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LECTURE I

THE CHEMISTRY OF URIC ACID AND THE URATES—
COMPARATIVE PHYSIOLOGY OF URIC ACID

- Mg. PrESIDENT AND GENTLEMEN,—The morbid phenomena
associated with uric acid divide themselves naturally
into those which have reference to gravel and caleulus,
and those which have reference to gout. In the former,
uric acid is thrown down in the free state from the urine
as coneretions in the urinary channels ; in the latter, urie
acid is thrown down in a state of combination as sodium
bi-urate in the interior tissues of the body. In both
conditions the precipitated substance necessarily acts as
a foreign body, and tends to cause inflammatory incidents
and obstructions in the parts implicated. In regard to
gravel and caleulus, the whole of the morbid sequences
are thus accounted for; no suspicion is enfertained that
uric acid coneretions lodged in the kidneys or bladder
produce any disturbances above and beyond those which
are due to mechanical injury. But in regard to gout,
uric acid is supposed to play a double part. It is com-
monly believed that, besides the irritation consequent on
the precipitation of sodium bi-urate in the joints and
elsewhere, uric acid floating in solution in the bodily
fluids acts as a true poison; and it is assumed that a
large part of the symptoms associated with the gouty
state are directly due to this poisonous action. The
B



2 INTRODUCTORY

soundness of this assumption will be hereafter called
in question. It will be shown to be more probable
that uric acid does not possess any inherent poisonous
quality, and that when mischief arises from it, that
mischief is consequent on the acid being precipitated in
the solid form as sodium bi-urate in the fluids or tissues
of the body. The substantiation of this view would
bring gout and uric acid gravel into close parallelism.
Gout would then become, like gravel—in so far as its
phenomena depend on uric acid, but, of course, no
further—a disease of which the manifestations are proxi-
mately due to mechanical injury. On this view it
becomes evident that the chemical reactions of urie acid
and the urates, and especially those reactions which
govern the holding in solution of these substances, have
a more direct bearing on clinical and pathological
problems than those conditions which have reference to
the mode of origin of uric acid. In either case, whether
uric acid be poisonous or not, the pathological history of
uric acid is intimately bound up with its chemical pro-
perties, and a knowledge of these properties is an essential
pre-requisite for a scienfific apprehension of the problems
that arise in connection with uric acid gravel and the
uratic phenomena of gout.

The amorphous urate deposit of human urine forms
a convenient starting point for the study of the patho-
logical chemistry of wurie acid. This is the most
familiarly known and yet, perhaps, the least understood
of all urinary deposits. The amorphous urate is
frequently deposited in the urine of perfectly healthy
persons, especially in the colder seasons of the year, and
at all seasons after sharp exercise and severe sweating. It
is also habitually seen in the urine of persons suffering
from slight catarrhal conditions or trifling dyspeptic
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derangements. Lastly, it is a common accompaniment
of pyrexia, and of grave organic wasting diseases of all
kinds. The amorphous urate deposit coincides with an
acid reaction of the urine, and is never thrown down in
a neutral or alkaline urine. It is recognised clinically
by its disappearance when the urine is warmed. It is
always more or less stained with the proper pigments of
the urine, and its tint varies accordingly. Under the
microscope it presents a granular appearance, without
any obvious crystalline structure. All this is matter of
common knowledge. But when we carry our inquiries
further and ask : What is the chemical nature of this
substance ? what are its physiological analogies and
pathological relations ? no clear answers are forthcoming,
Indeed, such questions are nowadays scarcely asked at all,
The amorphous urate deposit has for some time past
been relegated almost to the position of a clinieal
curiosity, devoid of any real bearing on pathological and
physiological questions. But if it can be shown that
this substance is a representative body—that it typifies
the exclusive mode in which nitrogen is eliminated in
vast tribes of the animal series—that it represents the
chemical combination, and the sole combination, in
which urie acid subsists normally in the healthy organ-
ism, and that, moreover, the pathological troubles con-
nected with uric acid are due to deviations, in one
direction or other, from this normal combination—then
it becomes obvious that the chemical composition and
reactions of the amorphous urate possess a very real
interest both for the physician and the biologist. Before
entering on this inquiry it is necessary to recall to your
memories what is already known and established in
regard to the chemistry of uric acid and its combination
with bases.

B 2



4 NEUTRAL URATES

Urie acid is regarded by chemists as a bibasic acid,
that is to say, as an acid containing two atoms of re-
placeable hydrogen. If is represented by the formula
H,(C.H,N,0,), or more simply as H,i. It forms, like
other bibasic acids, two regular orders of salts : namely,
neutral urates, with the general formula M,ii; and acid
urates, or bi-urates, with the general formula MHT.

These two orders of uric acid salts were elaborately
studied in Liebig’s laboratory nearly half a century ago
by August Bensch, in collaboration with an English
student, Dr. James Allan.! So reliable and so complete
have these researches been regarded, that no chemist
has, so far as I know, thought it necessary to repeat and
verify them ; and they still constitute our principal source
of information with regard to these two classes of salts.

The neutral wrates, M,i, were prepared by Allan and
Bensch by dissolving urie acid in cold dilute solutions of
the caustic alkalies, free from carbonates, and then boiling
down the solutions m a retort until crystals made their
appearance. The neutral urates have an intense caustic
taste, and are very unstable. They are decomposed by
carbonates, and even by the carbonic acid of the air. Of
late years these neutral urates have been made to figure
prominently in certain theories of gout. According to
these theories the neutral urates constitute an essential
link in the process which leads up to the formation of
gouty deposits. Such theories, however, are, on chemical
grounds, untenable. The neutral urates can only be
produced in the presence of caustic alkalies, and in the
absence of carbonie acid and the carbonates. But caustic
alkalies cannot exist in the living organism, and carbonie
acid and the carbonates are everywhere present. It
would, therefore, seem impossible that the neutral urates

! Liebig’'s dnnalen der Chemie w. Pharm. vol. 1zv. p. 181.
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should ever arise or subsist in the living body, or that
they should ever play any part in the physiological or
pathological history of uric acid. And until it can be
demonstrated that these salts do actually exist in the
body, or, at least, that they can be formed under condi-
tions which are known to be possible in the living body,
it 1s futile to frame theories in which these compounds
are made to intervene. With these remarks, the neutral
urates may be absolutely dismissed from our considera-
tion, as having neither part nor lot in the vital history
of urie acid, whether in health or in disease.

The acid urates, or bi-urates, HMT, are prepared by
dissolving uric acid at a boiling heat in weak solutions
of the alkaline bicarbonates. On cooling, an abundant
precipitation of bi-urate, in splendid stars and bundles
of zeolitic erystals, takes place. The bi-urates are the
best known and most stable salts of uric acid. They are
sparingly soluble in water, but are not decomposed
thereby; and when such solutions are evaporated, the
bi-urates are again deposited unchanged. The bi-urates
are encountered pathologically in gouty coneretions, of
which the sodium bi-urate forms the distinctive consti-
tuent. The bi-urates are never seen as a deposit in the
unchanged urine, neither in health nor in disease; but
when the urine undergoes ammoniacal decomposition,
the ammonium bi-urate may be occasionally detected in
the sediment as minute elongated dumb-bells, mixed with
the amorphous phosphate of lime and the ammoniaco-
magnesian phosphate which constitute the ordinary
sediment of decomposed urines. There 18, moreover, no
proof that uric acid ever exists as a true bi-urate in
solution in normal urine, and evidence will be given later
on that when bi-urates are artificially mtroduced into
normal urine they fail to maintain their integrity, and
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at once undergo a change of composition. Nor is there
any actual proof that uric acid ever exists as a true bi-
urate in the healthy blood and interstitial juices. It is,
however, susceptible of proof that in certain abnormal
cirenmstances bi-urates can and do arise under condi-
tions which habitually prevail in the living body. For
if urie acid be dissolved artificially in healthy blood-serum,
crystals of sodium bi-urate will ultimately appear in if.
I say ultimately, because, as will hereafter appear, uric
acid does not at first enter into solution in blood-serum
as true bi-urate, but this state of combination is slowly
developed and gradually attained after a certain lapse of
time. It may, therefore, be affirmed that the bi-urates,
although known to us as pathological products in gouty
deposits, are not, strictly speaking, known to us as
physiological constituents, neither of the blood nor of
the urine. But inasmuch as uric acid in some form of
combination or other does exist normally in minute
quantities in healthy blood, and exists in much larger
quantities in healthy urine, the question arises: What,
then, is this other form of combination—this normal and
physiological combination, which is neither neutral urate
nor bi-urate—in which uric acid exists in the healthy
body ? This question brings us back to the consideration
of the amorphous urate deposit.

REACTIONS OF THE AMORPHOUS TURATE DEPOSIT—IDENTITY

OF IT WITH THE URINARY EXCRETION OF BIRDS AND
SERPENTS

The amorphous urate deposit as we find it in the
urine is not a chemically pure article ; and not only so,
but the urine with which it is mingled entirely masks its
most important reactions. In order to study the pro-



REACTIONS OF THE AMORPHOUS URATE 7

perties of this substance it is necessary first of all to
separate it from the urine. This is effected by filtering
off the sediment and washing it thoroughly on the filter
with rectified spirit and then drying it. The deposit is
still contaminated with pigment, but it is sufficiently pure
for the display of its most striking reaction, and that is,
its behaviour with pure water. When the amorphous
urate, thus purified, is mixed with a considerable volume
of distilled water it is speedily disintegrated. A portion
passes into solution in combination with the bases, and
the remainder falls down as an insoluble precipitate of
erystalline uric acid.! This remarkable transformation
may be witnessed in progress under the microseope in
the following manner. A speck of the purified deposit
1s intimately mixed on a glass slide with a drop of
distilled water and protected with a covering-glass. To
keep the preparation thoroughly moist, fresh supplies of
water are from time to time insinuated under the cover-
ing glass. In the course of five or ten minutes beautiful
ovoid crystals of urie acid begin to make their appearance.
These grow and multiply until, in the course of half an
hour, the entire field of vision is thickly studded with
crystals (see fig. 1) ; and the process goes on, provided
the preparation be kept from drying, until the amorphous
matter seems to be entirely changed into erystals of urie

' The effect of water on the amorphous urate was first observed by
Berzelius. He noticed that when the amorphous urate sediment was
caught on a filter and washed with water, crystals made their appear-
ance. He did not, however, appreciate the significance of this result,
and supposed that the erystals were composed of urate of ammonia.
Subsequently Lehmann made a similar observation, and identified the
erystals as urie acid. He attributed the liberation of the uric acid,
not to the action of the water, but to a change set up by the colouring
matter. The real nature of the reaction was first demonstrated by
Bence Jones, as will be presently explained.
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acid. The reaction here described may, according to
my experience, be always demonstrated with every
freshly-collected sample of amorphous urate deposit.
The rate of transformation varies a good deal. With
fawn-coloured deposits the change is usually completed
in from fifteen to twenty minutes ; with the more deeply
tinted deposits the time is longer, and extends to half an
hour or an hour.!

Fr1a, 1.—8howing the action of water on purified amorphous urate deposit.

The interest attaching to the amorphous urate
deposit is greatly enhanced when we learn that the
urinary excretion of birds and serpents displays identi-
cally the same reactions as the amorphous urate.

The white mortar-like substance which constitutes
the urinary excretion of birds and serpents is usually

! In performing this experiment it is desirable to use distilled water,
but ordinary potable water generally answers the purpose. Some potable
waters, however, have a slight alkaline reaction from the presence of

bicarbonate of lime; when this is the case, the experiment is liable to
misecarry or to succeed imperfectly.
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deseribed as consisting of bi-urate of ammonia. This
view is, however, based on a fallacy. The misappre-
hension has arisen from the excretion having been
examined, not in the unaltered state, but after it had
undergone secondary changes subsequent to its emission,
either through bacterial decomposition or through
contact with water. If the exerefion be examined in the
fresh and uncontaminated state, it is seen under themicro-

Fi6. 2.—Urinary excretion of the boa. The left-hand portion shows the unaltered
spheres, the right-hand portion shows the action of water on the excretion.
scope to consist of minute spheres (fig. 2) about the size
of the white corpuscles of the blood. Some are twice this
size, and a great many are much smaller. These spheres
exhibit a radiated erystalline structure, and displaya black
cross with polarised light. When tested under the miero-
scope with a drop of distilled water, in the manner before
described in the case of the amorphous urate, the
spheres are seen to gradually melt away with abundant
emission of colourless hexagonal tablets of uric acid.
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When the excretion is treated with a large volume of
water in a beaker, a portion goes into solution as bi-urate,
and the rest falls down as crystals of uric acid. In
short, the urine of birds and serpents reacts with water
precisely in the same way as the amorphous urate sedi-
ment, except that the transformation takes place more
rapidly. If ean, moreover, be shown that the difference
in physical form between the two substances is a mere
accident of molecular aggregation. For under certain
conditions, as will be presently shown, the amorphous
urate deposit can be obtained in regular crystalline
spheres, scarcely distinguishable from the spheres of
the urine of birds and serpents; and, conversely, if the
urine of birds or serpents be dissolved in hot normal
urine, and the solution be then rapidly cooled, the sub-
stance is re-precipitated as an amorphous tinted deposit
undistinguishable from the amorphous urate sediment.
These observations point to the conclusion that the
amorphous urate deposit of human urine and the solid,
or semi-solid, urinary excrement of birds and serpents
are essentlally one and the same substance. And the
question arises: What is the constitution of this sub-
stance ? Is it merely a mechanical mixture of bi-urate
with varying quantities of free urie acid, or is it a
definite chemical combination, representative of a new
and third order of uric acid salts, differing essentially
from the two regular orders previously recognised ? The
elucidation of this question involved a somewhat pro-

tracted inquiry, to which I must now ask your patient
attention.
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CHEMICAL CONSTITUTION OF THE AMORPHOUS URATE DE-
POSIT AND OF THE URINARY EXCRETION OF BIRDS AND
SERPENTS—THE EXISTENCE OF A THIRD ORDER OF
URIC ACID SALTS, OR QUADRI-URATES

We are indebted to a former distinguished Fellow of
this College, Dr. Bence Jones, who was, moreover, one of
my predecessors in this office of Croonian Lecturer, for
the first real light on the chemical constitution of the
amorphous urate deposit. His researches were published
in the Journal of the Chemical Society for 1862.! He
there describes the action of water on the amorphous
urate sediment. He shows that the portion of the
sediment which is not dissolved by the water is pure
urie acid, and that the portion which goes into solution
1s true bi-urate. He next gives the results of a quanti-
tative analysis of three samples of the amorphous urate
sediment, made especially with the object of ascertaining
the proportion of uric acid to the quantities of the bases
contained in them. He found in each sample that the
uric acid was in excess of the quantity required to form
bi-urates with the bases present. The proportion of this
excess varied greatly in the three samples; but when
the three analyses were thrown together, and the average
struck, the mean amount of urie acid was found to be
almost exactly double that required to form bi-urates
with the sum of the bases present. He also ealeulated
the corresponding proportions in four similar analyses
previously made by Scherer. Here likewise the separate
analyses gave the most discordant proportions; but,

' “On the Composition of the Amorphous Deposit of Urates in

Healthy Urine,” by Henry Bence Jones, Journal of the Chemical Society,
1862, vol. xv. p. 201.
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again, it so fell out that the average of the whole four
analyses yielded a proportion of uric acid which was
very nearly double the amount required to form bi-urates
with the sum of the bases. These closely-approximating
averages, although drawn from numbers so divergent
that their agreement could obviously only be due to a
fortuitous coincidence, seem to have inspired Bence
Jones with the happy conjecture that there existed a
third order of uric acid salts, of more complex consti-
tution than the two previously known, in which an atom
of bi-urate was loosely combined with an additional
atom of uric acid. And he drew the inference that the
amorphous urate deposit consisted of, or at least often
contained, such a combination.

