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A TREATISE

0N THFE

PATHOLOGY OF THE URINE.

CHAPTER L

GENERAL CHARACTERS OF URINE.

PHYSICAL CHARACTERS OF URINE.

TuE urine which has just been voided by a healthy individual
is a clear fluid, of yellow colour, of the temperature of the body,
of an odour which is peculiar to it, and is therefore termed
urinous ; it has a saline taste, with an admixture of some bitter-
ness, and reddens blue litmus paper. A short time after the
fluid has come to rest in the vessel into which it has been passed,
a small, light cloud, of a grayish-white colour, may be observed
settling towards the bottom of the vessel. This cloud consists of
the mucus and epithelinm of the urinary passages.

Clearness and Turbidity of Urine.

Turbidity of urine depends upon the admixture of solid and
insoluble substances. The flocculent, small cloud of healthy
mucus may be distinguished from other matters by its being
easily diffused by agitation, and by its insolubility in nitric acid.
So great a turbidity or thickness of the whele mass of urine,
however, as after an interval of repose to cause the subsidence of
a deposit to the bottom of the vessel or on the side, must be con-
sidered as abnormal, and therefore attracts attention. We then
proceed to investigate its nature, which, taken together with the
other properties of the urine containing the sediment, will often
afford great assistance in the inquiry into the seat and cause of
the disorder, of which the turbid condition is a symptom.

A




2 GENERAL CHARACTERS OF URINE.

In considering a specimen of urine with regard to its turbidity,
great care must be taken in ascertaining whether it was passed
in a turbid state, or whether the turbidity and sediment super-
vened after its emission, or after a lengthened period of rest.
The prognosis of many cases is determined by this eircumstance,
an accurate knowledge of which, not always easily to be acquired,
is therefore of practical importance.

Simple clearness of the urine is not evidence that there is
nothing wrong in that fluid. Many abnormal substances, the
products of disease, are found in clear urine, and many patholo-
gical alterations in the quantities of the normal ingredients occur
in a limpid fluid.

At the end of this volume are given some tables for discover-
ing the nature of urinary deposits by chemical reagents and the
microscope. The appearance in the form of sediments of the
separate bodies, normal and abnormal, their reactions and their
general behaviour, are given under each body.

Tints of Urine.

The normal amber-yellow colour of urine is due to a colouring
matter which enters into the composition of that fluid, and can
be separated from it by chemical proceedings. This normal
colouring ingredient is capable of generating a series of tints,
varying, acmrdmg to the degree of dilution, from a very faint
greenish, through straw-yel]ow to amber and dark amber. But
in many diseases the colour of the urine becomes changed, by the
admixture with the ordinary or normal colouring matters of cer-
tain pathological ingredients, to yellowish-red, red, reddish-
brown, up to deep brown and black. The normal colouring
matters of urine are never red or brown, and tints produced by
an admixture of these colours cannot be considered as produced
by simple concentration of normal colouring matter.

The colour of urine is frequently an exponent of the nature
and amount of functional disturbance, and indicates to the
physician the direction in which his further examination should
proceed. The special indications of the several colouring matters
will be discussed under the chapters devoted to their deseription.
Here it may suffice to indicate the general practical conclusions
which may be drawn from the different colours as regards the
other characters of the urine, and the condition of the organism
by which it has been voided.

Pale wrine varies from nearly colourless, through a faint green-
ish tint, up to straw-yellow. It is the urine of early infancy, and
1s common in adults after the ingestion of large quantities of
water or watery fluids. It is mostly neutral, less frequently
alkaline, rarely acid. It is common in chlorosis and other
an@mic conditions, and then contains a small amount of urea,



GENERAL CHARACTERS OF URINE, 3

and of solids generally, In diabetes, however, the pale colour
does not admit of any conclusion as to the amount of solids
generally. Practically the general rule holds good, that as long
as a patient secretes this description of urine, he is not offected by
any scvere illness of a febrile and acute natwre.

Amber-colowred uwrine is the common urine of health. Its oc-
currence mostly excludes all diseases of which either the pale or
the very highly-coloured urine is a usual symptom.

Highly-coloured wrine ranges from a reddish-yellow colour to
red, and is of a decidedly acid reaction and high specific gravity,
indicating the presence of a large amount of solids, particularly
urea. Concentration being the principal and uniform feature of
this sort of urine, it is well to bear in mind that it may be pro-
duced in four different ways. 1. Either the person voiding such
urine has taken very little liquid, and in that case the whole
amount of concentrated urine will be very small. 2. Or the
water of the blood has been evaporated by the skin in the form
of perspiration. 3. The third way in which a concentrated
highly-coloured urine may be produced in healthy individuals is
by the ingestion into the blood of a large amount or an excess of
nutritive nitrogenous matter. It is therefore of frequent occur-
rence with those who partake of sumptuous meals and drink
little water. 4. The fourth mode of formation of this descrip-
tion of urine is by the more rapid disintegration of tissue and
waste of matter in febrile diseases. Here the indication is the
more valuable, as other symptoms, such as the temperature of
the body or the state of the pulse, cannot always be exclusively
relied upon as exponents of the intensity of the febrile process.
Several of the circumstances enumerated may combine In pro-
ducing a highly-coloured urine, such as fever and perspiration, or
large meals, and violent exercise: In all cases, however, the
absolute amount of solids discharged in a given time should be
regarded as the prominent indication. The solids must pass
through the kiduney ; the water may be discharged by kidneys,
lungs, and skin.

Of the tinfs of wrine due to abnormal substances, some are
strictly accidental, viz., produced by introduction into the stomach
of articles of food, or beverages, or drugs, the colouring principles
of which are absorbed into the blood, and afterwards discharged
by the kidneys in the urine. The urine may be very deeply
tinted by the colouring principle of coffee, when a tolerably
strong infusion of the roasted berry is taken even in moderate
quantity. The colouring matters of several drugs, such as the
chimaphila or:pyrola, heematoxylum, senna, rhubarb, enter the
urine very readily, and a short time after having been taken into
the stomach. Urine coloured by rhubarb is sometimes mistaken
for bilious urine. The error can be at once detected by the

e
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4 GENERAL CHARACTERS OF URINE.

addition of liguor ammonia, which converts the dark orange into
a crimson colour. The addition of mineral acids to urine con-
taining the pigments of either rhubarb or senna changes the
brownish or dark-red colour into a bright yellow; while the
ordinary colouring matter, if changed at all, is rather darkened
by their influence.

Black or blackish wrine has several times been observed after
the internal use of creosote, of carbolic acid, and the inunction of
tar over parts of the body.

The second class of abnormal tints of the urine comprises the
pathological ones. The range of tints is from lemon-yellow on the
one hand, and blue on the other, through all varieties of yellowish-
oreen, apple-green, brownish-green, red (blood colour), through
brown, brownish-black, to impenetrable black. The blue colour
may be due to indigo (formerly described as cyanurine, uroglau-
cine, or urocyanine), which is sometimes the product of the de-
composition, within or without the bladder, of a peculiar colour-
less product, indigogen, and has been observed in cystitis and
albuminuria. Another product of the decomposition of a probably
colourless compound, urrhodinogen, is wrrhodine, formerly believed
to be identical with indigo-red, but differing greatly from it in
many features, particularly in that it contains no nitrogen. When
the blue pigment occurs in urine containing much yellow colour-
ing matter, it forms a greenish or grass-green ; or if the red mat-
ter prevail, violet solution, with a variety of modifications, caused
by the admixture, in various proportions, of other abnormal, or
of normal colouring matter. The effects of wrerythrine, which is
perhaps not always a pathological produect, but frequently indi-
cates the presence of serious disease, are a red, rosy, or pink
colour of any sediment of urates which may occur in the fluid.
The urates seem to have a particular affinity for it. Urerythrine
in a blue or lemon-yellow urine would produce changes of colour
not dissimilar to those produced by urrhodine, but of less in-
tensity.

The sediments stained with urerythrine, and the sediments
which the blue pigments when they occur form with part of
their substance, and all sediments whatsoever, must be filtered
off before determining the colour of the solution.

A greenish-yellow or greenish-brown urine indicates the presence
of derivates of the colouring principles of bile. There is, however,
also a kind of bilious urine, that is, urine which with nitroso-
nitric acid yields the reaction characteristic of bile pigments, which
i1s red. Such urine, in chronic cases, of liver disease, gallstone,
cancer, and others, alternates with urine of a greenish-brown
colour. The more pronounced the jaundice in such cases, the
darker 1s generally the urine.

Dark wrine, of brownish or brown porter-like colour, more
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rarely of a blackish-grey colour, is the result of severe pathologi-
cal action in the body, and indicates a rapid disintegration of the
red blood corpuscles, the result of which is the appearance in the
urine of an abnormal pigment, or several pigments at one time.
Sometimes the pigment of dark or black wurine is coagulable
by heat, thus indicating its being dissolved cruorine (hemato-
crystalline). Tt is not rarely accompanied with Zematine, a pro-
duct of its decomposition. In other cases such pigments are
derivates of hematine, resembling cruentine, eg., wrorubro-
hematine, or decomposed further, eg., urofiscohematine. These
bodies are most certainly recognised with the aid of the spectro-
seope.
Odour of Urine.

Healthy urine has a peculiar odour, which rises with the
vapour of water after emission. It is almost indestructible by
any of the chemical processes usually applied to urine, and
therefore accompanies the operator through the whole conrse of
an analysis. The odour is due to the presence of a number of
volatile and fixed principles, particularly those which on chemo-
lysis yield the substances to be described as urrhodine, omi-
choline, omicholic acid, uropittine, and others. The common
modifications of the smell of urine are probably due to the pre-
ponderance of one or other of these bodies, and to the admixture
of urophanic substances derived directly from the food. Several
articles of daily comsumption, as coffee, onions, mutton, port
wine, or garlic, communicate to urine their peculiar odaur.
Asparagus communicates to the urine a peculiarly disagreeable
odour. Oil of turpentine, when taken into the stomach, or
breathed in even a very small quantity, communicates to urine
an odour similar to that of violets. The odoriferous principles of
saffron and cubebs may be easily distinguished in the urine of
persons who have taken them internally.

Taste of Urine.

The taste of urine 1s a mixture of the tastes of its constituents,
of which two, however, characterise it—urochrome and chloride
of sodium ; the one imparting a bitterish, disagreeable flavour,
the other its saline taste. The phosphatic alkalies are of a cool-
ing, weak saline taste, and so far reseinble the chloride of sodium.
The odorous acids and volatile oil also affect the taste, and the
cooling taste of urea is perceived in concentrated solutions. The

discovery of diabetes mellitus, in which disease the taste of the

urine is sweet, was formerly made by tasting only.

Chemical Reaction of Urine.

As the chemical reaction of healthy urine is acid, any devia-
tion from this condition becomes at once an anomaly. It has
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been ascertained that the neutral oralkaline condition is due not
so much to the absolute absence of acid as to its neutralisation
by bases ; the nature of the latter, and their origin, determine
whether the neutral or alkaline state be within the limits of
health or a symptom of disease,

The acid reaction of urine is probably the result of the co-
operation of a variety of factors, which it is extremely difficult
to disentangle. On the whole, it may be said that the acidity is
due to the presence of acid salts, such as the phosphates and
sulphates of potash and soda, the acid urates, hippurate, extrac-
tive acids, such as kryptophanic and paraphanie, and accidentally
to free organic acids, such as the oxalic, malic, and tartaric
(Buchheim, Widhler), and their acid salts.

The degree of acidity of healthy and pathological urine can be
determined by a volumetrical process, here to be described.

Mode of determining the amount of Acidity in the Urine.

The analysis is performed by a standard sclution of caustic
soda, graduated so that a given volume corresponds to a certain
amount of oxalic acid. With this a known bulk of urine is
exactly neutralised, and from the amount of standard solution
used we find, by calculation, the amount of oxalic acid which
would be equivalent to the amount of free acid actually contained
in the urine.

Preparation of the standard solution of Caustic Soda.

