experi-
mental lines on animals, RPowe (91) had been using the refracto-
metric process clinically to study the serum vroteins in hea 1th
and diszase. He prefaced the account of his results with a
most complete bibliography of the subject. This worker first
of all determined the normal values of the serum vroteins in

healthy adults, and his regults are those generally accepted to-

day . They are as follows:-
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Non protein 1.1 - 1.3 ger cent. Average 1.2 per cent.
Serum Albunmin 4.6 ~ 6,7 * o " sees "
Serum Globulin 1.2 - 2.3 i " 1.9 ¢ N
Total Serum protein 6.5 - 3.2 ¢ a . 7.5 " N

Globulin forms from 16 - 324, of the total protein averaging 257%.
Roewefound that venous stasis increased the quantity of protein
in the blood, so that in taking a specimen a tourniquet must not
be applied to the limb for longer than one minute. He used this
fact to show that the Wassermann reaction does not depend on the
increase of globulin in the serum, as had been stated by some
ohservers. He then investigated the alterations produced in the
serum proteins in discsase. Hiscontributions on this subject
form the most important data that have been made available for

m%y years, and it is necessary to consider his findinss at some
length, as they are praciically the only modern estimations of

the serum protzins in disease available. Powe analysed the

blood for its protein contznt from a series of cases of syphilis
and pneumonia, and in both diseases found that the globulin was
incraased. The total protein, however, remained about normal

in syphilis, whilst in pneumonia it was decreased, for which

Rowe gave Peliss' explanation that there was a dilution of the
blocd from a retention of water. He then made determinations

in a series of infections of different types, as, to choose a

Tew at random, pyslitis, endocarditis, abscess of the lung, tuber-
culosis, and typhoid. He found that serum globulin was definite-
ly increased inall infections except acuts tonsillitis, typhoid,
and certain mild infections as chronic bronchitis. Tt must

be borne in mind, however, that only once case of each disease

was examined in this series. Nephritis was made the subject of
an intensive study, and in all types there was found to be an
increase in the relative amount of globulin, but the total quan-
tity of protein varied, becoming low with the onset of oedema. In
cardiac decompensation, the total proteins were found to be low,

and the globulin normal or slightly raised in amount. A number of

cases of arteno sclerosis and diabetes were also investigated.
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In the former condition, tne globulin was sometimes slightly
increased, but in the latter, not at all, unless there was a com-
plicating infection. The total proteins in both were normal.
Three cases of pernicious anaemia showed a lowering in the total
amount of proteian in the blood, but the globulin percentages
were normal in each case. In addition cases of hypertﬁ%oidism,
goitre, haemophilia, pellagra, obesity, lead poisoning, chronic
intestinal disorders, and neurasthenia were examined, but showed
no deviation from the usual serum protein wvalues. Rowe showed
by charts how in any illness the values of the non-protein con-
stituents‘and of the proteins,returned to normal with recovery,
and suggested that the use of such charts might help in deter-
mining prognosis and treatment. He also thought that in neph-
ritis, much useful information as to the condition of the patient
could be gained from a study of the serum proteins.

Much interest, clinically, too, attaches to Alder's
(92) work in 1913. This writer states that from his researches
he concludes that there is practically no variation in the com-
position of the blood whether it is venous or capillary, that sex
causes no difference, and that in any individual there is scarcely
any alteration from day to day. He also found that ingestion of
food and muscular activity cause no alteration in the protein
content.

In this same year further experimental work on the
blood proteins in animals was carried out by Hatai(23), who in-
vestigated the amount of these bodies bresent at different ages
in thealbino rat. His researches were repeated in 1219 by
Toyama (24), who agreed with Hatai that the increase in the pro-
teins with age followed the growth curve. This and the succeeding
year, however, was marked by the publication by ¥hipple and his
co-workers of a most complete and thorough investigation of the
function of the serum proteins. Tt has been stated before that
at various times the view had been held that the serum albumin and

globulin existed as nutritive bodies, in fact, that the part

Played by glucose in carbohydrate metabolism was similarly ful-
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filled by these bodies in protein metabolism. From the researches
that have been described already, it will have been seen that the
effects of fasting and feeding on the serum proteins had been in-
vestigated on numerous occasions with conflicting results, but that
the most thorough and extensive work of Hanson had uvheld the view
that these bodies were unaffected by diet. Kerr, Hurwitz, and
Whipple (95) wished to see whether they could find any evidence
that the blood proteins might be regarded as intermediate products
between food proteins and tissue proteins. To commence with, they
studied the serum proteins at frequent intervals in dogs fed on
different diets, and also starved for varying periods, but could
find no alterations from these procedures. They then lowered the
quantities of the serum proteins in the blood of the dogs by an
ingenious procedure which they termed "plasmapharesis." This
consisted of bleeding the dog, and immediately returning the
washed corpuscles suspended in TLocke's solution. Thus no anaemia
was produced, nor was the blood volume altered, In their first
experiments, it was found that by repeating the "plasmapharesis"
several times in a day, the serum proteins could be lowered to
any desired level. In all cases frequent red cell counts were
made, and estimations of the rzlative volumes of the red cells and
plasina carried out by the haematocrit. By this means, it can be
seen in all their records that there was no diminution in the
erythrocytes, nor was the blood volume altered, so that these com-
plicating factors were avoided.

When the blood proteins had been lowered by these
means, their regensration was studied under different conditions.
It was found in all cases that there was a quick immediate increase
in the first twenty four hours, generally amounting to about one
per cent, but that after this, the regeneration was a slow process,
it taking several days for the normal level to be reached again.
The effect of diet on this Pbrocess was studied, and it was found

that regeneration occurred even when the animal was starved, but

more slowly than when fed with meat.

The authors argue that just because starvation and
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feeding produce no change in the quantities of serum proteins, it
cannot be assumed that these bodies are not intermediate metabolic
products. For glucose is just such a product, yet under like con-
ditions it is kept marvellously constant. When, however, by
plasmapharesis, the proteins are reduced in amount, and then on a
meat diet, they do not immediately recover, it seems fair to assume
that a similar role to that of glucose cannot be assigned to the
gerum proteins. Kerr, Hurwitz, and Whipple then tried the effect
of injury to the liver cells. They fpund that this produced a
fall in the amount of serum albumin and globulin. Moreover, when
plasmapharesis was performed on dogs in whom the liver cells had
been injured, or on whom an Eck's fistula had been performed, the
regeneration of the serum proteins was greatly delayed. They
pointed out also‘that the curve of regeneration of the serum pro-
teins presented many points of similarity to that obtained for the
regeneration of liver cells by Whipple and Sperry. So they con-
cluded that the liver plays some part in maintaining the level of
the albumin and globulin in the blood. An attempt was made to
confirm this later by perfusion experiments, but failed through
technical difficulties.

These investigations were continued by Whipple, Smith
and Belt (96), who improved the technique of the plasmapharesis.
In the experiments just described several successive bleedings
were employed to lower the blood proteins. Ingtead of this, a
certain guantity of blood was drawn off from the dog, and at the
same time an equal volume of washed red cells suspended in TLocke's
solution was run through a vein. It was found that thus any
desired lowering could be obtained in a few minutes. The experi-
ments on regeneration were repeated, and the previous observations
confirmed. The immediate rise in the serum proteins after plasma-
pharesis, noticeable in fifteen minutes, and even more so in
twenty four hours, with the slow following increase, were still
more marked in these experiments.

It had been noticed in some of the experiments that

shock was produced by the plasmapharesis, This was made the sub-
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ject of further investigations. It was found that if a dog

was taken and the level of the serum proteins lowered, at a cer-
tain point shock supervened. The level at which this occurred
varied tremendously in different dogs, but in any one dog seemed
very fixed, for if a mild degree of shock were produced in an
animal by lowering to a certain value, and the animal was then
allowed to recover, on subsequent occasions it was found that
decreasing the proteins to the same level again always produced
the same degree of shock, The grade of shock vroduced varied
directly with the amount the serum protein was lowered. De-
creasing the total quantity of protein present in the blood below
one per cent always brought on fatal shock. The nature of the
shock produced clinically resembled "surgical shock," and at the
autopsies on animals in whom fatal shock had supervened the pic-
ture was similar to that produced by anaplylactic shock. Vhen
in performing the plasmapharesis, dialysed serum was used instead
of Locke's solution to suspend the corpuscles, no shock occurred.
So they argued that the shock was not due to the returned corpuscles
or to any part of the technique, but to the lowering of the serum
proteins.,

Fur ther experiments were carried out in which the
effect ofplasmapharesis combined with liver injury was studied.
In preliminary experiments, it was ascertained that a certain
lowering of the serum proteins produced no shock, and the animal
was allowed to recover. Later "plasmapharesis" of similar ex-
tent was performed, combined with an injury to the liver cells
which it was known would not by itself cause any ill effects.

The two together, however, were found to produce fatal shock.

It was not due to cell injury for similar experiments performed
with injury to the kidney, pancreas, and small intestine, had

no such result. Wnipple, Smith and Belt explained this by
saying that the injured liver cells are more susceptible to other

injurious agents than the normal cells, and can not stand the change
in the environment produced by the lowering of the proteins.

s e h . . .
Under these conditions, ggy form poisonous bodies which are carried

over the body and produce fatal shock. These workers conclude
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from their investigations that thers is strong evidence that the
serum proteins are stabilizing and protective factors, and are
essential environmental factors of the circulating blood in re-
lation to the tissue cells. This, they think, may be the most
important function of these bodies.

Pegearches along quite different lines were carried
out by Howe (87) in 1920, using the modification devised by
him of Cullen and Van Slyke's wmethod, which has already been
described. It has been noted in the preceding pages that several
workers have found the serum proteins in various animals to be
low in amount at birth and gradually increase with age. Howe
analysed the serum of newly born calves, and determined that the
globulin was exceedingly small in amount, owing to the euglcbulin
and pseudo globulin 1 fractiohs being missing. Immediately
after the administration of colostrum, however, the globulin con-
tent of the blood increased. Moreover, Howe was able to demon-
atrate that this increase was proportionai to the amount of
globulin in the colostrum; Wwhere the colostrum was poor in this
protein, the rise in the calf's serum was not marked, but where
globulin was present in large amounts in the colostrum after its
administration a correspondinéylarge increase was noted in the
calf's serum. In animals who did not receive colostrum, the
globulin took three or four weeks to reach the same level as that
in the calves who had received this substance. TLewis and Wells
(93) performed similar experiments on infants. These writers
point out that colostrum differs from milk in the high content
of globulin it contains. Moreover, it has been shown by Wood-
mann (99)‘by means of Dakin's racemization method'and by Wells
and Osborne by immunological reactions,that the globulin of
colostrum and serum globulin are identical. The albumin in
colostrum however, although it is the same as lactalbumin is ab-
solutely different from seruwnm alkumin. Casein likewise has no

counter part in the blood. T.ewis and Wells go on to point out

that Famulener (1C0) showed in 1912 that there is a transfer of

immune bodies from the mother to the infant at birth through the
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colostrum, and this work has since been confirmed by ™eymann (101),
Howard and Ely (102), and Little and Oraitt (103). Tewis and
Wells analysed the sera of six new born infants, and found the
globulin to be very low in amount, the euglobulin fraction being
practically missing. In three infants who had had colostrum, the
globulin was much inCreased‘whilst in one who had not, the globulin
was comparatively low, So thewrresults for infants agree with
Howe's for calves, They subscribe to the opinion that the colog-
trum presents to the new born mammal a concentrated solution of
serum globulin, which carries antibodies from the maternal blood,
and that it is of the highest impor tance that the new born chiild
should receive the colostrum.

A clinical use of the estimation of the serum proteins
has been made in America in connection with Syphilis. It was
found by Tokuda (1C4) that the rise in the amount of the globulins
and the results of the Wassermann test paralleled one another.

It was found possible to use progressive estimations of the per-
centage of globulin present as a quantitative measure of the effi-
cacy of the treatment being employed, so that it was rogsible to
gauge what curative effect any particular remedy was having on a
patient.

In concluding this review of the literature of the subject,
two other important aspects of our knowledge concerning the blood
proteins must be briefly referred to. It has been mentioned al-
ready that Claude Bernard in the =middle of the last century believed
that the proteins existed in some combined form in the blocd stream.
Important and most interesting work was done on this ques tion by
Hardy in 1205, and many of his experiments were af terwards repeated
and confirmed by Robertson. Hardy (105) was able to s ow that
the serum albumin and serum globulin do not exist in ordinary solu-
tion in blcod, but bound up in a protein complex. So that when
these bodies are isolated, and estimated, they probably represent

fractions split off from complex compounds present in the plasma.

Unfortunately very little attention has been paid to this work, and

no further attempts have been made to elucidate the matter.
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The question as to whether the serum albumin and globulin
each consist of a mixture of several proteins has also not been
discussed as yet. Because the albumin is separatable into a cry -
talline and non-crystalline portioh, and because the globulin simi-
larly can be split up into numerous fractions, it has been held
by many workers, that not two, but many proteins existel in the Yblood.
The delicate test introduced by Dakin (106) however, who found
that each protein, had its own peculiar "racemization" curve, when
applied to the blood proteins, revealed that the separat e fractions
of globulin were all chemically identical. It may be noted here
that it has been shown by Quinan and later by Chick, that the so
called "insoluble globulin" of the blood differs from the remainder
of the globulin in that it is combined with a lipoid. This fact
probably accounts for its different Precipitation. So that
probably the view that there is only one globulin and one albumin
present in the plasma is correct.

From the foregoing review of the literature, the state
of our knowledge at the present time concerning the serum protei ns,
then, may be summed up as follows. Two proteins, serum albumin
and globulin, exist in the serum, probably in the form of a pro-
tein complex. At birth, the total quantity of Protein present
in the serum is low in amount, apparently owing to a deficiency
in the globulin fraction. With age, the amount gradually increases
until it reaches the adult value. In health, the amounts of these
bodies present are very constant. They exist in equal quantities
in arterial, venous, and capillary blood, and there is no variation
with sex. Muscular exercise apparently makes no difference to
the amount of these bodies present in the blood, nor does food.
Even starvation, although it may increase the total quantity of
protein slightly, causes no alteration in the relative amounts of
the albumin and globulin present. Apparently they form an im-
portant constituent of the fluid environment of the body cells,

and if the amount present in the blood is lowered too far, changes
fatal to the organism are brought about. It would appear that

the body keeps a small reserve store of these substances, which

can be rapidly poured out into the blood stream in case of
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emergency, but beyond this the formation of new serum protein is a
slow matter. Which particular organ or organs manufzture it is
not definitely known, but there is some evidence to show that the
liver does so.

Concerning the functions of the serum albumin and globulin,
but little can be said. They assist the circulation mechanically
to a certain extent by maintaining the colloidal character of the
plasma ,so that excape of fluid from the vessels by diffusion is
hindered. Fur thermore they cause a viscosity of the blood, which,
by increasing the resistance offered to the flow through the vessels,
helps to maintain blood pressure. The theory that they are nutri-
tive substances receives little support from the assembled facts.
They undergo certain alterations in disease both in quantity and
in the relative proportions of each present. This alteration par-
ticularly takes the form of a rise in the globulin-albumin ratioc
in most infections. The reason for the phenomenon has been eagerly
sought for, but as yet no satisfactory explanation has been offered.
It has been seen that this rise is not due to the formation of
immune bodies, to the accompanying temperature or leucocytosis, or
to the retarded or accelerated metabolism. On the other hand,
there is some slight evidence in favour of the view that the
phenomenon is due to an alteration of the vermeability of the cells
of the body, and it is in this direction apparently that an ex-

planation must be sought.
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It will have been gathered from the review of the literature
Jjust concluded, that, since the introduction of a satisfactory
technique for estimating serum proteins, laboratory experiments,
having for their end the elucidation of the problems presented by
these bodies, have been carried out in all directions. On the other
hand, clinical research in this subject has been sadly lacking.
Excepting the work of Epstein and Rowe, practically nothing has
been done. But as it has always been found in medicine that labora -
tory and clinical research must go hand in hand, if any problem is
to be solved satisfactorily, it follows that there is an urgent
necessity for this latter in the case of serum proteins. Our know-
ledge of the behaviour of these bodies in digease is very fragmen-
tary. In some diseases no attempt at their estimation has been
made; in most of those diseases where such investigations have been
made, the results have rested on the examination of only a few
cases. It was felt that it would be profitable to increase both
the number and variety of cases examined, and particularly to com-
bine the analyses of the sera with careful clinical examinations
and records of the cases.

The present investigation was undertaken, therefore, with
the view,

1. To estimate the serum proteins, if oppor tunity offered,
in diseases where no such analyses had been made with modern methods,

2. To obtain supplementary results in diseases where our
knowledge of the behaviour of the serum proteins rested on only one
or two analyses.

3. To ascertain whether, by a study of the variations in
the quantities of the serum proteins in various diseases, and by the
coerrelation of these results with the clinical findings, some light
might be thrown on the ori:zin or function of the serum Proteins, o,
may be’a clue obtgined to direct further research.

4. In particular, to extend the observations concerning the
rise in globulins in order to learn whether this happened universally
in diseases due to a bacterial invasion; or whether an infection
could occur without this rise, and further to note whether this

Phenomenon occurs in any condition where an infecting agent is absent.
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5. To ascertain, in the event of the rise in globulin
being peculiar to infectious diseases, whether this fact can be
utilised as an aid'to diagnosing the infective origin of obscure
conditions. )

6. To contrast the estimation of“the non~-protein constituents
of the bloodvyby the refractometric method with that of the blood
urea, With a view to ascertaining whether the former test will show

retention of bodies from kidney insufficiency before the latter.
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The estimations of serum proteins given below were all done
by Robertson's refractometric method. This is fully described in
Appendix B, but it may be added here that the procedure was simpli-
fied somewhat as follows, In place of the thick wglled tubes made
from glass tubing mentioned in the author's directions, it was found
that for the precipitation of all the protein by acetic acid, long
narrow bored test-tubes served quite as well, and as these could be
purchased cheaply, the time and labour expended in making the above
mentioned tubeswas saved. Similarly for the precipitation of the
globulins by ammonium gulphate, small narrow bored centrifuge tubes
filled with corks were found much more convenient, as these could
be placed on the high speed centrifuge, and the globulins separated
very rapidly. Otherwise Fobertson's description was followed
closely.