In order to test the soundness of this conjecture he
sought to form an artificial sediment of urates which,
when treated with water, would, like the amorphous
urate deposit, be disintegrated into free uric acid and
bi-urate. In this attempt he succeeded both with
potash and soda. By dissolving urie acid in potash or
soda ley, and then carefully adding acetic acid (or phos-
phoric acid) until the liquid became slightly acid, he
obtained a dense white precipitate. This was caught on
a filter, washed with alcohol, and dried. This substance
was found to possess the characteristic properties of the
amorphous urate deposit. It was granular in character,
and was decomposed by water with abundant emission
of uric acid crystals. He made a quantitative analysis
of two samples of the potash compound thus obtained.
He found that the portion that went into solution when
the substance was treated with water corresponded
exactly with the theoretical formula of potassium bi-
urate ; and that the uric acid which remained undis-
solved approximated in amount to that which went into
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solution as bi-urate. Commenting on these results he
says :—* It appears from these experiments that an arti-
ficial granular deposit may be formed, which is decom-
posed by washing with cold water, or by boiling, into urie
acid and acid urate of potassium. This granular sub-
stance may be considered to resemble the quadroxalate of
potassa, which differs from the acid oxalate by containing
double the amount of oxalic acid; and, following this
nomenclature, it may be called ¢ quadrurate of potassa.’

The general formula for the quadrurates—or, as they
may be more euphoniously expressed, quadri-urates—
following the analogy of the quadroxalates, would
be :—H,(C,H,N,0,), MH(C,H,N,O,), or—more simply—
H,t, MHG.

According to this theory the action of water on the
amorphous urate deposit and kindred compounds is to
split them up into free uric acid, and bi-urates of the
bases contained in them. If this theory be correct, the
quantity of urie acid thrown out by water should, of
course, exactly equal the quantity retained in solution as
bi-urate. With regard to this point, however, Bence
Jones’s analyses of the potash compound did not come
out with the desired exactness. In the first analysis
the proportion of uric acid separated by water, as com-
pared with that retained in solution as bi-urate, was not
as 1 : 1, as required by the theory, but as 127 : 1, and
in the second analysis as 1-12 : 1. This discrepancy
1s considerably greater than could be accounted for by
the necessary limits of error in the methods of analysis
adopted ; and 1t was impossible to avoid the impression
that the proof adduced by Bence Jones of the existence
of a true and definite chemical combination correspond-
g with the hypothetical formula of a quadri-urate was
altogether Inadequate. These substances, which were



14 RESEARCHES OF BENCE JONES

disintegrated by water, might, after all, be only intimate
mechanical mixtures of bi-urates with varying quantities
of free uric acid—and the action of water upon them
might be explained simply as that of a solvent separat-
ing a more soluble ingredient from a less soluble in-
gredient.

Thirty years have elapsed since the publication of
Bence Jones’s researches. So far as they have had any
influence on current views of the pathology of urie acid,
they might as well have never been made. For although
these researches have received formal mention in works
on urinary chemistry, the deductions indicated by them
have received no recognition, and have been entirely
ignored in the numerous inquiries and discussions
which have since taken place on the etiology of uric
acid gravel and gout. Until the subject was taken up
by myself, no attempt had been made fo repeat and
verify the observations and experiments. Yet the main
suggestion of Bence Jones’s investigations, namely, that
there existed a third order of uric acid salts, is obviously
one of high scientific and practical interest. The cause
of this surprising neglect lay probably in the halting and
even ambiguous terms in which Bence Jones expressed
himself in regard to his results. After giving a clear
experimental proof of the disintegrating effects of water
on the amorphous urate deposit, he qualifies his state-
ment, without anyattempt at explanation, in the following
unsatisfactory manner :—

¢In other experiments the deposit, when frequently
washed with cold water, gave no uric acid crystals at all.
Hot water also frequently dissolved only the urates, and
caused the whole deposit to pass rapidly through the
filter without leaving any uric acid crystals behind.’
And in the final summary of his results he writes: ¢ In
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conelusion, then, it appears that the amorphous deposit
of urates in the urine has no constant composition. It
is a mixture of different acid urates modified in erystalline
form by other substanees in the urine. . . . Moreover,
urie acid is oceasionally found in combination with these
acid urates, forming quadrurates, and thus rendering
the deposit still more liable to vary in its composition.’

Dr. Bence Jones did not return to this subject, though
he continued for some years in active scientific work. I
can only explain his abandonment of so promising a vein
of inquiry on the supposition that he was deterred by
the difficulty of obtaining a due supply of material for
his experiments. He had to collect the amorphous urate
deposit in small parcels at different times and from
different sources, as opportunity offered. A supply
gathered in this way, of a changeable substance, could
not possess the purity and homogeneity necessary for
the purposes of quantitative analysis.

In taking up and continuing the investigation thus
prematurely dropped by Bence Jones, I was able to reach
a point of vantage in regard to these difficulties. I soon
learnt that the urinary excretion of the large serpents
furnished an abundant source of material which was
identical in reactions with the amorphous urate. I also
succeeded, by a method to be presently described, in
preparing at will from human urine plentiful and fresh
supplies of the amorphous urate deposit.

The questions I had to decide were these: Is the
amorphous urate deposit, together with the urinary ex-
cretion of birds and serpents, a true and definite chemieal
compound ? and does there exist a third order of urie
acid salts, differing essentially from the two urates already
known, and having a composition corresponding to the
hypothetical formula of a quadri-urate? As the main
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argument of these lectures rests on the establishment of
an affirmative answer to these questions, it is necessary
for me to lay before you the experimenta! evidence on
which I rely as sufficing for this purpose.

The materials used in the investigation consisted of :
(1) the amorphous urate deposit of human urine; (B)
the urinary excretion of birds and serpents—both of
these are natural produets ; and (c¢) artificially-prepared
imitations of these natural produects made in the labora-
tory. Two lines of analysis were pursued in each case.
The first was to estimate quantitatively the amounts of
the bases and of uric acid in the samples. The second
was to proceed by way of what may be termed Water
analysis, that is to say, to decompose the substance with
a large volume of water, and then to estimate respectively
the amount of uric acid which was thrown out in the
free state, and the amount which went into solution as
bi-urate. If the quadri-urate theory be correct, these
two amounts should be exactly equal.

I now proceed to lay before you the results of these
analyses.

A. ANALYSES OF THE AMORPHOUS URATE
DEFPOSIT

It was found that samples of the amorphous urate
deposit obtained from hospital wards or from private
patients yielded on analysis results so inconstant that
no conclusion with regard to the points under considera-
tion could be drawn from them. In most samples the
quantity of uric acid separated by water was larger than
that retained in solution, but this excess presented no
uniformity of amount. The explanation of this disere-
paney lay in the faet, to be more fully noticed in my
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next lecture, that the amorphous urate, as it exists in
the urine, exists under conditions of change which tend
to progressively liberate the urie acid; and as the sedi-
ment had to be collected in separate portions from
different urines on different days, until a sufficient
quantity had been gathered for analysis, it is no wonder
that gross variations in its composition were observed.
It soon became evident that reliable data could not be
obtained from materials collected in this way. This
difficulty was, however, surmounted; and I succeeded,
by the following process, in obtaining and having always
at command an adequate supply of the amorphous urate
deposit in a fresh and unchanged state. Healthy urine
of medium density is treated with successive additions
of bi-carbonate of potash or soda until it becomes slightly
alkaline.! It is next heated in a flask to the boiling
point, and shaken up for a minute or so with excess of
pure uric acid. The mixture is now thrown on a filter,
and the filtrate is cooled under a running tap of cold
water. As cooling proceeds, a dense voluminous pre-
cipitate forms, which is an exact counterpart of the
natural amorphous urate sediment. The precipitate is
separated by filtration, thoroughly washed on the filter
with rectified spirit, and dried at blood heat. To obtain
a product of uniform composition by this process re-
quires a somewhat nice adjustment of the reaction. If
the quantity of alkaline carbonate added be too small,
and the alkalescence thereby induced be too faint, the
precipitate in cooling is apt to be contaminated with free
uric acid. On the other hand, if the alkaline carbonate
be added too freely, and the resulting alkalescence be
excessive, the precipitate is apt to be contaminated with

! A natoral alkaline urine, such as is often voided after meals,
answers equally well.

C
/
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bi-urate. These risks are greatly minimised by using
the alkaline acetates instead of the alkaline carbonates.
The commercial acetate of potash has a slightly alkaline
reaction, and it possesses a considerable power of con-
serving the integrity of the amorphous urate. I ob-
tained a very uniform product by employing normal
urine charged with acetate of potash to the extent of 8
per cent. The other steps of the process were the same
as those above described. It was observed that if the
filtrate was cooled rapidly the resulting precipitate had
a finely granular character, just like that of the natural
amorphous urate; but if the cooling was allowed to
proceed slowly at the temperature of the room, the
precipitate fell in larger granules, or in regular spheres
with a radiated crystalline structure, resembling closely
the spheres of the urinary excretion of birds and serpents.

Samples of amorphous urate deposit prepared in
these ways yielded to analysis very constant results.
The water analysis was carried out in the following
manner. The dried deposit (usually about 0-4 gram)
was stirred up in a beaker with 1,000 times its weight
of distilled water, and the mixture was slowly heated
to about the boiling point until the whole went into
solution. The beaker was then set aside. On cooling,
the liberated uric acid fell out in large erystals. At the
end of forty-eight hours the clear supernatant liquor was
nearly all syphoned off; and the remainder, together
with the deposited crystals, was thrown on a weighed
filker. The crystals were washed very sparingly with
cold water and then more freely with rectified spirit.
Finally, the filter was dried and weighed. This gave
the weight of the uric acid separated by water.! The

1 To get a true result it was necessary to take account of that small
portion of liberated uric acid which was still retained in solution after
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syphoned-off supernatant liquor, together with the wash-
ings from the filter, was then heated to near boiling,
and strongly acidulated with hydrochloric acid, and
then set aside for forty-eight hours.! The precipitated
crystals were collected, dried, and weighed, as in the
preceding case. When the analyses were conducted in
this way, the amount of uric acid separated by water
was found to be almost exactly equal to that retained in
solution, as is shown in the two following sample
experiments :

Tapre L.—Showing the Results of Watér Analysis of two Samples of
Amorphous Urate Sediment prepared by the Acefate of Potash
Method.

kx| First sample Second sample

B —

| Uric acid separated by water. : - | 0080 gram | 0164 gram
Urie acid dissolved as bi-urate . O 0-159

—

These results agree closely with the requirements of
the quadri-urate theory.

A complete quantitative analysis of a sample of
amorphous urate sediment obtained by the bi-carbonate
of potash method gave the following results; the sub-
stance did not contain any lime or magnesia : —

complete precipitation. This was experimentally determined to be, at
the usnal temperature of the room (60° to 65° F.), 0:0055 gram per
100 ce. This amount was added to the quantity actually found on the
weighed filter.

I The advantage of adding the acid when the solution is hot, is that
the precipitated crystals are much larger, and therefore more easily and
perfectly eollected, than when the acid is added in the cold. In the
atter case the crystals were sometimes so exceedingly minute that it
was impossible to aveid serious loss in the processes of filiration and
~ washing.
c 2
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TapLe IL—Quantitative Analysis of a Sample of Amorphous
Urate Deposit prepared by the Pot. Carb. Process.)

Weight of substance used = 1-328 gram. This yielded :—

Uric acid . : : : : : . 1:113 gram
Potassium . : : : . : DG
Sodinm - A : : g : S | 1
Ammonium . : : : - : . 0008
Moisture, organic matter, and loss : S | 2 R
Total uric acid required to form quadri-urates
with the bases present . i . - S Al T
Total uric acid found . a ; : ; S L 1 1

These results agree in the closest manner with the
supposition that the deposit was composed entirely and
exclusively of quadri-urates of potassium sodium and
ammonium.

B. ANALYSES OF THE URINARY EXCRETION OF
BIRDS AND SEERPENTS

1. Urine of birds.—During a period of dry summer
weather my servant cellected for me a quantity of the
excrefa of a number of fowls kept in a large fowl-run.
The pieces were gathered freshly day by day, and were at
once dried in the sun on a sheet of paper. When quite
dry, the chalk-like stuff encrusting the fcal masses was
carefully chipped off with the point of a penknife and
preserved in a stoppered bottle. In this way, in the course

1 Mode of Analysis.—The substance was treated with 50 cec. of water
containing 2 ce. strong hydrochloric acid, and allowed to stand 24 hours.
The separated uric acid was collected on a weighed filter, washed, dried,
and weighed. The filtrate, containing all the bases as chlorides, was
evaporated to complete dryness. The residue was taken up with a
minimum of water and passed through a filter to separate the small
remnant of uric acid mixed with the chlorides. The resultant filtrate
was evaporated to a small bulk, and treated with chloride of platinum,
and the three bases estimated in the usual way.
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of a week, about 4 grams of urinary excrement were
obtained in a state of approximate purity. Qualitative
testing showed that the substance contained ammonia.
On incineration it yielded 8-68 per cent. of a strongly
alkaline ash. This ash consisted chiefly of potash and
soda, with a small quantity of iron. There were also
found in it minute traces of lime and silica, and sulphurie
and phosphorie acids. These traces, it was conjectured,
were derived from contamination with the sandy materials
strewn on the floor of the fowl-run. For this reason the
substance was not judged to be sufficiently pure for the
purpose of a complete quantitative analysis, but it was
perfectly suitable for water analysis. A number of the
cleanest-looking pieces were picked out and divided into
two parcels of about half a gram each. These were
finely powdered, and subjected to water analysis by the
method already described. The results are exhibited in
the following table :—

Tapre IIL.-— Waler Analysis of Fowls’® Urine.

—— First sample | Second sample 4

— = —

Uric acid separated by water . : .| 0160 gram | 0-136 gram ]
Urie acid dissolved as bi-urate . . | 0165 ,, 0:183 ., '

It is seen that the results come out with great exact-
ness, in agreement with the requirements of the quadri-
urate theory.

2. Urine of serpents.—The urinary excretion of the
large serpents is easily obtained from our Zoological
Gardens in massive pieces, quite unmixed with the fecal
discharges and other extraneous impurities. But it is
difficult, or even impossible, to obtain the secretion in
an absolutely unaltered state, as eliminated by the kidneys.
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Tt is liable, after being voided, to come into contact with
the water used for cleansing the cages in which the
creatures are confined; and water, as we have seen,
speedily disintegrates it. Again, if the substance be not
at once completely dried on the hot-water bath, it under-
goes bacterial decomposition, and is thereby transformed
into bi-urate of ammonia. This is the condition in which
‘gerpents’ urine ’ as supplied by the dealers is generally
found. But even if both these sources of change are
avoided by taking proper precautions, there is yet another
which no care can obviate. The large serpents void their
urine at long intervals, varying from a week or ten days
to six or seven weeks. During this long sojourn in the
urinary passages, the secretion undergoes slow changes
which affect its chemical constitution. I have always
found serpents’ urine, when examined in the fresh state,
to have a sharply acid reaction. Under these conditions
a certain amount of decomposition of the urates, with
liberation of free uric acid, is inevitable.! Accordingly,
when samples of serpents’ urine were subjected to water
analysis, however carefully the samples had been collected
and preserved, the amount of uric acid separated by
water was always found to be considerably in excess of
that which went into solution as bi-urate. The invari-
able presence in the secretion of free uric acid was thus
demonstrated. The subjoined table exhibits some of the
results obtained by water analysis of freshly gathered
specimens of the urinary excrement of the boa :—

— —

e

' Herein, no doubt, lies the remarkable difference in the results of
water analysis of the urine of the fowl and that of the boa. The fowl
discharges its urine many times a day. There is no detention of it in
the urinary passages, and therefore no time for the occurrence of appre-
ciable secondary changes.
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Taere IV.— Water Analysis of Four Samples of Serpents’ Urine.