This solution is to be graduated so that every cubic centimetre
indicates exactly 10 milligrm. of oxalic acid. For this purpose
we require a solution of oxalic acid of known strength, which is
prepared by dissolving one grm. of dry oxalic acid in so much
water that the solution exactly amounts to 100 c.e. Every
100 e.c. of this solution contain 0-1 grm. of oxalic acid. This
guantity is now measured off, put Into a small beaker, and
coloured red with tineture of litmus. After being placed upona
piece of white paper, the dilute solution of caustic soda is cau-
tiously added until the red colour has been changed into the ori-
ginal litmus blue. Suppose we have used for effecting this 6 c.c.
of the solution of caustic soda, then they would correspond to
1 decigrm. of oxalic acid. We now add to every 600:0 c.c. of
the solution of soda 400:0 ec.c. of water, and thus obtain
1000 c.c. of standard solution, of which 10 c.c. exactly neu-
tralises 10 milligrm. of oxalic acid. If, after the addition of
100 c.c. of this solution to 10 c.c. of the solution of oxalic acid
reddened by litmus, the blue colour appears, the solution is cor-
rect and ready for use.
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The fluid applied to the Urine—To 50 or 100 c.c. of quite
fresh urine the standard solution of soda is added in small por-
tions, say 4 c.c. at a time, and after every new addition the fluid
is tested by the aid of litmus paper, as the yellow colour of the
fluid would not allow the tincture of litmus to show the transi-
tion from red to blue, and therefore excludes its use in the manner
described for the preparation of the test-fluid. The testing with
litmus paper iz best effected by placing a drop of the mixture
upon neutral blue litmus paper. If, after a time, the spot
covered by the drop does not become red any longer, the analysis
is completed. To make sure, we may now test for an excess of
alkali, and 1if the latter be found, a fresh analysis, guided by
the experience of the first one, will lead to the exact point of
neutrality.

The amount of alkalinity of any specimen of urine can be de-
termined by applying to it the solution of oxalic acid described
in the foregoing, until an acid reaction of the specimen is ob-
tained.

The neutral state or alkalinity of the urine is the consequence
of the admixture of fixed or volatile alkalies. Before speaking
of the circumstances, however, under which neutral or alkaline
urine may be discharged from the bladder, we must advert to the
fact that urine, which when passed was acid, may soon become
alkaline under the influence of decomposition of urea. This con-
version is sometimes effected within an hour after emission. It
must be considered as an essentially abnormal feature, because
normal urine, though it almost always becomes alkaline during
its decomposition, yet does not do so within the first twenty-four
hours after its emission.

But the alkaline decomposition of even healthy urine may be
favoured by certain eircumstances requiring the most scrupulous
attention of the practitioner. Urine which is already in a state
of alkaline decomposition, when added even in small quantity to
healthy urine, will, by means of a ferment, induce and hasten the
decomposition of the normal fluid. The vessels, therefore, in
which the urine is collected, must be washed and scalded with
great care ; otherwise the small quantities of decomposing urine
adhering to their walls may induce fallacious conditions of the
fluid collected.

There are other circumstances which may make the acid urine
alkaline in a shorter period than usual. Such are the presence
of mucus and pus, which play the part of a ferment in many
cases. This may be proved by dividing a specimen of acid urine
into two parts, filtering the one immediately, leaving the other
as it is, and letting both stand side by side. The filtered urine
will often present its original acid reaction, when the portion
which has not been filtered is already alkaline.

P
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High temperature and great dilution favour the process of
decomposition. A concentrated acid urine of fever, on the
contrary, of a specific gravity of 1025, containing much urea,
will, when decanted from the depnsits, retain for days, if not
its entire character, certainly its acid reaction and its ordinary
appearance.

Though a certain amount of ammonia, in combination with
acids, is present in all healthy urine, yet that quantity is never
sufficient to produce an alkaline reaction. When ammonia
produces the neutral or alkaline reaction, as it always and
exclusively does when the alkalinity has supervened after
emission, it is the product of the decomposition of urea into
ammonia and earbonic acid.

Having now ascertained the caunses of alkaline changes occur-
ring in the urine after emission, we are the better prepared to
appreciate the processes by which the urine may become alkaline
before emission. We have already remarked that this may be
effected by volatile or by fixed alkalies; and accordingly alkaline
urines may be divided into two great groups. The alkalinity of
the first group is always due to the presence of carbonate of
ammonium from the decomposition of urea in the urinary
passages, particularly the bladder, after its secretion from the
kidneys. This may be taken as the general rule; though it is
possible, but not proved, that in ureemia, and some other diseases,
or when taken internally as a medicine, carbonate of ammonium
may be discharged from the blood by the kidneys. Carbonate
of ammonium restores the blue colour to reddened litmus paper,
but, as it evaporates on drying, its neutralising influence disap-
pears on the dried test-paper, which therefore again becomes red.
The fixed alkalies, on the contrary, impart a permanent blue
colour to red test-paper. DBoth descriptions of alkaline urine
effervesce with acids, and froth on being shaken, particularly
when eontaining albumen,

The alkaline decomposition of urine in the urinary passages,
particularly the bladder, may be referred to a series of causes, all
of which have one effect in common, namely, that of preventing
the complete emptying of the bladder at one time. A part of
the otherwise healthy urine being thus retained longer than it
can resist alkaline decomposition under ordinary circumstances,
acts as a ferment on all urine subsequently entering the bladder,
Upon this point, the experiments and arguments of Snow are
quite conclusive. About half a pint of newly-voided urine was
put into a glass vessel which terminated at the lower part in a
tube of minute calibre, through which it dmpped into a glass j jar
below, at the rate of about twclve drops in a minute, which' is
about an ounce and a half in an hour, that being not far from the
quantity usually passing into the bladder from the ureters. The
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vessels were kept near the fire at the temperature of 37-7° C. At
the end of six or eight hours, when the urine had all dropped
into the lower vessel, this was emptied, all but about thirty drops,
and the upper glass, which served as a funnel, again replenished.
It was found that the urine in the lower vessel became decom-
posed generally in about twenty-four hours—in about the same
time, in short, as urine preserved at the same temperature from
the beginning of the experiment, the time varying according to
the quality of the urine. The mere increase of the contact with
air, therefore, did not decompose the urine any quicker. But the
thirty drops of decomposed urine left in the lower vessel decom-
posed every new drop which arrived immediately, so that while
the urine was always fresh and acid in the upper vessel, provided
this was washed out oceasionally, it was always decomposed in
the lower one, although the urine, except a small fraction of 1it,
was of the same age in both.

Among the causes which may prevent the complete emptying
of the bladder, and produce ammoniacal urine, foreign bodies in
the bladder claim our attention. They occasionally interrupt
the stream of urine before the bladder is emptied; they give rise
to the frequent retention of small quantities of urine, because the
bladder can seldom contract around them so exactly as com-
pletely to expel all urine; and, further, they are mostly porous,
and contain urine in their substance. These circumstances lead
to ammoniacal decomposition of the urine, in consequence of
which most foreign bodies in the bladder become encrusted with
earthy phosphates. A catheter, which is left in the urethra and
bladder for some days, soon makes the urine ammoniacal and
phosphatic by allowing a small quantity of urine to remain in
the bladder, even independently of the possibility of its giving
access to ferment-forming agents from the atmosphere, or of
introducing them by mere adherence to its surface. Enlarge-
ment of the prostate and stricture of the urethra, and in rare
cases stricture of one or other of the ureters, act in a similar
way. Ammoniacal urine 1s the almost invariable result of
weakness, partial or total paralysis of the bladder, more strictly
of the detrusor urine, such as oceurs in paraplegia and spinal
diseases and injuries, in the decrepitude of extreme old age, and
long-continued comatose conditions in the course of certain
diseases, such as typhus.

It is probable that the inflamed condition of the mucous
membrane of the bladder, which we mostly observe along with
ammoniacal urine, is the consequence of this condition of the
urine. If ammoniacal urine acts as a caustic upon the epidermis
and cutis, causing excoriations and extensive soreness, how much
more liable must the mucous membrane of the bladder be to
similar affections! The alkaline urine causes positive ulceration
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on the mucous membrane in cases of extroversion of the bladder,
on the enlarged uterus in cases of prolapse; nothing is then
more natural than that the offended surface of the cavity of the
bladder should, for its protection, first pour out a large quantity
of mucus, and when the cause continue for a length of time, pass
into a state of chronic inflammation, with eroupy exudations,
attended by great suffering.

In very few cases the mere presence of a caleulus or foreign
body in the bladder causes inflammation of itself; it mostly
requires the presence of ammoniacal urine. The symptoms of a
calculus not attended by ammoniacal urine arve far less severe
than those of a concretion accompanied by such urine; and in
many cases the presence of a calculus in the bladder is neither
observed nor suspected before the appearance of ammoniacal
urine and its attendant suffering, which, from the beginning of
the phosphatic incrustation, can “be shown to have taken place
only at a time when the calculus had already attained a con-
siderable size.

There are two conditions more in which the partial retention
of urine may cause ammoniacal urine and its consequences.
The one is a so-called sacculated bladder, or rupture of the
mucous membrane protruding through the muscular coat. The
other occurs in insane persons, who have a tendency to retain
their excretions as long as possible. When forced to pass water,
either by natural necessity or by attendants, they will only allow
the passage of a part, retaining another. In one such case, [
could frequently observe the urine become ammoniacal fifty
hours after the beginning of the paroxysm. This condition is
said to be frequent among the inmates of lunatic asylums,

The most efficacious treatment of all cases of ammoniacal
urine is the washing out of the bladder with warm salt-water by
means of a syrige ‘and double canula. In all cases where the
operation has been carried out properly, the urine immediately
loses its ammoniacal condition, and in most cases is clear and
acid, thus proving the correctness of the above views by demon-
stration.

In many cases of acute total retemtion, the urine does not
become ammoniacal, but becoming concentrated by the absorp-
tion of water, remains acid, but forms deposits of various kinds.
These cases have evidently no analogy with those of partial
retention, and can therefore not tell against the views here
adopted.

Ammoniacal urine is always fetid, pale, and turbid, from the
precipitation of phosphate of ammonium and magnesium, and
phosphate of caleinm. The smell, and the presence of the
crystals of ammonio-phosphate of magnesium, easily distinguish
it from urine which is only turbid by alkalinity from fixed alkali,
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and contains a precipitate of phosphate of caleium, or phosphate
of caleium and magnesium. Urine which is alkaline from the
presence of dicarbonates (after Vichy water) is mostly clear, the
earthy phosphates being soluble in the excess of carbonic
acid.
We have thus advanced to the consideration of that group of
alkaline urines which impart to red test-paper a permanent blue
colour, showing that they are produced by fixed alkalies. When
the alkali is present in quantity sufficient only to neutralise the
free acid of the urine, then the latter exerts no influence upon
any test-paper ; it is neutral, But it must be borne in mind that
the reaction of healthy urine being acid, neutrality of the fluid in
itself denotes alkalinity.

While, on the one hand, the presence of free volatile alkalies
in the urine is always pathological, the alkalinity from fixed
alkalies on the other hand, though it may be, and in many cases
is, of a morbid nature, occurs more frequently within the range
of perfect health. Certain descriptions of vegetable food, and a
series of acid fruits, make the urine alkaline in a very short time.
The salts of many of the organic acids, such as acetates, tartrates,
citrates, and malates, are, by the oxydising influence of the
chemistry of the body, converted into the carbonates of their
respective bases, and being as such discharged with the urine,
give it their characteristic reaction. It is for this reason, and
some others, that the urine of herbivora is frequently alkaline.

In man this description of alkalinity, which may occur for
hours or days, or at a certain time after meals, is of no practical
importance, It becomes so, however, when it is the consequence of
the use, as medicines, of the caustic alkalies, soda and potash, and
of the earths, magnesia and lime, or their carbonates. This arti-
ficial disease not unfrequently occurs when patients, to whom
alkaline remedies have been prescribed by their medical advisers,
continue to take them on their own account for an unreasonable
length of time.

I have already stated that the neutral or alkaline condition is
of frequent occurrence with the pale urine discharged in ansmic
conditions. Of the reason of the alkaline reaction in these cases
we can as yet give no satisfactory account. But it seems pro-
bable that the depression of the organism in these cases, accom-
panied as it is by faulty nutrition of the muscular and nervous
systems, does not allow of the accomplishment of that chemical
process, by the completion of which, in health, acid combinations
are discharged from the tissues and blood.