At the commencement of the work, two experiments were carried
out on all sera. After six months, it was found that identical
results could be obtained from the two experiments, the inaccuracies
that are liable to creep in in this work having been eradicated
apparently by then. All the results obtained in this preliminary
period have been disregarded, only those obtained since the techni-
que was perfected being given below. In many of these estimations
whenever sufficient serum was obtainable, two experiments were
carried out in order to keep a check on the accuracy of the work.

The main source of error was found to be in precipitating
the globulins. Variations in the saturation of the ammonium sul-
phate solution,due to differences of temperature on succeeding days ,
at first gave considerable trouble, but this was satisfactorily over-
come by obtaining a saturated solution a&_ 15 degrees C, and then
decanting this from the crystals, and keeping it for use out of
contact with solid ammonium sulphate. Further, it is important
When the serum is added to the saturated ammonium sulvhate solution
for the purpose of precipitating the globulins, to ensure that the
two liquids are quickly and thoroughly admixed. Otherwise parts
of the mixture have a high concentration of ammonium sulphate;l-t
here the albumin will be Precipitated as well as the globulin and

80 too high values for this latter substance be obtained



A Pulfrich refractomnzter was wussd for the readings of the
refractivs iadices of the solutions. Barly in the work an Abbe
wag tried, but this, although much simpler to work with, did not
give accurats enough resulits, The readinzs with the Pulfrich,
however, werz found to be very siwply and easily made, provided the
sodaium flame was satisfactory, flickering in the flame, imaurities
in the colour jor insufficient luninocsity leading to klurring of the
edge of the shadow.

As r=gards tne obtaining of material from the patient, blood
wag withdrawn with a seruw syringe frm a suitable vein in the fore-
arn. [t is preferable tc Ao this as long after a meal as jossible,
for with blood itaken scon after feeding, a lipaemic serum may be
obtained, and the refraciive index of tais i3 more difficult to
determine., = %hen taking {he syecimen it must he ramembered, that if
tnis is being ontazined for estimation of ihe serum oroteins, a tour-
niguet snould not bz applisd for more inan one minute. Yor it has
baen shown by Towe that wiin venous stesis the serum albumin and
globulin ars proportionately increased, The hlood so0 ohtained was
alloved 1o clot, and immediatzly centrifugalised and the serum
pipetred off. Hurwitz and Yeyer showed in 1216 that serum so ob-
tainzd, if kept cool and free from bactsrial contamination, wouwld
shov n0 appreciable chanze in the serum nrotein values after 72
hours, but that if it ®was iefl in cont=ct with the clot, by the
end of Z4 hours, a marked slizration would have occurred. In the
presant expariments ine effects on the refractive index of keeping
the serum 24 aours ia the ice chest were tried sevaral times, but
no appreciable dif "erence was notzad, taus agrseing with the work
mantionsd above. Tor sxampls, the following three cases may be
citzd, The reading for distilled water is given in 2ach case,
from wnich it can bhe seen ithat in two cas2s no allovance for dif-
farsnce 0of tempzrature nee2d be made, whilst in the ti.ird the cor-
rection for thnis makes t1s serum readings practically identical.

Ihe refractometsr can only be read (o the nearest minute.



Anzle of Total Angle of Total
Teflection taken Teflection 24
ag soon as oossible, hours later.
Exp Yo. 1. Serumn 65 %6 5] 495
Distilled water 63 5 63 8
Exp Jo. 2., Serum 64 25 64 21
Distilled water 67 5% 67 43
Bxp Yo, 3. Serum 65 41 &5 58
Digvilled water 87 52 67 57

An attenpt was also made (0 see whether the refractive indices
of the fluids obtained by yrecisitating the total proteins and the
glcbulins only from the ssrum altiered wnen these fluids werse left in
contact with their precipitates in ths cold room for twenty four hours.
The idea was that if no caanges was ovszarved, in cases where time rressed,
the experiments might be interrujtsd at this 20int and concluded later.
The results obtained were very variable however. For examole, the
following results may be guoted, Yor convenience in the tahle, the
fluid obtained avter precipitating tne proteins with acetic acid will
be termed ¥Filirate A," and that from the precivitation of the globulins
with ammonium sulghate *Filtrate B.®

Angle of Total ™eflection Angle of Total Reflection
Yead as soon as possible, Tead £4 hours later.

Exp 1. Water &7 23 6% 23
Filtrate A, 67 2 7 2
Exp 2. Water &3 5 63 &
Tiltrate A, 67 43 67 50
Bxp 3, %ater 67 b3 67 53
Tiltrate B. 67 40 67 oY
Exp 4. Yater 67 P 67 P
“iltrate B, €62 41 62 B4
xp 5. Water 67 93 67 5%
Tiltrate B. 63 i3 65 12

In some cases no changs occurred, wnilat in oth=ars it was guite marked.,
8¢ that any thought of this gprocsedure was glven uo, In the experi-
#ents givan below, in all cases the sarum was sejarated Trom the clotas
quickly as possibls, and tha dzterminations on it concluded within the
next twenty four hours.

With regard to Yaking of the serum, this of course, introduces
an error into the sstimation. With an ordinary sodium flawe and the
Pulfrich refractomater, it becomes impossible o read the refractive

index of taie s2rum accurately ¥whan the'lazing excecds a certain degree.
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With 1aking of a less degree than this, i.e., so that the serum's
refractive index can be determined properlyv, Robertson found that the
error introduced by the dissolved haemoglobin was so small that it
was negligible. Thus the apparatus itself prevents any errors being
introduced from this source.

The accuracy of the method once the technique is acquired
depends practically on the reading of the refractometer. This can be
read to the nearest minute so that the percentage error in the different

estimations is as follcws: -

Error in the estimation of the percentage of non proteins 0.1
" " " W n o ou " i * albumins 0. 2%
0 fl n " noow i n globulins 0.15%

The estimations of the blood urea nitrogen were carried out
by Folin's method, using the distillation process in preference to
aeration for obtaining the ammonia, and determining the amount of
ammonia colomnetrically after Wesslerization. The blood sugar values
were likewise obtained by Folin's test, and the urinary diastatic test,
When done, was carried out according to Cole's modification of Wonhl-

gemuth's method.
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Record of Results.

In the report given below of the results found in various
morbid conditions, full accounts of the cases have been omitted, and
only the facts essential to the argument have been given, in order, to
make the reading less tedious. All the cases are numbered,howbvegz
and by referring to Appendix A under the desired number, thé.record,
complete as far as possible, of the patient may be found. Before
going on to give the experimental results, it will be well to recall

that the normal values for serum proteins accepted at present are

Non protein 1.1 - 1.3 per cent.

Albumin 4.6 - 6.7 per cent. Average 5.6 %
Globulin 1.2 - 2.3 per cent. B 1.9%
Total protein 6.5 - 3.2 per cent. . 7.5 %

globulin being 16 - 32 per cent. of the total protein,

1. The Proteins in Various Blood Conditions.
Examinations were made of the blood in five cases of Pernicious
anaemia, four cases of lymphatic leukaemia, in a case of second ary
anaemia of unknown origin, and finally in a case of Banti's disease.

The results in the cases of pernicious anaemia may be tabulated as

follows: -
Case No. Non Protein Albumin Globulin Total Protein Albumin Globulin
Per Cent. Per :Cent.Per Cent. Per Cent. expressed as
Percentages of
Total Protein
1. 1.7 3.7 2.6 6.3 59 4
2. 1.6 4.4 1.8 6.2 71 29
2. (1 wk. later) 1.3 4.6 1.8 6.4 72 23
3, 1.4 5.4 1.2 6.6 82 18
3. (2 wks. later) 1.0 4.0 2.2 6.2 65 5
4. 1.4 4.5 2.3 6.8 66 324
5 = 1.1 5,0 1.4 6.4 73 22

It will be seen from this that there is very little, if any, alteration
of the albumin-globulin ratio in these cases of pernicious anaemia, but
that the percentage of total protein is low. Peiss (65) estimated the
total serum proteins in two cases of this disease, gnd found the amount
lowered. He ascribed this, not to a dilution of the serum, as in neph-

ritic and cardiac cases, but to an actual loss of protein. Rowe (91)



also examined the blood in three cases, gnd found the percentage of
globulin unaltered, but the total protein decreased, so that the present
results confirm his work. It has been pointed out already that Reiss'
assumption that there is a retention of fluid in the blood in certain
cases leading to its dilution, and so to a lowering of the percentage

of total protein, has never been proved. Epstein (63), on the other
hand would have us believe that in one type of nephritis there is such
a lowering of the serum proteins, that this causes oedema. We know
that oedema may cccur in advanced cases of pernicious anaemia, and it
would be interesting to see the amount of blood vroteins present in
these cases, but unfortunately no opportunity for such an investigation
occurred. There is apparently no relation between the seriousness of
the condition of the patient, and the amounts of serum protein present,
for cases one and two were improving rapidly, and returned home to light
work, three and four were cases ill enough to be kept in bed, but whose
general condition was not alarming, whilst casef number five was in a
serious condition and died shortly after.

A comparison of the percentage of globulin present with the
white and red cell count and the haemoglobin Percentage will be given
later in conjunction with all the other blood cases. The results ob-
tained in the case of secondary anaemia and in the patient with Banti's
disease may now be considered. The former case (Case No. 6) was an
interesting one in a married man aged forty six who had been ill for
five months, complaining mainly of weakness in the legs, with feelings
of giddiness, and a tendency to fall over. He was in hospital for a
congiderable time during which he was subjected to a most rigorous
examination, which revealed a secoandary anaemia with an eosinophilia1
for which no cause could be found. The Wassermann test both of the
blood and cerebro spinal fluid was negative. The estimation of his
serum proteins revealed a large increase in the globulin fraction.

The results were as follows: -

Non protein 1.3 per cent.

Albumin 2.0 per cent.
Globulin 4.C per cent.
Total protein 6.0 per cent, of which 33 per cent. is

albumin and 66 per cent. globulin. As it is well known that the globulin
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is raised in infections, these figures supported the idea gained from
the rest of his examination that the anaemia was due to some undiscover-

able infection.

The case of Banti's disease (Csse No. 7) revealed the following

figures:- |
First test. Test a fortnight later.

Non protein 1.5 1.2

Albumin 4.6 5.7

Globulin 3.1 3.7

Total protein 7.7 7.4 of which

of which 60% 50% is albumin

is albumin & 40% globulin & 50% glcbulin.

Here again this is evidence in favour of the view that the
causal agent of this condition is an infection of some description.
But not conclusive evidence, it must be admitted. For whilst, as
far as is known, the amount of globulin is raised relative to the al-
bumin in all infections, it is not satisfactorily settled that it is not
so raised in any other condition. Indeed, as has been stated in the
historical account, some hold that it is not the infection but the
accompanying metabolic disturbances, that produce the change in the pro-
teins. The weignt of tne evidence at present available, however, is
in favour of the view that the alteration is produced in infections, and
in no other states.

As far as we have been able to ascertain, no estimations have
been made of recent years of the serum albumin and globulin in leukaemia
Rowe (91) did not include any cases of the disease in his series. Reiss
(65) in 1914 reported that the total proteins were normal in severe
cases of leukaemia, but apart from this no mention has been found. For-
tunately four cases, all of the lymphatic type, were available whilst

this investigation was being carried out, and the analyses of their

gsera were ass follows: -
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Case No. Non Protein Albumin Globulin Total Protein Albumin Globulin
Per Cent. Per Cent.Per Cent Per Cent. expressed as
Percentages of
Total Protein.

8. 2.4 2.1 2.7 4.8 44 56

3.(6 wks. later) 1.3 5.4 0.8 6.2 87 13

8.(1 wk. later) 1.8 3.4 3.3 6.7 53 47

9. 1.3 6.2 c.8 7.0 a8 12

10. 1.2 3.9 2.5 6.4 61 39
11. 1.8 4.2 2.6 6.8 62 38
11.(1 wk. later) 2.0 3.6 I | 6.7 54 46
These results are rather confusing. It appears from them

that the globulin percentage is generally raised, but the number of es-
timations is too small to generalise on. Case Number 8 is very interest-
ing. The patient was a married man of 68 years, who apparently had had
the disease for twelve or thirteen years, for he had noticed the glands

in his neck and groin slowly growing during that period. An acute ep-
acerbation brought him into hospital, and the first estimation done two
days after his entry revealed an increased Dercentage of globulin. With
the administration of benzol, he improved, and when the next test was
done six weeks later he Was up and about, feeling quite well, although
his white count had only dropped during this time from 256,000 to 215,000,
The exceedingly low value obtained for the globulin, only thirteen per
cent. caused us torepeat the test with another supply of serum but the
same result was again obtained. Only a week later on increased doses

of benzol, when his general condition was still improving, with the

glands shrinking, and the spleen smaller, the value obtained for his
globulin was forty seven per cent. The white cell count was then
187,000, The other case, number nine, in which a low globulin percentage
Was obtained, was also a caseWwhich was very chronic, for the patient was
able to carry on his work, and felt quite well. The patient had been on
benzol for some time until three months before the test when,

as his white

count was down to 10,000, it was discontinued. At the time of the test,

the count had risen again to 116,000, These low figures cannot be
attributed to thes benzol for Schmidt (83) ha%e shown that administration

of this has no effect on the globulin percentage. The other estimations

were all done on cases of a more severe type. Hurwitz and Meyer (80)



have shown that although the globulin bercentage is generally raised in
infections, if the infection is one to which there is little reaction on
the part of the body, this rise is not experienced. Similarly in
immunising an animal to bacteria, if the doses injected are large, the
globulins are increased in amount, but with carefully graded doses, no
alteration in the albumin-globulin ratio is observed. Bearing this in
mind, those who hold that the condition known as leukaemia is due to an
infective process, might explain the figures given above by saying that
in the cases with low globulin values, there was very little rea-:tion

on the part of the body to the infecting agent whilst in the others some
reaction was taking place. This matter can only be settled by much
further research into the values of the serum pvroteins obtained in leukaenic
cases, With a correlation of the results with the clinical pictures.

It is of interest to recall here that the two chief theories
regarding the causation of lymphatic leukaemia are that it may be infec-
tious in origin, or that it may be a malignant disease of the blood or
blood forming organs. If further cases of leukaemia reveal a rise in
globulin, this would provide additional evidence in favour of the first
view, provided of course, that cases of malignancy reveal no such changes.
A study of the literature showed no modern results in malignant diseases,
s0 that an attempt was made late in the present work to investigate this
matter. It is complicated, however, by the fact that only those cases
can be regarded as suitable for this purvose in which examination reveals
no trace of any complicating infection. The four cases of leukaemia
recorded here were all searched most minutely from this point of view,
especial attention being paid to the teeth, naso pharyx, and its air
sinuses, and to the genito urinary system, with negative results as re-
gards the presence of infection in all cases. Wassermann tests were also
performed and gave negative results Investigations therefore, were

limited to three persons suffering with carcinoma who revealed no evidence

of coincident infection. The serum proteins were present in the follow-

ing amounts: -



Case No. Non Protein Albumin Globulin Total Protein Albumin Globulin
Per Cent. Per Cent. Per Cent. Per Cent. expressed as
percentages of
total protein.

12 1.1 3.7 3.4 7.1 52 48
13 1.4 1.1 3.9 5.0 22 78
14 1.7 2.C 3.7 5.7 35 65

The first case - No. 12 - was that of a married man aged 68,
who had an epithelioma of the tongue. He felt well, and had only come
to the hospital because he had noticed a swelling in his mouth. He was
well nourished, and there was no ulceration of the growth, so that the
possibility of a secondary infection locally was ruled out. Examina=-
tion revealed no trace of any other infection. A section was taken
from the growth and examined microscopically to confirm the diagnosis.
With him, and also with the other two cases, Wassermann tests gave
negative results. The second case (No. 13) was not such a good one
for the vurpose of this examination, as the patient, a single man, aged
63, was very emphysematous, and coughed up a considerable amount of
phlegm each day, so that there was a possibility of a secondary infec-
tion being present in the bronchi. The patient was found at operation
to have a gastric carcinoma. The last case of this series (No. 14)
was a single woman forty seven years old who had been troubled with
indigestion since her menopause four years earlier. She had finally
come into hospital because she had noticed a lump in her abdomen. She
had not noticed any loss of weight, and on examination appeared to be
fairly well nour ished, although a little anaemic looking. The lump
she complained of was found to be a large irregular mass in the upper
half of her abdomen. Var ious procedures were carried out in the hope
of obtaining some help towards diagnosing the origin and nature of the
tumour, but all with negative results, A radiographic examination
following a bismuth meal failed to reveal any abnormality. Complement
fixation tests were tried on her blood to see if there was any evidence
of infection with syphilis, hydatid, or tubercle, but negative results
were obtained in all. It is interesting to note in the light of what
wos found at operation that a test meal revealed no occult blood, but
the free hydrochlorie acid present corresponded to 27 c.c., and the

total acidity to 52 c.c. of N/10 caustic soda. A laparotomy revealed
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Co bve
the abdominal cavityAfull of one matted mass of carcincmatous tissue.