= S —_— == —— R e — —_

—_ I. IT. | 11T, | IV.

2 : | gram gram gram |  gram
Uric acid separated by water | 0-128 0-110 0204 | 0215 |
| Urie acid dissolved as bi-urate 0-117 0-085 0-141 | 0140 |

— e —

It is seen that in each experiment the quantity of
urie acid separated by water was in excess of that which
went into solution as bi-urate, and that, moreover, the
proportion of this excess bore no constant relation in
the several samples. The urine of the serpent when at
length voided would thus appear to consist of quadri-
urates contaminated with a variable admixture of free
uric acid.

The explanation above offered to account for the dis-
crepant results obtained by water analysis of serpents’
urine would, however, not apply to a quantitative estima-
tion of the uric acid and the bases found in the
excretion. For, although the changes indicated as
oceurring during the lengthened sojourn of the secretion
in the urinary passages would produce a partial dis-
placement of the relations between the uric acid and its
attached bases, the quantities of these would remain
unaltered, and they would still form in their due propor-
tions part and parcel of the semi-solid exerement as
finally voided. The following quantitative analysis of a
massive and very pure specimen of the urine of the boa
justifies the correctness of this explanation. The
material used for the analysis was taken exclusively
from the interior portions of the mass.



24  ARTIFICIALLY-PREPARED QUADRI-URATES

TapLe V.—Complete Quantitative Analysis of the Urine of the Boa.

Ten grams yielded :—

Urie acid . : 2 : : : . 8-280 grams

Potassium . . ; : : - . 0333 ,,
Sodium . : s - : : . 0106 ,,
Ammonium 2 1 : : : S 1A b I

Moisture, organic matter, and iron—with
traces of lime-—and loss i ; A ) R
10:000

Urie acid combined as quadri-urate with the
bases present . ; . A x : o oB0FE o
Free uric acid . 5 - : : 5 . 0209

The results of this analysis came out closely in
accordance with the requirements of the quadri-urate
hypothesis. The quantity of uric acid over and above
that required to form quadri-urates with the bases
present, and which might be regarded as existing in the
free state, did not exceed 2:5 per cent. of the total uric
acid found.

C. ANALYSES OF ARTIFICIALLY-PREPARED
QUADRI-URATES

As already stated, Bence Jones succeeded in prepar-
ing compounds of uric acid with potassium and sodium
which were decomposable by water, by adding acetic
acid to cold solutions of urie acid in potash or soda ley
until a precipitate was produced. This method was,
however, found to give very uncertain results. If the
acetic acid was added a little too freely, the precipitate
was contaminated with free urie acid; and, on the con-
trary, if too little acetic acid was added, the precipitate
was contaminated with bi-urate; it was almost impos-
gible to hit the mark with precision. The following
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process was found to yield much more uniform results.
300 cc. of a 3 per cent. solution of acetate of potash
were heated to boiling in a flask, and then shaken up
with two grams of urie acid for about a minute. The
mixture was filtered hot, and the filtrate rapidly cooled
under a running tap of cold water. A dense voluminous
precipitate formed. This was thrown on a filter, and
washed first with rectified spirit, and then thoroughly
with absolute alcohol, and finally dried at blood heat.
The substance thus obtained had a coarsely granular
appearance under the microscope, and it was rapidly de-
composed when treated with water. If the cooling was
allowed to take place more slowly in the warm chamber,
or even at the temperature of a warm sitting-room, the
precipitate fell down in regular spheres, possessing a
radiated crystalline structure, resembling very closely
both in size and appearance the spheres of the birds’ and
serpents’ urine. '

The following table exhibits the results of analysis of
this compound :—

TaBrE VI.— Water Analysis and Quantitative Analysis of a Sample of
Potassium Quadri-urate prepared by the Acetate of Pofash Method.

Water analysis :—
Urie acid separated by water ; : . 084 gram
Uric acid dissolved as bi-urate . i . Bb

——— — -— e —_— = - —

Proportions per cent,
Quantitative analysis g

Found Calcunlated
Urie acid . 0198 gram 89-75 89-60
potassium . 00226 ,, 10-25 10-40

The numbers in both these analyses of the potassinm
compound come out with almost perfect exactness in
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agreement with the quadri-urate theory of its composi-
tion. !

The corresponding sodium compound was prepared
by shaking up one gram of uriec acid with 100 cc. of
a boiling hot 5 per cent. solution of acetate of soda,
filtering hot, cooling the filtrate rapidly on ice, collecting
the resultant precipitate at once on a filter, washing
with absolute alcohol, and drying at blood heat. The
operations have to be carried out as rapidly as possible,
otherwise free urie acid is thrown out. Analysis of the
sodium compound thus prepared yielded the following
results :—

Tapre VIL—Quantitative Analysis of a Sample of Sodiwm Quadri-
urate preparved by the Acetate of Soda Process.

Proportions per cent,

Found Calenlated l
Uricacid . 0329gram . .| 9400 | 9338

Sodinm . 0021 ., : 3 i 600 | 642

A —

Here, again, the quantities of uric acid and sodium
found agree closely with the calculated amounts required
to form a quadri-urate.

The series of analyses just detailed furnish an
adequate proof that the compound of uric acid which is
decomposable by water i1s no mere mechanical mixture,
but 1s a true and definite chemical combination, having
a centesimal composition corresponding to that of a
hypothetical quadri-urate, with the general formula
H,o, MHG. In deference to the authority of Bence Jones
I propose to adhere to the designation quadri-urate, with-
out, however, prejudging the question whether in reality
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the analogy with quadroxalate be a chemically sound
one.'

It now only remains to trace the source of the dis-
crepancies which occurred in the analyses of Scherer
and Bence Jones, and which also were encountered by
myself. It frequently happened in the course of my
experiments that a precipitate having a granular amor-
phous character, and freely decomposable by water, did
not yield, when subjected to water analysis, the required
quantitative results. The amount of free uric acid
separated by water was either too large or too small as
compared with that retained in solution as bi-urate ; and
these discrepancies were not infrequently obviously
greater than could be accounted for by any errors in the
analytical procedures. The explanation of these un-
conformable results 1s, I believe, to be found in the fact
that the quadri-urates, during the act of precipitation,

! In addition to the quadri-urates of potassium and sodium above
described, I succeeded in preparing quadri-urates of ammonium, calcium,
and magnesium by the following methods :—

Ammonium quadri-urate was prepared by boiling a gram of urie
acid with 200 ce. of 1 per cent. dilution of the strong liquor ammoniz.
The solution was filtered hot, and then rapidly cooled on ice. Through
the cold liquid an abundant stream of earbonic acid was passed until a
bulky precipitate was produced. This was at once filtered off, quickly
washed with aleohol, and dried. The whole process must be carried on
rapidly, otherwise the quadri-urate passes into bi-urate. Calcium
guadri-urafe was prepared by dissolving half a gram of uric acid in
100 ecc. of cold lime water. To the filtered solution acetic acid was
added drop by drop until neutralisation was approached. An abundant
precipitate was then thrown down, which was caught on a filter, washed
with rectified spirit, and dried. Magnesiuwm guadri-urate was prepared
by digesting urie acid and caleined magnesia, both in excess, with dis-
tilled water at blood heat, with frequent agitation, for about ten minutes.
The mixture was filtered warm, and the filtrate rapidly cooled under a
running tap of cold water. A dense flocculent precipitate formed,
which was quickly washed with alcohol and dried.
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are liable to acquire a contamination of free uric acid,
or of bi-urate, in an amorphous state. If the medium
from which the quadri-urate is precipitated contains free
uric acid in solution, as must usually, if not always, be
the case with acid urines, the precipitated quadri-urate
will mechanically carry down with it a certain amount
of free uric acid; on the other hand, if the medium be
alkaline, and contain bi-urate in solution, as must usunally
occeur in the arfificial preparation of quadri-urates, the
precipitate will carry down with it a certain admixture
of bi-urate. The following experiment, among others,
appears to substantiate this conjecture. 500 cc. of an
acid urine were divided into two equal portions, A and s.
Sodium bi-carbonate was added to o in the proportion
of 01 per cent. This addition produced only a feeble
degree of alkalescence. The urine was then heated to
boiling and shaken up with one gram of uric acid. The
mixture was now found to be slightly acid. After fil-
tration it was rapidly cooled under a running tap of cold
water. The resulting precipitate was filtered off, washed
with rectified spirit, and dried. This yielded to water
analysis :—

Uric acid separated by water :  + . 0164 gram
Urie acid dissolved as bi-urate - - . D142

The other portion, B, was treated with sodium bi-carbonate
in the proportion of 02 per cent. This addifion ren-
dered the urine freely alkaline. B was then treated
exactly like . The resulting precipitate gave with water
analysis :(—

Uric acid separated by water 2 k . 0159 gram
Urie acid dissolved as bi-urate - . i 1 L B

In both cases the precipitate, when examined under the
microscope, was found to be wholly amorphous; that
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from A did not show any crystals of urie aecid, and that
from B did not contain any erystals of bi-urate. These
results are only explicable on the supposition that in the
one case the quadri-urate was contaminated with free
urie acid, and 1n the other with bi-urate, in an amor-
phous condition.

GENERAL CHARACTERS AND REACTIONS OF THE QUADRI-
URATES

The quadri-urates present themselves usually as
amorphouspowders; but the spheresof birds’ and serpents’
urine are distinetly crystalline, and display a black
cross when examined with polarised light. These
forms are permanent in the air if kept perfectly dry.
They readily assume a gelatinous modification,' and
when examined under the microscope 1n this state appear
as large translucent globules. The quadri-urates are
difficult to obtain in a state of chemical purity; they are
apt, when produced artificially, to be mixed either with
free uric acid or with bi-urate—and, when obtained from
the urine, to be contaminated with pigment or with
traces of extraneous saline matters. They cannot be
dissolved unchanged in any simple menstruum. They
are insoluble in absolute alcohol, ether, glycerine, chloro-
form, and the volatile and essential oils. When treated
with hot water the quadri-urates first pass into solution
in their integrity ; but this integrity is only maintained
for a brief moment, and they forthwith disintegrate into
free uric acid and bi-urate. It is, therefore, impossible
to purify them, as most other substances are purified,
by repeated solution and re-precipitation. They are

! See Lecture III., where an account is given of the gelatinous
modifications of the bi-urates and quadri-urates.
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extremely unstable, and they tend to change in two
opposite directions. In weak solutions of the alkaline
carbonates or of the di-metallic phosphates they slowly
take up an additional atom of base and are converted
into bi-urates. On the other hand, in water, and in
watery solutions of the neutral salts, they are split up
into free uric acid and bi-urate. These two reactions
cover the behaviour of the quadri-urates in the blood
and the urine respectively, and furnish a key to the
chemical processes which culminate in the formation of
gouty deposits and caleculous coneretions, as will be here-
after more fully explained.

The only appropriate solvent for the quadri-urates is
healthy urine. In acid urines they dissolve freely with
the aid of heat, and are again precipitated unchanged on
cooling. Snuch solutions are, however, not quite stable ;
after a time their uric acid is slowly, and, at length, com-
pletely, liberated. The quadri-urates are still more freely
soluble in hot alkaline urines, and in these media they
continue permanently unaltered if guarded against
septic changes. When such solutions are made at
boiling heat, and are saturated, they throw down on
cooling bulky deposits which are identical in appearance
and reactions with the natural amorphous urate sedi-
ment.

Recapitulation.—The subjoined paragraphs exhibit in
a concise form the prineipal conclusions arrived at con-
cerning the occurrence in the body of free uric acid and
of the three urates, in the physiological and in the
pathological state. Some of the statements here made
must be taken for the present on trust; the evidence on
which they are based will be adduced hereafter.

1. F'ree uric actd—H,0.—Not known physiologically,
neither in the body nor in the urine. Known eclinically
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and pathologically as crystalline sediments in the urine,
and as gravel and calculus in the urinary passages.

2. Neutral urates—M,5.—Not known physiologically
nor pathologically. Only known as laboratory products.

3. Bi-urates—MHG.—Enown pathologically as com-
ponents of gouty concretions in the tissues. Known in
the urine only after the secretion has undergone ammo-
niacal fermentation. It is doubtful if they ever exist
physiologically in the blood or tissues.

4. Quadri-urates—H,0, MHU.—These are specially
the physiological combinations of uric acid. They exist
normally in the urine and probably also in the blood.
They constitute the entirety of the urinary excretion of
birds and serpents; all the morbid phenomena due to
uric acid arise probably from secondary changes in the
quadri-urates.

COMPARATIVE PHYSIOLOGY OF URIC ACID, AND THE
EVOLUTION OF MAMMALIAN URINE

The study of the amorphous urate deposit, and of
the urinary excretion of birds and land reptiles, suggests
some interesting reflections. We have seen that the
amorphous urate deposit is substantially the same thing
as the solid or semi-solid urine of birds and serpents;
all these consist of the quadri-urates of potassium,
sodium, and ammonium. But whereas in the urine of
man and mammalia the quadri-urates are, from a
physiological point of view, only an insignificant item
amid a host of other more important ingredients, the
quadri-urates constitute practically the whole of the
renal excretion of birds and serpents. The urine of
these creatures may be said to be exclusively composed
of a substance identical with the amorphous urate
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sediment of human urine ; or, to put it in another way,
the amorphous urate is the physiological homologue of
the entire renal activity of birds and serpents. The
kidneys of birds and serpents are anatomically composed
of the same structures as the mammalian kidneys; they
are provided with the same kinds of seereting tubes and
epithelial elements, the same curious Malpighian tufts
and capsules, and yet how widely different is the product
of their functional activity ! It is not merely that there
is a substitution of uric acid for urea as the final term
of nitrogenous metabolism, but there is also the strongly
contrasted simplicity of the urine of birds and serpents
with the complexity of mammalian urine. In birds and
serpents the renal function is presented to us in its
primitive simplicity. In these creatures the kidneys
perform one single and simple physiological act, namely,
the elimination of nitrogen as uric acid. For, although
the uric acid is excreted in union with bases, the quantity
of these bases is the absolute minimum requisite to bring
uric acid into a state of chemical combination, and
thereby to deprive 1t of that strong erystalline character
which otherwise would make its passage along the
delicate exit tubules of the kidney a physical impossi-
bility. The chlorides, phosphates, and sulphates, the lime
and magnesia salts, the pigments, and the large volume
of water—all of which figure as prominent and even
essential components of mammalian urine—are either
wholly absent from the urine of birds and serpents, or
are only present in such minute traces as might be
derived from the lubricating mucus and epithelial débris
with which the secretion is incidentally admixed.