The continuance of the alkalinity of urine from any cause, but
particularly from alkaline fermentation and the maladministra-
tion of fixed alkalies, for any length of time, is to be considered
a serious evil. For the phosphates of magnesium and calcium,
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being precipitated, and mixing with the increased amount of
mucus, may at any time, and unawares, form a stone, with all its
consequences ; or the turbid and caustic condition of the urine
may give rise to diseased states of the bladder, which it is after-
wards frequently a matter of great difficulty to remove.

Amount of Eree Acidity in the Urine.

While the amount of firee allalinity seems never to have en-
gaged the attention of any inquirer, the amount of free acidity
has been estimated repeatedly. Vogel found it equal to from
2 to 4 grains of oxalic acid for 24 hours in a healthy man. This
amounts to 01 to 0'2 grains per hour. The hourly quantities,
however, are subject to considerable variations, dependent upon
the time of the day, and these variations are pretty parallel in
different individuals examined at one and the same time. The
maximum amount of acid is dizcharged during the night, the
minimum during the forenoon, and a quantity intermediate
between those of night and morning is secreted in the hours of the
afternoon.

Roberts observed the acidity in the urine of a healthy man
during nineteen days, and found that it required for neutralisa-
tion on an average 14-1 grains of dried earbonate of soda for
each 24 hours. Some days were found throughout exhibiting a
feeble acidity, the minimum of sodic carbonate required being
o9 grains ; the maximum acidity ever observed in this series
was neutralised by 22-39 grains of sodic carbonate. According
to Bence Jones, and Roberts, meals, whether of animal, vegetable,
or mixed food, depress the acidity of the urine for a time, “and in
most instances render it actually alkaline. In forty minutes after
breakfast there appears, nearly always, a sensible declension of

acidity. The urine, however, never becomes actually ﬂlkﬂlme,
nor ever neutral, so soon. ’.Ihe acidity falls to its lowest in
about two-thirds of the observations during the second hour after
breakfast ; in the last third it does so in the third hour. At the
end of the fourth hour the urine usnally regains its acidity. The
effect of dinner is not pere-ptible until the second hour after-
wards. In the third and fourth hours the urine is mostly alkaline,
and at the end of the sixth hour the acid reaction has been re-
stored.

In chronie and acute diseases the amount of free acid in the
urine is mostly diminished, increased only in exceptional cases.
Frequent or persistent alkalescence of the wiine, from fixed
alkali, occurs in persons with debilitated frames from spanzmia,
chlorosis, dyspepsia, chronic vomiting, rheumatism, gout, and
chronic pulmonary phthisis. The physiological explanation of
these phenomena has not yet been furnished.
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Changes on Cooling.

In colour the urine becomes a trifle darker on cooling ; its
peculiar smell becomes very weak, partly because it does not
evaporate any longer with the vapour of water, partly because
there is less of it.

The epithelia collect in masses and clouds towards the bottom
of the vessel, leaving the supernatant fluid perfectly clear and
transparent.

If the urine have been concentrated and dark, it will fre-
quently deposit a reddish crust against the walls of the vessel
containing it. This crust, and the pulverulent deposits of
urates, which are formed at different stages of the process of
cooling, may occur in persons enjoying apparently perfect
health.

As a general rule, it may be said that the more coloured a
deposit of urates is, the longer time has it required for its forma-
tion. A lady having lost her child, was obliged to retain the
milk in her breasts. When the painful swelling of the bosom
had ceased, she discharged urine, which, on touching the vessel
in which it was received, became white like milk, and was
brought to me as milk. When only a small quantity was passed,
the milk-white condition was at once apparent; the vessel
withdrawing a sufficient amount of warmth from the urine to
precipitate the urate. But when a larger quantity was passed,
the first portion made a precipitate, which was redissolved as the
larger portion was added. Ten minutes, however, were sufficient
to make the precipitate appear, which consisted of snowy-white
urates. Dark-coloured urines mostly throw down the urates
after standing during some time. In a case of heart-disease with
dropsy, the brownish-red urate only fell after twenty-four hours;
in a case of colic, only after twelve hours. In these cases the
depression of temperature could not have been the only influence
exerted upon the urine, because in each case the urine must have
been of the temperature of the air long before the deposit fell.

In some few cases the urine may become alkaline during the
process of cooling.

If sediments are discharged with or formed in the urine they
subside towards the bottom of the vessel. Among the sediments,
besides mucus, the urates, uric acid, and the oxalate of lime are
most common. Most other deposits are due to the decomposition
of urine, and of the urates in some cases.



CHAPTER IL

QUANTITY OF URINE AND INGREDIENTS.

MODES OF COLLECTING THE URINE.

THE requirements are to collect the whole of the urine without
losing any portion, and to eollect it in such a manner as to pre-
serve its purity. It is essential to keep all vessels used for the
purpose scrupulously clean, and to wash and scald them at least
once a day. If practising among the poor, the physician will find
it necessary to order that the chamber-vessel be kept covered
when not used, in order to protect its contents from the admixture
of impurities. In some diseases it is desirable to collect in sepa-
rate vessels the several portions of urine passed at different times,

In hospitals and other public institutions a convenient form of
glass is in use, consisting of a flat body, a turned-up narrow neck,
and a mouth fitted to the requirements of the sex. These glasses
should have marks engraved upon them indicating 50 c.c. each.
The physician, on coming to the bedside, would then be enabled
to inform himself by a glance of the total quantity of urine col-
lected ; and, if none were lost, of the bulk exereted.

In some hospitals the ancient urinal is still in use; its only
advantage over the ordinary vessel is its being made of glass ; its
shape is less convenient than that of the glasses described above,
which admit of the discharge of urine in the recumbent or any
other posture,

In many cases the difficulties in the way of collecting the
whole of the urine discharged in twenty-four hours are great, and
unless a special apparatus be employed, a certain loss is nearly
unavoidable.

The matter becomes more embarrassing in cases of severe ill-
ness, where, unfortunately, with the importance of the indications
to be derived from the quantity and quality of the urine, the
obstacles to a complete collection become greater. Patients in a
delirious, or unconsecious, or paralysed state will retain or pass
unwnﬁcmusly a part or the whole of their renal and alvine
excretions. Here we must estimate the losses from known and
collected quantities in proportion to time and from the evidence
to be derived from inspection.
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In this manner we may obtain the nearest possible approach
to truthful observation. Unless, however, all the cautions are
employed, we would strongly recommend that too nice con-
clusions should not be based upon such incomplete observations,
though they even give to the thinking practitioner points of
evidence to which he may append his reflections, and which may
be taken into account in forming the prognosis of a case, or in
tracing out a plan for therapeutical proceedings.

TOTAL QUANTITY OF URINE DISCHARGED 1IN A GIVEN TIME.

Any attempt to make a quantitative analysis of the urine
for the purposes of physiological or pathological research must
be based upon the knowledge of the total amount of urine
discharged in a given time. Some authors, though perfectly
well aware that in all cases where any appmach to accuracy in
the determination of the specific gravity is required, an average
sample from the urine passed in twenty-four hours must be
selected, have yet formed no settled idea of the necessity of
knuwing the whole amount of urine discharged during the
twenty-four hours. It could have been only by losing sight of
this point that they recommended the determination of the
average density of the urine from the density of a mixture of
the urine passed immediately before going to bed, and of that
voided on rising in the morning. But of w what use is it to know
density at all, it from the density we cannot calculate the whole
of the solids discharged in a given time? For this we must
know the whole amount of urine.

We may either collect the whole bulk of urine passed in
twenty-four hours, or in every single hour, or in as many
portions of the twenty-four hours as convenient. But it should
always be expressed in a value calculated upon the twenty-
four hours, or upon every single hour. In many chronic and
acute diseases we must collect and analyse the urine for several
days in succession, in order to arrive at a correct conclusion
upon the average condition.

The amount of urine is best determined by measuring in the
graduated urinals; or, if more accuracy is desirable, in high
graduated eylinders of a capacity varying from 500 c.c. to 2000
e.c. The large cylinders have marks for every 10 ce. The
small cylinders, which are to serve for measuring the quantities
of urine of a shorter period, say one hour, should be divided into
single cubic centimetres.

Both descriptions of cylinders should be provided with lips
for pouring out their contents.

If it is desirable to know the weight of a certain bulk of urine,
without actually weighing it, it is only necessary to multiply the
number of cubic centimetres found by measure into the number
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expressing the specific gravity ; the result will give the quantity
in grammes, thus—

1000 c.c, x 1025 (spec. gr.) = 1025 grammes,
250 ¢c. x 1021 25525

Quantity of Urine Discharged in Health.

In valuing the physiological effect of the variations of the dis-
charge of urine, it must always be borne in mind that the water
discharged in the urine is only a part of the water excreted by the
whole body. According to our best estimates, one-half of all
the water ingested into the body goes away by the kidneys ; the
other half by the lungs, the skin, and the fieces together.

The guantity of urine tlxschawed in twenty- _four hours by
healthy adult persons has been determined by various observers.
The results of some of their observations, together with the re-
sults of my own, are arranged in the fr:-llnwing table :—

Table showing the total quantity of Urine discharged in given times by
healthy individuals.

Found in One Mour. || Found in 24 Hours,
Observer. Subjects. Cubic centimetres, | Cublc centimetres,
mn.|a[ed, Max. | Min. | Med | Max,
Leeanu . . 743 | 1268 | 2271 |
Valentin ., . | Himself, medium| ... | ... 1447
of three days.
Lehmann . [ Himself, underor-| ... | ... 1057
dinary circum-
stances,
Ditto . . .| Himself, when| ... | ... i 909 ' 1202
living irregularly. _
(| Well-fed persons) 60 | ... | 7O || 1400 | ... | 1600
who drink much.
Well-fed persons| 50 | ... 60 1200 | ... 1400
Bischoff, who drink less.
Vogel, and || For one |kilo-| ... |1 e 24
others, || gramme of weight
of adult.
For 100 centi-| ... | 40 i DE0
metres of length
|| of adult.
Thudichum . | 4, a man, &t 28;| 43 | 81 | 121 1049 | 1950 | 2920
weight, 70 kilos,,
seventy-six days.
Ditto . . .|B, man, @t 28;/ 43 | 71 | 110 || 1040 | 1723 | 2655
umght, 72 ]l:lID.E,
fifty-seven days.
Ditto . . . [}ne{ﬂngmmmenf S B o EEA e
weight of adult
man.
Ditte . . .| 100 centimetresof] .., | 44 | ... 1061
length of adult.

| [ A+B =346 cent.] |
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Among the influences which determine the quantity of urine,
many are inherent in the mode of life, others are entirely inde-
pendent of any act of the individual. Of the former are the
quantity and quality of food and drink, and the amount of per-
spiration caused by activity.

The ingestion into the system of large quantities of water,
tea, coffee, beer, (weak) wine, &e., may in a short time raise the
hourly quantity of urine from 60 to 70 c.c. to 300, 600, 700 c.c.,
and more.

The quantities of water consumed by persons who undergo
treatment with mineral waters is sometimes very large. A dis-
charge of urine up to 1000 c.c. per hour is here not an uncom-
IMOon occurTence.

Abstinence from drink, on the other hand, diminishes the
secretion of urine ; but this diminution is not exactly in inverse
proportion to the increase by drink. The urine does not sink
below a certain quantity, even in cases of total abstinence from
food and drink. With a dry diet the urine may sink from the
medium of 86 c.c. per hour under ordinary diet to as low as
37 c.c.

The temperature of the atmosphere, the amount of moisture
diffused in 1it, and its tension, are influences over which the
individual has only partial control. The amount of moisture,
therefore, which is exhaled by the lungs and skin—though of
course dependent in part on the amount of water present in the
blood, on the relative excretory activity of the organs, and on
the bodily state of the individual—is partly determined by
atmospheric influences.

Certain regular variations in the hourly quantity of urine are
produced by the influences of day and night. During the sleep
of night only 58 c.c. of urine per hour are excreted; in the
morning the medium is 69 c.c. ; after dinner, if taken about the
middle of the day, or after luncheon, the amount of urine
becomes largest—77 c.c., and sinks again in the evening to 73
c.c., when even a late dinner will not influence it so much as
might be supposed from the observations after an early dinner.
Nothing could better demonstrate the influences of activity and
rest upon the quantity of urine than the differences between
the secretion during day and night.