It was thought that the original growth was in the stomach, and from
thence secondary growthshad spread and involved the liver, oment#um etc.
The values obtained for the serum proteins in these cases are
remarkable. It must be confessed that before making the tests, the
writer inclined to the view that normal results would be found. The
low figures for the total amount of proteins in the last two cases,
where the growths were more extensive, gnd the general effects on the
patients greater than in the first, are worthy of note. It will have
to remain for the future, when many more analyses such as the foregoing
have been made, to show whe ther these results are fallacious, or
represent the true state of affairs in malignant diseases. If they
do,there appear to be two possible explanations. The view that car-
cinoma is an infection, although it has had its advocates, seems no
longer tenable when the mass of the evidence accumulated against it is
considered. (See reports of the Imperial Cancer Research Fund, 1905,
SAE). But it may be that the view that the rise in the amount of
globulins in infections is due to the infection itself will have to be
reyised and the idea, already put forward by some workers, that the
phenomenon is due to the alteration in the permeability of the body cells
be entertained. Or, it may be possible, since certain workers have
shown that a certain degree of immunity can be produced against cancer

by injection of the cancer cells (107), that it will be shown in the
future that the body reacts to the presence of a malignant growth in

somewhat the same way that it does to an infection.
In some of the cases, blood counts were performed at the same
time approximately as the estinations of serum proteins. The results

obtained may be contrasted in the following table:-



Case No. White Count. Red Count. Haemoglobin Globulin Remarks
Per Cent. Per Cent.
1.(Pernicious 6,250 3,000,000 60 41
Anaemia)
2. " - - 61 29
f " - - 62 28
3 " 5,000 1,620,000 3% 18
4 b 3,000 2,300,000 5% 34
5 " - - 36 22
7.{Bonti's) 5,200 5,500,000 76 40
3.(Lymphat. 256,500 2,500,000 54 56
Leukaemia)
N i 215,000 - 55 13 (6 wks. later
after benzol)
" " 137,000 - - 47 (1 wk. later)
2, s 116,000 4,300,000 77 12
10. " 3,000 1,200,000 22 39
11. B 33,100 - = 28
: " 19, 000 - - 46 (1 wk. later

after benzol

20.(Nephritis) 15, 600 6,700, 000 - 4z 2°d % rays)
25.(Auricular

Fibrillation) - 3,000, 000 60 11
29.{Hodgkin? sJ 12, 000 5,000, 000 91 37
33.(Pyelitis) 10, 200 - - 59

It will be recollected that,at different times ;the theory has been put
forward that the increase in the amount of globulin depend$, partly, at
any rate on the accompanying leucocytosis, but that Hurwitz and Meyer
(80) have shown that in infections the leucocyte count and globulin in-
Creases do not run parallel to one anotner, whilst Schmidt (82) has

shown that the white count may be reduced with benzol without reducing

the amount of globulin. The figures above provide additional con-

firmation of the view that there is no relation between the cell count

and the percentage of globulin.

Ve wish to place on record here sz beculiar fact noted in

regard to the blood of the leukaemic cases. Usually on brecipitating

the proteins from the serum by acetic acid for the purpose of estimating

the non protein constituents, it was only necessary to centrifugal ize

the solution for a few minutes at z low speed in order to separate the

precipitate. The fluid thus obtained was crystal clear. In four out
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of the seven examinations made in 1lQukaemic cases, however, after such
a procedure, it was found that the precipitate had not settled. Several
experiments were tried on the same serum to see if it was merely an
error in technique, but always with the same result. It was thought at
first that the pﬁenomenon was due to the proteins not being wholly preci-
pitated, but it was found that this was not the case. The precipitate
was found to be in such a fine, light, state, that it required spinning
at high speeds for some considerable time to settle it. It was also
noted in these cases that, if in repeating the experiment, a little
sironger acetic acid was used, the usual form of Precipitation took
place. This led one to wonder whether in these cases the hydrogenion
concentration of the blood might not Be abnormal. In one patient
(Case No. 8, examination 3) thanks to the kindness of a colleague, such
a determination was made, but it was found that it lay within normal
limits, the pH being 7.4. Unfortunately, at the time no apparatus was
available with which to determine the "alkali reserve" of the blood.
In this case also (Case No. 8), there was a remarkably high percentage
of non protein constituents, the readings for the threé dates of examina~-
tion being 2.4, 1.8 and 1.8 per cent respectively. An attempt was
made to find the cause for this, and estimations of the blood urea, blood
creatin, and creatinine, were carried out. But all these substances
Were only present in normal amcunts, so that evidently some other fac-
tor was accounting for the high non protein bercentages obtained. Later
in the work, when the serum from cases of carcinoma was examined, a
similar phenomenon happened in two of theseanalyses, (Cases No. 12 and
14) but it occurred in no other examination, so that whatever may be
the change in the blood that produces this phenomena, it appears to be

common to the serum of leukaemic and carcinomatomscases,

2. The Proteins in the Bloocd of Newly born Infants.

In the review of the literature given at the commencement of
this thesis, it was seen that analyses of the blood of newly born
animals revealed a low value for the amount of total protein, the de-
crease being mainly in the globulin fraction. It was shown that the
amount gradually increased with age, reaching a constant adult value
in a variable period devending on the nature of the animal under investi-

gation. Further, Howe (97) has produced evidence to show that in calves,
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there is an immediate increase in the globulin fraction after the
taking of colostrunm. In the course of the present investigation, the
opportunity offered of exag}ng the serum of four cases in which the
blood had been obtained from the umbilical cord at birth for the pur-
pose of performing the Wassermann test. In all the cases the specimen
was taken from the placental end of the cord immediately after it was

severed, but in the second case, in addition a sample was obtained

from the child's umbilicus. The results were as follows: -
Case No. Non Protein Albumin Globulin Total Protein Albumin Globiin
Per cent. Per cent.Per cent. Per Cent. expressed as
Percentages of
Total Protein.
15, 1.2 3.6 3.1 6.7 54 4€
16. ¢c.9 1.9 4.1 6.0 32 68
" (Taken frcm c.9 2.7 3.8 6.5 42 58
child's
umbilicus)
17. 1.1 1.8 4.1 5.9 30 70
18, 155 3.7 2.3 6.0 62 33

In all cases the mothers were young healthy women, who showed no trace
nor gave any history of disease. = The labours were all normal, and the
babies healthy. The Wagsermann test gavéinegative reaction in each
case. At the time that the tests were done, we knew of no cases in
which the” blood of newly born infants had been examined of recent years,
so that the tests were carried out to see if h:man beings resembled other
animals in the small amount of serum globulin vpresent at birth. After-
wards the work of Lewis and Wells (93) was discovered, and as was stated
before, these workers found a similar condition of things to obtain in
infants as Howe did in calves. We only desire to place the results
obtained above on record here, and offer no comment on tkem at this time
until further investigations have been concluded, for the specimens

for examinations were not obtained by the author, and fallacies may have

crept in through the mode in which they were obtained.

3. The Proteins in a Group of Resnal and Cardiac Cases.
Six cases of nephritis were investigated, some of them rathar

exhaustively as can be seen from a reference to the case records in

Appendix A. The results of the examinations were as follows: -



Case No. Non Protein Albumin Globulin Total Protein Albumin Globulh
Per Cent. Per Cent.”er Cent. Per Cent. expressed as

Percentages of
Total Proten

12.(Chronic Inter- l.4 3.4 2.7 6.1 65 45
stitial nephri-
tis during an

exacerbation)
20.(Chronic Nephri- 2.0 3.7 2.7 6.4 58 42
tis due to lead)
W (3 days later) 1.9 4.5 2.2 6.7 67 33
21.(Acute Behpritis 1.4 1.8 4.1 5.9 30 ¢
in child)
22 .{ Acute Nephritis 1.3 4.0 3.6 7.6 53 47
in boy)
23.(Acute Nephritis 1.2 5.2 2.7 7.9 66 34
in boy)
" (6 days later) 1.8 4.4 2.8 7.2 61 39
" (3 wks. later) 1.6 4,2 3.0 7.9 62 38
24 .(Acute Nephritis 1.5 3.9 2.0 5.9 66 34
in man
" (6 days later) 1.8 3.8 1.8 5.6 68 32

The first case of the series was that of a comparatively
young man, aged 29, who came into hospital complaining of dimness of
vision, which on examination wags found to be due to cedema of the retina,
with typical "cotton wool patches," but no haemorrhages. His arteries
were thickened and tortuous,whilst his blood pressure Wasssystolic
250, diastolic 180, The heart was not dilated. The urine shcwed
the presence of heavy albumin and blood. The urea content of his blood
was normal, and he gave a negative Wassermann test. There was no
oedema present. It will be seen that the total amount of protein is
low, whilst the globulin-albumin ratio is increased. In the second
case (No. 20), a lead nephritis, the two analyses show that the total
proteins,although on the low side, are just within the lower limit of
normal values. The globuline~albumin ratic shows a small increase.
The slightness of this variation, however, was surprising when it
was considered in relation to the general condition of the patient,
which was extremely bad. The man was drowsy, breathing stertorously,
with heavy albuminuria. The systolic blood preszure was 210, the

diastolic 130 m.m. of mercury. His blood revealed a retention of urea,

the urea nitrogen being 75 m.g. per 100 c.c. The urinary diastatic

index at 38 degrees C for 30 minutes wWas only one unit. The Wasser-

mann test was negative. The slight change in the bercentages of
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globulin in this case will be referred to again later, in connection
with some experimental work carried out.

The next two cases (Cases 21 and 22) were young males With acute
attacks of rephritis which quickly subsided under treatment. An un-
eventful recovery was recorded in each case. Each of the patients
revealed an increase in the percentage of globulin present, but it we.s
much the greater in the former of the two, which was also the more
severe clinically with unconsciousness and fits at the commencement.

The fifth cgse of the series was another acute nephritis in a boy, but
here the tegts were all carried.out during convalescence and reveal
little alteration. The last case of the series was that of an unfor-
tunate man who was admitted to hospital suffering from lobar pneumonia.
During convalescence, he developed a quinsy, and was just recovering from
this when an attack of nephritis supervened. This last complication was
not very severe for although there was heavy albuminuria at first, there
was never any dimninution in the quantity of urine, and the amount of urea
in the blood was not raised. The serum proteins reveal a lowering in
the total amount, but strange to say, no alteration in the glpbulin-al~
bumin ratio.

As has been stated in the history, much attention has been paid
to the estimation of the serum proteins in nephritis. Teiss used the
estimation of the total groteins as a guide to treatment. Epstein (62,
63) pays particular attention to the prctein values in this disease. He
believes that the globulin-albumin ratio is not altered in the chronic
interstitial - azotaemic =~ type, but only in the chronic parenchymatous =
hydraemic - type. Nephritis also claimed Powe's attention (®1), and
this writer made a special study of the chronic forms, finding that the
globulin percentage was always raised excert in uraemic persons just be-
fore death, thus disagreeing with Epstein's findings concerning the
chronic interstitial type. Neither Powe nor Epstein record much about
acute cases. Rowe has puktlished the results of his analyses in two
such patients, but in each the nephritis was only a complication of an-
other infection. From the results of the oresent investigation in
acute cases, it would seem that the globulin-albumin ratio is altered
according to the severity of the case, a mild attack having no effect.

This agrees with Rowe's findings in infections as a whcle‘and with
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Hurwitz and Meyer's work (80).

The values found in the serum from the patient with chronic inter-
stitial nephritis (Case No. 19) support Rowe's findings against Epstein's
contention that there is no rise in globulin in this condition. The
case of chronic nephritis from lead poisoning remains for consideration
(Case No. 20). It will be recollected that in this patient, in spite
of the severity of the condition, there wWas very little change in the
globulin percentage. Powe examined one case of lead pPoisoning and
found normal values for the serum proteins. These results were interest-
ing for the following reason. It was thought that if in a case of
nephritis the rise in the bercentage of globulin was due to the infection,
then in a nephritis due to chemical irritation as from lead, there should
be no such alteration. As our analysis revealed that such might pos~
sibly be the case, an attempt was made to prove this experimentally.

For this purpose, two healthy rabbits of approximately the same weight
were taken, placed in "metaboligm" cages, and their blood proteins es-
timated. The urine of both of them was found on examination to reveal
nothing abnormal. Twenty four hours later, one of them received an
injection of a solution of arsenic intravenously, the dose being 0,01
grams. of Arsenic per kilogram of body we ight. The other rabbit was
kept as a control, and each time blood was withdrawn from its mate, s
gsimilar quantity was taken from it also, and both specimens were analysed.
The "metabolism" cages enahbled the total quantity of urine passed to be
collected and analysed.An hour and a half after the injection, the rab-
bit appeared to be in a state of irritation, moving continuously, and
scratching itself. Its muscles were twitching continuously. Six
cubic centimetres of blood were withdrawn for analysis. Three hours
later it wgs in the same condition. No urine had been passed since

the injection. An hour afterwards, its condition was unchanged, bhut
it had passed seventy c.c's of normal urine. The next morning at
10 a.m., i.e., 13 hours after the injection, its condition was still

unchanged, but it had passed another seventy c.c's of urine during the
night. This specimen contained a faint trace of albumin, tpo little
to estimate, and microscopically, many blood cells. Two hours

later, another specimen of blood was taken. During the succeeding
four hours it rapidly became worse. Its heart began to beat

irregularly, and involuntary muscular twitchings came on. Finally

the animal became comatose. No urine had been passed all day. At this
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stage it was so bad that 10 c.c's of blood were withdrawn from the
heart, and the rabbit killed. On a post mortem examination be ing
performed, the heart was found to be dilated, the kidneys rather
swollen, and the bladder empty . The Pathological Department made
sections of the kidneys and reported that they showed the presence of
an acute nephritis, in which thne main damage Wwas to the glomeruli.
The serum protein examinations revzaled the following: -

Control Rgbit.

Date & Urine Won Protein Albumin Globulin Total Prote in Albumin Globul in
Per Cent. Per Cent.Per Cent. Per Cent. expressed as

Percentages of
Total Prote in.

19=-3-23., noon 1.6 3.9 1.5 5.4 72 28
20-3-23, 5 p.m. 1.5 5.6 1.8 5.4 67 33
21-3-23%, noon 1.4 5.6 1.8 5.5 6% 53
21-3-23, 4 p.m. 1.5 4.0 1.9 5.9 67 32

Rabbit which Received Injection.

|  19-3-23, noon 1.8 3.9 1.9 5.8 68 32

]

. 20-3-23, 5 p.m. 1.5 3.9 2.2 6.1 64 36
(1% hrs. afte

4 injection)

? 21-3-23, noon 1.8 2.8 2.6 5.4 52 48

(20 hrs. after
injsction)

21-3-23, 4 p.m. 1.7 3.5 2.2 5.9 61 39
(Pabbit comatose)

These figures show only a very slight rise in globulin after
the injection, so slight that it may have been accidental, especially
as the next to last test which shows the high vpercentage (48%) of

globulin was a bad estimation, owing to the aifficulty of obtaining the

blood,and the laking of the serum. Although the figures obtained from
the lead nephritis case, and from this experiment are not conclusive,
yet they are suggestive. Unfortunately, lack of time prevented us

from treating a number of rabbits similarly, and no further case of

lead nephritis was available. However, this has opened up a line of
research which might go far towards solving the problem of the rise in
globulins. For it would appear from these results that in an attackof
nephritis caused by an infective agent, the globulin-albumin ratio shows
a pronounced rise. In a similar case, however, where the causal agent

in a chemical irritant, no such alteration in the relative Proportions
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of the serum proteins occur. This would lead at once to the inference
that the rise in the psrcentage of globulins is due to the bacterial
invasion itself.

The question of the relation of the bresence of oedema to
the total amount of protein in the serumw now be considered. The
results obtained in the present series have been tabulated, amaare

as given herewith.

Case No. Diagnosis and Remarks. Total Protein
Per Cent.
Oecde ma
19. Chronic Interstitial Nephritis.had been 6.1

present, nor did it occur whildt tfe vatient
wWas under observation.

20. Nephritis due to lead. No oedema present, 6.4
nor did it develop.

" Three days later. 6.7

21, Acute nephritis in child. Had been very 5.9

oedematous, but this cleared up four days
before test and 4id not re turn.

22. Acute nephritis in a boy. Slight oedema 7.6
bresent at time of test; had disappeared
in a week.

23. Acute nephritis in a boy. Had been very 7.9
oedematous, but this had cleared up a fort-
night before the test.

L Six days later. No ocedema present. 7.2
Condition improving.

" Four wesks later. Practically well again. 7.9

24 . Acute nephritis in a man following pneumonia 5.9
and quinsy. Slight oedemsa present.

" Six days later. Oedema disappeared. 5.6

25, Cardiac failure in pregnancy. Had oedema 7.1

when walking about, but had disapoeared now
patient was in bhed.