It would be interesting to trace the successive steps
along which the evolution of the complex mammalian
urine took place from this simple beginning. We are
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familiar with much that has been said and written of
mammalian descent from simpler types. The eyes and
thoughts of biologists have, however, been chiefly fixed
on the anatomical evolution. But there is assuredly
also such a thing as functional evolution. The ana-
tomical evolution of the kidneys seems to have reached
its term 1n the lowest vertebrate forms; the mammalian
kidney presents structurally no essential advance on that
of birds and serpents; but an immense functional
evolution has taken place, and an examination of its
progress through the tribes of fishes, amphibia, marsu-
pials, and the lower mammals, up to man, would prove an
instructive biological study. The results of such a study
would probably show that the evolution of mammalian
urine turned mainly on the point that the mammalian
plan required that the renal excretion should be voided,
not in the solid or semi-solid form, but in the liquid
form, as a watery solution. This modification would at
once necessitate the discarding of urie aecid as a vehiele
for the elimination of nitrogen. Uric acid and its
compounds are strongly characterised by sparing solu-
bility ; and on no terms, compatible with the conditions
prevailing in the animal economy, could the requisite
quantity of uriec acid be got into solution in a watery
urine. Urea, on the contrary, is an extremely soluble
substance. In regard to the prime function of the
kidney, therefore, Nature solved the problem easily by
substituting urea for uric acid. But why was not the
problem solved completely—why was there left in mam-
malian urine this small, and apparently purposeless, but
to man very mischievous, residuum of uric acid? No
satisfactory answer can at present be given to this
question. It seems not impossible that the explanation

lies in the fact that the mammalian type—the most
D
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recently evolved of the vertebrate types—has not yet,
in this particular, reached its ideal perfection. A good
deal may, I think, be said in favour of this conjecture.

The occurrence and proportion of urie acid in the
urine of the various tribes of mammalia is remarkably
inconstant. Meissner! states that the urine of the
carnivora does not always contain urie acid ; in the urine
of dogs and cats it was repeatedly found to be altogether
absent. According to the same authority, uric acid is
only found regularly in the urine of these animals when
fed on flesh and in the fasting state ; it disappears when
they are fed on food poor in albuminoid matters. Stadt-
hagen ? found that in the urine of dogs fed on flesh the
proportion of uric acid to urea ranged between 1 to 280
and 1 to 800. In the urine of rabbits uric acid is some-
times present and sometimes absent. Salomon found it
always present in the urine of the pig, but only in small
quantity ; and its proportion to urea was only in the
ratio of 1 to 150. In the case of man the quantity of
uric acid excreted presents great individual variations
both in regard to its absolute quantity and in regard to
its proportion to urea. The ratio of uric acid to urea in
human urine appears to range between 1 to 30 and
1 to 50, and the ratio, according to Mares, is special for
each individual. Dr. Haig estimates this ratio as 1 to
33 ; and he regards any deviation in the direction of
plus or minus from this ratio as due either to temporary
retention of uric acid in the body or to elimination of
previously retained uric acid. -

If we look broadly at the renal function throughout
the animal series, we see that, in essence, it consists in
a provision for the elimination of waste nitrogen. This

V' Zeitschrift f. rat. Med. (3) Bd. 24, p. 104 ; Bd. 31, p. 306.
2 Virchow's Archiv, Bd. 109, p. 418,
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is a funetion of capital importance and necessity in the
nutrition of animals, comparable to the excretion of
carbon by the lungs; and according to all physiological
analogies it must be at bottom one and the same
throughout the Animal Kingdom. Starting from the
highly eomplex albuminoid molecule, and descending
by a train of intermediate steps, the histolytic process
ends in some comparatively simple crystalline azotised
body. The precise nature of the final term in the his-
tolytic transformation is apparently of small significance,
and seems to depend on what may be described as the
general convenience of the economy. It may be urea, uric
acid, hippuric acid, or guanin, or a mixture of all these.
And it is reasonable to assume that all these bodies are
physiologically homologous, and that their broad physio-
logical relations are identical. What urea is to the
mammal, uric acid 1s to the bird and serpent; what
urea is to man, urea with hippurie acid 1s to the horse
and ox. The office of the kidneys is to separate the
final term of proteid metabolism, whatever that final
term may be.

These considerations point to the idea that the resi-
duum of urie acid in mammalian urine may be something
in the nature of a vestigial feature— something analogous
with the vermiform appendix, the ductus arteriosus, or
the ear-point. These rudimentary structures are now
regarded by Dbiologists as indications of the line of
ontological descent. On this view the presence of urie
acid in the mammal’s urine should be regarded as a
¢ Memory’ of some ancestral form, which eliminated its
nitrogen as uric acid. The extreme inconstancy of uric
acid, both in regard to its presence and proportion in
the urine oi different species and in different indi-
viduals of the same species, agrees perfectly with this

D 2
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theory ; for vestigial structures are especially remarkable
for their inconstancy. Such structures also, like urie
acid, although impotent for good, are sometimes power-
ful for evil. This speculation will be again adverted to
in my fourth lecture in connection with the genesis of
the gouty diathesis.



LECTURE 1II

ON THE CHEMISTRY OF URIC ACID GRAVEL
—PROPHYLACTIC TREATMENT

Mg. PresipENT AND GENTLEMEN,—In the preceding
lecture I laid before you an account of those points in
the chemistry of uric acid and the urates which seemed
to have a bearing on the subject-matter of these lectures.
I showed that there were three orders of urie acid salts ;
that in addition to the neutral urates and bi-urates
which had long been recognised, there existed a third
order, namely the quadri-urates, which, in reactions and
chemical constitution, differed widely from the other two.
It was pointed out that the neutral urates, from their
mode of origin and reactions, could not, with our present
knowledge, be regarded as having any possible concern
in the vital history of uric acid. It was also pointed
out that the bi-urates, although known to us patho-
logically as constituents of gouty concretions, were not
really known to us with certainty as physiological con-
stituents, neither of the blood nor of the urine. On the
other hand, it was shown that the quadri-urates existed
normally in human urine, and in the urine of birds and
serpents ; and it will be demonstrated later on that when
uric acid is brought into relation with the bodily fluids
—with the blood, lymph, and synovia—it enters into
solution in the first instance, not as neutral urate nor
as bi-urate, but as quadri-urate. From all these con-
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siderations it would appear that whenever and wherever
uric acid exists in the healthy body it exists exclusively
as a quadri-urate. The quadri-urates may, therefore, be
regarded as being in a special sense the physiological
salts of uric acid, and as constituting the only form in
which uric acid subsists in the living body in the normal
state. It may, moreover, be further inferred, that when
uric acid gives trouble, and originates morbid phe-
nomena, the mischief arises proximately from the urie
acid departing, in one direction or another, from this
normal state of ecombination.

I now proceed to consider more particularly the state
of uric acid in human urine ; the conditions which sur-
round it, and the factors which tend to determine its
precipitation, or to prevent its precipitation, in that fluid.

INHERENT TENDENCY OF URINE TO THE SPONTANEOUS
LIBERATION AND PRECIPITATION OF ITS URIC ACID

The chemical reactions and physical conditions which
are concerned in the produection of urie acid coneretions
are both varied and complex. Uric acid exists in the
urine in combination with the alkaline bases, with potash,
soda, and ammonia. In perfect health these combina-
tions maintain their integrity, not only while the urine
1s detained in the urinary channels, but even for some
considerable time after it has been discharged. This,
however, is not always the case. In certain contin-
gencles these combinations are prematurely decomposed
—their uric acid is set free, and, owing to its sparing
solubility, is precipitated from the urine in the crystal-
line form. In calculous subjects this event may take
place in the kidneys or bladder and give rise to the
incidents of gravel. In less urgent instances the
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precipitation takes place soon after the urine is voided,
in the form of copious urinary deposits. DBut apart
from these pathological cases, and cases which hover
on the pathological border-land, it may be shown that
perfectly normal urines betray the same tendency. A con-
siderable series of observations on this point were made
on the urines of persons who were entirely free from
any proclivity to caleulous disorders. It was found that
all acid urines, if they were guarded against septic
changes,! invariably deposited urie acid sooner or later ;
except, of course, when the proportion of that substance
was so small that the volume of urine was sufficient to
hold it in solution after it had all attained to the free
state. The time of the occurrence of the precipitation
varied greatly. It usually began within twenty-four
hours after the urine was voided, sometimes in a day
or two, and sometimes it was delayed for a week or even
longer. The duration of the process varied with the
earliness or lateness of its onset. Speaking roughly,
urines which began to deposit uric acid in a few hours,
completed the process in a few hours longer ; but if the
onset was delayed for some days, the deposition of
crystals went on for some days subsequently. When
the process was at length completed—whether that was
early or late—all the urie acid had disappeared from
solution ; the filtered supernatant urine gave not the

' This was usually effected by adding a few drops of chloroform to
the test-tubes or phials in which the urines were kept. Sterilisation by
heat is not applicable in these experiments, because the reaction of the
urine is thereby modified. It was found that acid urines became less
acid when they were subjected to the heat of boiling water, even when
the urines were enclosed in hermetically-sealed tubes; and if the heat
was continued for thirty or forty minutes, the reaction changed from
acid to alkaline. This change is due to decompositions of urea ; for,
as has long been known, urea in watery solutions undergoes with con-
tinued heating a gradual transformation into carbonate of ammon‘a.
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slightest precipitate with hydrochloric acid, nor could
there be detected in it, on evaporation to a small bulk
and with careful search, any trace of uric acid. This
was, at least, the result arrived at with urines of
medium density in which free precipitation had taken
place.! The precipitation took place with equal certainty
whether the urine was kept in the warm chamber at
blood heat, or was kept at the temperature of the air.
In the latter case the urine sometimes threw down a
deposit of the amorphous urates. By this oceurrence
the urates were in some degree withdrawn from the
operation of the disintegrating forces; but this only
caused delay. TUltimately the deposit changed entirely
into cerystals of urie aeid.

We must, therefore, recognise in normal acid urines
an inherent tendency to the liberation and precipitation
of their uric acid. This tendency only assumes a morbid
significance when the event occurs prematurely, while
the urine is still sojourning in the kidneys or bladder.
Viewed in this light, pathological gravel may be regarded
as due to an exaggeration of conditions which prevail, in
a less pronounced degree, in the normal state; and an
elucidation of these conditions may be reasonably ex-
pected to throw a licht on the etiology of gravel and
calculus, and perhaps furnish hints which may be turned
to therapeutical uses.

CHEMICAL EXPLANATION OF THE SPONTANEOUS PRE-
CIPITATION OF URIC ACID IN URINE

The chemical reactions which are concerned in the
spontaneous precipitation of uric acid in acid urines are
' I do not suppose that the urines in these cases were really abso-

lutely free from uric acid. Minute traces of uric acid are diffieult to
detect in urine, and especially in high-coloured urines.
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very interesting to trace out. It may be proved that urie
acid always subsists in the unchanged urine as a quadri-
urate. It has already been shown that the amorphous
urate sediment has this composition. It may also be
demonstrated that the same compound exists in a state
of solution in elear non-sedimentary urines. When such
urines, whether they be acid or alkaline, are con-
centrated to a small bulk on the water-bath, and filtered
hot, and then cooled on ice, a dense precipitate is
thrown down. When the precipitate is collected on a
filter and well washed with rectified spirit, it is found to
possess the properties of a quadri-urate—it is granular
in character and is decomposable by water, with free
emission of uric acid crystals. Besides, the only other
combination of uric acid which could conceivably be
present in urine is the bi-urate; and I shall presently
prove to you that the bi-urate cannot maintain its
integrity in normal urine, but is forthwith transformed
into quadri-urate.

We may, therefore, conclude without any misgiving
that the quadri-urate is the form, and the only form, in
which uric acid exists in normal urine, and may draw
the inference that when uric acid makes its appearance
therein in any other guise, that event is due to secondary
changes 1n the quadri-urate.

Let us now consider the medium, the urine, in which
the quadri-urate is dissolved. The urine is a watery
solution, which, besides urea and extractives, contains a
number of mineral salts. Among these salts the most
important, in regard to the point under consideration,
are the alkaline phosphates. These regulate, in the
main at least, the reaction of the urine. The phos-
phates easily oscillate between the mono-metallic forms
or superphosphates, which have an acid reaction, and the



42 CHEMICAL EXPLANATION

di-metallic forms, which have an alkaline reaction.
When the former preponderate, as is usually the case,
the urine is acid; when the latter preponderate, the
urine 1s alkaline.

We have, therefore, in an acid urine, the quadri-
urate existing in the presence of water and of super-
phosphates.  These conditions ensure the ultimate
complete liberation of the uriec acid. The first step m
the process is the splitting up of the quadri-urate by the
action of the water of the urine into free uric acid and
bi-urate. By this reaction half the uric acid is set free.
But the bi-urate resulting from this reaction is imme-
diately retransformed in the presence of superphosphate,
by a double decomposition, into quadri-urate. Two
atoms of bi-urate with one atom of superphosphate
(mono-metallic phosphate) change into one atom of
quadri-urate and one atom of di-metallic phosphate,
according to the subjoined equation :(—

2(MHa#) + (MH,PO,) = (H,a,MHa) + (M,HPO,)

Bi-urate Mono-metallic Quadri-urate Di-metallie
phosphate phosphate.

These alternating reactions—breaking up of quadri-
urate by water into bi-urate and free uric acid, and re-
composition of quadri-urate by double decomposition of
bi-urate with mono-metallic phosphate—go on pro-
gressively until all the uric acid is set free.

That these are the actual steps of the process
whereby the totality of the uric acid is eventually
liberated in acid urines, may be deduced from the
following considerations and experiments. The first
step—the breaking up of the quadri-urate into free urie
acid and bi-urate by the action of the water of the urine—
is in accord with what has been already shown to be the
reaction of water with quadri-urates. The oceurrence of
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the second step—the transformation of bi-urate in the
presence of superphosphate into quadri-urate—is directly
established by the following experiments.

A saturated solution of potassium or sodium bi-
urate 18 made in hot water and then allowed to cool.
When to this solution a strong solution of one of the
alkaline superphosphates is added drop by drop, a dense
white precipitate is thrown down, which, on examination,
is found to possess the characteristic reactions of the
quadri-urates. A similar result is obtained when the ex-
periment is repeated with an acid urine instead of a
solution of superphosphates. If the bi-urate solution is
mixed with about one-third of its bulk of an acid urine
of medium density, a copious precipitate forms. This
precipitate has the usual characters and reactions of the
amorphous urate deposit or quadri-urates. That the
result in this latter case is not due to the precipitation
of quadri-urate pre-existing in the urine is proved by
repeating the experiment with the same urine after it
has been deprived of its uric acid by repeated filtration
through uric acid ;! it still throws down amorphous
urate abundantly with the bi-urate solution.

! 1t is a curious fact that acid urines are entirely deprived of their
urie acid by passing them three or four times through a filter on which
a little heap of six or eight grains of pure urie acid has been placed.
This result is, I believe, brought about in the same way as the spontaneous
precipitation of urie acid in acid urines, as already explained ; but the
process is greatly accelerated by the superadded force of crystalline
aggregation. I have given an account of this matter, in a paper * On
Pfeiffer’s Test for Latent Gout,’ in the Lancet for January 4, 15890,

? The transformation of bi-urate into quadri-urate takes place even
in alkaline (not ammoniacal) urines. This was proved by adding a
solution of potassium bi-uvate to a urine which had first been deprived
of its uric acid by being passed repeatedly through the uric acid filter,
and then rendered slightly alkaline by the addition of di-metallic phos-
phate or bicarbonate. A urine so treated, when evaporated to a small
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The transformation of bi-urate into quadri-urate in
the presence of superphosphate explains why true bi-
urates never appear as a deposit in normal and undecom-
posed urine. It also explains why in the spontaneous
precipitation of uriec acid in urine the process goes on,
not merely until a moiety, but until the whole of the
uric acid is set free and deposited.