Not only is there a greater production of effete matter, during
waking and exercise, requiring to be discharged from the blood
than during sleep, but also the execretory activity of the kidney
is higher, in consequence of the transference of the nervous
stimulus, and from the stimulant action of certain substances of
aliment, such as coffee, porter, onions, and many other articles
of diuretic property. This transferred nervous and direct
stimulus may be brought to bear upon the kidneys at any hour

B
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of the day or night, and it is therefore that persons working
with either mind or body during the night, discharge as much
urine as during the same activity in the daytime. On the other
hand, sleep and inactivity in the daytime will diminish the
quantity of urine.

To recapitulate : the physiological quantity of urine is de-
pendent, on the one hand, upon the amount of water introduced
into the blood, or abstracted from it by other excretory organs;
and, on the other hand, upon the execretory activity of the
kidneys.

QUANTITY OF URINE DISCHARGED IN DISEASE.

Though in patients all the influences which determine the
quantity of urine in health may combine with the influenees of
the disease, yet as a general rule the consideration of the total
quantity of urine in a great number of diseases will convince us
that its variation, or a certain mode of variation, forms one of
their essential symptoms. In the long run the character of the
disease will determine the character of the urine, however the
satisfaction of an accidental thirst of the patient may increase
it for a time, or however much it may have been diminished
by vomiting, diarrhcea, perspiration, or increased pulmonie
exhalation.

In the previous remarks we have seen the maximum, medium,
and minimum quantities of urine discharged in given times by
given weights of individual. This must form the basis of any
attempt at judging whether the quantity of urine in a given case
of disease is less or more than the same individual would be
likely to discharge during health. The only caution necessary
is to allow a sufficient margin for accidental variations. If we
do so, the practical conclusions arrived at from a consideration
of this point are as valuable as any of the most pathognomonic
objective symptoms. As an example, we will assume the case
of an average adult individual. We know he does not drink a
great deal when well, and may therefore put down his medium
quantity of urine for twenty-four hours as 1300 c.c. This in-
dividual bas become ill, and we now ascertain that his urine for
twenty-four hours only amounts to 400 c.c. We are at once
justified in the conclusion that the disease has brought about
a diminution of the bulk of the urine to less than ome-third
its ordinary medium. Experience teaches us the consequences
iikely to follow the condition of the system, of which this
lessened quantity of urine isa symptom. The symptom therefore
has a high diagnostic and prognostic value, as we shall presently
more particularly show. An increased amount of urine, on the
other hand, to about 2500 or 3000 cec., in a patient who in
health would discharge from 1600 to 1700 c.c, is an evident
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excess, which, if not traceable to any special accidental cause,
and if permanent, as in diabetes, is the main and principal
symptom of the disorder, and therefore the almost exclusive
means of its diagnosis.

It is a geneml experience that the quantity of Efm Urine 1s
diminished tn all acute febrile diseases, viz., in exanthemata, in
low gastric fevers and typhus, in rheumatic fevers, in all inflam-
matory diseases, such as pneumonia, pleuritis, and bronchitis,
and in the inflammatory fevers of tropical climates or miasmatic
regions. In all these diseases, and In many more, & constani
diminution of the quantity of wrine is accompanied by, and there-
Jore pathognomonie of, a constant tncrease wn the intensity of the
disorder. When the quantity of wrine remains very low (below
800 c.c. per day) for any length of tvme, then we may conclude that
the intensily of the discase has not abated. A constant increase in
the quantity of the wrine, however, is a fovourable symptom, and
shows that the patient has passed the acwie, and that the diseased
action s abating. During the period of convalescence the quantity
of urine becomes novrmal, or evceeds in some cases the normal
giantity.

Thus a man, who had measured his urine during health, and
found the average to be 1800 c.c. in 24 hours, became the subject
of typhoid fever. During the first three days of the illness the
total quantity of urine fell gradually to 200 c.c. in 24 hours ; it
rose during the next five days regularly up to the normal 1800
e.c., exceeded the amount soon up to 2200 c.c., and then returned
gradually to the usual average quantity.

When a disease, acute or chronic, takes a Sutal turn, the quantity
of wrine becomes frequently very low, or remains in a fluctuating
low state. This is the case in all diseases ending with or by ex-
haustion. In cases, however, the fatal termination of which is
due to a more sudden interference with the powers of the nerv-
ous system, or with the mechanical action of the lungs and heart,
the quantity of the urine is not usually very much diminished.

The guantity of wrine is materially diminished in dropsical
diseases, with or without diseased kidneys. Common practice has
made the amount of urine discharged by such patients the index
of their improvement or otherwise, and has made a small
quantity of urine, in cases in which the cause of the disorder is
not the kidney itself, an indication for the administration of
diuretics.

The quantity of the wurine ts wmaterially wnereased in those
diseases which we commonly term diabetes. In these cases, how-
ever, as in cases of diseased kidneys, it is necessary to give par-
ticular attention to the quality of the urine at the same time,
when the distinctions between hydruria, diabetes insipidus, and
diabetes mellitus will become evident.
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BOLIDS AND WATER—SPECIFIC GRAVITY,

The direct way of determining the amount of solids contained
in a given quantity of urine is by the evaporation of the water.
This 1s best done under the receiver of the air-pump, care being
taken not to make the urine boil, in order to prevent loss from
the bursting of the bubbles evolved. By placing into the receiver
any body capable of freely absorbing water, such as sulphurie
acid or quicklime, the vapour may be absorbed as soon as
evolved, and in this way a vacuum for air and vapour may be
kept up, under the influence of which the urine will rapidly

et dry.

g Theyvemel in which the urine is exposed should be rather
flat, so as to give the largest possible surface for evaporation,
and should be provided with ground edges, so that it may be
elosely covered with a glass dise. This caution is required in
order to prevent the residue from absorbing water from the air,
on being transferred from the receiver to the scales for weighing.
The weight is now determined in the closed box of the chemical
scales, the air surrounding which is kept dry by the presence of
sulphuric acid and chloride of caleium. Then the vessel with
the residue is again removed to the receiver of the air-pump ;
after it has been exposed for a time to the evaporating influence,
the covered vessel is again weighed ; and if it have lost nothing
during the last exposure, the residue is considered to be perfectly
dry. Of course, if it have lost in weight between two weighings,
it must yet be brought repeatedly into the vacuum, until the
weight remains stationary.

This process is one of extreme difficulty and great expense of
time ; but it is the only one which gives accurate results. Less
accurate is the following method, in which the evaporation of the
water is effected by the assistance of heat. The objection to the
application of heat in this process is, that it decomposes a certain
amount of urea, which is volatilised in the form of ammonia and
carbonic acid. This objection is so well founded, that if the
products of evaporation are eaught in a cooler, it will almost
always be possible to find traces of ammonia in the condensed
distillate. This ammonia, of course, must not be confounded with
the ammonia proper of the urine. By always keeping the urine
acid during evaporation, the decomposition of urea may be
limited to a minimum ; but alkalinity of the urine will favour
the destruction of urea during the application of heat. How-
ever, where no air-pump is at hand, and where ordinary results
only are required, the method now to be described is still of
considerable use,

The operator pours about 12 or 15 grammes of urine by weight
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or measure into a porcelain or platinum capsule, which, with a
well-closing cover, has been counterpoised beforehand. It is
then fitted into the ring of the water bath, so that the greater
part of its outer surface 1s surrounded by the hot water.

If the solids only are to be determined, the best plan is to
take a flat, small evaporating dish for the operation. _

When the urine has evaporated to an apparently dry residue,
the capsule must be transferred to an air-bath,—a box of copper,
with double walls and a sliding door of glass in front. The
substances to be dried are placed upon a sieve of perforated
copper or gauze, which is placed in the interior of the box in
such a manner as to prevent any heat conducted by the metal,
particularly the bottom, from reaching the substances. Thus
they can only be affected by the hot air, the temperature of
which is ascertained by a thermometer, placed with its bulb
inside the box. :

The capsule being in the air-bath, the air is now heated with
a spirit or gas-lamp, under the box, to 110° C, and is kept at
that temperature from half an hour to an hour. Being ready for
weighing, the capsule is covered, and allowed to cool over sul-
phurie acid,

After the weight of the capsule and contents has been ascer-
tained, it is again exposed to the temperature of 110° C., and if,
after some time, a second weighing does not show a further loss,
the residue may be considered as dry.

We now find by easy calculation the amount of water evapo-
rated, and the amount of solids contained in a given quantity of
urine. If the total quantity of urine discharged in twenty-four
hours be known, the total of solids discharged therewith is readily
found : for the quantity of urine (») taken for evaporation stands
to residue (7) found, in the same proportion as the total quantity
of urine (U) discharged in twenty-four hours stands to the (R)
solids dissolved in it.

Al — s Henoa e —=— =

For example, let the quantity of urine experimented on be 10
grammes, the quantity of solid residue in it 023 grammes, the
total quantity of urine discharged 1000 grammes, then

0-23 x 1000
=" 23 grammes,

the total quantity of solids dissolved in the urine.

As the urine is a solution of several substances in water, their
amount, viz., the amount of solids contained in any given quan-
tity, may be ascertained by finding the specific gravity; for the
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specific gravity of any watery solution is higher than pure water
in proportion to the amount of solids dissolved, the solids in solu-
tion giving up their own individual specific gravity, and influ-
encing the specific weight of the solution by their absolute weight
only. This is proved by the fact already mentioned, viz., that
the absolute weight of a given bulk of urine may be found by
multiplying the bulk, as expressed in cubic centimetres, by the
figure expressing the specific gravity.

The best mode of discovering the specific gravity of the urine
is to compare the weight of a certain bulk with the weight of an
equal bulk of water of the same temperature. For this purpose
any little flask of convenient size may be used; but best of all
vessels is the pycnometer, a small glass bottle, the elongated
ground in stopper of which is a capillary tube. The advantages
thereby obtained are, that no air can be inclosed in the bottle,
being displaced by the rising water when the stopper sinks into
the full bottle ; and that the bottle can be accurately filled with
the same bulk of fluid every time.

The weight of the specific gravity bottle, and of the water re-
quired to fill it, being each ascertained, are permanently noted
down. The weight of the urine required to fll the bottle is
then ascertained. Then the weight of water : weight of urine=
specific gravity of water : specific gravity of urine. Or, the
specific gravity of water being 1,

weight of urine
welght of water

= spec. grav. of urine.

Kz A bottle held 50 grammes of water, and 512 grammes of
nrine.

%}2 =1-024 spec. grav. of urine;

Or, 50 : 512=1 : 2

gl
r= ﬁ= 1024,

Another and more convenient mode of finding the specific
gravity of the urine is founded on the fact of immersed solids
displacing a bulk equal to their own. For this purpose a solid
olass ball is used, the loss of which, when weighed in water, is
known, and permanently recorded. It is then weighed while
immersed in urine, and its loss, as compared with 1ts weight in
air, is ascertained. Then its loss when weighed in the urine,
divided by its loss when weighed in water, will be the specific
gravity required.
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Ex. A glass ball lost 500 grammes when weighed in water,
and 51-2 when weighed in urine,

4 Gl o
Srg=1024

Though the two methods last deseribed do not require so
much time and weighing as the first two methods, still they are
sufficiently troublesome to exclude them from general applicatian
The only method of ascertaining the specific gravity of urine for
the practical purposes of diagnosis and prognosis at the bedside,
is the use of the gravimeter, or areometer, which, when destined
to be used for the urine only, should be called urogravimeter, but
has been wrongly termed urinometer. The mode of action of
this instrument depends upon the fact of solids of a given weight
sinking deeper in light than in heavy fluids,

The urogravimeters are generally made of glass, and conse-
quently are apt to break; but their advantages are, cheapness,
and the property of the glass to compensate by expansion or
dilatation for any diminution of the density of the urine by a
higher temperature between 15-5° and 266 C.

Ordinary gravimeters only admit-of reading half division of
degrees of specific gravity so-called; and if the instrument is
small, these divisions come so near together that it is sometimes
impossible to say which division corresponds to the proper level
of the fluid. In order, therefore, to obtain more accuracy, by
having more divisions and by having them farther apart, it is
advisable to divide the scale upon two gravimeters, of which the
one may range from O to 18, the other from 18 to 36, which is
beyond the density of almost any urine. In this manner we
double the length of the scale, and may now mark and read
quarters of divisions.