It will be seen from these figures that the total prote ins are,
in all except one case, low in the presence of oedema, and may remain
so for some time after its disappearance. Case twenty two, however,
shows a normal amount when osedema was Present clinically, and it is
very hard to explain this, if Peiss' assumption is true, namely, that
the lowering of the total amount of proteins st in these cases is
due to a dilutibn of the blood which inevitably precedes and accompanies
the oedema. For in that case, with oedema there must of necessity be
found a decreased amount of serum protein. - If other cases are found

similar to this, it will be necessary to account for the decrease when



it occurs in some other manner.
whom oedema was absent when the tegt

it afterwards. 50 that no evidence

'O‘F'
the view that the comingdoedema may be fore

a low value for the total proteins,

Unfortunately none of the cases in

was first carried out, developed
has been gained e ither way for

told by the appearance of

In many of the cases
urea preseut in the blood were
tions of the serum proteins,

of the blood urea nitrogen and

reported, estimations of the amount of
made at the same time as the determina-
The following table contrasts the values

of the non protein constituents of the

blood,
Case No. Diagnosis and Remarks Blood Urea Non Protein
Nitrogen. Per Cent.
7. Banti's disease. Blood sugar 16 m.g. 1.5
estimated at same time wasg 0.09%.
3, Lymphatic leukaemia. Blood 17 m.g. 1.8
creatin and creatinine estimated
at same time, and were normal.
18, Chronic Tnterstitial Neparitis Normal 1.4
B..250 .
20. Nephritis due to lead. Patient 75 m.g. 2.0
drowsy, with stertorous breathing,
Blood sugar at same time was 0.12% .
B.P,, 210 .
‘T30
21. Acute nephritis; test done when 12 m.g. 1.4
pat. had been under treatment in
hospital for 5 dgys and was recover-
ing. B.P. 170,
120
22. Acute nephritis. Test done about 15 m.g. 1.3
a Week after onset.
23, Acute nephritis. Test done about 15 m.g. 1.2
three weeks after onset. B.P.'lzo.
80
2 6 days later. Patient improving 18 m.g. 1.8
and diet incgeased. Blood sugar
¢.112 D %%;: under 4 units.
L 4 weeks later. Practically recovered.normal 1.6
24 . Acute nephrit}s. Three days after 15 m.g. 1.5
onset. 2 %g,- 6.6. Urinary
chlorides 1.02%, B.P, 150 .
" 110
6 days later. 16 m.g. 1.8
25 ¢ Cardiac failure in Dbregnancy.
Heavy albuminuria present, 1 m.g. .8
D 38" =+++ 20, -P.y110
307 70
28. Tetinites of unknown origin. i
No trace of any kxidner disease. 13 m.g. 1.8

B'p’,l'-.?.:":.. »
130
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Case No. Diagnosis and Remarks. Blood Urea Non Protein
Nitrogen. Per Cent.
33. Pyelitis B.P, 150 22 m.g. 1.4
110
34 . Pheumatoid Arthritis. Blood 19 m.g. 1.5

sugar at same time 0.09%.
Normal blood urea N = 11 - 25 n.g.
(Normal Non Protein % 1.1 - 1.3. Percentage error 0.10%)
It was thought that it would be profitable to see whether

the estimation of the non protein constituents would serve the purposes
for which the blood urea test is now employed. For its performance
apart from the estimation of the serum proteins, is much simpler and
quicker than a determination of the blood urea, uric acid or creatin.
It is recognised that in kidney inefficiency, the urea is one of the
last substances to be retained in tae blood, and that this detracts
from the value of the blood urea test. Hence some workers have em-
ployed estimations of the uric acid or creatin and creatinine of the
blood instead, as when the kidney is failing to function properly, a
rise is shown in the amount of these, before it is in that of the blood
ursa,. However, the tzssts employed in determining the quantity of any
one of these three substances in the blcod are much more accurate than
the determination of the non protein constituents by the refractometric
mzthod. The former tests, well performed, have a rercentage error of
0.001, whilst that for the latter is C.1. As it was doubtful whe ther
the non protein estimation would be delicate enough to show the reten-
tion of these bodies, except in large amounts. Of course, in its
favour,is that it is estimating, not one of the non protein bodies, but
all.

From the table just given it can be seen that in the one case
recorded where the blood urea was raised in amount, the non protein per-
centage is correspondingly increased. But further, in several instances,
the non protein estimation shows a marked rise, whilst the value for
the blood urea remains normal. Case Number 23 is interesting in this
respect, in that it shows a marked retention of substances in the blood
according to the non protein estimation, when the diet was increased,
but the amount of blood urea shows no rise. That there was some such
retention is borne out by the urinary diastatic index which was below
four units. Again in Case 24, the blood urea estimation was normal on

each occasion, This was only to be expected, for the patient was
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receiving practically no protein food. But the urinary diastatic
index was low, and the non protein Percentage high, showing that there
was some kidney inefficiency. From these examples, it would appear
that the non protein estimation is a very satisfactory test to employ.
On the other hand, it must be admitted that it sometimes shows an in-
creasad value in cases where at present our Kxnowledge prevents us
attaching any significance to it. Thus in Case No. 8, no cause could
be found to account for the high non protein percentage. In case
No. 25, where there was heavy albuminuria accompanying a failing heart,
and examination revealed no trace of any nephritis, the non prote in
percentage was 1.8, It is interesting to note in this case the way
the kidney was "leaking," as shown by the urinary diastatic index of
+++ 20, Again, in Case Number 23, where, owing to the existence of
;:gﬁgitis, the presence of nephritis was suspected, but could not be
proved by any of the ordiaary clinical means, the non orotein percentage
was raised. Does this mean that the high non protein content wes the
earliest biochemical evidence of a nephritis concealed clinically
except in its causation of a retinitis; or was the high non-protein
content in this case due to some other cause than nephritig? So al-
though the state of our knowledge will not vermit of this test being
used alone as yet to the replacement of blood urea, uric acid, or
creatin and creatinine estimations, by its use in conjunction with these
and other similar tests useful additional information may bégﬂéined,
and eventually a further insight gained into the excretory function of
the kidney.

Before leaving this table, it should be pointed out that in
several cases, the blood sugar was determined along with the other two
estimations. It has been reported that this is often raised in quan-
tity in patients suffering with nephritis, but no such phenomenon was
formed in any case of this series.

In concluding this series of cases, four others may be profit-
ably considered, as they afford a contrast to those given above. The
first (Case No. 25) is that of a young married woman aged 24, whose
heart failed during pregnancy. She became so ill that eventually labour
was induced and a still born eight months 0ld foetus was delivered.

She recovered slightly after this but was admitted to hospital two
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months later in great distress, vomiting continuously, with a weak
irregular pulse and oedema of the ankles. There was heavy albuminuria.
Examination revealed no trace of any nephritis. The blood proteins
in this case were as follows =
Non protein 1.8%
Albumin 6 .3%
Globulin 0.3%
Total proteins 7.1% of which the globulins formed 11%.
The oedema at the time of the test had completely disappeared. It
will be seen that there was no lowering of the total proteins, and no
rise in the globulin-albumin ratio. The next case was that of a
married man of 58 who complained of shortness of lreath and epistaxis.
His arteries were thickened and tortuous, and his blood pressure greatly
raised (Systolic 200, Diastolic 110). The lungs and heart were healthy,
however, and he was passing a good quantity of urine, with a specific
gravity ranging from 1012 - 1025, Repeated examinations of the urine
failed to reveal any abnormality. The blood urea was determined twice
and each time showed a normal value. The Wassermann test was negative.
The blood proteins were as follows:=
Non Protein 1.6
Albumin 4.2
Globulin 5.1
Total proteins 7.3 of which globulin formed 42%.
The third case was that of a woman 60 years old, who was
very breathless and weak. Her heart was irregular with a "to and fro"
murmur heard all over the pracordium‘being at its maximum over the
aortic area. There was also an area of dulness in the second and third
intercostal spaces, and a pulsation in the jugular notch. It was
thought probable that an aneurysm was present. The Wassermann test
was negative. An esthation of the serum proteins was performed to see
if this would show any evidence of an infection. The ressult, however,
was quite normal, being
Non protein 1.4%
Albumin 7.0%
Globulia 1.7%

Total proteins 8.7 of which globulin forms 20%.
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A radiographic sxamination later failed to show any aneurysm.,
The last case of the four is that of a married woman aged 56,
who went to an oculist because of failing vision. The oculist found
a retinitis to be present, znd sent her to a shysician for examination.
She was found to be passing a fair quantity of urine with a good range
of concentration. Examination of it showed no abnormality. The
blood urea was normal. The blood proteins were
Non protein 1.8%
Albumin 6.3%
Globulin 1.4%

Total proteins 7.7 of which globulin forms 19%.

On this evidence, it was judged that there was probably no
nephritis present. Six months later, she was still in quite good
health, sc that up to the present the favourable prognosis given seems

to hgve been justified.

4, The Proteins in a Groupg of Infections.
Blood was obtained at different times from patients suffering
with different conditions due to an infecting agent. The results
found in the various conditions were as follows:-
Case No. Non Protein Albumin Globulin Total Prote in Albumin Gldulin
Per Cent. Per Cent.Per Cent Per Cent. expre ssed as

percentages of
Total protein

28.Hodgkin's Disease 1.5 3.9 30 6.9 56 44
30.Lobar Pneumonia 1.9 3.6 3.9 EL35 40 60
31. * . 1.4 3.8 2.4 6.2 61 39
32 .Rheumatic Fever 1.6 1.2 5.1 6.3 19 a
33. Pyelitis 1.4 2.9 4.2 7.1 41 52
34 .Pheumatoid 1.3 2.7 3.8 6.5 42 58
Arthritis
35.Typhoid Fever 1.3 2.2 4.4 6.4 34 66
36 " " 1.1 2.9 2.5 5.4 54 46

These results are just what one would expect to find, the total
proteins being lowered in the acute stages of the disease, and the globulin
per centage showing a marked increase. No recent analyses of the serum
proteins have been published, as far as could be gathered, in cases of

Hodgkin's disease, Rheumatic Fever or Rheumatoid Arthritis, but the

values obtained here fall into line with those obtained in other infectims.
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The case of rheumatoid arthritis was interesting in that a most
rigorous examination failed to reveal any forms of infection.
The marked rise in globulin, however, suggested that such was the
cause, and since then the patient has shown marked improvement
following injections of a Bacilli Coli Communis Vaccine intravenous-
1ly. Attention should be drawn also to the results in the two
cases of Typhoid Fever. Rowe has published the results of an
estimation in one such case, finding that the globulin was not
increased in amount. In both these patients, there was a marked
rise in the globulin-albumin ratio. Bearing in mind the fact
that different workers have found that if, in producing immunity
to Typhoid, large doses of vaccine, causing a reaction are given,
there is an increase in the globulin Percentage, but that with
carefully controlled doses, no such rise is experienced, an explana-
tion of the differences in the results may be offered. Possibly
it may be found in future cases that where there is a marked reac-
tion on the part of the body to the invasion by the bacillus ty=-
vhosus, and the case is of comparatively short duration, a rise in
globulins will occur. But where there is but 1little resac tion,
resulting in a long drawn out case, no alteration in the globulin-
albumin ratio will be found. If this proves to be the case,
determinations of the serum proteins in typhoid fever will be of
some prognostic wvalue. So that an interesting field for further
research opens up in this direction, and much interest will attach
to future determinations of the serum broteins in typhoid, accom-

panied by a study of the condition of the patient and the duration

of the disease.



Summary .

In the following summary, the advances in medical knowledge
made in the present investigations are indicated.

1. An historical summary of the work done on the subject of
the serum proteins up to the end of the year 1922 has been provided,
with a full bibliography. This was badly needed, especially in
the English language. Previous reviews have been published in
German, but none later than 1914, and the only account in English
which is at all full is that by Rowe, It is seven years since
this was published, and it contains no account of the numerous
researches carried out by the refractometric method,

2. Values for the serum proteins have been obtained in
Yheuvmatic {eye r,

cases of lymphatic leukaemia, carcinoma, Hodgkin's disease,Aand

rheumatoid arthritis. Yo estimations, performed by modern

methods, have previously been published in the case of these diseases.
3. Confirmatory results have been obtained for the values

obtained in various other diseases by Rowe,

4. A detailed study of the variations in the serum proteins
in pernicious anaemia, leukaemia, and neghritis have been given,

8 full clinical survey of the case having been made in conjunction
with the analysis of the proteins in each case.

5. Analyses of the serum proteins in the blood of newly
born infants have bez=n given. The results obtained suggest that
further confirmation is required before Howe's results for calves,
obtained by a different technique, are accepted for infants.

6. The occurrence and origin of the rise in the globulin-
albumin ratio in disease have been fully discussed. Evidence has
been brought forward to show that loss of albumin through the
kidneys cannot explain the increase of globulin in the blood in

disease, and confirmation has been given to Schmidt's work that

the alteration in the white count has no relation to this phenomenon.

7. The result of the investigation has shown several direction

in which research may now be directed wWith profitable results;

namely, by making further estimations in cases of carcinoma
. ) ’

mineral
nephritis, and typhoid fever.
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8. The present clinical applications of the test, name ly,
in nephritis and syphilis have been pointed out. In addition, two
additional uses have been put forward. It has been shown that
value attaches to the estimation of the non protein constituents
by the refractometric method. Also, it is suggested, the
phenomenon of the rise in the globulin-albumin ratio may be made

use of in diagnosing the infectious origin of obscure conditiocns.
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APPENDIX A. (1)

CASE NO.1. DIZEASE:~ Pernicious
Anaemis,
Neome:- Mr W.D. Age 47 M. Qcec~aEngine Drivaer,
2.8,22 Pgtient first got ill six months ago,when he complained of,.

stiffness in legs,srd feslings of pins and needlss, and diff-
culty in walkirg,lost appstite,had f=ejlings of nausea with
retching.He had bzen losing weight ani,€horft of brsath.FPat.
care into hospital anl on examination was fourd %o have
pernicious anssmia with a subacute combined degenersetion.
improved with asrsenic and was dimchargdd after two months.
Readmitted four months later,i.s. two weels ago,vith same sym-
ptoms aggravated, 2
0.E, Temp.normel P.30 reg.fair vol,and tension. Artsrios’
Respiration 20.

Tongue” Eyss” Lungs* Heart//

Abdomen”:— Liver and splseu palpable,

Nervous system: sensation not impairxed. Tendon jarke exags

Power in arms and legsi? Incoordination present, Ataxiz.and

Rhombergism present, Ankle clonus both sides,

Urine 1012 acid No 2lbumin or s=ugar,

Blood: Redm 3.000.0000 Whites 6.250 Hb.60% Col,.Ind,1®
2.8.22 Film show#ed typic=2l pernicious victur=s,

Blood protsins: Non protsins 1,77  Albumens3, 7%
Globulins 2,6% ,
Totel proteins 6.9% of which 9% i= albumin
ani 41% globulin.

28.8,22 Hb. went uvn to 76% 2nd he wss sent home,
CASE NO. 2. DISEASE:- Pernicious
Anzemia,
Neme :- Mr J.C. Age 61 M, Occ.~Machinist,
T.2,823 Patient was admitted into hospital thres month- ago complaining

of increasing weakness with shortness of breath for three
months preceding.Has had no swelling of legs,

Appetite vpoor,no indigestion.,Bow:zls opern regularly:no diarrhoea
Urine and micturition normal,

P.H. NO previous illnes=,always been henlthy.

S.H, Non smoker:moderste drinker(beer)

V.H. Negative,

F.H, Good,

0.8, On admission patient showed no signn, o
Temp..was normsal, Pulse,” R=spiration,.
Eyes,” Teath,” Throat."
Heart” Lungs.” AbAomen
Reflexes, Sensation’ Urine,”
Blood: Hb. 32% Red cells 2,100.0CC. Col.Ind,1,05

Film showed victurec of psrnicious ansaemis,
Patient was put on Areenic and improved so that when he left
the hosvital six wseks &ago,his Hb.wns?71%.Then he caught a2
cold and Hb., went down to 61%.Is better again now and is im-
proving.Looks well and putting on weight,
1.2.25 Blood protsins e=¥% of whes® albumin 71% and glopukin 29%,
(good test) Nom prefem 0% Hlbo""""ll'll% Gic[wim 1-8%.
8.2.23 Patient improving, Hb. 638%.
Blood vrote=ins . Non protsindl,.3%  Albumins 4, 6% Glob. 8. 8%
Total proteins 6,4% of which Albumins 72% and Globulins 289,
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APPENDIX A

CASH NO..3 DIS®ASH:=-Parnicioun
Anaemi=,

Neme:-Mrs i, Age 48, M Occ. .House wife,

Patisnt gavearistory of havigg an attack of diarrhoea sight
Jyenrs ago.At thot time was living uader insanitayy conditions
with no d=ep drainage and sevzsral in house had diarrhoes .
Patisnt was in hosnital then for sight weeks.She recoverei
slightly,but has remsained with frequent loose motions ever
since.For the l=sst six mnothe has bescome wsaker,and lately
appetite h=2s gonue .Wow has 423 loo<e brownish motionus sarly
in morning,after which is all right for the rest of the A9y,
Has norm=l formed motion at night.Has never passad any blood.
Scarlet fever and typhoid when 7 years oli1 .Before ons=t sight
sears sago was quite healthy.
Menopause 3 years ago.Nodischarge sincse.
Has one c¢child aged 24 Jhsalthy.Has hal 3 miscarriages after
this: 4,4,ani 8 manths raspectively.Was torn badly at confine-
ment and hal 3 overations toppepair thi= aftarwaris,.
Gocd,

Pals,lamon colured women.
?

Punils,equ=l _2nd react to light an? accomodation. Funii,
?ogguesglaze{, amooth andatrovhic,
He=srt, o Lungs, e Abitomen. & Reflexsa, Vv

Urins. ¢
Varioue examinations wire then csrried out .
On aimig=sion bloodl maant wae : del cellis 8,000,000.. White cel
5,000, Hb.39%. Cpl. I-d4. .8b.
Pathologist revortsd the picyure was suggestive of a nperniciou
angemia.

Gastric test meal revsaledicno blood,but absence of HC1
and pre<encs of l=actic acii,

Bismuth ms=1 showedl rothing abnormal in stomach,duodenum
OT CO4i0OnN,

A recent blood couni gave Red cells 1,620,000,
White cells 5,000, Hb., 37%. Coi.Ind.1.0.
Film showed auisocytosis and poikilocytosis.

Stools reveaied no bimmpiAybut. ova of psrasitss ani no
B.dysenteriae in culture. Wasnerman was negative.
Nou protein 1.4% Albumin 5.4%. Globulin 1.2%.
Tot:l proteins 6.6%,0f which albumin $x#% 82%,sand globulin 38%
This was not a very successful experiment,however,as there wac
with the Amm,.sulph..
Patient much the s=me ,0nly heviug 8 or 4 motions first thing
in morning,and then i~ 21l right for rest of day,

Filr showed wernicwious anasemis.
Blood vroteine:- Non proteins 1%, Albumin 4, 0%, Globulim2.
Total proteins 6.2% of which albumin wsae 6:%. and globulindei
1his was a very good determination ,enough serum beiug obtaiue
to 4o two tests and so conform the resuits,
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APPENTIIX 4,

CASE NO..4. DISEASE:-Parnicious
Anaemia.,

Name:- NMr C.4%. Age 435 M. Ocec.. Gardensr.