THE INGREDIENTS WHICH RETARD THE DECOMPOSITION
OF THE QUADRI-URATES IN NORMAL URINE

It has just been shown that uric acid exists in the
urine in the form of quadri-urate, and that when the
urine is secreted with an acid reaction—that is to say,
for some sixteen or twenty hours out of the twenty-four
—this compound exists amid conditions which, if they
stood alone and uncontrolled, would lead to speedy
precipitation of urie acid in the free state. But in the
normal course no such early precipitation occurs; it
only occurs as a remote and postponed event, after the
urine has been voided. It isobvious, therefore, that the
urine contains cerfain ingredients which inhibit, or
greatly retard, the water of it from breaking up the
quadri-urates. Were it not for the presence of these
inhibitory ingredients, uric acid would be thrown out
daily in the urinary passages—and everyone would be

bulk, and then cooled, threw down a dense amorphous precipitate,
which possessed the properties of quadri-urate, and was decomposable
by water. This result seems to indicate that the transformation of bi-
urate into quadri-urate in the urine may take place in other ways than that
above described. For example, two atoms of bi-urate with one atom of
di-metallic phosphate might change into one atom of quadri-urate and
one atom of tri-metallic (or basic) phosphate ; or two atoms of bi-urate
with one atom of bicarbonate might similarly change into one atom of
quadri-urate and one atom of mono-carbonate. The reaction would be
perfectly parallel in all these cases, although, of eourse, not identical.
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subject to gravel. Hence an inquiry into the nature of
these inhibitory agents has a pathological as well as a
physiological interest, and bears directly on the etiology
of caleulous disorders. The inquiry is not a simple one.
The urine is a very complex fluid. It contains, besides
urea, 8 number of saline constituents, together with
pigmentary and other extractives. Where, among all
these, are the inhibitory agents to be found?

Attention was first directed to the saline constituents.
It was found that when urine was dialysed, whereby its
erystalline ingredients were for the most part removed,
it lost to a considerable extent its power of retarding the
decomposition of the quadri-urates. This observation
indicated that the inhibitory power resided, partly at
least, in the crystalloids of the urine. The chief crystal-
loids of the urine are urea and the chlorides, phosphates,
and sulphates of potash, soda, ammonia, lime, and mag-
nesia. dolutions of these several substances in distilled
water were prepared, and their effect on the quadri-urate
was tested in the following manner. A speck of a puri-
fied specimen of the amorphous urate deposit was placed
on a glass slide, and intimately mixed with a drop of the
solution to be tested. The covering-glass was then
applied and the result watched under the microscope.
The time at which ecrystals of uriec acid began to make
their appearance was taken as a measure of the activity
of the tested solution in decomposing the quadri-urate.
The standard of comparison was distilled water, which
usually caused crystals to appear in five minutes. Solu-
tions of urea of various strength acted precisely with the
same speed as distilled water. It was obvious that urea
had no share in the power resident in urine of retarding
the decomposition of the quadri-urate. The chlorides
and sulphates, in the proportion of 1 per cent. and
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upwards, imparted to water a considerable power of
delaying the appearance of crystals. The potash salts
were found to have more effect in this respect than the
corresponding saits of ammonia and soda. The commnion
disodic phosphate (rendered perfectly neutral to test-
paper by the addition of phosphoric acid) showed about
the same inhibitory power as sodium chloride. None of
these solutions, nor any mixture of them, approached
the natural urine in power of postponing the decomposi-
tion of the amorphous urate. More pronounced effects
were obtained with the dipotassic phosphate. A solution
of this salt, containing oniy 0-2 per cent., and perfectly
neutralised, appeared to aet almost as slowly on the
deposit as a normal acid urine. Urines which were
alkaline from fixed alkali had absolutely no disintegrat-
ing effect on the amorphous urate.

Attention was next turned to the colouring matters of
the urine. The amorphous urates have an intense
affinity for urinary pigment; the pigment cannot be
removed from them by any solvent which does not, at
the same time, destroy their integrity. I had noticed
that deeply-tinted urates were more slowly decomposed
by water than pale-coloured urates. It had also been
noticed that artificially-prepared quadri-urates, and the
quadri-urates which constitute the urinary secretion of
birds and serpents, all of which are devoid of colouring
matters, are much more quickly broken up by water than
the natural amorphous urate, which is always more or
less tinted. Moreover, it was found that a urine which
had been filtered through animal charcoal, and thus
deprived of its pigment, acted very much more rapidly
on the amorphous urate deposit than the same urine
before it had been filtered through charcoal.

It can, therefore, scarcely be doubted that the pig-
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ments of the urine play an important part among the
ingredients which impart fo normal urine its remarkable
power of retarding the decomposition of the amorphous
urate. In the febrile state, and in other wasting dis-
orders, the urine is sharply acid and rich in urates; and
yet such urines are not prone to deposit free uric acid,
though very prone to deposit amorphous urates. In
these cases the urine is always deeply coloured, and the
pigments are probably the chief agents which prevent
the precipitation of free uric acid under these circum-
stances.

These observations do not, I think, exhaust this part
of the inquiry. It is not improbable that, besides the
salts and pigments, there are other components of the
urine which contribute to retard the liberation of its urie
acid. Moreover, urinary pigments are of several kinds,
and they may not all be alike in regard to their power
of protecting the integrity of the quadri-urates.

CHEMICAL ETIOLOGY OF URIC ACID GRAVEL

The more remote and predisposing causes of gravel
do not come within the scope of the present inquiry.
Whatever these causes may be, they must be translated
into changes in the composition of the urine before they
can determine the occurrence of caleulous accidents. No
amount of morbid proclivity to uric acid gravel can take
effect if the urine be alkaline, nor if the proportion of
uric acid in it fall below a certain point. The causes
which will be here considered are those which lie exclu-
sively in the chemical constitution of the urine itself.

I have just given proof that the salines and pigments
of the urine exercise a protective influence against pre-
mature precipitation of uric acid ; and it may hence be
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inferred that a diminution of these salines and pigments
may sometimes act, in a negative manner, as a deter-
mining factor in the production of gravel and stone.
Poverty of the urine in saline matters.—This is probably
an influential factor in the disproportionate frequency of
stone among the children of the poor, as compared with
the children of the easier classes.! The prevalence of
.stone among the natives of India is also probably to be
explained in the same way. The children of the poor
are fed largely on farinaceous articles--bread, gruel, oat-
meal and potatoes—with but a seanty allowance of milk,
meat, and fish. Wheat-flour contains only 0-51 per cent.
of mineral matter in proportion to the totality of the dry
substance—oatmeal only 2:50 per cent.—potatoes only
2:50 per cent.; whereas milk contains 5'50 per cent.
and the various forms of meat and fish 5 to 5:50 per cent.
Rice, which forms so large a part of the diet of the natives
of India, only contains 0-39 per eent. of mineral matter
in proportion to the totality of the dry substance of the
grain. These enormous differences in the amount of
saline ingredients in the articles of food must, of course,
malke a corresponding difference in the proportion of the
saline constituents of the urine—because saline matters
pass out of the body almost exclusively through the
kidneys. On the other hand, the well-known immunity
enjoyed by sailors from stone and gravel depends, no
doubt, as Mr. Plowright has shown, on the prodigious
quantity of salt which seafaring men habitually consume
with their food. The same observer has pointed out that
the dwellers in a distriet of Norfolk called Marshland,

! The rarity of stone among the children of the rich and its com-
parative frequency among the childrenjof the poor is a well-attested
fact. BSee on this point Sir Henry Thompson’s Clinical Lectures on
Diseases of the Urinary Organs, 8th Ed. p. 196.
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where the drinking-water is brackish, are singularly free
from stone, as compared with their less fortunate neigh-
bours in the adjacent districts of that county.!

Deficiency of pigment in the wurine.—In chronie
Bright’s disease, with contracting kidneys, the urine is
conspicuously pale, and is often, indeed, almost entirely
devoid of pigment. There is no excess, but rather a
diminution of uric acid in the urine in these cases;
nevertheless, deposits of urie acid are by no means un-
common, and sometimes actual renal gravel occurs.
The percentage of salines is also low, and this doubtless
contributes to the result; but probably the prepotent
factor in the precipitation of uric acid in these cases is
the deficiency of pigment in the urine.

Poverty of the urine in salines and pigments, how-
ever, only accounts for certain limited groups of calculous
cases. There are other and larger groups in which the
urine is neither defective in salts nor in colouring
matters. The subjects of caleulous disorders among the
easy classes—especially those of a gouty type—usunally
void a urine which is full-coloured and abundantly rich
in salts, and we must seek in some other direction for
the cause of the morbid tendency. In these cases the
chief determining factors are, I believe, to be found in
the proportion of uric acid in the urine, and in the degree
of acidity of the urine.

The influence of these two factors was investigated

I See a paper by Mr. C. Plowright, of King's Lynn, in the Medical
Times for October 10, 1885. Mr. Plowright, on the evidence of some
experiments by Mr. H. C. Brown, attributes the good effect of salt to its
alleged property of increasing the solvent power of water on urie acid.
This is, however, I am satisfied, on the ground of very exact determina-
tions both by myself and others, not the correct explanation. The real
action of salt is, I believe, as a retarder of the decomposition of the
quadri-urates, as previously explained on page 45.

E
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by a method which approximates pretty closely to the
conditions of the actual clinical problem. In the earlier
part of the lecture I showed that normal acid urines
“tended to deposit their uric acid sooner or later ; and the
inference was drawn that this inherent tendency was
the same in kind (though less pronounced in degree) as
the tendency existing in pathological gravel. If this
inference be well founded, it follows that the controlling
factors in the two cases are similar ; and that the condi-
tions which hasten or retard the precipitation of uric
acid in a sample of urine preserved in a test-tube would,
if they could be made applicable, hasten or retard the
precipitation of uric acid in the urinary passages. The
mode of experimentation was as follows :—A number of
test-tubes were each charged with 10 ce. of a normal
acid urine. One of them was a control tube, and had no
addition made to it. To the others, additions were
made of known quantities of various substances, of
which it was desired to know the effects on the time
of onset of uric acid precipitation. The contents of the
tubes were protected against decomposing changes by
the inclusion of a few drops of chloroform. The tubes
were then corked and placed in the warm chamber at
blood heat. The tubes were frequently examined, and the
time when uric acid began to be deposited was noted.
When the experiment was finished, the acceleration or
postponement of precipitation in the several tubes, as
compared with the control tube, was computed.
Proportion of uric acid in the wrine.—A sharp dis-
tinction must be drawn between the proportion, or
percentage, of uric acid in the urine and its rate of
excretion—th

or per day,” O O‘?
The p {ﬁi}l‘ﬁhﬂﬂ of uric acid xf'\the urine bears no
AR9 1918
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constant relation to the rate of its excretion by the
kidneys. During the digestion and absorption of food
the hourly discharge of uric acid reaches its highest
level, but its percentage in the urine, although high, is not
then at its highest, owing to the fuller volume of the urine
at this time. On the other hand, after prolonged fasting
and during sleep the hourly discharge of uric acid sinks
to its lowest point, but its percentage in the urine touches
its highest pitch. Again, the occurrence of uric acid
gravel is not a reliable proof of an excessive output of urie
acid ; and it is certain that individuals may habitually
discharge a daily amount of uric acid considerably beyond
the average, and yet be quite free from the symptoms of
gravel. Nor is such an occurrence even a sure indication
that the urine contains an undue percentage of uric
acid. Cases are sometimes encountered in which the
urine is caught, as it were, in the very act of depositing
uric acid gravel—cases in which the urine, as it is
voided, sparkles with ecrystals of uric acid. On four
occasions I have been able to estimate the urie acid in
such urines. The results are shown in the following
table :—

Tasre VIIL.—Showing the Percentage of Uric Aecid in Four Urines
which were in the Aet of Depositing Uric Aeid at the Moment of

Emission.
No. 1 contained 0:084 per cent. of uric acid
No. 2 5 0076 = -
No. 3 e 0-032 » .
No.4 ,, 0022 = .

In the first and second cases the percentage of urie
acid greatly exceeded the average; in the third case it
was slightly below the average ; and in the fourth case
it was very much below the average.

Notwithstanding all this, it would be an error to sup-

E 2
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pose that the quantum of uric acid exereted per day,
and its proportion in the urine, are without influence on
the formation of urinary concretions. It stands to
reason that persons who daily void an excessive amount
of uric acid must be more liable than those who only
void the normal quantity to erises in which the percent-
age of that substance rises above the average ; and if is
susceptible of proof that, other conditions being favour-
able, a high percentage of uric acid in the urine becomes
a potent factor in the determination of uric acid pre-
cipitation. The following observations may be taken as
evidence on this point. A healthy urine, which had
deposited a copious sediment of amorphous urates in a
urine glass, was divided into two equal portions, A and B.
A consisted of the lower portion, which contained the
deposit; B consisted of the upper or supernatant portion.
Both portions were warmed to blood-heat, and became
thereby perfectly transparent. Both portions were iden-
tical save in one respect, namely, that o contained a
much larger percentage of uric acid (in the form of
quadri-urates) than 8. The specimens were then tested
by the method above described. Four test-tubes were
charged, each with 10 ce. of urine, composed as follows :—

Test-tube No. 1 contained A alone; No. 2 contained
equal volumes of A and B ; No. 3 contained three volumes
of A, and seven volumes of B; and No. 4 ¢ontained B
alone. The four test-tubes were then corked and placed
in the warm chamber at blood heat. The following
table (IX.) exhibits the times at which uric acid began
to precipitate in the several test-tubes.

Grade of acidity of the urine.—The degree of acidity
of the urine exercises, as might have been expected, a
powerful influence on the time of precipitation of urie
acid. In some cases of gravel I found the acidity of the
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Tasre IX.—Showing the Influence of the percentage of Uric Acid
on the Time of Onsetf of Urie Acid Precipitation.

Time when uric

Contents of the test-tubes | acid began to be
; precipitated

-— e

—

No. 1 contained A alcne . i 2 2 = 2 hours
| No. 2 ,, equal vols. of a and B ; ; A
No. 3 i 3 vols. of A and 7 vols. of B A - A

No. 4 = B alone : - : : - | {1 T

urine fully twice as high as the normal average; in two
such cases the urine was found to decompose the
purified amorphous urate as rapidly as distilled water ;
but when its acidity was reduced to the normal level by
the addition of sodium carbonate, it had then no more
power in this respect than healthy urine-—showing
clearly that in these cases the determining factor in the
disorder was solely excess of acidity. It was also found,
experimenting on normal acid urines, that the addition
of an exceedingly minute quantity of an alkaline car-
bonate postponed the time of precipitation of urie acid
very notably. The following table displays some of the
results obtained by this mode of testing :—

Tapre X.—Showing Postponement of Precipitation of Urie Acid by
the addition of minute quantities of Alkaline Carbonates fo the

Urine.
Bl S — =
Time when uric Postpone-
Additions made to the urine | acid began to be ment of
|  precipitated precipitation
No. 1. Urine alone—control tube . : 2 hours
No. 2. Urine + 0°04 per cent. Pot. Bicarb . " St 2 hours
No. 3. Urine + 004 - Sod. Bicarb . b e
No. 4. Urine + 004 »  Lith, Carb. . ‘ 10 B
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The quantities of the alkaline carbonates added in
this experiment were so small that the reaction of the
urine, as tested by litmus paper, was not sensibly
affected, and yet the postponement of precipitation was
very considerable—considerable enough, had the events
oceurred in the urinary passages, to make the difference
between the oceurrence and non-oceurrence of gravel. It
will be observed that the sodium carbonate acted more
powerfully as a retarder than the potassium carbonate,
and that the lithium salt acted more powerfully than
either. This, however, was solely due to the difference
in their atomic weights. When these salts were used in
quantities proportionate to their saturating power, no
difference could be detected between them. It need
scarcely be said that when the carbonates were added in
sufficient quantity to render the urine neutral or alka-
line, no precipitation of uric acid took place.