In taking the specific gravity of urine it is necessary to de-
termine its temperature by the aid of a thermometer; [some
specific gravity bottles are provided with a thermometer, the
bulb of which performs the function of stopper] the temperaturs
should be 10° C,, being the average temperature to which most
gravimeters are adapted ; or if it is not of this degree naturally,
1t must be brought to it by suitable means.

From the specific gravity so found, the quantity of seolid
matters present in the urine is calculated with the aid of a
formula, which must be ascertained from the results of the more
accurate methods we have described. Among the many formulz
so given two only appear to me sufficiently well proved to advise
their adoption in practice. The first and most convenient
formula is that of Trapp:—

d = difference between 1000 and specific gravity of urine.
Formule : d x 2 = x (total of solids in 1000 parts) ; or
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Rule: To find the amount of solids in any given bulk of urine,
double the last two figures of the number expressing the specific
gravity : the product shows the number of parts of solids con-
tained in any thousand parts of urine. This formula seems to
be particularly applicable to urine of a low specific gravity, from
1000 to 1018, being the range of the first gravimeter.

The second formula, which is best suited for urine of a higher
specific gravity, from 1018 to 1036, the range of the second
gravimeter, is that of Christison. It is: d x 233 =, and
means, in other words: multiply the last two figures of the
number expressing the specific gravity by 2:33, and the result is
the total of parts of solids in any 1000 parts of urine. The
results of the calculations with this formula are embodied in the
following table :—

e ——

| Solids ||
5p- B™ lip 1000 parts| 5P BF-

Solids |' | Solids
in 1000 parts|| SP ET- ||m 1000 parts.
|

1018 4194 | 1026 6058 | 1034 7922

1019 | 4427 | 1027 | 6291 1035 8155
1020 | 4660 | 1028 | 6524 1036 | 8388
1021 | 4893 1029 | 6767 | 1037 | 8621
1022 | 51-26 || 1030 | 6990 1038 | 8854
1023 | 5359 1031 72:23 1039 | 9087
1024 | 5592 || 1032 | 7456 1040 | 9320
1025 | 5825 || 1033 | 76'89

Having in this way found the number of parts of solids in any
thousand parts of urine, we may easily calculate the whole
amount of solids secreted with the urine in twenty-four hours, if
we have ascertained the gquantity so secreted. And as it is neces-
sary to know the weight of the whole bulk of urine for finding
the weight of the total of solids contained in it, the weight is
first ascertained from the specific gravity, by multiplying the
ficure expressive of the bulk by the figure expressive of the
specific gravity. DBy the specific gravity, therefore, we may
obtain two kinds of information: (1) the weight of a given bulk
of urine ; (2) the amount of solids contained in urine.

Ex. A patient passed in twenty-four hours 1250 grammes of
urine of the specific gravity 1020. 1000 grammes of this urine
hold dissolved 46'6 grammes of solids, then

1000 grammes : 466 gr. = 1250 gr. : @
x = 5825 gr.

Ex. A patient passed on the average 60 c.c. of urine per hour,
of the specific gravity 1012. 1000 parts of this urine hold
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dissolved 24 parts of solids. What is the amount of solids in
60 c.c.?

1000 : 24 =60 : =
& = 1-44 grammes.

In calenlating the solids from the specific gravity, we are
liable to commit an error amounting to one-tenth or one-seventh
of the solids actually contained in average healthy urine ; and the
error may be either above or below the amount actually con-
tained. In concentrated urines and the urine of disease, how-
ever, the difference between the calculation from the specific
gravity and the real quantity may amount to one-fifth, or even
one-fourth of the solids actually contained. It is therefore
possible to find 30 or 50 parts of solids in a number of parts of
urine which positively only contain 40. This is the worst case;
but it shows that to sliggt- fluctuations in the specific gravity,
and the amount of solids calculated therefrom, we can in practice
accord no importance. If we find, for example, that an individual
discharges on an average 55 grammes of solids per twenty-four
hours in his urine, a rise to 60 grammes, or a fall to 50 grammes,
per twenty-four hours, cannot be considered abnormal, because it
may be that the difference is only due to the error of caleulation
to which the method is subject; and the individual may actually
have discharged his 55 grammes, or any number of grammes be-
tween the 50 or 60. If we find, however, from the specific
gravity, that a person who on the average discharged 60 grammes
per twenty-four hours, discharges only 30 grammes, we are per-
fectly justified in drawing the conclusion that this person voids
a much smaller amount of solids in the urine than he did before;
and though we cannot positively say whether he actually dis-
charges 30, or 25, or 35 grammes, yet 30, 25, or 35 are so greatly
different from 50, 55, or 60 grammes, that the diminution cannot
be due to the faults of the method, and may with propriety be
used as evidence for the diagnosis, or as an indication for the
treatment of the case.

Many authors coincide in making 1020 the average specific
gravity of urine, and if of this urine from 1400 to 1600 grammes -
are discharged during twenty-four hours, the gravimetrical
method gives a mean amount of solids of from 55 to 60 grammes
for twenty-four hours.

100 kilogrammes of individual discharge on an average 41
grammes of solids per hour, 100 centimetres discharge 1'5
grammes,

The amount of nourishment acquired from ingested food, the
intensity of the destruction of matter serving the purposes of life,
as found by the comparison of times and quantities, the activity
of the secreting organs themselves—all these factors are summed
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up in the total quantity of solids contained in the urine. If is
natural then that in disease generally, where little solid food is
being talken, the amount of solids sinks from the daily 60 to 50 and
40 grammes, and even then is made up less of the produce of the
destruction of fresh nourishment in the blood and muscles than
of disintegrated tissues and their interstitial juices; in other
words, is formed mostly at the expense of the body, as is entirely
the case in simple inanition. A patient lives on his own albu-
men and fat partly during his illness, as hybernating animals
do during the winter. The consequence is loss of weight or
emacilabion.

I have now spoken of disease generally; and the remarks made
of course apply to the two great classes of disease, acute and
chronie, with equal force. But the fluctuations in the amount of
solids occurring in both are of a very different prognostic value ;
for in chronic disease, with a limited amount of solids, a rise in
their amount is, as a general rule, a forerunner of considerable
and mostly lasting improvement, and indicates that the body is
actively employed in renewing the material of the organs and
rectifying their functions. To this rule diabetes mellitus alone
forms an exception, where a rise in the amount of solids indicates
an exacerbation; and, in this respect, diabetes forms the transi-
tion from chronic to acute disease, in which, on the whole, a rise
in the amount of solids in the urine during the acme is an un-
favourable symptom, indicating an excessive disintegration of the
tissues and juices of the body, which must necessarily lead to ex-
haustion of the material substrata of life. Under all circumstances,
a constant and gradual decrease of the amount of solids is as un-
favourable a symptom as the decrease of the total quantity of
uring discharged, because it indicates the decay of life, and a
probable fatal termination of the case.

The indications of the solids appear more varied as soon as
they are considered with relation to the amount of other excreta.
First, as regards the amount of water by which they are accom-
panied in the urine, four distinet classes of cases must be borne
in mind. If a very small amount of solids is contained in a
similar amount of water, we may conclude upon a corresponding
amount of ansgmia in the individual, always provided that
disease of the kidney be not present. In the latter case a
small amount of solids indicates the retention of part of them,
which may probably end in uramia.

If a small amount of solids is contained in a larger or large
amount of water, it may possibly be the consequence of excess
of drink of some kind. Many cases of hysteria, of an®mia with
hysterical symptoms, are accompanied by this deseription of
urine. It is the essential symptom of a decided improvement
in many cases of hydraemia and dropsy; and when it occurs in
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a patient with no particular cause to account for it, it has pro-
perly been termed Aydrwrie. The urine in hydruria may
amount to between 2 and 3 litres, and show specific gravities
varying between 1005 and 1012, indicating an exeretion of
solids not exceeding 40 grammes in 24 hours, ;

‘When the amount of solids becomes larger, but still remains
below the standard of health, and the amount of water is at the
same time diminished, in other words, in diseases with a small
amount of urine of high specific gravity, the acuteness of the
pathological process is clearly indicated. Beginning with the
physiological excessive perspiration, there are many pathological
conditions, as the sweat of fever, thirst, starvation, diarrhcea,
and fever of essential or symptomatic nature, of which this
condition of urine is a regular symptom.

In the fourth class of cases both the solids and the water of
the urine are present in excess. They form a special and
specific class of diseases, to which the generic name of diabetes
has been given. The genus has, however, only two species,
of which the one is distinguished by the presence in the urine
of sugar, and therefore goes by the name of diabetes mellitus ;
the other subdivision comprises cases where, in a large amount
of water, the increased amount of solids is made up of other
solids than sugar, termed diabetes insipidus. In both species of
diabetes the wear of the body 1s considerable, and either at
intervals or throughout the course of the disorder, surpasses the
amount of nutriment taken in. Diabetes mellitus, from its
chemical interest, and the facility with which it may be artifi-
cially produced in animals, has been favoured with more atten-
tion of late than diabetes insipidus, a disease with which perhaps
many difficult cases of hysterical ansmia and intractable ail-
ments will have to be classed. If the total quantity of urine
amounts to more than 3000 c.c. per day, and if the specific
gravity shows an excessive amount of solids, ranging from the
normal 60 grammes up to 130 grammes, or even more, giving on
an average about 80 grammes per day, we may then with perfect
safety ascribe the excessive destruction of the constituents of
the body to this excessive secretion, and place to its account a
number of symptoms usually following in its train, such as the
pallor and the headache of anmmia, vertigo, the tenderness of
certain dorsal vertebrse on pressure, spasms in the muscles of
various parts of the body, loss of appetite, loss of weight, and
emaciation.

We have now considered in ifs bearings the observation of
the amount of solids in relation to the water in which they are
contained ; it only remains to draw attention to the important
conclusions to be derived from comparing the amount of solids
secreted by the kidneys with the excreta of the skin, lungs, and
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bowels. In many cases of dropsy the bowels will spontaneously
compensate partly for a diminished discharge of urine; and it
is, in fact, by this vicarious discharge that drastic purgatives are
of service in disease of the kidneys. The skin will eliminate
urea in cholera in such quantities that it may be collected by
washing and erystallisation, and its amount may even be
determined. The lungs will, perhaps, in many cases take on
increased action, and discharge not only water, but also carbonic
acid, to compensate for a diminished secretion by the kidneys
and skin, A diminution in the amount of solids in the urine
requires therefore to be checked by the amount of wicarious
discharges. And should we be able to determine at the same
time the amount of the ingested nutritive matters, we should at
once be in a position to balance the income and expenditure of
the body, and thereby not only to foresee the probable result,
but also to be in possession of the indication for part of our
treatment. '
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HISTOEREY AND LITERATURE.

UrEA jwas discovered by Boerhaave before 1720. From the
English translation of his “ Method of Chemistry,” by Shaw and
Chambers, Part 111, “ Processes upon Animals,” p. 193, I quote
the following paragraph, as it is the best vindication for that
great physician of the merit of this important discovery :—

“ ProcEss LXXXVII,

“ Showing that recent wrine will crystallise by inspissation,
and afford an essential sall,

“1. The Process—Evaporate a large quantity of the recent
urine of a healthy man to the consistence of a syrup, with one
continued degree of heat; separate the oil from it by the filter,
and afterwards put it into a close vessel, and set it in a cool
cellar for the space of one year; it will shoot into a thick,
brown, saline glebe or crust, at the distance of an inch or two
from the bottom of the vessel; then carefully pour off all the
liguor that floats above, take out the mass of saline erystals, and
lay the matter at the bottom thereof aside for phosphorus.
These ecrystals, which are of a peculiar nature, being dissolved
in pure warm water, filtered, and evaporated to a pellicle, and
set again to shoot in the cold, will again run into crystals sui
generts, or a white purified salt, of a nature different from all
other salts, and become the purer the oftener the process is
repeated ; so that it may justly be called #he essential salt of
urine, or of the human body.