Patient comnlainzd of pains in stomach and sensation of nius
and nsedles in hands .He commenced to get this pain 15 months
ago,but for some time bafore that hed felt tirsd and lorguid,
Paing bear no relsation to meals.

At the same time,patiznt hsal a senation of pine snd needic
in tos~.This has extendzd up to his krees,has started in hie
fing:r~.dow hie feset fzsl numb,and he ie= rot able to walk weil

Avpetits ie fair.Xo vomiting.Bovweis constipated,No diarrhody
Urine and micturition normal.Suffars frequently from headsches
Tyvhoid and pneumonia when 12 years old. Was in hos»ital 12
monuths ago for same comnlaint .

014 notes of that time give 2 similer hi~tory =ni = iiag-
Losis of peruicioum gnaemia,Two t-et meales wsrse done ,both of
which showed no HCL,free lactic acid *e ocnult bloodl.The freoceg
were sxsminei on 3 sepmrate occe=ions =mAd no blood was Ffound.

A biesmuth meal wes Aone but X ray showsd no abnormality.
The blood nicture wes howvever A=finitely a narnicious

ancemia,with Hb $1%,and Col.Ind.1.1. Red cells 2,200,000.
White cells 2,500. Film =howed megalocytosis ani gave typical,
nicturse,

CooA.

Won emoker 2nid non drinksr,.
Negativs.,

Temp.normal. Respiration.y Pulse reg.good vol.and
t2nsion.

gy=e: pupils mgual,and resct to light anl accomodation.
Torgue: clesan,

Lungs., Heart., Abdoren. Refiexes
Seusation: normal,

Urins: pnle,clear. 1080, Acid. No albumin or sugar.

Blood: - R-dcells 2,4500u00, White cells. 3,000, Hb, 0%,
Coi.Ind. 1.3,
Film typical of psrnicious anasmina.

8io04d proteans. Non protsins 1,4%., Albumin 4.5%. Globulin2.3 7.
Towal protsine 6.8%,0f which albumirm 66% and glob.s47#

Patisnt ren away from hosnitei,and went home
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A Iy AJL1DI/ Aa
CAssy KC..bH. DISZEASE: - Peraicious
Anaemia.
Mamz:-Mr A.L.. Age 89, . Qcc:-Stone cutter,
23,22 Patieut was admitted six months ago compiainiug of wenkness

which was iacressing anil was becowming very short of breath,
He gove a past history of haviug had rheumatiem fever sbyenrs
ago :also bronchitis and measles.Was here a month ago with
colitis.
0.4, No physical signs were detscted ;but blood gave typical picture
of pernicious onzcmis
Red celils 1, 799 000: White cells 5,000, Hb. 28%.
Patisnt was gut on arsenic for two m01t5° and improved.Hb.
want up to 40%,and put on weight.

Sincs theu has remained much the same. Hb, now in 36,
Blood proteins, Non proteins 1-1%, Aldbumins £-0<. Globol,é
Totel proteins 8.4% of which albumin is 78% and globulin cz%o
Patient has b \n gradually getting worse .Hb.ie now dcvn to
127, He steys in bed =2il! the time.Spleen palpsble:alrmo liver.
Red count 1,200,000. Yhitem 10,000,

12.92.22 Patient died,
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CASE NQO..6. DISEAS&:- Secoudary
Anagemia,
Name:- Mr W.M.. Age 46 M. pPec.. Labourer,
2.8,22, Patient was admitted five months ago ,complaining of weakness
of the legs ,feelings of giddiness ,aud a tendency to fakl
over,

Does not suffer with hsadaches, Bowels open recgularly. Mict-
urition normai. Appetite voor. Memory failing during the past
twelve months.

P.H. Pleurisy twenty yearcs ago. Went blind in leff ey' years ago
for aix mounthz:but reccvered. In hOop]uq AJL ar for some trouvble

V.H, Gonorrhoca 138 yoaeres ago.

S.H. Moderate emoker.Hzavy drinker.

Qo B On adimicszina: fTemp. 7. g <cuire 100 Regular:fa2ir vo.l,~nd
tensinn. Sibp o prass,iﬁ_ Ramp, 24, Art.rice, v
Byzs, o Tseth: a 72 bad wit™ pyorrhosa,
Heart. Lungn: Amoachi all over, Abiomen. v

Reflexe~:- No ta2alen Jerks clicitzd. Plarter flexor rssnouse
not slicited. 2Rhomborgism pre=ncent.Walkes —ith a
y*ile basse, Ho iacoordination, d40 Losn of

SeiLire
of position. Both lsgs up to kruse painfu. on srosed
Trinz: 10023. Alk.,no albumiu or sugar,
Sputum: 1o T.il..

Csrebral spiual fiuii. v )
Blood count:- Red cslls 4,700,000, Whits 11,200. Hb.47%%,

Film showed no a2bnormaiity, bDifferential: onolymorphs 73d.
- 4 . »
;jTﬁhoCJt 5 R2ip, eosinophils 1.
Put on Ps.and As rzmained much ths =

b)) ;f 3 " L" Ja L“‘““

Than 2 mouths lat: TP mtuperet Dot AT r“J_ ¢Xtensor o7 both
mides,. Wastiug of i;v mucl s, *

vamserman te3zt ou blool and cazrebral spinas Tluid negative.
Then = month g.o on blool count bring lome sgoiu,reds were
$,2u0.000. whites 10,000, Hb.38%., Zol.Ixb.0.38.

Film showel 2 ss=couser; snaemis with au cocinophiiia,
fascoun wer. examinsd for parasites.lione wor. detzctod.

Legs wers thim wasted,epnmtic and

&

P

FUEE AN R Y

Blood proteiuns: Noun proteins 1i.3%. Albumin 2.0%.Clobuling, 0%,
Total profsine 6,0% of which 53% is albumin
68% globulin,

el
ana
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APPANDIN AL
CADZ NQ..% DIZSACH: .Bantite biscneg,
d - i\ a3 o @
Nemo-Mrs G.T.. Age zo. - Occ: House wife,

30.1.25.Patiznt was
of
Attackn cams on a2t unight anl lostezd for
n nistory then of haviug had a

Ooﬁ;‘O

On 2AmigsSron

Pr.1.89

30.1.23,

adnmitied
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voin now anil then
admizaion Wlth nuch -hl=»
iu lest 2 mouths huvz‘g
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negativs.
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ot

ice. Bdge of liver

hosnitai then fo
geversl haematesmes
T.E.,but wo
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ig months

ths apicse,
dus to T.D

She 3:

JalOD&l =

Lrictlon rub i

3P+ dnPran

+ -

Lodds o
~cvicular

rsgion

for » tima.lLa
uch the
timsz,

¥ee reacdnitted
attacks of abiomi
by vorm 1t145¢3131
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samsa COudl tion

ual pain
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weakneas
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h rbrov‘d..luﬂllj wos d
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menihs hastx lotsr(l.12.22),with a histor
zince she left hUc)lual , 8CCO

i

O

»
+

cletion go food:ig™ i
increasing,

ischaoredd in
temp.s.i the
J of
mpahlel
bhu [elinkok

Patient had two
wTag unknowa.
One bro:ther hon

oper=.io0. 5,2z aud 6% ye

Toed, :five

A5 A0 but the cauac

chiliren he=lthy

:two miscarriasg

L, w0

?\j O

sariode for four months

;0e8fors that hebular.

Temuono;mal
LTer, v

deart.
it lomen:

i Yokl - ®p
Seflexss, o
Hamr msvera
Biood count
Hb, ¢7%.

Pulse v Ras
Vﬁt“e husliy, Tom
Lunzs.v

2nd liver both 58LD
I‘.Vq .- hut"llL_b abn
attacks of spiztaxia sinc
was anormel. 2ed cells
Differientiel wam normal.

leen

fongre,

viration., v
v

Teeth false.
able: firm 2n4

orma* d=tzcted,
¢ adnie=ion.

5, u'JU,U\JU-

amooth.

Yhite &ul

L

°

Faecen gave a slight positive test for occuttblood,

Blood sugar 0,09%. Blood ursa 138 m.g.per 100 co.

Wasecsrmenr done again and wae nerotive,

Blood protzicm:- Nouw vrotsin 1,57 . Albumin 5.5%, Globulin 2z, ¥%, i
Total »roteins,of whizh 50% ars ?ibumlﬂ and 40% gzlolu.n.

Blood protal.s ?onvwotmlas 1.2% &lbumlu 3%, JGlobuain 8,79
Totai srot“ins 7.4% of which 50 A“a a.bumizn 3.4 L0% plobulirn,

Patl .4.7"' ..L

Fn 1u qtatu gu0.,

Urine has ac 2lbumin, sugnr or

oth*r “b:ovmltles

Liver and splesustill enlarged. Shin is
cartainiy Wyebming pigmented,
Diagnosis of Adiisons liscussed.Aiso malingeriig sugssted,
The Honorary thought that with the =iag 2ulsrged soise. ani liwer
anl attacks of psris soleaitis, the cass was c&rtalnld uz of
Banti's dissass, though an atypical one. Yhr case was a.so ssen
by th% sur;:son w1th a vikw to gpiensctomy,but he advis:d a-

ozt it.
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APPHELDTX A4,

CASH NO..8. DISEASY: -Lymnhatic
Lezykeemin,
dame:-Mr J. L., Age 68, M. @co..Labourer.

For p=st 12 years has been fesling he couid not 4o quite as
much work. Qwo ysars ago he began to feel really Yrecleld vt
#:1 hal treatmsnt for 2 monkhs ot an instition for "ot water
cur=",.which did hiw no good.

Since then has been beconming succeacfvaly weaker ani weoker,
Has lomt 2 lot of weight =ni become very male,

Appnetite has Pail=d.No indige~tiow.Roweiw constinated,

Urine and micturition normel.

Has mo vomiting or hz<d=2ches.

Patiant firet notined lumne in n=ck 13 yeare ago,but took rno
notice n¥ +haw Tas] to bzcom= more mrominsnt with sodid,

w0 yaar« ago he notic:d lumns in armaite =2nd groins which
heve increrced a9 much as those in nwck. Have riever bean
tender or camsed him ary oain.¥inally become so weak thot

= fortnight zgo he collaresd and has besn in bed sver since.
Hed erturic in W,A. 12 years sgo.Hal grorth removad from
buttocks at zams time.¥rsquentiy hel attacks of quinsy o0
szars ago,but for nect LU vesre bee Laen gnits free of it.

Has never had tonsilis removed.Doee not suffer with sore throai
Ceoand,

llegative,

Il

Open 2ir vork, Nou smokszr. NModevr*a lriaksr.

Temp., 9. 2. Pulse 100 r=g.. Respiration 23,
Pupilis, forigus:~furred, Teeth,=11 fal-e,
Throat:-tonsiil= enlarssd.

Lungs, He 1t
aAbjomen;: - Liver =enlarged to 3" balow costol mereir .

srleen snlerced and salnable:both firm and THE,
Reflexen,

Lyrtretic glinda:;- anlarged in neck,=xills and groin. Firm, (£

not terder on ~ressure,liscreet,not matted or fixs
Urine:- 1015. Acid., No albumin or sugar, "

Glan1 from neck inci-~ed. Histological nicture wase thet of

lymphatic hynsrolasic,

Blood zictura;- el ceiles 2,000,000, White 2o, b00.
Hb. 54,
Differsntisl count: small lymphocyt.s 30%,
lerge lymohocytes 18%, Neutrophil nolymornshs 1, 0%
Myelocytas 1%»
he film showed the ticturz of = lymrhatic liul-
asmia, The mojority of the ceils ars lymshocrtes
The maisrity of ~hinh ars embryonic in tyve.
An occasional my=locytsw and noilymornh are casen.

Blood orotein~:-  Non protein 2,4%. Albumine 2,1%., Glob, 2, 7%«
Lotal =rotsing 4,8% of “hich wihumine awe 449
anl giobulin =re H6%, Thi~ was = very ool tegt
2xcent that nrotsire 4i4 wot opt.nronerly with
acatic -cid,

Wassarman tent wese nasgngive,

Patient w=e put on Pevrmol o, 5. . B,

Been on bernzol all the time, Re rll~ 5,600,000, White ret o

3uw,000. Th. 3544,

Bernzol increased to 0.9 t.i.4.

White blood count 215,000. Hb. b5bo*

Bloo? nrotsire:-~ Non »rotsins 1,8, Albumin= 5, 4%,
Globulin= 0, 8%,

Total »rote=ins 6.2%,0f ~hich slbumisn egqunle

87% gra zlobulirse 18%. (Terr gool ts=t wiin
unlakal serum: but proteins 4id now Ppt.oroperly
with acetic nacid,)

Benzoi incrassed to 1.2 t-i-d,

What: bloodl 2ount ,187,000., I« fisling better and hees b on

retting un, Snimen i alight§r «nokler ng=in now, aithough

it chowv+d 2 slight ircre ca My first »sut om Buuzol.

Blood nroteins:~ Nounrogxzine 1,84, Albumine 3.4, Glob. 3,35%.

o
Lt
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APPENTIY AY.

CASE MO ...8 continuved.

Total »rotsinm &,7% of which albumine =
(Very good teat with unl~kad ssrur. Oncs
wzre not »ptd.romsrly by tha acstic ac

2

Blood urea:- 17 m.g. »H2r 100 cc. wH.

are 63% and globuline &%y
221l the »rot2ine

CASE T10.4 9. DISZASE: ~Lymoh=gic
Leukaenmie,
Nams:~ MrH.H.. Aga 55, L Qce..Cormarcial
trevellsr,
- - o . LS V“aer
25,2.23. Pztiznt has b=en ill for about a Jyeror,and teedtment b, When fTiret
seen,hs hal enlarged srlesn and llV“T, aq«1v~ “bdogms ] glarnls
anl large glande in groins,arillsgless in neck, N

i
White bdood count was ovsr 200,000.5m1 blood Feve the nictuor-
of a lymphatic leulnrmin,
There w=om no sign o* any infection to bs Aieccovered,

Patient wem out on ?’Hzoiand imnroved,¥hite calle Aiminiahad
and 3 mornthe ago was normal 10,000,vhen RBrrzo, was Alscontinnes
At Dre“ant.WOti:ﬁ *«el* Wﬂll'” ande are jusct the goms,

Is doing hie work and e~ge h-+ ie ir epite g001 healsh,

Blool count weos:~ Re4 cell = 4,800,000. White cell= lio, 00U,
Col.Ini., C.8, Hb, 77%,
Film,a f»v nucieatsl r=i~ were =resent.
Diffsrantiag r=1 county- Polymornhs 2.7k,lymnhocytes g7%,
Basovhitas 0, 3%,

Wascern=n teet wae nagative.

Blocd proteine:- fHon sroteins 1, 3%. Albumins ¢, 8%. Glob.O. 35
Total protsine 7,0% of which albumina ars 88%,:1lobh. 12%.
(Very gool test with e=rum uniaked,)

CASE X¥0..10. DISZASS:- Lymrohstic
Lrukeerise,
Jame:-Mr B.A., Age 66, w.. Cece..ounoursr.
£.8.22 Patisnt woe admitted 2 mnoth#® ago with diarrhoea,which hn4

bsgn rreasnt for twe womthd, During ssma time had notic=2 lum-
in left «x1ills,

P.H. fTyphoiil %5 y-=rs 180 . Pl»ur%«v 4 y22re ago,

V.H. Gonorrhosa 20_30 yeare ago,

F.H. Saye h= alwaye has 2%cold in thn head® Hal » stricturs 16 y ors
8go,vhich wae 1ilat 4,279 he s hai no troubla sirc
Ha® frequency D S_&/N 2.3. NO wain. Somstimes lo2se control
of urinf.

0.3, On admieaion.

Tamn, normal. Pulses 108 reg..Fair vol. and tsusion,
Arteriss, v fReesniration 20.

Tongue: furrsd. Tseth:all falew.

Heart, Lungs, v

Abdomen:~ liver malnable, 2" below co=tal margin.
Glandis:~ of neck, qx1llaea14 inguinal rzgion~ =11l enlarged.
Uriune:- Alk.. 1007 No albumin or sugsar,
Bloo1 count on aimia~ion, R2d c=2lie, 4,000,000,
Whits cells, 24,000, Hb., 3%, Col. IND, 0.6%,
Blood film: r= im ahow chqng*w in siz: =and shan-: ana
sone 1mmatura form=s. Diffsrertinal count showed 87% of
Lymnhocytes,
Wae put on soamin ani banzol.
Has r=m2in:4 much th: =2m: since;count now ig;red cells

1 00 Wite = A er
P 2002 f?tg 5.000.  MHb. 227 wWas o prenondance of lymnhocytes
Fal
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7.2,23

8.2.23

14.2.23 Has bsen stiil having boenzol and X ray

APP14DIX A,

CASH NO.. 10 coutinu=i.

Blooil »roteins, Non srotsizng 1.27. Albumins 5.9%.Glob., 2. &Y.
Total orotzins 6.4% of which 61% is albumfn, ani 3% glok,
raiusily bacome wgaksr ani finally 1i:z1,

CASi NO..11. DISEASE:~Rcute Lymphatic
Leukasmina,
Namse Mr W.H.X., Age 29, M.. Occ..Stnation mnster,

Patimnt w-=e nimitted into ho=vpit=sl 6 wseksn Ago compleaining of
*wzlling unizr t: arm end i+ ¢roin.Has noticed them come «gv-
erel timee in the l=atiyears,but they hove alwvay=s subeidsd,
With this attz2ck,howsver ,which commencel 5 wreke 2g0,th+y hav:
gone on incrseiazg in size.Patisnt is short of bres=th,

Bowels coustipatsi, Micturition normal.

No past illnsees.lo history of sor: throats,nos= troubls,or

any chronic infection,

Goo1,

Negative.

Non emoker: non drinksr.