The general results of the above inquiry into the
factors which control the precipitation of uric acid in
urine, and which operate to determine or to prevent the
occurrence of pathological gravel, may be summed up in
the two following propositions. The conditions of the
urine which tend to accelerate the precipitation of urie
acid are-—high acidity, poverty in salines, low pigmen-
tation, and high percentage of uric acid. And, conversely,
the conditions which tend to postpone precipitation are
—depressed acidity, richness in salines, richness in
pigments, and low percentage of uric acid. On the
interaction of these factors the oceurrence or non-oceur-
rence of uric acid gravel appears to depend; and the
most important of these factors is the grade of acidity.
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THERAPEUTICS OF URIC ACID GERAVEL

The treatment of calculous disorders at the hands of
the physician must always in the main be of a preventive
character. When concretions are once formed in the
kidneys or bladder, and these are too large or too awk-
wardly lodged to be washed out by the flush of the urinary
stream, there is little prospect that they can be dissolved
away by imparting solvent qualities to the urine. Insuch
circumstances we are constrained to have resort to surgical
means ; and it is a matter for congratulation that the
brilliant advances in the surgery of the kidneys and
bladder—advances largely due to the enterprise and skill
of British surgeons—enable us now to face this alterna-
tive with greatly diminished anxiety. In the domain of
prophylaxis, however, there remains to the physician a
fruitful field of activity. Nowhere, perhaps, is the
aphorism that ¢prevention is better than cure’ more
pertinent than in the case of calculous concretions. The
force—the chemical force—which is requisite to prevent
the precipitation of uric acid in the urinary channels is
almost infinitely small as compared with the force which
1s requisite to redissolve a concretion already formed.

In considering the medical treatment of urie aecid
gravel it is important to fix our eyes on the urine itself.
There is, perhaps, too ready a disposition to look for the
determining causes of gravel elsewhere than in the
urinary function itself—in the stomach, or in the liver,
or in some general constitutional vice. It should be borne
in mind that uric acid gravel is constantly seen as an
independent disorder, existing per se in persons who are
in all other respects perfectly healthy. And if gravel
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be, not unfrequently, complicated or associated with
other morbid conditions, it only conforms in this respect
to the common rule applicable to most other disorders.
There is, however, no doubt that there exists a
special relation between uric acid gravel and gout; and
the circumstance that uric acid ficures as a common
factor in both has led certain persons to the opinion that
the two complaints are substantially one and the same.
This notion is certainly not correct; and from a thera-
peutic point of view it is, I believe, a mischievous notion.
It is a matter of common experience that many gouty
people are never troubled with gravel; and conversely,
that many subjects of gravel are never troubled with
gout. In both complaints there is an aberration of uric
acid ; but the error is essentially different in the two
cases, both in regard to its site and in regard to its
nature. In gout the error occurs on this side of the
kidneys, in the blood and tissues, and the urie acid is
precipitated in a state of combination as a bi-urate; in
gravel, the error oceurs on that side of the kidneys, and
the uric acid is precipitated in the urine and in the free
state. In thé former, the deposition takes place in the
true interior of the economy ; in the latter, the deposition
takes place in what is, strictly speaking, the exterior of
the economy, that is to say, on the surface of a doubling
of the external integument. These differences are, I
believe, radical, and involve important distinetions both
in regard to pathology and in regard to treatment. The
fact that gout and gravel sometimes exhibit a kind of
vicarious correspondence, that the one complaint alter-
nates with the other at different periods in the lifetime
of the same individual, or in successive generations of
the same family, while indicating an undoubted relation,
indicates also at the same time an essential distinction.
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Speaking from a somewhat long and large experience of
these ailments, I cannot recall a single instance in which
a paroxysm of gout and a paroxysm of uric acid gravel
broke out synchronously. And Sir Alfred Garrod, with
a longer and still larger experience, gives me his testi-
mony to the same effect. Some pertinent evidence on
the point we are debating has been brought forward by
Mr. Plowright, of King’s Lynn.! He remarks that,
residing as he does in Norfolk, the chief stone district in
England, he has been struck by the comparatively small
number of cases of gout which have come under his
notice as compared with the number of stone cases. He
further shows, by reference to the Registrar-General's
Reports, that there is no correspondence between the
prevalence of gout and of stone in the several counties of
England and Wales. Some of the counties which have
a high death-rate from gout have a low death-rate from
stone, and, conversely, counties with a high death-rate
from stone ; have a low death-rate from gout. In Scot-
land, where gout is rare, stone is comparatively common.

These considerations lead to the conclusion that
gravel should be regarded as a primary vice of the
urinary function; that it requires to be studied by and
for itself ; and that the urine is the proper and natural
field for the investigation of its etiology and thera-
peutics.

We have just seen that the factors which chiefly
control the precipitation of urie acid in the urine are—
the degree of pigmentation, the proportion of salines,
the percentage of uric acid, and, above all, the grade of
acidity of the urine; and I shall consider the treatment

' On the Cause and Distribution of Calculous Discase, by Charles
B. Plowright. London, 1886, p. 14.
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solely with reference to the operation of these four
factors.

With regard to the deficiency of pigments as a con-
tributory factor in the promotion of uric acid gravel
I have no facts or suggestions to offer which have a
bearing on the therapeutical problem; and I doubt
whether any help is to be got from further inquiry in
this direction. The subjects of gravel among the well-
fed population of this country, as far as my experience
goes, present no deficiency of pigment in their urine.

With respect to the proportion of saline matters in
the urine, it is worth bearing in mind that the facts
gathered by Mr. Plowright, as well as the experimental
evidence adduced by myself, point strongly to the sug-
gestion that the subjects of gravel should be advised
to take habitually with their meals as much culinary
salt as their palates will tolerate. I may also remind
those whose lot it is to practise among the children
of the poor, or among the rice-eating populations of
tropical and sub-tropical countries, that it would be well,
in cases of gravel, to see that the patient’s food should
contain an adequate proportion of articles rich in saline
materials, that is to say, of milk, meat, fish, eggs, and
salads.

The proportion of uric acid in the urine, as a con-
trolling factor in uric acid precipitation, demands some-
what more notice. It is a common notion that the
occurrence of urie acid gravel depends simply on an
excess of this substance in the urine (so-called uric acid
diathesis). This assumption pervades the entire argu-
ment of most writers on gravel, and dominates all their
plans of treatment. I have already shown that the
assumption is only partially true, and that the percentage
of uric acid is only a subordinate factor in the determina-
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tion of uric acid precipitation. During the alkaline
tide after meals the percentage of uric acid in the
urine reaches a high level, and yet there is less risk
of precipitation at this time than at any other period
of the day. It has, moreover, been before demon-
strated (see Table VIIL p. 51) that uric acid is some-
times thrown down in the urinary channels when its
proportion in the urine does not exceed the normal
average, or even when it falls considerably below that
average. At the same time it is true, that when other
favouring conditions coincide, a high level of uric acid
excretion with a high percentage of it in the urine is a
valid factor in the production of gravel, and that a
lowering of that level, if by any means attainable, is an
important therapeutical indication. Attempts have been
made in this direction by modifications of the diet and
regimen. The advice given on this head by various
writers is, however, very contradictory. Some recom-
mend that the subjects of wuric acid gravel should
avoid sugar and fruit and fat; others that they should
take fat in abundance and avoid starchy matters ;
some advise a vegetarian diet, others a mixed diet. The
most reliable investigations indicate that fat, sugar, and
starchy matters have not the slightest direct influence
on the production and exeretion of uriec acid, nor has any
proof been given that albuminoid substances of vegetable
origin differ in this respect from albuminoid substances
of animal origin. The only point that has really been
made out is this: that the excretion of urie acid is
diminished by lessening the albuminoid ingredients of
the food, and that 1t i1s heightened by increasing these
ingredients. But this class of aliments are absolutely
essential to nutrition, and you cannot diminish them to
any serious extent without injuriously affecting the
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nutritive equilibrium. After a careful examination of all
the evidence on this point, it appeared to me that the
practical outcome was only this: that persons who are
subject to uric acid gravel, and who are also troubled
with a large appetite, should seek to allay their cravings
and to lessen the intake of nitrogenous material by the
free use of farinaceous articles of food, with salads, fruit,
and garden vegetables, all of which are comparatively
poor in albuminoid constituents. I shall again revert to
this subject in my fourth lecture, when speaking of the
dietetic treatment of gout.

I am satisfied, from repeated observations, that in
the immense majority of cases of uric acid gravel in this
country, the immediate determining cause of the pre-
cipitation is excessive acidity of the urine, and that the
paramount indication of preventive treatment is to
diminish this acidity. All other schemes of treatment
sink into 1msignificance in comparison with this. The use
of alkalising agents for the prevention of uric acid
gravel stands on a perfectly rational basis. It is
chemically impossible for uric acid to be deposited from
an alkaline urine; it may even be said that it is
impossible for uric acid to be deposited prematurely,
that 18 to say, within the urinary channels, from a
neutral or feebly acid urine. And as we possess the
means of harmlessly reducing the acidity of the urine
at pleasure, we have in our hands, in principle at least,
the absolute power of preventing uric acid gravel.
There are, however, some practical difficulties to be
overcome. The disposition to urie acid gravel has a
certain persistency. It may last intermittently for
months or years; and it would obviously be too great
a strain on a treatment which is purely protective to
require that a patient should take antacid medicines in
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sufficient doses and at sufficiently short intervals to
maintain the urine econtinuously alkaline or neutral over
so long a period of time. Nor is any such effort neces-
sary. A study of the normal oscillations of the urine
at different periods of the day and night leads to the
inference that the liability to uriec acid gravel rises to a
dangerous intensity only during certain limited portions
of the twenty-four hours. The risk in gravel is almost
confined to precipitations which take place within the
precinets of the kidneys. Precipitations which take
place in the bladder are harmlessly swept out at the
next act of micturition. These latter probably only do
harm when there is already a stone in the bladder to
which the erystals can accrete, or when a pouch exists
in the viscus to receive and detain the deposit. What
most concerns us, therefore, 1s the state of the urine as
secreted by the kidneys, rather than the state of the
product accumulated in the bladder. For the sake of
brevity, and by way of distinetion, we may be allowed
to speak of renal urine and wvesical wrine. These two
products, no doubt, usually correspond sufficiently closely
to enable us to judge from the urine of micturition what
the character is of the urine secreted by the kidneys,
but this is not always the case. Vesical urine represents
the aggaregate work of the kidneys for several consecutive
hours. During this interval the renal urine may have
undergone sharp oscillations—from acid to alkaline, from
dilute to concentrated, from richness to poverty in urie
acid—but the vesical accumulation, which is at length
discharged by micturition, will have a mean or average
composition which entirely masks these oscillations. To
arrive at a correct knowledge of the state of the urine
as it flows from the kidneys, it is necessary to obtain
the secretion and to examine it at short intervals. Some
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years ago I made an extended series of observations on
these lines. The subject of experiment was a healthy
man of twenty-eight. The urine was collected at hourly,
or at most two-hourly, intervals throughout the twenty-
four hours—except during the period of sleep, which
was taken as a single interval. The inquiry embraced
observations on thirty-two complete days, besides a good
many more on portions of days. The results of the
investigation were incorporated in two papers published
in the * Memoirs of the Manchester Literary and Philo-
sophical Society’! and in the ¢Edinburgh Medical
Journal.”? Some of the conclusions arrived at have
a direct bearing on the preventive treatment of urinary
gravel. The character of the urine was shown to be
most affected by the digestion of food, by prolonged
fasting, and by sleep. It was found that a meal, whether
it was composed of ordinary mixed food, or of purely
animal or purely vegetable substances, produced two
constant effects. It depressed the acidity of the urine
and increased its volume. And, conversely, prolonged
fasting raised the acidity and diminished the flow of the
urine. During the hours of sleep, which are also, of
course, hours of fasting, the acidity of the urine reached
its highest point, and the flow of the urine reached its
lowest point. The proportion of uric acid in the urine,
that is to say, its percentage, was found highest during
the time of sleep; but the hourly excretion was highest
during the hours following a meal. Now, if we apply
these facts in the light of the evidence previously ad-
duced in regard to the factors which determine the

! « A Contribution to Urology,’ Memoirs of the Literary and Philo-

sophical Soctety of Manchester, vol. xv.
¢ ¢On Some of the Daily Changes of the Urine,” Edinburgh Medical

Jowrnal, 1360,
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precipitation of urie acid in the urine, we arrive at the
conclusion that the period when there is most risk of
precipitation in the kidneys is during the time of sleep,
and especially in the early morning, during the two
or three hours preceding breakfast. The deposition of
uric acid i1s most imminent when there is a conjunction
of the several favouring conditions—that is to say, when
the flow of urine is very scanty, when the secretion is
hyperacid, and when it is rich in urates. Such a con-
junction is most fully developed during the period of sleep.
Sleep is a time of fasting, and, therefore, a time of hyper-
acidity of the urine—a time of recumbency and bodily
immobility, and, therefore, a time when the renal stream
approaches nearest to stagnation, and loiters longest
about the purlieus of the kidneys. On the other hand,
during the day and the waking hours the recurrence of
the meals keeps the urine at a low degree of acidity, or
even renders it for a time neutral or alkaline ; the renal
stream is comparatively full and rapid, and its descent
from the kidneys is favoured by the force of gravity.
During these hours, therefore, the risk of uric acid
precipitation is reduced to a minimum, even in persons
who have a distinet tendency that way. For, as I have
repeatedly had oceasion to observe, the urine of caleulous
subjects exhibits precisely the same ecyclical diurnal
variations as that of healthy persons, though not always
in so marked a degree.

A study of these facts indicates that if we safeguard
the night, the day may be generally left to take care of
itself. This theoretical deduction is fully in accordance
with experience in the treatment of uric acid gravel. In
the milder cases a single full dose of the alkalising agent
taken at bedtime suffices to prevent the recurrence of
the colicky pains and the discharge of urie acid concre-
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tions. For this purpose the citrates and bicarbonates
of potash and soda are the most effective. The citrate
of potash is, on the whole, the best preparation to
employ ; it has very little taste, and 1t sits comfortably
on the stomach. The dose for an adult should not be
less than 40 to 60 grains dissolved in three or four
ounces of water. In severer cases a single dose is
insufficient, and the early morning urine will still
exhibit a morbid disposition to precipitate uric acid.
In such cases a second dose should be taken about the
middle period of the hours of sleep. This is less diffi-
cult to manage with the subjects of gravel than in
healthy persons. There 1s commonly in calculous sub-
jects a certain restlessness and a certain irritability of
the urinary organs, which leads to an increased fre-
quency of micturition, and such persons rarely pass the
night without a call to empty the bladder. Advantage
should therefore be taken of this break in the continuity
of sleep to take the second antacid dose. In this way
the entire night and early morning may be effectually
guarded.