“2. The Nature of the Production.—It may indeed be ohjected
that this salt is not obtained but by suffering the urine to
putrify, which is true; nor is there any other way yet known
of producing it. Neither will the addition of oil of wvitriol, or
any other acid, prevent its putrefaction, so strongly is it inclined
thereto, It cannot, however, be said that this is the common or
sea-salt, which will evidently appear upon the comparison ; this
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being totally volatile at the fire, whereas sea-salt remains fixed
in the strongest heat. Neither has it the properties of borax,
nitre, sal-gem, sal-ammoniac, &e., but is really a salt sui generis,
and not to be matched by any other salt in nature. The process
for making it is indeed tedious and laborious ; and it cost me no
small pains to discover in wliat manner the salt did really
exist in the human body. To do it with the greater advantage,
I have evaporated more than two hundredweight of recent
urine, and treated it in the method already delivered, by which
means I came to a knowledge of the essential salt of the human
body ; and upon frial find that it is of a wonderful diuretic and
emmenagogic virtue, yet without any sharpness at all, being
neither alkaline nor aecid.

“This salt cannot be so easily obtained from the blood or hile,
by reason of their grossness, tenacity, and the large quantity of
oill wherewith they abound; but readily enough from urine,
which 1s, as it were, the lixivium of the blood.”

The objection which Boerhaave himself raises to his process,
we now know to be unfounded. Urine concentrated to the
consistence of a syrup, and enclosed in a stoppered vessel, does
not perceptibly putrefy, in our present sense of the word, even
if kept for several years, It can therefore not be doubted that
Boerhaave obtained urea in the most direct manner, and recog-
nised it as a peculiar organic substance, the essential salt of the
human body, and described all its properties as far as the means
at the command of the science of his day permitted.

This great discovery, however, like Proust’s discovery of the

products of decomposition of the colouring matters of urine, lay
dormant for more than fifty years. When it was again made, it
was less perfect and less direct, but announced with an eclat
sufficient to give it notoriety, and secure a permanent registra-
tion in the annals of science. It was Rouelle, the younger, who
in 1773 conceived the idea of extracting, with spirit of wine,
the syrup obtained by the evaporation of urine, cnmmﬂnly
termed “the saponaceous matter.” He found the extract crystal-
lisable, but believed it to contain hydrochloric acid as an essen-
tial ingredient. He failed in what Boerhaave had succeeded, the
separation of urea from chloride of sodium. DBut having recog-
nised the existence of that peculiar crystallised extract in the
urine of man, he extended his researches to animals, and found
the urine of the horse, cow, and camel to be impregnated with
the same substance as that of man. Having extracted the
principal crystalline ingredient, he left the brown syrup, in-
soluble in spirit, under the name of © extractive,” to the skill or
despair of subsequent inquirers.

History tells us that Margraaff noticed urea. Scheele (Op.

IT. 207) noticed the nitrate without elucidating its nature.
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Cruickshank (“Experim. on Urine,” p. 438, ef seq. of Rollo’s
“ Treatise on Diabetes Mellitus,” 1798) discovered the nitrate,
and accurately described many of its properties. He declared it
to be an animal acid hitherto unknown, and whose basis existed
in the extractive matter. This basis was in the following year
separated by Fourcroy and Vauquelin, recognised to be the
crystallised substance of Rouelle, and termed urea (“Syst.
d. Connais. Chim.” 10, 153). Berzelius was the first to obtain it
quite colourless by means of oxalic acid, and Prout ultimately ob-
tained it quite pure, and established its composition (“Ann, Chim.”
10,369). The nature of the change which it undergoes during the
putrefaction of urine was pointed out by Proust in a memoir on
the urine in the “ Ann. Chim.” 1800, which we have particularly
noticed under the heading of urochrome. The same putrefactive
process was investigated by Fourcroy and Vauquelin, and subse-
puently by Thénard, neither of whom, however, made any im-
portant additions to the observations of Proust.

After its decomposition to cyanic acid and ammonia had been
proved, Wohler produced it artificially by evaporating a mixture
of ¢yanic acid and ammonia. For this artificial preparation of
urea Liebig subsequently gave a formula.

Occurrence and Modes of Formation.

Urea is a never-failing ingredient of the urine of man and
mammalia, and in smaller quantities of birds and reptiles. As
it is the principal product of the metamorphosis of nitrogenised
food, it oceurs more copiously in the urine of carnivorous than of
herbivorous animals. Its regular occurrence in healthy blood,
and the inability of chemists to find the smallest traces of it in
the juice of flesh, speak in favour of the opinion that it is pro-
duced within the blood, and only secreted, but not made, by the
kidneys. It is also an occasional, but perhaps not a regular, in-
gredient of the sweat of man. When the action of the kidneys
is partially or totally suspended, urea accumulates in the blood,
and accompanies in larger quantities than in health the sweat
secreted under these circumstances, and passes with the abnor-
mally effused serum into the cellular tissue and the cavities of
the body. The sweat and dropsical fluids of ]_:ntaents labouring
under disease of the kidneys are therefore richer in urea than the
sweat of healthy persons, or the serum effused in cases of dropsy
unconnected with kidney disease (Rayer and Guibourt, “ Gaz.
Méd, de Paris” 1836, Juill. ; Miiller’s « Archiv.” 183? p-
440). In cholera the secretion of urine is suppressed for a
time, and consequently the blood becomes richer in urea than
usual, and a considerable amount of urea is found in the perspira-
tion which colleets on the skin, and in the cerebro-spinal fluid
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(Marchand, “ Journ. fiir Pract. Chem.” 11 (1837), 449). Millon
believes to have found urea in the vitreous and agqueous humors of
the eye (“ Compt. Rend.” 26, 121). Some observers also claim
to have found urea in the milk, blister-serum, and the copious
evacuations produced by elaterium of persons suffering from
kidney disease. But their proceedings and tests are not suffi-
ciently methodical to be admitted without questioning. It was
formerly believed that the crystallisation in octahedra of common
salt, which ordinarily erystallises in cubes, was a sure sign of the
presence of urea ; and Marchand (* Journ. der Pract. Chem.” 1838,
p. 500}, observing this peculiar form of crystals in the extract of
the blood of cows and calves, pronounced it to be evidence of the
presence of urea in it. But we now know that this occurrence
may be the result of the presenee of many matters besides urea,
and may frequently happen without the intervention of any urea,
and may, moreover, fail in the presence of urea. It has, therefore,
no diagnostic value whatever, and all statements concerning the
occurrence of urea based upon it must be considered as erroneous,

Urea was found in the liquor amnii by Wohler (“ Ann. Chem.”
58, 98), but is certainly present in exceptional cases only, as I
have shown in an essay, to which the University of Heidelberg
awarded a prize medal.

The diffusion and presence in various parts of the organism of
urea have been elaborately inquired into by two French physi-
cians (Gallois, “ Journ. de Pharm. et de Chim.” (3), 32, 64 ; and
Picard, *“ Thése,” Strasbourg, 18£6). But their methods of inves-
tigation leave much to be desired, and have in no case been
controlled by final or elementary analysis of the products ob-
tained.

‘When a mixture of eyanic acid and ammonia is evaporated, erys-
tals of urea are obtained (C,N,0+42NH,+H,0=2(CH,N,0)).
The same combination takes place when a metallic cyanate, such
as cyanate of potash and a salt of ammonia, such as the sulphate,
are mixed. A double decomposition then ensues, from which sul-
phate of potash and eyanate of ammonia or urea result.

When carbonate of ammonia enclosed in glass tubes sealed at
both ends is heated to 150° for some hours, a minute quantity of
urea also forms, and after resolution of the contents of the tube
in water, and evaporation of the carbonate, gives a characteristic
precipitate with nitric acid. Other observers have found that
the carbamate of ammonia behaves similarly to the carbonate.

Urea is a frequent product of reactions instituted with several
ingredients of urine, such as creatine, uric acid, and with some pro-
ducts of their decomposition, such as allantoine and alloxane. It
is observed to form amongst the products of the dry distillation
of uric acid, and of the oxydation of oxamide, when passed through
a red-hot iron tube or heated with oxyde of mercury.
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Modes of éxfmf:tiﬂg Urea from Urine and other Animal Fluids.

1. A quantity of caustic baryta, in the proportion of 5 grms.
to the litre, is dissolved in urine by means of a little sieve sus-
pended near its surface. A saturated solution or mnitrate of
baryta is then added, until a precipitate is not any longer pro-
duced. The fluid is then filtered from the precipitate, neutralised
with nitric acid, and evaporated to dryness on the water-bath ;
the residue is extracted with aleohol; the alcoholic extract is
again evaporated, and exhausted a second time with absolute
alcohol. This last solution contains the urea very pure, so that on
evaporation and standing, it crystallises out in colourless needles.

2. The presence of albumen in urine or other animal fluids
requires a modification of this process. It is not advisable to
remove the albumen by boiling whenever it is present in con-
siderable quantity. For albumen, on passing into an insoluble
condition, encloses in its substance a certain amount of urea,
which, when only little urea is present, as in blood, may amount
to the entire quantity present, and cannot afterwards be separated
from it without great loss of time and trouble. The albuminous
fluid, therefore, particularly blood, should be at once mixed with
absolute aleohol, the precipitate exhausted with spirit, and the
united extracts evaporated. From these concentrated solutions
all that baryta can precipitate is removed ; the filtrates, after
neutralisation and even acidification with a little acetic acid, are
evaporated to dryness, extracted with absolute alecohol, and the
extract evaporated. Any urea will be obtained in a crystalline
state, It should be crystallised in needles, be entirely volatil-
1sed after fusion from heated platinum, without blackening, and
its concentrated watery solution should yield the characteristic
reactions with nitric and oxalic acids, and nitrate of mercury.
It may then be dried and weighed, or its quantity determined
volumetrically. -

3. The urine is evaporated at a gentle heat and reduced to a
clear extract, in the manner described under urochrome. It is
then mixed with an equal volume of nitriec acid. If the mixture
is allowed to get hot, a considerable effervescence, accompanied
by some loss of urea, is observed ; but the crystals subsequently
obtained are much less coloured than when the mixing has been
effected gradually, and with the aid of refrigeration. The
crystals are placed upon bricks, and, when dry, dissolved in
boiling water, and decolourised by animal charcoal. The solu-
tion is then neutralised by carbonate of baryta or potash, and
concentrated until it crystallises. The mother liquor, containing
nearly all the urea, is decanted from the crystals of nitrate of
baryta or potash, evaporated to dryness, and extracted with
aleohol. The solution or evaporation will furnish pure urea.

L
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4. The clear extract may be mixed with a concentrated solu-
tion of oxalic acid, and the erystals formed, which are but little
coloured, entirely decolourised by charcoal. The solution is
decomposed by carbonate of lime in the state of powder, and
the filtrate, on evaporation, yields pure urea, which by repeated
crystallisation can be obtained so pure that the employment of
aleohol becomes unnecessary.

Mode of obtaining Urea artificially.

Mix intimately 28 parts of dry ferrocyanide of potassium
with 14 parts of manganese, and heat on an iron sheet plate
over an open fire, until the mixture ignites and is slowly burned
through. Extract the blackish-grey mass which remains with
cold water ; add to the filtered liquid 20} parts of dry sulphate
of ammonia; let it stand, in order that the sulphate of soda may
crystallise; separate the crystals from the solution containing
urea ; evaporate the latter to dryness, and extract with aleohol,
which leaves the rest of the sulphates undissolved, and, on
evaporation, gives perfectly pure and white urea.

Physical Properties.

Urea crystallises in quadratic prisms, from a solution in water
with a rectangular terminal plane, from a solution in alechol
with octahedral planes. The long four-sided prism hecomes
six-sided when two of its diagonal edges are replaced by two
vertical planes of a secondary prism, and eight-sided when the
other two edges are also replaced by the secondary prism. One
or two octahedral planes may predominate, and crystals obtained
from urine, and seen by the microscope, may conseguently
appear to be terminated by one or two inclined planes only.
The erystals polarise with a gentle blue colour. Their micro-
scopic characters, unaccompanied by characteristic chemical
tests, cannot be relied upon for diagnosis,

Chemical Properties.

Urea is colourless, of a bitterish, cooling taste, like saltpetre,
which has been mentioned as being in part the taste of urine.
When dry, it is not changed by exposure to the air, and then
attracts very little moisture. A pure solution in water, even
when dilute, does not undergo any spontaneous chemical change.
It has no reaction on veg&table pigments. It is soluble in its
own weight of water of 15° C., in five parts of alcohol, of 0816
specific gravity, at the ordinary y temperature of the air, and in its
own weight of boiling alecohol. It is almost insoluble in ether,
and qmte insoluble in oil of turpentine.