On =imis=ion:-

Tempn, woe normal. Pules, v Resvpiration,
Hyes, o Tzeth: all faiss, Throst, v
Lunga. v Heart, v

Abdomen:- 1liver enlargsi: *dgs valvpsbie. Spleen aleag

enlarged anid painabls.
Glanis:- snlargsmsnt of lymph glandie in neek,both 2xthlilas
ani both gnguinal ragions. Ar: not trniar: diecrset.
Blooi:- Red celle o,000,000, White cells 41,000,
Hb. 92%.
Sems-R21 cells ehowad some anisocytosis, =nd polychromaris
Nuclzatedl forms were prasent, 89% of th» white cells ar:
immature lymohocytax,

Patient was nut on Arssnis anig Banzol,on whish th=» glande

#lightly diminiehel ir aize and the whits cell= lecrz2n~ed,

S0 that on 243,23, white cell count was only 10,300,

Benzol was thsn stonp:d,and cout went usn again so th=t oun

1.2,23 1t wa= 33,100,

Blood proteins:- Nou nroteius 1.8%. Albumius 4.2%, Glob, 2, 6%,
Tot2l vroteins 6.8%,0f which albumins ars 62% and
globuline =are 38%, (Test was a good ous,)

Back on Berzol ag=imn., Blood count then w2~ whitz cells 15,000

Starel X ray anplications to glands 1 week ago.Feling very

welll and is back at work. '

Blood nrotsins:~ Nonproteins 2.0%. Albumins 3.6%. Glob. 3a1%.
Tot=l »srotein® 6,7%,0f which =1bumins are54%, and
globulins ars 46%.

Hb. b7%,

ls 2,500, Col.Ind. 0,9.

g
i

Red cells 3,200000, White ce
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CASE NO .. 12. DISsEAsSE:~8cithetioman
of Tougue,

Name: Mr H.W.. Ags 68. M.. Occ.. Labourer,

Patient was -Amitte? a fortnight ago,comnlaining of swelling
of both side~ of th» msck, Causam grast difficulty in swail-
ox¥ing and in mestication.

Appetite good. Bowels® open regularly.

Good,

Negative.

Used to be¢ a2 heavy drinker =nd =moker.

We.l nourishsd moan.

Ysmp.norm=l. Pulse 80. reg.,. Good vol. sni tsn-~ion.
Byes., o louth:~ s»nithelioma on right =ide of tongu-~.

Nn uiceration.

Glands:- enlarged ou both =idme of nenk.

Heart, « Tungs., J/ Abdomen v

Reflexem, v Urins., v

Wee cornsidizr=1 inoner=ble,

Hoxcermarn wae nsgative,

Blooi proteins:- Non »roteins 1.1%, Albumins 3,74, Clob.s.4
Total protein 7,1%,0f which aibumin is b8%, and
globulin i« 48%,
(Good trst withW uvlaked =serum.)

CASHE NC..13. DISEASH:~-Carcinoma,Gaestric.
Name. MT G.S.. Age 63, S. Cce..Inrvalil »nentioner.

Patien+ was sinitted into hovpitar 10,3%.%49 ,comnlaining of
ain iv vtonank which c=meé on 10 ménthes ;Lter mials,
ﬂ@en iil for 4 xxlkxx mornithe,Pain often makes him vomit,and

this relieve= thaz os2iv.Hae vomited bright blood & or 3 tlm%'
iu ths 4 months. ns

Bowels hove been loo=e for ls=t 2 monthe.Nesver ny tarry rotic
- L . e Yo

kicturitionth=o® no »=in or lifficuity,but hee +ree it onece ir"

the night., "

Has lost 11 1lbe,ir ‘h: la=t 9 monthe,

Has h=ad cough for past 25 yeare a4 arings vn 2 lot of yasllow

phizem,

Suffured with bron~hitia,a A rethma for Fesara,which Man Zent

him urha=aithy.

Modersts Arinksr 2nil swoxer.

Negntive,

On sdrinnior, Temp. wes normal, Pulesz76. Res . 20.
Patient thin with saliow Lint t@ eokin.

By 8N, v Tongue.v Teeth, sezek.Y
Lunge=:- em~hysematou=. Haart., ¢

Abiomern: - hard,indefini -6 mess in enigsetrum.

No glandi~ i: groirn. Lege., Urine.Y

Test me~l Acoue: =howed deformity of gra=atar srd jreaar
curveturs; Ai2gosel s~ carcinorme without stenomis of nylorous

1! 3LRE
UeoMidiine inciwion: largs carcinoms found invoiving whole circur
ferenee of fundal portion of stomack, CGleude in hilum of
liver. Left untouchszd and sbiomen closszd,
K8,8.26. Wound heslthy. Patisnt guite well.Hse had no tomn, =incs

oner~tion or =ign~ of infsction.

Blood nrotzin=:- Non »srotsinm 1, 4%, Albumins 1. 1%, Clob, 3,99,
Loial »roteins 5.07 of which albumins are 299 ,fand glob-
ulins 784,
(Goo1 temt,=wcant that wrotoine 1i4 1ot ~mt, nrop-riy
with qretlc acid,  Serum unlaked,)
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CASYH NO..14. & DISEASE:- Carcinoma,
Neme~iise M. W, . Age 47, S. Qce. durre,

Patient was aimitted into hospiterl v 12,3.25,comploirning ef
a "lump Mp tWe abdora axd indigestion,®

Quite well aﬁﬁ!ﬁ 4 yeare ago,when she began to suffer with
indigestion;ful} fg,kipg\af;gr food with flatulence,¥elt sick
but 4id not vomit.Wen't on like thi= untily 7 monthe agovrer
hal "egastric influeroa®.Ill for about 4 weeka with incresre
of 2all symntoms given above.Since then has not nicled un,

Has not noticed any loss of weight.,

Bowels constinated.No history of terry motiore.

Jrine M picturition normal, No vomiting.

Scarlet wher & o™i 11.%0 mriatid Tietary.Clots in leg 10 3ars
CECE n

Menovause at onset of digetiive symptoms.Before this had boon
quite wsgular. No dlarrnoesat ‘any time,

On admission,

Temvn.normsl. e 8.5 Asgoniration.,
gres, Torngre.v Teeth : false,
decli~-no glandis, Heart. v LUNgs, v

Abdomen:-irreg.tumor i» wnydar huif of abdomen. iHovesfrom =ide
to sile. dsaches to umbilicus, Ar-rerertiT i not sontir-

e witth o qyer, Givees no thrill.
Legs, Ref.exesa, o Jrine..

Test menl doue: revealsl- free HB1.27. Toto. ~eility 52,
No occuit blood.

Blood coumt. White cells 14,000. »Differential counts
Polymorihe 483k. wmocinnirile 1%, Lymophocvies 11%,

Bismuth meal: revealei 1o abnorm=iity of stomach or duodenunm.

Licol was senihgghbourne for Wasserman,and Hydatidi snd Tubercle
compliement, test. All were negsative,

Patieut in statu gno. To have orers+ion,

Slood proteins!- Non proteins 1,7%. alhumins 2,0%. Glob,3. 7%,
Totsl nro~eins:b,7% of which x¥m slburins sre 35%,sand
globuiing 5%,

(Good test excent that wmroteins did not snt. nroperly),

Oper~tion revenled carcimoma:nrobably gasteric in origin,dbut
now with deposits iv liver,and omentum., Abdomen was one
mang of =mecandary growths,

TASD %0..15. e~ Pl aental Blbod.,
F
fame, .Hiss K., Age 17, Se. Oce., Home duties.

sabour normal,105.m.(26,1,23) - 2p.m,.(26,1.23),

Placenta -complete, Herhranes~ rageed,

Patient wra quite norma. snd heaithy; nothing detcctei on exam-—

ation.

Pregnancy unormsl. Baby hoaithy,

Wasserman test negativse,

Blood orteins:-~  Non »rotoine 1,2%. Albumins 3,6%. Glob, Bl A,
Toinl proteins 6,7x,0f which salbumine are 54%,and
glodbulins 46%,

(Test :-a very good one,)



ArragnIY A,

CASH #0..16. rliacental Blood.
Nesme: Mrs B, . Age 2o H.. Oce..Home Aduties,

Pregnnancy: thiri.

Labour: norma.., One suturs, Piacenta and membreanes comniete,
Labour: midnight - 4.2va.m,,

Patient was quite healthy =and has always been «o
Pregnancy unormal, Baby healthy,

In this case blood was obtained 2t deliyery from co®d,both
from the placentalend and from the baby's umbilicus,
Resulte were:-

Pleental end, CAild.
Lon proiein 0, 9% 0, &%
Albumin, 1.8% 2,7%
Globulin 4,19 3,8%
Total proiein 83 0% 60 5%
of which elburin 32% 42%
globulin 68% b8%

(Test were both good omnes),

CASZ NO..1%,. Placental Blood,
Name; Mrs F, Age 235, M, Ocec,. House-wife,
sabour:normai, 3p.m, -~ 10v.m,. Placenta:comnlete,

kembranes: ragged.,

Patient was quite he=lthy and examinstion revealed nothing.
Gave nc past history of ilinesses,

Pregnancy norm=i, Child he=al ' hy,

Wass~erman —egarivs,

Blood »roteins:- bHlood from placen+2l and of cord,

Yon protein 1.19, Albumins 1,8%, Globh, 4,1%.

Total pro'eins &6.9%,0f which 30% are ~lbumin and TO%
cglobulin,

(Tes' was = good one).

CASE NO..18, Placenial Blood.

deme: Mre S, Ags 19. I, Occ. .House-wife,
Labour~ Forcens,undzr chioroform. Hembrenes- ragged and
misce re-aineAq,

Patisnt wag quite hesl-hy:s0 also wae baby. Gavs no history

of »nast iilnesses. Alwaye enjoyed good hosalth,

fxamination revealed nothing abnormal.

Pregnancy w-s quite normai,

Wasserman nega-ive,

Blood »roteins:- Rlood was ‘laken from umbilicalcerd s deliv-
ery,from placentcl enA.
Nox proteins 1,9%, Albumine 3.7%, Clob, 2,3%,
iotai proteins 6.,0%,0f which 2lbumin~ are 62% snd glob,
are 38%,
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CASH 1H0..16. DISEASE: Chronic Nephritis.
Name:MrR.L.. Age 29, S¢e... Qcc..Saddler.

Patient has noi been feeling wel. for ihe =nast 3§ months

wag suffering with shockiig wnain ur back. Then 2 for*night
ago eyesight became blurred,and has remained 1he same since.
Has hal -o give up work. Has had rno trea'men-. outside,
tnpetite fair:does not suffer wi. h iundégestion.Bowels oucn
regulerly every day. e ‘
Urine and micturitiom normal:but for last fortunight has had
o get un once 2t night, ) N T
ﬂqng Lo suffer with bad headaches: with feelings of nau;emh
2o i 5 ~rouvbled wi:h ‘hen.
sbou:. © mon.hs ago,but lately has no. been troubl d ]

Has had a slight cough la.s.7. Thinkes she has los. welght,
ﬁéasxes when yoully,. Away ai . the froant for J years.

No iilnesses. Lef. leg amputédl. Always been he=ithy.
Hegative,

Smoiker (pipe). YModera e drinker(wine/.

Hesl .hy looking mal. )
Iemo,ngrmal, Pulse$g. regular., Large Vol.and tensior
Resbira.iog 8. Artveries thickened and torious,B,P.

Pupi.s react to light snd accomada-.ion. o paralyecis, 2Sﬁl&o
Retina shows oedem& and cotton wooli patches but no haemorrhag:

Toungue: furred. Lungs., v Heart:not dila“ed,
10 bruit. Abdomen., ¢ Legs-. #R. v .
Left leg amouzated, Reflexes, v

Urine, 1012, heavy albumin,no sugar Blood presen:.

Blood proeinsg- Mon proteine 1,4%. Alburin 3,4%. Glot.2,

Total oproteins 6.1%,0f which albumins are 554 and glob. 4u7
Blood urea normai.

Wagserman negstive.

(2

CASHE HO,.20. DIS4ASE: Hethritis,
Neme, . Mr C.W,. ’ Age 15, K.. Occ..Plumber,

Patient was aimiited compiaining of pain acyross back of necwu;
seneral weakness and attacks of naresis ard numbness of the
extremities

Pain a. bacn of nec! been nresen. on =a:d off for past 12 nmonth
Spasm lasts a week, Has had 3 attacks of paresis ass oc.
wil.h feeling of nurbuess. Firs .t one wes 19 rnon-hs ago ou
right side., Onse. suddern ias ed 9% anu % hr.,but did no
recover ful.y for 8 weeus, beconlxxx W s left cidc,8 months
a0 third was 8 weeks ago. This las? F+t°ck wag 1enL severe.
Patient thought the cause of these attscks vas a ehock he hsi
30 years ago at *"ov"c°

Appetite good: suffers with indigestion. Bowele cornstirsted
tak°~ galtls,

Micturitiom normai;nogfrequency. Sleaens well.

Lesded 18 ysars ago; frow trade. ¥einly colic, Lefg lsg
broken 16 years ago.

Hdegative,

Heavy smoker,tiil sresent illnees. loderate drinter,

Good.

Patient very drowsy with stertorous breathiug. Ya2lks with
slurred szess?

Temp.normnl since admission. Pulse ¥6,go0d Vol.and tenzion.
Arteriss thickeoneld. B.P., £50/130.

Face: no reralysis, Syes;resct to light and accomadation,
No mystagm¥s®; no varalyeis.; maked proptogis of lef: eye,

Tongua: thick furynot tremu.ious 'roae >ted in mid line.
o biue 1liine,

Lungs., v Heart: not dilated,mi.ral
Abdomen, Livnrc v N. AD..

FY
vag, AT X2 ETY vsymetrica.,bluis
Lreas, Old fracture vigible,

o

o
¥i

b

C

symbolic murnur.

sh staining of skin over both
Wasting of muscles of loft

sl

[
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CASE 50..R20 continued.

fefkexes: Tendon jerks nil exaggeratced. Plantar zicror.
Sexsagtion: Heat,cold,touch;jdoint seusation unimiaired.
40 1incoordination, Yo rhombergisnm.

Halis unsteadily,and drags leff leg.
Urine: 1016.4Acid. Heavy albumin,no sugar. Liany casts:few
epitheliai: mostiy granular.
In crivate, patient very hystericsi. Since he has been in hos-
nitel has been very cemotional. Siance admiesion has been on
ligh. diet with no meat.
Having Pot.Iod.liag Sulvh.and Pot.Cit..
24.7,48., Blood count: Hed ceils, 6,700,000, White celis, 15,800,
Film shows no abnormality.
Albumin 0,38%, Venegectcd 2 days ago; 10ozs. withdrawn,
B.P, felito 184/98, rose =again to 210/130, -oday.
Blood urea N.eguals 75 mg.per 100 cc..
Blood sugar ecuals 0,18%.
Blood proteins: Non proteins 2,0%. Albumin 3,7%., Glob. 2,8%.
Total proteinc #we6.4% of vhich b8% is albumin and
42% globulin,
27.7,22. Blood »roteins: Non pro.eins 1,9%,‘Albumin 4,0%. , Glob. 8,25,
Totoi sroteins 6.7%,0f which 67% is aibumin,and
534 slobulin,
Urtiary Diastese dder 1 unit, _ )
Urea couceutration.ist.hour 1,&%; 2nd. hour 1%, (Maclears beat D
Waagerman negative,

CASH W0..21, DISZASE: Acute Nenhritis.
same: Mr D.K.M.. Age B, S.. Occ.. School boy.

9,10.42. Patient was adei.ted aud gave history of having beern ill for
wo weeks before aidmission. Iilucss cormmenced with swe.lling of
necx and fece, Theu 3 daye before admission :

had abdominal wein and voni ing;also sovere headacte. !
Yirvally on day @f jalriceicr became drowsy,and firnal.iy lost
consciousness ail A/ Tits . o history of sore -~hroat.,

C.E. Paiien wos uncongcious;fcce ocdematous., Tongue dry end brown

Heart, Lungs. Abdomen. ¢

Urine 1018. Acid. Heavy albumin, no sugar or blood.

B.P. 170/120, Microscoy., urine contaired bicod ce.lsaud
epithelisi costs.

10.10.22, Five days .a'er,ocdema had dicappecred and fo.: qui-e we.l,
12.10.22 Blood urea ii. egu=aig 12m.g. or 100 og,
15.10.22 Blood bhroteinsy Now proteins! i, s Albusins 1.8 GLob. 4,1%.
fotal wroticius u, %, of rhich albumins are 30%.
aud globulins 70%,
21.10,22 B.P, 120¢ systele)

vrise coutains no albumiu LoW, Paticn . sent homs,
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APPENDIX A,
“ - -
B H DISEWASSE: Acute Werhritie,
CASE 10..22,
; : CC..5 i boy.
Name:Mr A i, Age 10+, Sa o Cce..3chool K,

'l = i sy 1 imes 23 TOW “i_‘h
Paiient was admirted in .o hosyl_g* com,‘u.alu-;nb 2fﬁjm%fi;oﬂ
of privates,which came ou suddenly 2 days before admi: o
wv—' 1 o e st R s S TH| fersc'zltg
~o pain accompaning enlargemer . o
%grt*he Suor ¢ days before this, the oatient had comyzalpeu
Bf paln in the abdomen,which bore no reiation to food.
Has lost appe:iie. lio vomiting.

x . o MTne oA
Measles o years ago, GSore throa: ¢ woeks ago, lag had
im:eltiyo saiely Has large soros on knecs &t vresent.

. 5 : g 1

Good. N
Face puffy and ocdenatous, S i
TYemp.normal. Pulse 90 reg.. uosycfauLonV§4e =
o ' + 3 7 ( e (7
fuplss: react to ligh- and accomodation. "eeth. Tongue,

lungs., v Heart. o Abdomen, ~

Scrotum ocdematous.

Logs: slight oedema of both ankles,

n 2 ~

Reflexes. o .