Cases of uric acid gravel, however, are not always to
be got rid of on these easy terms. Now and then in-
stances are met with in which the perversion is so great
that the urine is disposed to deposit almost the day
through, and in which the normal alkaline tide after
meals seems to be well-nigh abrogated. Under these
circumstances, additional doses of the antacid are re-
quired to afford the requisite protection; and the right
times for these doses are some two or three hours after
breakfast, and some two or three hours before the last
meal of the day. But, so far as I have seen, these extreme
conditions only last a short time—a few days at most—
and there is then a return to a less urgent state of things.
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It is, indeed, a marked character of uric acid gravel that it
oscillates in intensity—it comes and goes in paroxysms,
reminding one of the waviness of gouty phenomena. IFor
this reason it is desirable to frequently note the state of
the urine, and to ascertain its greater or less proneness
to deposit uric acid, so that the administration of the
antacid may be adjusted to the actual needs of the patient.
There is no great difficulty about this. If a freshly-voided
specimen of the urine of fasting—say the urine of the
early morning or the urine secreted just before dinner—be
set aside in a test-tube, in a warm place (so as to prevent
the deposition of the amorphous urates), the imminence
of precipitation can be easily observed. If precipitation
be morbidly imminent, erystals of uric acid will appear
perhaps at once, perhaps in an hour, or a couple of hours.
If precipitation be not morbidly imminent, erystals will
not appear for several hours, perhaps not for two or
three days. It is possible in this way to gauge pretty
accurately the intensity of the morbid tendency, and to
regulate thereby the amount and frequency of the antacid
doses, or to decide on their discontinuance.

There are still some points in regard to the use of
alkalies in gravel on which additional information is
needed. We want to know more precisely the length of
time over which a dose of alkali extends its influence on
the urine, the amount of dose required to reach an
effective result, and the relative alkalising potency of
the different preparations in use. Dr. Luff has, at my
suggestion, undertaken an inquiry with a view of clearing
up these points. His investigation is not yet complete,
but he has already arrived at some results of interest,
which he permits me to mention. He finds that a dose
of 40 grains of citrate of potash taken at 11 p.m. ex-
tends its influence through the night and up to eight

F
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o’clock next morning. The effect on the morning urine
was, however, very slight. A dose of 60 grains had a
more considerable effect, and often rendered the morning
urine actually alkaline. DBicarbonate of potash acted in
an exactly equivalent degree with the citrate. A corre-
sponding dose of the acetate of potash appeared to act
more rapidly, and its effect was less enduring than that
of the citrate. The carbonates of lime and magnesia were
found to be quite ineffective as alkalising agents on the
urine.

A point of some importance in the management of
cases of uric acid gravel is the arrangement of meal-
times. FEach meal acts on the urine as a dose of alkali,
and also as a diluent, and in both these ways operates
as a protection against uric acid precipitation. After
the meal is absorbed and assimilated, the urine becomes
again increasingly acid and concentrated, and, as a
consequence, increasingly prone to precipitate urie acid ;
subjects of gravel should, therefore, be warned not to
allow too long an interval to elapse between their meals.
This precaution is especially needed as regards the in-
terval between breakfast and the midday meal. The
first meal of the day is, with most persons, very quickly
digested, and its effects on the urine are correspondingly
transient. At no time during the waking hours does the
acidity of the urine tend to rise so high, and its volume
to fall so low, as in the later portion of the interval be-
tween the first and second meal of the day. This interval
should, therefore, be abridged. In this connection the
pleasant institution of afternoon tea may come in for a
word of commendation, as serving to break the sometimes
too long interval between luncheon and a late dinner.
Some people interpose an unconscionable interval, of
twelve or fourteen hours, between their last meal at night
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and their breakfast next morning. This is a very risky
practice in the case of calculous subjects.

The essential thing in the prophylactic treatment of
uric acid gravel is to guard the urine from precipitating
within the precinets of the kidney. And we shall practi-
cally have attained our object if we succeed, not in alto-
gether preventing precipitation, but in postponing it until
the urine has quitted the kidneys. A postponement for
a short time, even half an hour, may make all the differ-
ence between a precipitation which is franght with pain
and peril, and a precipitation which is practically harm-
less. Now, the protective effect of an antacid extends
in this respect a good deal beyond the point at which the
urine is rendered actually alkaline. For although all
acid urines of medium density precipitate uric aecid
sooner or later, the time of the occurrence of that pre-
cipitation is immensely influenced by the degree of
acidity of the urine. Other things being equal, the
more acid the urine, the earlier is the precipitation ; and
the less acid the urine, the longer is the precipitation
postponed. An antacid effect, therefore, which is too
feeble to render the urine actually alkaline may be quite
sufficient to depress its acidity to such a degree as shall
postpone the time of precipitation until the urine has
escaped from the kidneys, and even from the bladder.

Effect of water and mineral waters on wric acid pre-
cipitation.—It might appear at the first blush that the
easiest and simplest way of combating the tendency to
uric acid gravel was by the free drinking of watery fluids.
The kidneys—the healthy kidneys—have an almost un-
limited power of separating water from the blood. When
water 1s freely taken into the stomach, it i1s rapidly
absorbed, and passes speedily, as through a sieve, by the
kidneys into the urine, and so dilutes i1t. By thus en-
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larging the volume of the urine, its degree of acidity and
its percentage of uric acid are proportionately reduced,
and its tendency to precipitation thereby lessened. But,
on the other hand, by diluting the urine, its degree of
pigmentation and its proportion of saline ingredients
are diminished, and both these effects tend to promote
the precipitation of uric acid. Diluting the urine is thus
seen to be a two-edged weapon, and may in certain con-
tingencies do more harm than good. Of course, if the
dilution be carried very far, to the extent of lowering
the concentration to one-third or one-fourth of the
normal degree, the preventive effect preponderates, and
the percentage of uric acid is so reduced that precipita-
tion of it becomes impossible. The record of an actual
experiment will serve to bring out these points. A
sample of urine from a man disposed to uric acid gravel
was divided into three portions, a, B, and c¢. 4 had no
addition made to it, B was diluted with an equal bulk of
water, and ¢ was diluted with four times its bulk of
water. The specimens were then set aside in test-tubes
in the warm chamber. a threw down uric acid in six
hours, B in three hours, and ¢ not at all. Contingencies
of this sort must, however, be uncommon. In the great
majority of cases the effect of dilution, even of moderate
dilution, would, no doubt, be to lessen the risk of pre-
cipitation.

There is, however, another point in regard to the use
of water as a preventive of gravel which is more impor-
tant. The effect of water-drinking on the flow of the
urine is of extremely brief duration. Water is absorbed
tfrom the empty stomach and passes out through the
kidneys so quickly, that in a couple of hours, after even
very free potation, the surplus water is entirely removed
and the urine is again restored to its original concen tra-
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tion, and the liability to precipitation returns. If the
imbibition of water could be continued at short intervals,
and maintained over the twenty-four hours, this would
doubtless be an effective means of guarding against urie
acid gravel ; but this would be an onerous proceeding,
and would even be impossible during the hours of sleep.
I think, therefore, on both these grounds that water-
drinking has only a limited application in the prophy-
lactic treatment of gravel.

The use of mineral waters is open to the same
criticism as that of ordinary water. Their effect is
transitory, and cannot be regarded as in any degree
curative of the disposition to gravel. A distinetion must,
however, be drawn between the alkaline springs and the
non-alkaline springs. Alkaline waters, such as those of
Vichy, which are largely impregnated with carbonate of
soda, have the power of alkalising the urine, and there-
fore absolutely protect against uric acid gravel during
the period of their use. But the non-alkaline waters
have no such power, and their beneficial action is due to
the fact that they greatly increase the flush of the urinary
stream, and thereby promote the carrying down of con-
cretions already lodged in the precinets of the kidneys.
Their efficacy in this direction is quite undoubted ; but it
18, I think, equally undoubted that the drinking of
equivalent quantities of distilled water would be just as
efficacious. A glance at the composition of the several
non-alkaline springs which have acquired renown in the
treatment of gravel supports this view; and indicates
that the neutral salts contained in them have little
to do with their efficacy. Some of these waters are im-
pregnated with sulphate or chloride of sodium, others
with salts of magnesia; others, again, only contain
minute quantities of sulphate of lime, and are scarcely
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distinguishable, except for their warm temperature, from
ordinary drinking-water. Yet all these most diverse
springs claim equal powers in cases of gravel. Is it not
plain that what chiefly gives them efficacy is that which
they all contain In ecommon, namely, their watery con-
stituent ? Subjects of urinary gravel who pay, as many
of them do, an annual visit to one or other of these springs
imagine that such a visit elears them from their calculous
tendency for the rest of the year. This, I believe, is a
delusion. Such persons, on their return home, stand,
in regard to their morbid proclivity, precisely where they
stood before their visit.

It 1s obvious that a preventive treatment of uric acid
aravel, to be completely effective, should be available all
the year round, and be capable of timely application
whenever the emergency arises. An adequate choice of
substances which alkalise the urine is always at our
disposal ; their power of preventing uric acid precipi-
tation amounts to a chemical certainty; and in even
moderately prudent hands no harm can follow from
their use. I see no reason, provided vigilant watch be
kept on the imminence of uric acid precipitation in the
fasting urine, in the manner before described, why
sufferers from this kind of gravel should not, by a prompt
resort to antacid remedies, be able at all times to protect
themselves effectually against fresh formation of urie

acid concretions—and thereby save themselves from a
world of pain and danger.



LECTURE III

CHEMISTRY OF URATIC PRECIPITATION IN GOUT

Mg. PrEstDENT AND GENTLEMEN,—The chemistry of gout
in its full extension embraces changes of the most diverse
character in the blood and tissues. I do not propose to
deal with the subject in this comprehensive sense, but
to confine myself entirely to the relations of gout with
uric acid. By far the most characteristic feature of
gout is the formation of chalk-like deposits in certain
parts and tissues of the body, especially in and about
the joints. The essential component of these deposits
is bi-urate of sodium, and it is always present in the
crystalline condition. The ecrystals are distributed
through the implicated tissue in the form of delicate
needles, aggregated into tufts, bundles, and stars. The
arthritic incidents of gout may be said, not improperly,
to be simply incidents pertaining to the precipitation of
these crystals in the structures of the joints. Without
the oceurrence of this precipitation the gouty paroxysm
could not take place, nor could the more chronic changes
in the joints, with their train of attendant symptoms,
follow after. Were it possible for us to keep the sodium
bi-urate in a state of solution in the bodily fluids, the
clinical portraiture of gout would be completely trans-
figured. Whatever other manifestations of the gouty
constitution we might have to deal with, we should not
have to contend with this most grievous outcome of the
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diathesis. The evidence brought forward by Sir Alfred
Garrod on this point appears to me to be conclusive,
and justifies the deduction that the deposition of the
erystalline bi-urates is not merely a concomitant, but is
the actual cause of the joint-troubles of gout. This view
is now pretty generally accepted, and forms the basis
of most of our plans of treatment in the management of
the gouty state.

Hence it is that the history and chemical properties
of sodium bi-urate have acquired a capital importance in
the pathology of gout. We are interested to know how
this compound arises in the body from nascent uric acid ;
what are its relations of solubility in diverse media, and
more particularly in the blood and lymph and synovia;
and what are the factors which tend to determine its pre-
cipitation in the body, or tend to prevent its precipitation.
The elucidation of these questions involves a complicated
inquiry; and what I have to offer is not a complete ex-
position of these difficult problems, but rather a con-
tribution thereto, and, more especially, a confribution
towards the methods to be followed in seeking their
elucidation.

I have before adduced evidence to show that the
normal or physiological condition of uric acid in the body
is that of a quadri-urate, and that any departure from
this condition must be regarded as pathological. In the
last lecture I traced the changes which the quadri-urate
undergoes in the urine, and which lead up to the separa-
tion of uric acid in the free state as gravel and urinary
sediments. TIn the present lecture I shall endeavour to
trace the converse changes which the quadri-urate under-
goes 1n the blood and lymph, and which lead up to the
formation and deposition of sodium bi-urate in the
tissues.
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In order to effect this purpose I propose, first, to
examine the solubility of the material of gouty con-
cretions, namely sodium bi-urate, in various media—in
the serum of the blood, in synovia, and in diverse saline
solutions—then to examine and compare the behaviour
of free or uncombined uric acid with the same media.
Upon the basis of the results thus obtained I shall be
able to formulate a general theory of uratic precipitation.

SOLUBILITY OF SODIUM BI-URATE' IN DIVERSE MEDIA— (@)
IN WATER, (D) IN BLOOD-SERUM AND KINDRED MEDIA,
(¢) IN VARIOUS SALINE SOLUTIONS

(a) Solubility of sodium bi-urate in water.—When
sodium bi-urate is digested at blood heat with pure water
it enters pretty freely into solution. Such a solufion, if
fully saturated, throws down a copious precipitate of urie
acld when treated with acetic or hydrochloric acid. Care-
ful experiments indicated that the solubility of sodium
bi-urate in distilled water, at 100° F'., approximated very
closely to the proportion of 1 part in 1,000. This was
taken as the standard of comparison in estimating the
solubility of this compound in all other media.

(D) Solubility of sodium bi-urate wn blood-serum.—
Sodium bi-urate is very sparingly soluble in the serum
of the blood, as is shown by the following experiments.
Sodium bi-urate in excess was treated with blood-serum

! Sodinm bi-urate was prepared by boiling four grams of urie acid
in 400 cubie centimetres of a 1 per cent. solution of sodium bicarbonate.
This was filtered hot and then allowed to stand for twenty-four hours.
A copious precipitate of erystalline stars and needles was thus obtained.
This was thrown on a filter and washed with eold distilled water, and
-then dried at 100° F. In experimenting with the urates the investi-
gator should always prepare his own materials. Samples of the urates

supplied to me by dealers proved to be mere crude mixtures of uric acid
with the bases, and were wholly unfit for exact experiments.
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of the horse and pig in corked phials. The phials were
placed in the warm chamber and frequently agitated.
After a digestion of twelve hours the supernatant serum
was filtered twice through a threefold filter.! The filtrate
thus obtained, when acidulated with acetic acid, gave
not the slightest precipitation of uric acid. Nevertheless,
some slicht solution had taken place. For when a
portion of the filtrate was evaporated on a watch-glass
in the warm chamber to near dryness, needles of bi-urate
could be readily detected in it under the microscope ; or,
when the filtrate was tested with Garrod’s thread experi-
ment, crystals of uric acid were always found sprinkled
on the thread. It thus appears that sodium bi-urate,
although very sparingly soluble, is not absolutely in-
soluble, in blood-serum. From a number of comparative
experiments, I estimated that at blood heat the amount
dissolved was probably about 1 part in 10,000.

tesults of a corresponding character were obtained
with actual uratic deposits. A metatarsal bone, en-
crusted on its articulating surfaces with chalky matter,
from the body of a gouty man was suspended in a phial
containing six ounces of blood-serum of the pig. A few
drops of chloroform were added to prevent decomposition,
and the phial tightly corked. This was placed in the
warm chamber for a fortnight, and afterwards kept on a
shelf in my sitting-room. The serum was renewed
three times. No appreciable change in the deposit was
observed for a very long time. Even after the lapse of
eight months the encrusted matter did not appear di-
minished. Nevertheless, slow solution was taking place.
At the end of twelve months there was a visible dimi-
nution, and in fifteen months the deposit was entirely

I The needles of sodium bi-urate are so minute and delicate that some

of them pass through the filter unless the most stringent precautions
are taken.
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dissolved out. In strong contrast with this was the
behaviour of water. A second metatarsal bone from the
same subject, and similarly encrusted, was suspended in
six ounces of distilled water and treated in the same way.
The deposit was entirely dissolved out in four days.