Formula: C H,N,0.
Decompositions.—Urea may be decomposed by the influence

i Bl R it
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of heat, acids, alkalies, salts, putrid animal matter, and yeast.
When exposed to a temperature of 120° C. it fuses, but the tem-
perature being raised a few degrees, ammonia and carbonate of
ammonia are evolved, leaving ammeline, amorphous white
matter, then cyanate of ammonia, cyanuric acid and its derivates,
until at last the residue chars, and at a red heat burns without
leaving any residue.

Nitrous aecid, and nitric acid coloured red by the presence of
the former, decompose urea into carbonic acid, nitrogen, and water.

CH,N,0 + N,0, = CO, + 4N+2H,0."

The same decomposition is produced by a solution in nitric acid
of the nitrite of the suboxyde of mercury. This decomposition
is employed in the quantitative analysis of Millon (“ Compt.
Rend.” 26, 119). Urea, when fused with potash, or treated with
concentrated sulphuric acld is transformed into carbonic acid and

ammnnm
CH,N,0 + H,0 = €0, + 2NH,,

The quantitative analyses of Heintz (“ Poggend. Ann.” 66, 114 ;
68, 393) and of Ragsky (“ Ann. Chem.” 54 29) are based upﬂu
thls influence of sulphuric acid upon urea.

The same decomposition of urea may be pmduced by the
influence of heat in the presence of water. A solution of urea,
when enclosed in a glass tube, by the assistance of the blow-
pipe, and kept for several hours in an oil-bath or well-regulated
air-bath, at a temperature of 140° C. will decompose in this
manner ; and if a sufficient amount of hydrate of baryta be
present in the tube, the decomposition at a temperature of from
210° C. to 240° C. will be accelerated by the alkali, and the
carbonic acid evolved will be immediately fixed by the baryta.
From the quantity of carbonate of baryta so produced, we may
ascertain the quantity of urea present in the fluid before the
experiment. This is the process employed in the method of
Bunsen (* Ann. Chem.” 65, 375).

The decomposition of urea into carbonic acid and ammonia is
further the result of true fermentation, induced by ferments, such
as yeast, or decomposing mucus of the urinary bladder, or any
other putrefying animal matter, such as albumen.

A solution of urea, when heated with caustic lime, or magnesia,
to a temperature of above 50° C., will evolve ammonia. Below
50° C., lime and magnesia exert no influence upon urea in solution,
and may therefore be employed with safety for the quantitative
analysis of ammonia in urine.

A solution of urea, when mixed with liquor soda chlorinatee,
evolves the whole of the urea in the form of nitrogen, carbonic
acid, and water. As the carbonic acid is immediatelv absorbed,
nitrogen only is left, the bulk of which, on measuring, is a ready
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means of determining the amount of urea of which it was a part
(Method of E. W. Davy; “ Dublin Hosp. Gaz.” June 1, 1854 ;
“ Philos. Mag.” June 1854, p. 385).

A solution of urea, when mixed with an excess of hypobromite
of sodium, is rapidly decomposed so as to evolve about 90 per cent.
of its nitrogen in a relatively short time. But the decomposition
is never complete, and the reaction is therefore, notwithstanding
the meritorious efforts of several chemists to make it applicable
to what they call “ clinical purposes,” not adapted for accurate,
or even approximately accurate estimations (see Schleich,
“ Journ. f. Pract. Chemie.” 10 (1874), 261).

A mixture of urea and nitrate of silver in solution is on
evaporation transformed into nitrate of ammonia and erystalline
eyanate of silver. This experiment is the reverse of the process
by which urea is produced artificially. Its formula is thus :

2(CH,N,0) + 2 Ag NO,,=2 NH,NO, + Ag, C,N,0.

Combinations of Urea.

Urea enters into combination with several bases, acids, and
salts. Of these compounds, those are of great importance which,
by being insoluble in water and watery solutions, enable us to
transform dissolved urea into a precipitate, and thereby to isolate
it or determine its quantity.

Urea with oxyde of mercury.—a. With one molecule of oxyde of
mercury. CH,N,0 + HgO.—On adding to a warm solution of
urea, oxyde of mercury diffused in water, we observe the first
portions of the oxyde to be perfectly dissolved ; an excess of the
oxyde of mercury is in the fluid gradually changed into a white
or yellowish white powder; the filtrate from the latter, after the
elapse of twenty-four hours, deposits thin hard crusts on the
walls of the vessel. These crusts and the powder have the above
composition. The preparation frequently contains some cyanate
of mercury. :

b. With three molecules of oxyde of mercwry. 2CHN,0 +
3Hg0.—On adding to a solution of urea, caustic potash, and then
a solution of bichloride of mercury, with a renewed addition of
potash ley, so that the fluid is always kept alkaline, a thick,
gelatinous, snowy-white precipitate is obtained, which, when per-
fectly washed out and in its moist condition transferred into
boiling water, transforms into a sandy or granular powder of a
yellow or yellowish-white colour. After drying the powder is
reddish-yellow. When heated while moist it frequently explodes,
with evolution of light, water, carbonate of ammonia, and metallic
mercury. The powder is soluble without effervescence in hydro-
eyanic and hydrochlorie acid ; in the latter solution alkalies pro-
duce a whitish-yellow precipitate.
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e. With two molecules of oxyde of mereury. €H,N,O + 2HgO.
—If, instead of a sulutmn of bichloride of mercury, a solution of
nitrate of oxyde of mercury is precipitated by an alkaline solution
of urea, a white and less voluminous precipitate is obtained,
which in boiling water shrinks to a sandy powder.

Urea and chioride of sodium. CH/N,0 + NaCl + H,0—
This salt crystallises in clino-rhombic puams of great lustre
when a mixture of solutions of urea and chloride of sodium is
evaporated. The same salt is obtained in large coloured erystals
on evaporation of human urine.

Urea and nitric acid. CH,N,0 + HNO,—If we mix a con-
eentrated solution of urea, or urine concentrated by evaporation,
with an excess of colourless nitric acid, the mixture will imme-
diately crystallise into an almost solid mass of white shining
scales or plates (yellow from urine) of nitrate of urea. This
crystallisation may be completed or accelerated by exposing the
mixture to the influence of cold.

Nitrate of urea erystallises in the rhombic system. If a pure
erystallisation be obtained, the rhombic prisms may be seen to
perfection. They are either flat, single, and primary, or combina-
tions of several prisms, like those of pure urea, becoming hexagonal,
and ultimately thin plates.

The nitrate obtained from urine directly, almost always
crystallises in large plates, of which many lie upon each other,
mostly with their principal erystallographical axes parallel to
each other. This parallelism is observed also in erystallisations
of pure urea; the plates only show the prismatic character a
little more.

Nitrate of urea is not changed by the influence of the air. It
is soluble in water. Heated on platinum foil it explodes, when
the temperature has been raised quickly to a high point; but if
only heated to 140° C. it decomposes, carbonic acid, suboxyde of
nitrogen, urea, and nitrate of ammonia being produced.

Urea and ovalic acid. (2CH,N,0, C,H,0,)—Oxalic acid has
a stronger affinity for urea than nitric acid, so that when it is
added to a solution of the nitrate, oxalate of urea will be formed,
which not being very soluble in water containing nitric acid, is
precipitated. Oxalate of urea crystallises in rhombie prisms and
rhombic plates, some varieties of which are very much like the
prismatic plates of nitrate of urea. But frequently the oxalate
has more tendency to produce crystals in which the axes are of
a more equal length; these crystals, though smaller in outline
have then more body. To the naked eye a precipitate of the
oxalate of urea appears as a white crystalline mass of plates.
This salt is soluble in 23 parts of water of a temperature of 15°
C., but is goluble in a much smaller quantity of boiling water.

Urea and nitrate of mercury (Liebig, “ Ann. Chem.” 85, 294.)
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—On adding to a solution of urea a solution of nitrate of mer-
cury, a white flocculent precipitate is immediately produced,
which contains urea, oxyde of mercury, and nitric acid. Accord-
ing to the proportion in which both solutions are mixed, and the
amount of free acid contained in the solution of mercury, one
of three compounds, or a mixture of three compounds,is produced,
which are distinguished from each other by containing different
quantities of the oxyde of mercury.

These three different combinations have the following char-
acters in common :—On combustion with oxyde of copper they
develop a mixture of gases, in which nitrogen and carbonic acid
are present in the proportion of three volumes of the one to two
volumes of the other. This is the same proportion as in the
nitrate of urea. On removing the oxyde of mercury by sulphu-
retted hydrogen, there remains in the fluid after filtration from
the precipitate, pure nitrate of urea, which crystallises to the
last drop. These combinations, therefore, only differ from each
other by a varying amount of oxyde of mercury; they are
entirely soluble in hydrocyanic acid and hot nitric acid. In the
latter solution, potash produces a white precipitate, If the dry
precipitate of one of them is heated for a length of time in a
current of warm air, a decomposition takes place; it assumes a
yellowish colour, and the solution in mitric acid gives now a
yellowish precipitate with potash. The formula of these three
combinations are—

A. HNO, CH\N,0+2HgO
B HNO,, CH\N,0+ HgO
¢. 2HNO,, 2CH,N,0+3HgO

From these formule, and the manner in which they are de-
composed by sulphuretted hydrogen, sulphuret of mercury being
precipitated and nitrate of urea going into solution, we may con-
sider these bodies to be combinations of one molecule of nitrate
of urea, with two, one, and of two molecules of urea nitrate
with three molecules of the oxyde of mercury respectively. The
first of these combinations is produced in the quantifative
analysis of urea in the urine,

Method of ascertaining the quantity of Urea in
Urine volumetrically.

This mode of ascertaining the quantity of urea dissolved in
urine is based upon the property of urea to be precipitated by
the addition of nitrate of mercury, in combination with one
melecule of nitric acid and two molecules of the oxyde of mer-
cury, three molecules of nitric acid remaining free in solution,

On gradually adding to a dilute solution of urea a dilute
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solution of nitrate of mercury, and neutralising the free acid of
the mixture from time to time by the addition of some baryta
water or a dilute solution of carbonate of soda, a flocculent,
bulky, snowy-white precipitate is obtained, which is insoluble in
water. If the alternate addition of the nitrate of mercury and
carbonate of soda be continued as long as a precipitate is formed,
there will be a point at which the mixture, or the spot where
the drop of the solution of the carbonate falls into the mixture,
will assume a yellow colour, owing to the formation either of
oxyde of mercury, or basic nitrate of mercury, or carbonate of
mercury. If the fluid is now filtered, it does not any longer
contain any appreciable quantity of urea ; the whole of the urea
has been precipitated. The precipitate is composed of one mole-
cule of urea, and two molecules of oxyde of mercury. By
mixing solutions of urea and nitrate of mercury, both of known
strength, we can easily convince ourselves that precipitation of
the yellow oxyde or earbonate by the addition of carbonate of
soda does not take place until we have added, for ten parts of
urea in the solution of urea, a volume of the solution of mercury,
in which there are contained seventy-seven parts of the oxyde of
mercury. This amounts to two molecules of the oxyde for one
molecule of urea.

If we continue adding a solution of nitrate of mercury to a
solution of urea so long as a precipitate is produced, the mixture
will remain whife on the addition of carbonate of soda. DBut if
the original mixture be allowed to stand for several hours, the
precipitate after the lapse of that time will have changed its
properties, and have become crystalline. One may now easily
recognise the six-sided plates of the combination of two mole-
cules urea nitrate with three molecules of the oxyde of mercury ;
and the clear fluid which stands over the precipitate,and which, on
the admixture of an alkali, gave a white precipitate, is now precipi-
tated wyellow by the same alkalies. In theacid fluid the combina-
tion, containing two molecules of the oxyde of mercury and one of
nitric acid, is reduced to a combination containing less oxyde, be-
cause a part of the oxyde is redissolved by the free acid of the fluid.