Urine:; 1030. Acid. Heavy albumin,rno blood or sugar.
Microscopically:~ granular casts, and blood nrescnt.
Albumin 1, 5%,

12.9.22.Blood urea 15m.g.per 100cc.. Albumin £i/P% cleared un.

Urine urea 2%.

13.9.22,Blood pro'eins: Non proteins 1,3%. Albumin 4,0%.Glob. 3. 6%.

To:nl proiein 7.6%,o0f which albumin is 3%, and
globulin <7%,

16.9.22.Cedema only very slight now. Urine con-aiues very eligzht alb..

24.9,22

lus .82, Pationt was bumped at football a mon‘h a0

P.H,

FD }Io

Qo u,

oDischarged quite weil. Becn up for 3 days,

H0 oadema, Beenu passing a normal amount of normal urine,

CAS®E KO..g5, DISEASE: Acute iWephritis,
dame: Hr 2.C.. Age 1%, Shows Occ..School boy.

,aiud develorved large
lump on righ: thigh.Came into hospitsal with it .a:d was in
hospital for a week, Then went home;lump in leg swellied up
again,and in a few days face also became swollan.

IIc saw a locter who said he had "neghritis®, and sent him to
hospital. At thig time felt quite well,end had no pcain, -

Noticed nothing wrong with water. Before bump,had b33, suitie
well, Urine and micturition had beeu normal, Bowels ppened
regularly. Did not suffer with headaches,excext siight ones

abous once a moun-h,
¥0 trouble with S7C8. Wo cough,
iilness,
Measles when 4 years oid,
Diptheria when 10 years old,
About 2 vears ago used 1o suffer with core thr
a won .h,from ‘onsils. Boen a+i righ . % lately,
Has father,mother and sister who arec guizte welly 3 brothors
vho 2.l died of some "sweliling up"diseasc +ike dropgsy,when
children, V
Hoalthy loo;ing led. - Temp, ys, Resniration 13,
Pulse 72: big Vol.,smal. Teugiomn Riguiar. B,p, vos ol
Lyes: pupiis r'eac .t to light ang accomodation,
iorgue, o~ Teath. . lousils:enlargeq,
éf?r?oﬂiz'h* Lungs, v; ‘ébdomezs ?luid ?n both flanks,
i:;flng ieht ?eqoma 0L aniies. Thigh guite better,
«ellexes: #£:.88 Jerke ac.ive ang €quai. DPlantar Tlezor,
brlnc:ﬂon adrission continucd heavy aiburir«biood.

S.G. 1034, Aciq,

Quanalty az’first &veraged 13o0zg per diem: now aversging
#0ozg per diem. -

-

Wae grining welght before

oats abogt once

e} 70§°22. had 2.,35rms, alt., ser
On 5,6.22. haa TosTMS. alb, .

s

tre.
.re,

-
(o]
H
[
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CASE ..0..23. coutinued,

- ~ ; & ell,
W agts vETMS per 10ucce. No oedema, feels we
ot Bloog Lrea M- Jduals ligrus cer 1 lbunin §,8%. <iol. 2,7%.
Blood vroteins: won oroteinbdwyw. A umin 8,2%. . 0 Baln
Totas oroteins 7,9%,0f which slbumin is bow,ang_bﬂo 2 da,
S. 7,28, Feeis we.l,no oedema. dating ravenously. ana 149§do°
o Possed S&Lozs.of urine in last 2% hours, Albugln‘iooﬂ: N
Biood proteins: Nom irotein 108%,Albgm1§ 4, 4%, ulobazoS?:w
Total proivein 702%,of which albumin is 1%, and g2iob, 35%.
Blood urea is 18 m.g. ,per.loocc-a » ‘
Blood sugsr 0.1i5 332 o0 eguais below 4 unite.

$.7.28. Stile very weil, Averdging 40‘025° of urine for psast webk,
Albumin 0. 1%, Blood urea 15m.g.per 100cc, N

177.22, Albumin equals 0 075%. Averaging 50 ogzs. per unii a day,
On light diet wi'h no mert,

31.7,28. Blood urea normal.

Blood vroteins: Hon protein 1,6%. Albumin 4og%a Globﬁﬁao%ed
Total orotein 7.9%,0f which albumin is 68%.and glob, 38%,

CASE WO..,24, LIZLASL: Acute wephrivis,
Name: ir R.G.. Age 2y, Moo Cce, . Paiuter,
28,6,22, Patient was admitted on 21,5,22, suffering wiinh neumonia, e

Had no urinary symptoms then,and his urine contained no albumi
Oor sugar, Had o logbhar mneumonia g right bsasse,
Heart theu was uno: dilated, Temp.dropped to normal O 29,0, e
by €risis,ani wag Coivalselii o who a9 li%s®22,i.2.3 wekks ~
al:er aimission develoved sore throat,which wen' onto tongilix
abscess, first on lef ,then on right side. These got better,
and w&s convalesent again,when on 26,9,28. complained of hend-
ache,and had g convulsive fit in which ha became cyanosed anA
unconscious.,
B6.06,22, Q.i, Temp, 9$7,2. Pulee 102, reg.., Respiration g¢,

Heort: 4.B. 35th space; 10%cm. from miqd line,

C.D. Right border of siernum to ihird svace +o Eteh, o

o brui+s, B.P. 155/110,
Lrngs,uo oedems,
Sligh: oedema of ankles, and slight lumbar vad,
Urine: 1022, Acid, Heavy albumin and blood,

Microscop: blood casts, leucocytes and rhosvhg=asg

Fut on mill ang water. To have Sulv,Jaelaep.Co. and vasour
baths, Albumin &%,
24,8, %%, J3mn, heg been keeping no™aal, Pulse 3U-90,

é? l?st 24 _hrs° h?s passed 320zs., of urine,
00l urea N equsls logrus, per CC., i &
29,6, 22, Albumin for vest. 24 hr§o ig 89¢3;?0 Passeglggggso of urine,
S.G. 1010. Alk, lio blood, Thig morning only showed faint trace
“of albumin, BoPo 144/v2, [acl, equals 1.03% in urine
On the €7:0.88, 4 3‘750‘equals 6,6, ]
Bdoeéa Proteins: Won proieins 1

tic Iwo,.6,

- ' ‘ on 0 D%, ALD, devp.  Cloh, 2o 0%,
3.7.22, « ?otal_yro.alqs 0o ¥%, 01 which 6% are alb, and 34% glob
Urine fince RB7.6,22. -
S.G, Quantity, Alb.%. | Tatnl Albumin
| - . Or Zzhre, i T
270 0,22, 1020, s6ozs, o 4%, { %,;grms i
2§°oof?° 1029o 330zs, ¢ 3%, aaigrﬁéo
?vcboafo 1000, 2%oys, 0 06%, e459rw2
8U. 0, 25, 1003, 50025, . 05%. 75grms .
1.7,22, A 1000zs. . et
2,7,22. 10U5% 70028 07 5% Sgrn
= o 3 oo bb @ ]
3.7.382, 1006, 780zs, ....ﬁ e SE
4.7,22, 1010. 900z, 1564 g
507,28, 1003, 600zs. i i
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CABm kO..Z4.continued,
Blood urea N. equ=ls . ém.g. ver 100cc.

Blood proteins: Non proteins 1.8%, Albumin 3,8%. Clob.1,87,
fotal protein &.6%,0f which 68% is slbumin and32% glob,

B.P., 120/90, No ocedema or he=dache, Yery well,

Light d4iet. Well. B.P.125/80b.

Urineg ‘
S.G, Quatity, Alb.%, Potal alb,

607,22, 1008; . 62028, . 1%, 1.8grms,

7.7.22, 1010, ¥Qozs, - .

8,7,282, 1008, 600zs, .o .

8.7.22. 1020. 600zs. o 1%, l.ogrms,

10.7.22. 1C20. b602Z8s. oy .

11.%., 22, 1020. 4002zs, o Q0%, s BETTE .

12.7.28. 1020. 50o0zs, 18 .

13,7.28. 1020. +40Z8. o 1%. l.1grms,

14.7,22. 1020. béozm., 3 L IETMS,

16.7.22, 1020, 320z8. o 1%,

16,7,28, 1020, 1400cc. ¥

17.7.28, 1020. 1200zc,

18.7.22, 1Cgv, 800cc. -

1v.7.22. 101v, 18J0cc, o 17,

Bilood urea . equ=nls lom.g. per 100ce.

B.P. 120/80. Having fish,chicken.bread ani butter eoto.

Very well. Blcod urea . equaus 16,6m.g. rer 10Q0cc,

Still passing an average of 1500ce. a day. Albumin remaing the
same 2t ,05%. Feels weil,Gets uv now, fiet increased b t
not having much mest or eggs now,

CASHE 40..25. DISZASE: Auricuiar Fivriiiation.
Nams: Mrs R.G,., . Age 24, M.. Occ.. House duties,

Patient came into hosnital 3 months ago,comnlaining of
dyswnoea,cough,and csain in backs msaid she had been like this
for lz‘xgeks,during which time she had been in bed. Had occag,
coughed clood .

Was mregnant at time: thought she wae b months . Had lost ap-
petite,and sufferedpwith vomiWting. Ho pain in abdomen,

Bowelis 0927 regulariy.,

Had frequency for past 12 weeks. N 2-5,D 3-4,

Regular tili 5 months ago, then ceased, -v )

P.H,isNo rheumatic fever,tonsiilitis,or sore throats.

F.H,

23,111,558,

Infleenza 3 years ago,since when has never been well; euffere
with heart trouble;knocks up on lesst exertion.

Previously had been very healthy,

Good,

On examination was dyspneie and cymmotic, Temp,nornmal, )
Pulse was 150 and irregulear, Respiration 30-40, B.P.110/7G.
Heart was enlarged with presystolic and systolic nurmurs,
Lungs: signs of oedema at both bases,

Abdomen: liver snlerged to 1" below C.M. Reflexes,
Signs of Pregnancy v eve presemy,

Urine was 1026. Acid. No albumin or sugar.

Was in hospitsl for s fortnight,on Digitalis,and 4id not im-
pProve, Finally trensferred to gynaecoiogist,who induced
labour,and » full term child,stillborn,was Aelivered S weeks
after admission,

A week later had attack of vomiting,end urine was found to
contain albumin, No c=sts founi, No other examination was
made anperently, After sugther week,felt better.Pulse was
slow but irregular,slbumin was down to a trace,sowas sent home
and to.d to,continue under a private 4doctor,

Readmitted into hospital, Compiains that she started vomiting
24 hours =goand hsas been ever since: has pain in back and
§g§£ers with hesadache, Has frequeficy of micturition but no
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CASE NO..32g.continued.
Notices leges swell up when <che waivs about.,

Bowels regular, Hs= not loet weight.
On admission; patient pailid;in distress,vomiting continuousliy

Pulse irregular,wesgk . Temn, normsal. Reeniration, v
Lungs: v Heart:enlarged. Presystoic and systolic
not audible but has diastolic at base,

Abdomen, v’ Legs., No oedemea,

Urine: heavy albumin. Lab, reported pus ceclls and few ceets,
but did not say what kind., Numerous gram negative becilli
were present mer a cathetev goecrmen).

Blood urea:N. iim.g. per 100cc,
Blood proteins: Non proteins 1,8%. Albumin 6,3%. Glob. ©.8%,

Total vroteins 7.1, of which slbumin equsle o
globulin 11%. ks gu=ale 8¢% =anA

Dizetatic index more than 20,

Blood count: Red celle 3,000,0UY, Hb,60%, Col.Ind.0.8%,
Albumin @,02%.

Patient continued to have =2l1lbumin in urine. Could not take
the Digitalis s it made her vomit.

Died 20,11,.22-,after being in a failing condition for a couvnle
of An~ye,with an unsatt2inable pulse,

TASH NC,. 29, DISHASE; Eynernyesis,
Feme: r A.M. Age b8, Moo Occ. ingine Fitter,

Petient complains of shortness of tresth,and bleeding from
noge, Says was quite well until 6 weeks ago;when began to
notice shortness of breath,which after 3 weceks forced him to
give up work, Then while resting at home began to have attacks
of bleeding from the noseytwo or three times a day,which
gradually grew more severe. Bleeding was generally only of
short duration. This has practicaily stonned since he has heen
in hosgpitai.

Patient otherwise feels quite wesl.Anpetite good, No indigesti
Bowels onpen regularly every day.

Urine and micturition normal. No headnches, No cough.

Thinks he has been gaining weight lately.

Influenza 17 years ago.Always been very healthy

Smoker: nipe, 10z a weel, Moderate dripker (beer).

Negative, /?

Geood.

Healthy looking man.

Temp.besen normal since admission, Pulee varies hetween «Q-ov0
Regukar, fair voi.and tension. Arteries: atheromatous

ani tortuous. B.P. 19840.

Fupiie:equal and react to light =nd accomodation.lo nystagmue.
Mucous membranes rather anaswic.

Tongue:furred. Taeth: =ail false.

Lungs. « Hesrt: cardiac du.ire=s; mid sternum to third rib
to 34" from mid sternum in fifth iptercostal space,

Soundsy” Abdomen, < Legs,\v/ Reflexes,
Urine: 1uzeo. No glbumin or sugar. DBeen on low liet,
Urine for naat few days: 6., 7.8%, 16028,

Te1.cR, 22028,

B,7.22, 34o0zs.

S.&. on 8,7.28., varied betw-een 1025 2ni 1012.
B.Pea: %05/M10.
Blond urea N. equals 1om.g. per 100cc,
Urea concﬁﬁtraﬁior test: Pirat Four: @,5% ures,
Sec., hour: 1,1% urea,
Fundi: arteries, arterio-scierotis with indentation of veins
Otherwicseyv”
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CAS® NC.. 26.continne?d,

Sti.i having =light attacks of e istaxie. On mii’ diet.
B.P.. 1vus100. Wasgcerman negotive. Yo hendache,faels s

Averzged 330zs of urine a day for the :ast weel,
Bioondl ures N.: lo.0m.¢. © =T Ludoc,
Urinary urea: 0,8% during same hour. therefors urcs ~onmsn-
tration factor equais 30.
Urea concentration tee+t: Pilrat Yerr:  0,4%,
Sec. thour: 0,8%.
Urine.v/ X r=y =shows no aneurysn,
B,P.190/110Feels better.No more noee bl. 1ing,
I2 having about :100 calories = Asy;with very little rrotein.
Diagtatic index 6,06,
Phenolsulrpholthalein te=t4 : First hour: 40%,
S32.  Thour: £%.,
Blood proteins: son proteine %,8%. Rlb. 4.z Glob,3,1l%.
Total vprotein 7.5%,0F which b55% is alb. anl 43% glob,
On diet. B.F. down  to 130/90.
Sent home.,

CASH NO..27. DISWASE: Arterio Scleroais.
Name: ure kL.C.. Age 80. M., . Onn,. Houge dutiees.

this was a patient who came in complaining of breathlessness
andweaknesas,

She had =zn area of Aullne=s in second ani thiri right inter-
costal snaces., Heart was irregulargnd wee to and fro mivenr
heard all over precordium,meximum intensity in adtic area.

Had pulsation in jugulsar notsh =2ni “uet haolow. o
Was considered ror=ible that ehe had a anenrvem,
S.P. 185/70. Yo tracheal tug.

Wasserman wo2e negative,so thought porcsibie that bdlooi ~roteine

would revea. evidence of an infection, The=e however, wer

normal

Blood wrotsins: Xon proteins 1,4%. Alb, %i0%. Glob, 1,7%.
Total proteins z2,7%, 0f which 80% im albumin ani 20% giob

X r=y latsor showed a dilated hesrt with = widening of the

aortie arek,but no 1efinite aneurysnm.

CASH NO..28B. DISLA3E: Susnentsd came of
Nenhritie,
lzmes Mrs B, Age ob.. M. . Oce. . .Houme Huties.

ratient was eent from eye svpecislist with diagnocis ofiretinit
is of unknown origin. Comnlainedl of dimnese of visior,re~1-
ache and indigestion. Had errors of refrasticr ~mi~m he cor-
g~ ted and headaches now bettgr.

No frsguency. o other hietory.

Cool.

Negative.

B.P. 175/1uv. trtaries thick end tortuous. Heart, v~
Lunge. v 1o ceisma,

Urine:1025. ACid. No 2lb. or sugar. Microwmconicaily nothing.

Rlced ur2a¥N.: 1dm.g., per 10urqc, ) , )

Blood proteinm: Nom proteins 1.5%. Alh. ©.9%k. Glob. 1.4%.
Total proteins 7,7%,0f which alb, is 81% and glob. 1up,
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APPINHDIY A,

CASE XO0..2¢2. DISEASE: Hodgkind Disenee,
Name: Mr J.E.. Age 49, S.. Qeoe,. Driver,

ratient was admiited one month ago,complaining of swe:ling in
neck. Swellings commenced 2s sma:i lumps twelve months ayo, (g
which have gradualily increased in size until rome of the masee,
are =% bi, =as a2 small orange. QOther wie=e ¢he feelws quite weil.
Has no swelling elmevwhere. Ilio we=lness or tiredness,

Azpetite good. Not lo=t weight . ko night sweats,

No seriouw illness,

Good.

Negative,

Stout men with coller of gianiuler s=wellinge.

Temp. Pulse, .- Re~niration. v

Puniles react to light and accomodation, Testh.« Tongue.
Throst, v No evidence of any septic focu-,

Neck: wenlarged glands on both sides. Glanis firm snd Aie-
creet;not tender, ot attached to ekin or dee: structures.
Heart., Lunge. o Abdomen, v Urinc.»”