The behaviour of sodium bi-urate with synovia corre-
sponded exactly with its behaviour with blood-serum
—only minute traces went into solution.

It was ascertained by direct experiment that the
behaviour of uric acid and its eompounds with blood-
serum depended entirely on the saline ingredients
confained in it, and had no relation to its albuminous
constituents. When the serum was deprived of its salts
by dialysis, it was found that it reacted with uric acid
and the urates like simple water; and the same rule
holds good, no doubt, with regard to all the bodily
fluids. An examination of the saline components of
these fluids is, therefore, of prime importance in the
study of the chemistry of gout.

The serum of the blood, and its derivatives, lymph
and synovia, although differing considerably from each
other in their albuminous elements, are almost 1dentical
in regard to both the quantity and the quality of their
saline constituents. These latter are remarkable for the
immense preponderance of sodium salts. The subjoined
table exhibits the average proportion of the several saline
ingredients contained in blood-serum :—

Tapre XI.-—Showing the Percentage of the several Salfs in Blood-
Serwt.

Sodium Chloride . 0-50 per Eent.]
Sodium Bicarbonate 0-20 Sodium Salts = 0°73 per cent.
Sodium Phosphate. 0-03 I

Potassium Salts . 0-06

Caleium Salts ) .55 ].Ml other Salts = 0-11 per cent,
Magnesium Salts | i
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The fact just mentioned—namely, that the reactions
of the bodily fluids with uric acid and the urates depend
exclusively on the saline ingredients contained in them,
suggested the idea that advantage might be taken of
this circumstance to facilitate the chemical study of
gouty precipitation. If a solution in water of the salines
of blood-serum were prepared, such a solution might be
expected to behave with uric acid and the urates like the
serum itself—and this proved on trial to be the case.
An examination of the above table shows that the salts
of sodinm exceed the aggregate of all the other salts of
blood-serum, in the proportion of seven to one. And
practically, for the purpose in view, the saline basis of
blood-serum might be considered as consisting essentially
of sodium chloride and sodium carbonate, so greatly do
these preponderate over the sum of all the other salts
put together. From these particulars it may be deduced
that a solution in water containing chloride and bicar-
bonate of sodium,' in the proportion specified in the
table, would be a fairly exaci representation of blood-
serum, in so far as its saline ingredients are concerned.
And it was found experimentally that such a solution
reacted with uric acid and the urates in the same
manner as blood-serum 1tself, and in the same manner
as a solution comprising all the salines of the serum in
their due proportions as ascertained by the best analyses.
Accordingly, a solution was prepared in conformity with
these indications, and was designated as the standard
solvent, or standard solution. Its composition was as
follows :—

! The small proportion of sodium phosphate was neglected, both for
the sake of simplicity and because it was experimentally ascertained
that its presence or absence did not in the least affect the solvent pro-
perties of the solution on urie acid and the urates.
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TapLe XIL—Showing the Composition of the Standard Solvent.

Sodium Chloride - : - . 05 gram
Sodium Bicarbonate . . ’ L 1 R
Distilled water . - : : . 100 cubic centimetres

This solution was much used in the present research,
especially as a piloneer. For experimental purposes it
possessed certain advantages over serum and synovia.
Its composition could be more easily modified by addi-
tions to it, or subtractions from it ; the quantities of urie
acid and urates taken up by it could be more exactly
estimated, and its limpidity permitted the first signs of
precipitation to be more readily detected. The behaviour
of uric acid and the urates with this solvent was studied
in detail, under varying conditions of temperature and
time, and with varying modifications of its composition.
The results thus obtained were afterwards collated with
those obtained with blood-serum in similar circum-
stances, and with parallel modifications of its com-
position.

The standard solvent was found to behave with
sodium bi-urate in exactly the same way as blood-serum.
Only the minutest traces of the bi-urate were taken up
by it at 100° F. Such a solution, when carefully filtered,
gave no precipitate of urie acid when treated with hydro-
chloric acid.

(¢) Solubility of sodiwm bi-urate in saline solutions,—
The influence of different saline substances on the
solubility of sodium bi-urate has not only a pathological,
but also a therapeutical bearing. Saline substances are
largely used in the treatment of gout, both in the guise
of pharmaceutical preparations and as constituents of
mineral springs, under the belief that they promote the
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holding in solution of the peccant bi-urate, and thereby
hinder its deposition as gouty concretions, and even
favour the re-solution of concretions already formed.
It 1s, therefore, of practical interest for us to know what
kinds of salts, if any, act favourably, and what kinds
act unfavourably, in this respect. A large series of ex-
periments were undertaken with a view of elucidating
this point, and the deductions indicated are, I venture
to think, of considerable interest. The salts of which
the effects were investigated were those of sodium,
potassium, calcium, magnesium, and ammonium. In
regulating the dosage of the salts in the solutions
examined, regard was had fo the possibilities of the
pathological and therapeutical problems involved. The
experiments were carried out in the following manner.
Solutions of known strength of the salts to be tested
were prepared in distilled water. These solutions were
digested at blood heat with excess of sodium bi-urate in
corked flasks. The flasks were then placed in the warm
chamber, and maintained at 100° F., with frequent
agitation, for five hours. The supernatant liquid was
then carefully filtered off. In some cases repeated
filtration through a threefold filter was required in order
to obtain a perfectly transparent product. Finally, the
percentage of uric acid in the filtrate was estimated,
and calculated as sodium bi-urate. The results thus
obtained are exhibited in the following tables. The
solubility of the bi-urate in distilled water is placed at
the head of each table as a standard of comparison.
Salts of sodium.—The effects of the following soda salts
were investigated—namely, the bicarbonate, chloride,
sulphate, phosphate, and salicylate. All these salts
showed a powerful influence in diminishing the solvent
power of the medium on the sodic bi-urate; and the
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adverse influence increased progressively, up to a certain
point, with the increasing strength of the solution.

Tapre XIIL—Showing the Influence of Sodium Salts on the Solubility
of Sodiwm Bi-urate at 100° F.,

e —

Solvent Sodinm hi-urate dissolved ® |
Water. 5 = . = i ; E 1-00 per 1,000 ,
W&ter containing :— ;
(-1 per cent. Sod. Bicarb. . . : 0-50 X |
0-2 - - : : : 0-34 o
03 i i : : ; 0-20 i
05 o o . : : 0-13 i
(17 . B S 00"
10 T 13 . . . II 0-08 e
0-1 i Sod. Chloride . : : 0-45 %
o e 1 A 030
0-3 = - L L : 0-16 s
0-5 5 - : - 2 0-10 o7 |
0-7 1" 5] . . « | 0-08 i I
1-0 - - 005 = |
01 oy Sod. Eulph (ex yst] . 0-55 Ir
05 ., i 024 |
0-1 - Sod. S&hcyla.te . : 0-65 5 L
03 o i - . ; 0-36 = f
G s Ty, Q35 =
0-1 - Sod. Phosph. (eryst.) : 0-70 i
0-5 L] LE] " . . | 0-32 55 |

The table indicates that the degree of alkalescence of
the medium, or its neutrality, had not the slightest
influence on the result. The carbonate and phosphate,
which have an alkaline reaction, acted exactly in fhe
same way as the chloride and sulphate, which have a
neutral reaction.

It may be observed that the sodium chloride had a
more marked effect than the ofher sodium salts—more

' The estimations of urie acid in this and the following tables were
mostly made by the usual gravimetrie process with hydrochloric acid.
When the quantity dissolved was too small for weighing, it was estimated
by a minimetric adaptation of the method of Arthaud and Butte.
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than the bicarbonate, but especially more than the
sulphate, phosphate, and salicylate. This difference is,
however, solely due to the larger percentage of the metal
in the chloride. When solutions were prepared of these
several salts in such proportion that the percentage of
sodium in them was constant, their effect was found to
be as nearly as possible equivalent.

It may also be noticed, comparing solutions of the
bicarbonate and chloride, that the deterrent effect
approached its maximum with solutions containing 0-5
per cent. Above this strength the deterrent effect in-
creased but slightly.

Salts of potasstum.—Solutions of the {following
potassium salts were subjected to examination—namely,
bicarbonate, chloride, and phosphate. The results stand
in the strongest contrast with those obtained with sodium
salts.

TaprLe XIV.—Showing the Influence of Potassium Salts on the
Solubility of Sodium Bi-urate at 100° F.

' Solvent Sodinm bi-urate dissolved
Water ; . - ; : ; =5 1-00 per 1,000
Water containing :— -

‘ 0-1 per cent. Potass. Bicarbonate . = | 0-96 -

02 7 1 " . e | 1-00 23
03 i i = SRt 1:00 s
i 05 1 L] 1 - e 0-97 1
07 = E: = 3 : 1-02 2
1'{} 1 1 2 - - Uﬂﬁ a3
0-1 i Potass. Chloride . ol 096 . "
ﬂ-:-} ¥ 17 1 bt = 1-[}1 S
05 " o il - ] 1-10 i
f g; »  Potass. Phosphate . . | L h R

LR 13 1% L - | ]-‘l:"'] 1y

The experiments tabulated indicate that the salts of
potassium exercise no influence, neither for nor against,
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on the solubility of the bi-urate. The results came out,
within the necessary limits of error, precisely as with
distilled water. The bicarbonate and phosphate, which
have an alkaline reaction, behaved exactly in the same
way as the chloride, which has a neutral reaction. The
varying strengths of the solutions made not the least
difference.

The difference between solutions of sodium salts on
the one hand, and those of potassium salts or distilled
water on the other, is so conspicuous that it is easily
perceived without any resort to quantitative analysis. A
0-7 per cent. solution of any of the sodium salts (reckoned
as anhydrous) dissolves so little of the bi-urate that
saturated solutions made at blood heat show no precipi-
tation of uric acid when treated with hydrochloric acid,
or at most only a few scattered crystals at the end of
forty-eight hours; whereas similar solutions made with
potassium salts, or with distilled water, become almost
at once milky when treated with hydrochloric aecid, and,
in a few minutes, throw down an abundant deposit of
uric acid.

Calcium, magnesium, and ammonium  salts.—The
addition of ealcium, magnesium, and ammonium salts
diminished the solvent power of water on sodium bi-urate.
The subjoined table exhibits the results obtained with
these three classes of salts.

The table shows that caleium salts exercise a strongly
deterrent effect on the solvent power of water on sodium
bi-urate, approaching in this respect but not equalling
the sodium salts. The magnesium salts, on the other
hand, although exhibiting a distinetly deterrent influ-
ence, approach more nearly to the indifferent reaction of
the potassium salts. The salts of ammonium were found

G
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to stand in an intermediate position between those of
caleium and magnesium.

TapLe XV.—Showing the Influence of Calcium, Magnesium, and
Ammoniwm Salts on the Solubility of Sodiwm Bi-urate at 100° F,

Eolvent ! Sodinm bi-urate dissolved

Water ; ; , . : 2 : 1-:00 per 1,000
Water containing : —

0-1 per cent. Caleinm Sulph. . . . 0-65 = |

0-2 o - T : . 044 3 }

0-5 e Calcium Chloride . = 0-27 - '

0-1 o Magnesium Sulph. (eryst.) © 090 - |

0-1 3 Magnesium Chloride. L 0-85 -

05 o i1 Siies ; 2 0-68 <

0-1 - Ammon. Chloride . ; (-85 ks

02 & A Ll : . 0-50 ot

Grstis5s 3 N SRS, 042,

05 s i S : o 0-35 s

Reviewing these results as a whole, the following
conclusions may be deduced, in regard to the solubility
of sodium bi-urate in simple saline solutions, at the
temperature of the body :—

a. The influence of a salt depends exclusively on the
nature of the base, and has no reference to the
acidulous radicle with which the base is com-
bined.

b. Salts with an alkaline reaction, such as carbonates
and phosphates, do not differ in the least from
neutral-reacting salts, such as chlorides and
sulphates.

¢. The salts of sodium exercise a strong deterrent
influence, and the deterrent influence increases
with the increasing percentage of the salts in
solution. Salts of caleium, magnesium, and
ammonium have also a deterrent effect, but
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slighter than that of salts of sodium. Salts of
potassium have no effect either way.

BEHAVIOUR OF URIC ACID WITH BLOOD-SERUM AND THE
STANDARD SOLVENT, AND WITH SYNOVIA

An examination of the behaviour of free or uncom-
bined uric acid with blood-serum and kindred media is a
necessary part of the study of the chemistry of gouf.
It is only by knowledge thus gained that we can hope to
elucidate the mode in which sodinm bi-urate originates
in the body, and learn something of the conditions
which control its precipitation in the gouty system.

The reactions of free uric acid with blood-serum and
synovia, and with the standard solvent and its modifica-
tions, are of quite a different kind from those of sodium
bi-urate with the same media. In the latter case there
is simply an act of solution. The bi-urate is taken up
substantially unchanged, and the questions we had to
decide were as to its degrees of solubility in the several
menstrua. But when free uric acid is brought into con-
tact with blood-serum and kindred media, there oceurs
not merely an act of solution, but a series of chemical
reactions. Uric acid first enters into combination with
the bases contained in the media; these new com-
binations then pass into solution, and subsequently
undergo ulterior changes which it is of much interest to
follow.

Behaviowr of wrie acid with blood-serum and the
standard solvent.—When urie acid is digested, at the
temperature of the body, with blood-serum or with the
standard solvent, it passes freely into solution in combina-
tion with a base. In the course of an hour, with due
agitation, the media will, on analysis, be found to have

G 2
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taken up uric acid in the large proportion of about 1
part in 500. The chemical and solvent power of these
media on uric acid depends on the sodium carbonate
contained in them, and not on the sodium chloride ; for
a solution of the latter salt alone has no more action on
uric acid than pure water. On the other hand, a solu-
tion containing sodium bicarbonate alone has precisely
the same action on uric acid as when it 18 associated, as
in the serum and standard solvent, with sodium chloride.
The question now arose: What is the combination in
which uric acid enters into solution ? It could not be
bi-urate, because crystalline sodium bi-urate is almost
insoluble in these media ; nor could it be neutral urate,
because the neutral urates cannot arise in the presence
of carbonates. The presumption remained that the
combination is a quadri-urate. It was, however, highly
desirable to have direct proof of this, and this was found
to be difficult, owing to the instability of the quadri-
urates. When freshly-made solutions of uric acid in the
standard solvent were evaporated to dryness—no matter
at what temperature—the recovered urate was always
found in the condition of bi-urate. The reason of this
was, that as evaporation proceeded, the solution became
necessarily more and more rich in regard to its content
of sodium carbonate, and thereby, as was afterwards
found, more and more active in changing quadri-urate
into bi-urate. I failed altogether, by various attempts at
precipitation—by cautious addition of acids of diverse
kinds, adding absolute alecohol, ether, glycerine, &e.—in
throwing down a quadri-urate. I succeeded at length,
by taking advantage of t