Ho glands enlarged in axilla or groin.
A glsond wase removed and sections made. Re~ort on rections
was thath the gland showed a histologicsl picture resembling
th=t of Hodgkin® wi+h marked infiltretion by eoeironhils and
hyperplasia of endo*heiial rellw, Troughout the glani =re
are=s which anmear to be definitely neorlanstic. Probshly
the tumour revpresents a neonlnstic(endothelioma) develorment
on tov of = Hodgkine reaction.
X ray picture showed enlargement of glandr at hilus of lungs.
Blood count: Hb. 9¢1%. Red ceil= 5,000,500, Col,Ind.0.9.
¥hi'e cells 12,000, Film: no abnormality.
Differenti~l shows &% eosinvhilia, nolymor: hs 78¢.
Blool pro-eins: Non proteins 4.0%. Alb, 3.2%., Glob, 1a9%.
Total proteins 5,1%,0f which 83% are aib, and 3%7: glob.
(Test a good one,but done on = very hot aay. )
Has had no 4reatment since last week. 1In statu auo,
Blood proteins: ¥on nrotein 1.8%., Alb, 3. 9%, Gfobe 3. 0%,
Total oroteins 6,9%, of which 56% are alb, and 4% glob
(Very good tes+). S

El

o

CASH RO..30. DISEASE: Pneumoni-.
Name: Mr w,P., Age 50, 5., Occ..Driver

Patient had s co14 for 3 wieks before admission,which 3 daye

before became much worse: = i '
' , o *putur becsmn stick
felt feverish. ’ oy Bma rusty, add

Lumbar pneumonia a yenar sago,

Op admlﬁiion: Tem~., 102. Pulse 120. Resriration &0
ﬁape?rs ;}ushei, iyes.v" Tongue: moist and furred

ieart, s sig i i righ
el Lungs: signe of lobsr mmeumonia at right base
Venemécted, R.P. before v

2 enesection O/%0, Af+es 6y
Cyoamonis very much imnroved. P ARO/70. After 150/50.

Waseermagn 0fitive,
Blood $g§tfins: hon aroteins 1,%., Alb. g 6%, Giob. 3,44
a s 5 g . I B oo ° 2770
—— Mb proteins 6, u%,0f which &lb. are 40%ani glob ﬂoo%
Y. N&S pbeen domn to normal but un again - ) i
YGgeqeotlon wound infentaq with rure nneumécc i
¥hite count un to 30,000, m i o
Tem?,still going u» ang down, White
Aspirated E0t 120z=w
gu=ntitie§,.

Count 1b,000.

11 o £
SUB. Smears showed pneumoccoci in grcat
h L)
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CASE NO..31. DISEAGE: Acute Lobar Pneumonis.
Name: Mr S.. S.
12,9.22, Patient csme into hospitsl in = unconscdous stnte.

Blood proteins: Non proteins 1,4%. Alb.3,8%, Glob. &,4%,
Total nrotein 8.4%,0f which 61% was 2lb, =n4 3%9% glob..
Pstient died,

CASE NO..32. UISEASE: Rheum~tic fever,
dame: Mr B.W,. Age 25, S.. Occ..Labourer.

Patient h=d rheumatic fever in 1914,and again b monthe ago.

Yever -roperly recovered after last attack,and now has come in
much woree again,

15.8.22,0.E. On ~dmission: d
Temp, 100, 6., rulse yo, Res=piration 24.
Eeart,bv;%’ Lungs, « Abdomen. v
\riees both swoilen and flushed, aleo left an £ i o
e, ' 5 enkle and jointe of

Urine: 1020. Acid, Slight alb.,no gugar or pue,

Was put on salicylates, and rapidly imvproved,

Blood proteins: non proteins 1.6%. Alb. 1.2, Glob. 5 19
Total proteins 6,3%,0f which 1997 are alb, and él%egiébo.

CASE NO..3%3, DISKASE: Pyelitis,
Name: Mr C,W.. Age 41, M.. OQcc.. Barman.
6.8.,28, Patient has hal attacks of renal colgc on and off for 17 years

about every 3 or 4 months. Attscks last from 4 hours to =
days. Was brought in unconscious following one of the~e azttacis
and was said to have bseen having fits with vomiting.
Gives an history of severe headaches Aduring the attacks,suffers
with frequency of micturition.Says water ie milvy,but there
ix never any blood in it,to his knowledge.
The Dr.who attends him in »nrivate gave him a history of pyelitis
With »us in the urine,for the last 12 yeaes,.

0.8, On admission: had a very flushed face with stertorous breathing

Temp. 102, Pulse regul:ur. Arteries thickoned,
B.P. 150/110. Eyes. Tongue: furr-d,
f'eeth: poor. Heart.v/’ Lungs .-
Abdomen: slight tenderness over kidneys,but nothing pnslnable,
Reflexes. v Urine: Acid. Contains blood,»u= and rlbumin,
Pst on Pot.Cit..

6.8.22, Wss venesectedl,and 24%0zs withdrawn,

Temp. went down to normal Asy af+er admiemion,and stay-4d dorn.
Urine: contained cell casts and B, Coli Communis,

Totts BE, Was=zerm=on negative,
Blood urea N. equsls 22m.g. per 1COcc.
Blood proteins: Non »rotein 1,4%. Alb, 2,9%. 2lob, 4. 8%,

Totel proteins 7,1%,0f which 41% is albumin, andi b¥% glob.

White count: 10, 940.

14,8, 22, Improving. Temp., normai, 5till much nus. B.0. 18b/100%

<



RT7.,8.85.
P.H,
FOHq
C. B,

R7.5.23.

H7a 50 23g

-

L

O g ~g
k4 Mmoo

16.,5,23.

30%0230

(21}
APPENDIX A ..

CASE N0O..04%. DISYASE: Rheumatoid Arthritie.

Name: Mrs D., ge b0, Me. Oce.. House Autie=.

Patient had menon»ates 18 mon-hs ago. Had hai alight ==2in. iv
ankles for years. About 6 monthwm ago got vain and cwe.lingse

in wrists,fingersani 'nee=;anrd elightly in an¥lee whinch grad-
uslly became worse.

Mo previous illne=mes;exgert cancer of *“he breas+t removed
b years sgo,
Good. Patient ha= had two children,both of ~hich are healthy.

Teeth:allfalse, No tonsils, Lungse. v
Heart: aortic systolic,thought to be hamemic =ni of no imsort-
anece, Abdomen, v Joints: tynical rheumatoid =rthritis.

Urine: norm=al, Catheter snecimen revesle? no infsction,
Emebioae Mo trnce 87 any infection. detekalle |
Blood sugar Q-vosk.
Blood ursa 18.bm.g. per 100cc..
Bloo1 proteins: Non »rotein 1,3%. Alb. 2,7%, Glob. 3,84%.

Yotal proteins 6,.%,0f which 42% i~ =2ib., and 584% is glob,.
{Gool test; serum not lakel ). ,
Has had a little irregular »yrexis in the evenings since han
been in hos=pital,

CASE NOQ..3b, DISEASE: Ty-hoid Fever,
Name: Mias« D,B,. Age 15. S.. Occ.. Houeewory,

Prtiemt wee taken iil on ¢.2,.23. with heda~he ,voriting and
indefinite =ains in leg=,

VYes admitted into hosnital 6 daye later ir wmuch tho mame state
Quinsy 12 months =ago.

Gooq,.
On admieeion:
Temp.104. Pulee 144. regular. Re=pirstion 20.

Pupile egual and reacthe L A. Tongue very dirty-with thick fur
Lungs. ~ Heart., v~
Abdomen: few tyvhoid snote, =anleen not palpable. OQtherwise
good.
Refievesm, o Urine. v~
Nas foundi to h~ve White co''nt 4,000, =nd gnve positive Wilsl
to B, Ty-hosus, mo confirming diagnoeis=.
After thie r=n a2 ty»ical typhoid cours=e for a month,
Temp, came Aown to normal 12.3.23. ani st~yed down to uvormsi
for = week. Urine was examined on & occasions. Always normal
Bloodi »roteins were taken Auring thie neriod.
Non proteins 1.3%. Alb. 2,8%. Glob. 4, 4%,
Total proteins 6.4%,0f which 34% are slb, ani 6ed glob.,
(Wae done with a badly 1-ked serum. )
H=d a relanme on 21.3.23,2and since then ha= gons through the
whole couree again,dut ter=. ie down 5 =nrmal sferin for firet
time today.

a
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CASE NO..3¢6. DIRELRE, Thohoid Maver,

Heme, MNr O0.7,A., Ags 16, S Oce.,.Librarisesn,
Patient hail b-an 111 for 6 deve wher almitted to ‘no.«v*i‘c*l°
There w== vomiting and enimtarie =t oneat, Haoe joet a1l a’
etite,

"G =triti=" 2 yeare ago. Chicler noy vhan infant.

On a2imizeion,

Temp,104. rFul=s 104, Re~pzration 40,

Lyae, v Tongue: furrai, Teasth, —

Lungs=, Haprt.s Abdomen: fsw rossolsr =-ote,

spleen palpabls,

Urins 1020, acidl, uno albumin or =2ugar or tue or bhlood,
#hits count b,0u0.

Blool culturs taken:no b. Typhy=ur found,

Positive Widal against 3. Yypho=u=, Negative agalnet per -
troheid A anil .

Bl003 pre feiné on 2¢-3-23 Non proteimn |‘I1 w“’"“"‘"‘ 29 )
Tovral profem, -1.(7. 28 Wwhic v gleb vl *G’cvms 4(,[

\30"‘“ 1 13‘7’ .




APPRENDIX B.

Deecrintion of Robsrteon'=s Refractometric Methodn of
betermination of the Serum Proteins,

(From Hobertson's Manual of Practical Biochemismtry. )
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ithe defractometric arcslyesis of Blood Proteins.

(2) Bstimation of thc Yon proteina,
Glarss tubo~ 2o cm.long,heving an ineide dicrmeter of 5 mm, ar?
walls about 1 mm,thick,are ss~led <t one end, It is mell ‘g
blow gently into the tub° while the =2e~led 31l ie so0ft +thu-
making the contour of thz bottom of the tube heml-nhprlcal
ani diminishing the tendsency to craev on cooling. Into one
of thewe tubae«,vhich hos haon carefully dAried zndcle~nel, i~
now introiuweed =xusctly 1 cc,of serur with *+re i3 o0f an accur-
ately calibratel jipette wi h a2 carilisry tin. Such ripettes
may be =mrepared My teking lengths of narrem-horn clree tubing
Arayn out to o cc«1ilnry at one ani 1“**0 uwreing 1c.2.0F mer-
cury,and marking with a2 diamonid *hn extremitie= o° tre morours
’:olumno The mercury i= th%ﬁ delivered into another simiisr
tube,which i« eimijlarly maked,anl the opsrstion Trepeatsd until
you have ~“he Iceired number of nipettes. Prepsred in this= way
your 7ipettees all deliver (betwween the marks)the =ame volure
of fluid,and if thie ia the case the exact volume em-loyed
1= immatserial proviied it is ir the neighbourhood of 1ic.c..

In delivering the =erum avoid wetting the upper nart of
the tube and the formation of air-bubbles,

The serum having been &ivv eregwith another vipette cnoli-
br=tel against the fir=t deilver 1 c.c.of N/25 acetic acid
zolution,which may be made up with sufficient aceur~ocy by
diluting 4 c.c.0f glacial acetic acid to 1750 c.c..

A short lenghh of thick nleotinum,silver,or niclel wire ie
now introducel into the tube 2ni the unner enﬂ i« ®#29led off
in a2 flome,t~%ing care not to heat the contents, After coollng

the tube ie ehr™an anid tha ebom+t Jnanoth of wire containe?® in
1t brings 2bout :, thorough mixineof +the contente., The tubw i=

now nlaced in a beaker of cold water of =uch = Aanth ae tog
immer=e the +on of ths comntained column of liguid =mgver=1l mi -
imetre~ below the eurf-ce, It i= =ell +o re=t the bottom of th
tubz uron a wad of glass wool or a niene of wire gauze to
avoidl the cracking of the tube by bumning dvring the erhency
Pofiinr, Ths water ix now =lowly hented to boiling and allowed
to bai. 2mergetically for exactly two minutes, he tubs ie
thexn Jc'ei-f've'q from thes boiling water =nd =2llowed to cool to

W“en cool the Zube is browsn onen ftittle abovs th:ﬁﬂnwﬂ
face of ite contente ani the concul-rm ia bHroken un. ihlﬂ‘ewf*
accomyrlimhed withW¥the aid of a slatinum wire about Q.6-0. 7mm.
in diameter and iroviisil with saveral aligkt bends, Trie ie

n=atrtai into the tubs and th: upner end twiried betwesn tho
thunb ani for e;inbero The Tlvid snil +he nocgul-m ors rew
awa%31 by contrifugalization,anl %13 fluid ie withdr=wn by
the aid of 2 dry,clean »ipette,anl the refractive indices of
the f£1luid and of J/aO acetic acid =olution(»repsrel by dilutin;
N/2b scetic acid ured above 4o exnctly one-~-helf with diatille”
W tar)are iatcrm1*“4 aimultercouve.r., By determining the ref=an
+1"0 indinee of the fl-i4 anl of U/50 acetic -cid ~imltan-

ouely, the neP31+v for regulation of the *tem=er-~ture st which
uhe resding= a%e male i- obviated,for ~lthough the sbroluie
value= of the refractive indices qre affected by tem=mersture
the difference hetweern them sre inilz:ierder* of +hs tameorstyre
at whish they are de“ermine?. In carrying out 2 lesrge number
of estimation~,however,it i« necee=myy to elimate the no==ibls
error due to »nrogre==ive chenge= in the temier-ture of threc
darii=room by redeisrmining the refractive indd®E of ths aolvord
(ir trie Sva+gnan T/60 cr-*13 =0id)at frequer® <+ arviis,

The refractive index of a 1 ner cent.=olution of wali ie
0.00160 ¢rsater than that o" distiiied veter. The rafractiv-
itie~ of L ner cert.ec. - iame A7 A haw inorgnnic salts ~nil of
cglucose «nl arza =arc of vory =~imilar magnitule. To within -
sufficient degree of accuracy,therefore, the percentege of non-
protcin =sub~%ancesx in the qerhv rey he eetimatel by dividing
their refractivity by tkc Tactor 0,0086C, lonr ~aault must be
multiplied by 2,becausxe yo hnve dilutel the =erum to one-hslf
with N/25 acetic 20id.
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Tor *the letsrmination of the refractive index,employ 2
Pulfrich refractometer,which reals the angle of total reflec-
tion %o within one winnts. 4 sodium fleame i= umc? ae« the sours
of light, Determine the fefrsactive index from ths argls of,
total reflection with the =11 of the Zschesemsiems table Svpplved.

When it 1w degirel to make a number of succesrive lcotermin-
ations, the cup of refraciometer shonld be carefully dried with
absorbent cotten and len= paper before a new sample of fluid
i« introduced,

(b) Estimation of the Albumine.

Glass tubes 9~10crm. long are prepared,heving an insile
dismeter of Omm,and one end cloeed, Tube= which have been em-
ployed in the estimation of the non-protein eonstituents,sfter
having besen clermned sand dried,may be cut dovn to the nroner
length »nd utilized for this purvoxe, Smal corkes or short
pieces of gle= tubing =ealel at one end,the gsalel end being
pre=sed againet the open end of the ‘longer tubeesand helil in
poxition by =hort piecee o* rubber tubing,are employed a=
*topper«., Into one of thews tubes i~ introdueed,with the =id
of a pipette zimilar to that described above »0s0C.Co0f mat-
uratel =olution of ammonium sulphate(zrepa red b disolving
an exee*r of armmondum sulphste in hot water and allowing the
exce®s to crystallize out on cooling)., With another npipettie
which has b-en calibrated against the fir=t,introduce Q.wvc,c.
of merum,iron in s piene of platinum,silver,or nickel wirse,

affix the =topper anl <hake thorouchly with a= littie delny as
pomsible, It is nesexsary to introduce the ammonium sulphate
first,as otherwise,being of greater specific gravity than the
serum,it sinks through the serum,portions of which are thus
exposed for =ome time to ammoniir sulphate of higher coneen-
tration than oue-half saturated. This= leails to o precipitation
of albumins which 10 not readily rodisrolve,snd tve rewylte
obtained ere swronects and irregular., If the ammonium =sylnhate
i# Introjuced first the serum flo-~t= on to~ of it 2ani energetic
shaking brings about almo=t irmedin*e almixture of tre earum
end the reagent. It ie weli,whiie shaking,to hold the thumb
2gain®t the bo:tom of the tube, thus Aiminishing the danger
of cracving the tube by the impacts of the heavy piece of wire,
The tube,with the stonper still affixed,is now centrifuged.
The precinitate =oon settlew,=nd su‘ficient surernatent fluid
m2y be Araewn off to Till the tip of a pripetie and the s-ac
between the two marks %nown to hold about O,2bc.c.(preqared are
described above), Thie guantity of the supernatant fluid is io-
liversl into another cle=n,dry tube of t'e tyne employed in
the orecinition,and (Q.86c.2. of dist.lled water is alded with
the 2i4 of n pipette calibrated against the first, A piece of
wire ie 1ronned in,a cloan =tonper affixed,and the contents arc
shaken. We now determine the refractive index of this fluid
anl that of one-auarter aatur~ted smmonium suinhate solution
prépared{andikentoas a gtock solution) by mixing equal volumer
of saturated ammonium sulphate <olution and disti.led water
anl adding *o this mixture an equal volume of distilled water.
The difference between thése refractive indices repre«ents ono~
fourth of the combined refractiviti:s of the 2lbumines and &8
the non-~protein constituents, Multiplying by 4, therefore,ani
subtracting the refractivity of the non-vrotein constituents
we have refrastivity o® ths albumins, Dividing thie by 0,00177,
we obtain the percentage of alburin in the =erum,

(¢c) Betimation of the Globulins,

Determine the refractive index of the ‘erum ~nd thot oF 3im-
tilled water, Subtracting from the differencs the known refract-
ivity of the non-proteins and the known refractivity of the s2lb-
urins,you obtain the refractivity of the globulins, Dividing
this by 0,00229,you obtain the percentage ot globulin in tho
merum, Adding together theo p2reentages of slbumine ani globulins
you obtain the percentage of tota. nroteine,