In order to recognise whether an amount of the solution of
the nitrate of mercury sufficient to produce the combination of
urea with two molecules of the oxyde of mercury has been
added, the neutralisation with carbonate of soda after the
addition to the solution of urea of the mercurial solution becomes
necessary. If a drop of the mixture, when added to a drop of a
solution of carbonate of soda on a watch-glass, or on a flat piece
of glass, remains white, we may be quite sure that there still is
uncombined urea in the mixture. When, however, on the two
drops mixing, a yellow pellicle is produced, then we have added
a sufficient amount, or rather a little more than sufficient, of the
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mercurial solution to precipitate the whole of the urea. It re-
quires only a small excess of the salt of mercury to indicate that
the quantity sufficient to precipitate all the urea has been added.
It is therefore evident, that if we know the amount of mercury
contained in the solution of it, we may, from the quantity of
this solution used for precipitating urea in the manner described,
determine the quantity of urea contained in solution ; or if, for
precipitating a known quantity of urea, say 100 milligrammes, we
have used a certain volume of the solution of mercury, this same
volume of the same solution will indicate the same quantity of
urea in fluids containing an unknown amount of urea. IFrom
the volume of the mercurial solution used in this way, the
amount of urea present may then be calculated ; a consumption
of half the volume shows half the amount of wurea, of twice the
volume double the quantity of urea, to be contained in the fluid.

Preparation of the Solution of Mercury for precipitating
Urea from Urine.

Four grammes of pure urea are first dissolved in water, and
this solution is diluted with water to exactly the bulk of 200 c.c.
By dissolving four grammes of urea in 200 c.c. of water, 20175
c.c. of solution would be obtained, being 1-75 c.c. in excess.

Of the solution of nitrate of mercury, which is to serve for
the purpose of precipitating urea from the urine, 20 c.c. are to
be just sufficient to indicate exactly the amount of urea con-
tained in 10 c.c. of the solution just described, namely, 200
milligrammes of urea; one cubic centimetre, therefore, of the
mercurial solution must correspond with 10 milligrammes of
urea. To this end, the solution of mercury must contain an
amount of oxyde suflicient to produce, with 10 milligrammes of
urea, the nitrate containing two molecules of the oxyde of
mercury, and further, it must contain a trifling excess of the
oxyde of mercury, in order to indicate the complete precipitation
of the urea. This is the case when, after the addition of the
last drop of the 10 c.c. of the mercurial solution to the solution
of urea, a solution of carbonate of soda produces a distinctly
yellow-coloured precipitate.

According to calculation, 100 milligrammes of urea require
for precipitation 720 milligrammes of the oxyde of mercury
(in the form of nitrate); but in order to produce a distinct
reaction of oxyde of mercury in dilute solutions of urea, the 10
c.c. of mercurial solution necessary to precipitate the 100 milli-
grammes of urea must contain an excess of oxyde amounting to
52 milligrammes, or in all 772 milligrammes of oxyde. Every
cubie centimetre of the solution, therefore, must contain an
excess of 52 milligrammes of oxyde.

The simplest mode of obtaining the test-fluid is by dissolving
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in a glass beaker one part of pure metallic quicksilver in five
parts of nitric acid of 1425 specific gravity, and frequently
adding a little nitric acid, keeping the mixture at a gentle heat,
until the evolution of vapours of nitrous acid has entirely ceased.
The solution is then evaporated on the water-bath until it
assumes the consistence of a syrup. This syrup is then diluted
with water until 100 c.c. of this dilute fluid contain exactly 7T-140
grammes of mereury. This is the case, if 100 grammes of mer-
cury, after transformation into the nitrate of the oxyde, are dis-
solved in so much water that the bulk of the solution amounts
to exactly 1400 c.c.

If we use for the preparation of the oxyde the crystallised
nitrate of the suboxyde of mercury, which may with greater
facility be obtained pure, and is more free from other metals than
metallic mercury, the concentrated solution of the oxyde obtained
is of unknown strength. The quantity of oxyde contained in it
must therefore be determined; and this being done, the solution
is to be diluted to the strength already stated.

There are several methods of finding the amount of oxyde of
mercury contained in a solution of the nitrate. It may be found
in a direct way by diluting a known volume of the concentrated
solution or syrup with ten volumes of water. and precipitating
the oxyde of 10 c.c. of this solution by the addition of potassa.
Or a precipitate of the sulphide of mercury may be obtained by
mixing the nitrate with a solution of sulphate of soda, and de-
composing the precipitated sulphate of oxyde of mercury by a
current of sulphuretted hydrogen.

A third proceeding, which dispenses with scales, is the follow-
ing:—

Episode : Mode of ascertaining the amount of oxyde of mercury
contained in a solution of nitrate of mercury.—On mixing a solu-
tion of the nitrate of oxyde of mercury with a solution of phos-
phate of soda, a white flocculent precipitate of phosphate of oxyde
of mercury is immediately produced, which, on being allowed to
stand in the liquid, rapidly becomes crystalline.

A solution of corrosive sublimate may, however, be mixed with
the alkaline phosphate, without any turbidity being produced.

If to the mixture of the two first-mentioned salts we add a
solution of chloride of sodium, before the precipitate has had time
to become crystalline, the latter immediately decomposes with
the chloride of sodium, corrosive sublimate and phosphate of
sodium being produced ; the prempﬂate disappears, and the fluid
becomes perfectly clear.

This test is the basis of the fnll&wmg method, by which the
amount of protoxyde of mercury contained in a solution of the
nitrate may be ascertained with tolerable accuracy. One molecule
of phosphate of mercury requires for its redissolution two molecules
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of chloride of sodium. It follows from this that if we know the
amount of chloride of sodium which it has been necessary to add
for redissolving the phosphate of mercury, we also know the
amount of oxyde contained in the solution of the nitrate.

As the atomic weight of the chloride of sodium is only about
one-quarter of that of the oxyde of mercury, a slight error in the
addition of the chloride of sodium will be quadrupled in the cal-
culation of the mercury. This analysis is therefore not so accu-
rate as its reverse, the determination of chloride of sodium by
the mercurial solution. But it is sufficiently accurate for the
purpose here intended.

Episode in episode: Preparation of the standard solution of
chloride of sodium to be employed in ascertaining the amount of
mercury in solution.—A saturated solution of chloride of sodium
i1s first prepared by pouring water over pure, transparent rock
salt in coarse pieces, and letting it stand for solution at a tem-
perature of from 12-2 to 23:9°C. If the mixture be frequently
shaken it will, after the lapse of twenty-four hours, be perfectly
saturated, and in every case will contain an invariable amount
of salt, viz., 3-184 grammes in every 10 c.c. The solution, after
decanting and filtering, is ready for use.

Of this solution we take with a pipette 200 c.c.

And add water : : : H66'8 c.c.
Whereby we obtain of dilute solution _—
of chloride of sodium ; : 586°8 c.c.

which in all contain 6368 milligrammmes of chloride of sodium,
viz., the amount contained in 20 c.c. of the saturated solution.
In 10 c.c. of this dilute solution there are consequently contained
108:52 milligrammes of chloride of sodium, corresponding to 200
willigrammes of oxyde of mercury (1 cc. dilute solution=20
milligrammes of oxyde of mercury). This calculation is based
upon the atomic weight of oxyde of mereury =216, and chloride
of sodinm =586, which stand to each other in the same propor-
tion as 400 of the oxyde to 108-52 of chloride of sodium.

Mode of ascertaining amount of Oxyde, &e. (continued).—In
order to determine with some degree of aceuracy the amount of
oxyde contained in a solution of the nitrate, the latter must not
be too concenfrated, partly because a larger bulk admits of more
accurate measurement, partly because the end of the reaction is
much more perceptible in dilute than in concentrated fluids. It
is therefore desirable that the mercurial solution, which is to
serve for the test, should in 10 c.e. not contain more than from
180 to 200 milligrammes of oxyde of mercury.

The following preliminary experiment is therefore made, for
the purpose of ascertaining the concentration: 10'0 c.c. of the
solution of chloride of sodium are mixed with 40 c.c. of a solu-
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tion of phosphate of sodium (the officinal salt) saturated at the
ordinary temperature. To this mixture the mercurial solution is
now poured from a burette, until a precipitate 1s formed which
does not disappear on shaking the fluid. Letussuppose that we
have used for that purpose 24 c.c. of the mercurial solution;
they accordingly contain 200 milligrammes of oxyde ; 10 e.c. of
the solution therefore contain more than 800 milligrammes, when
they should only contain 200 milligrammes at the outside. This
solution, therefore, before the actual testing begins, must be
diluted with three times its own volume of water.

Of this dilute solution of mercury we now measure 100 c.c.
into a beaker, add 40 c.c. of the above-mentioned solution of
phosphate of sodium, and pour from a burette the graduated or
standard solution of chloride of sodium into this mixture, which
is kept in constant agitation, until at last the white precipitate,
which is formed on addition of the phosphate to the mercurial
solution, is entirely redissolved.

The addition to the mereurial fluid of the solution of phosphate
of sodinum must be followed immediately by that of the chloride
of sodium ; for if we suspend the addition of the latter only for
a few minutes, the phosphate of mercury becomes crystalline,
and now either dissolves not at all, or with difficulty only. The
solution of mercury, moreover, must not contain too much free
acid. It contains the proper amount, if, after the addition of the
phosphate of sodium, the mixture no longer reddens litmus. If
it has, however, an acid reaction, the mercurial solution must,
previously to the testing, have a part of its acidity neutralised
by the addition of a few drops of a solution of carbonate of
sodium, until basic salt begins to be precipitated, which may be
redissolved by a drop or two of dilute of nitric acid.

As a matter of course the errors in this analysis are mainly due
to our adding a drop or two more of the chloride of sodium than
is actually required to dissolve the precipitates. The greater the
quantity of solution of chloride of sodium added to a given bulk
of the mercurial solution, the more oxyde this solution will ap-
pear to contain. The error, consequently, which we have just
pointed out, increases the apparent real amount of oxyde con-
tained in the solution. As the phosphate of mercury is slightly
soluble in the fluid, and as, after all, the solution of chloride of
sodium is graduated with regard to this error, the latter is gene-
rally very slight. If the proceeding be reversed by pouring the
mercurial solution inte a mixture of the solution of chloride of
sodium and the alkualine phosphate, a slight excess of the mercu-
rial solution must always be added, for the purpose of producing
the precipitate, which is not permanent until the fluid has been
saturated with the mercury. This proceeding, therefore, would
give too low an indication of the amount of oxyde. \
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These analyses become still more correct, if we combine both
methods, and proceed in the following manner :—

(Method 1) We measure 10 c.c. of the solution of mercury
into a beaker, add from 3 to 4 c.e. of the solution of phosphate
of sodium, and, taking care not to let the precipitate become
crystalline, we immediately pour from the burette into the fluid
the solution of chloride of sodium, until the precipitate has dis-
appeared. Let us suppose that we have used for that purpose
12-5 c.c. of the solution of chloride of sodium, we now—

(Method I1.) Measure 125 c.c. of the same solution of chloride
of sodium into a beaker, add from 3 to 4 c.c. of the phosphate of
sodium, and pour into this mixture from a burrette the amount
of the same solution of mercury, which is just necessary for the
production of a commencing precipitate. Let us suppose that
we have used of it 1025 ec.c., then its real strength is—There
have been used for

I. 10:0 c.c. of the mere. sol. 125 c.c. sol. of chl. of sod.
I1. 1025 c.c. ditto. 125 c.c. ditto.

20-25 c.c. mere, sol. 250 c.c. s0l. of chl, of sod.

As every c.c. of the graduated solution of ehloride of sodium
indicates 20 millierammes of oxyde of mercury, it follows that
the 25 c.c. used indicate 20 x 25 = 500 milligrammes of oxyde,
which are contained in 2025 c.c. of mercurial solution.

In this manner has been ascertained the amount of oxyde
contained in the solution (diluted with three volumes of water).
I will now proceed to give the description of the other proceed-
ings necessary for producing a solution graduated for urea.

Preparation of Mercurial Solution graduated for Urea
(continued).

A known volume of the concentrated solution or syrup, in a
part of which, after dilution with three volumes of water, the
amount of oxyde of mercury has been ascertained, is now diluted
with so much water as will bring it near to the point of concen-
tration required for urea. The correctness of this dilution must
be checked before its application for determining the amount of
urea in urine, by means of the solution of pure urea mentioned
above, which in 10 c.c. contains 200 milligrammes of urea.

In diluting the concentrated mercurial solution, it is advisable
not to add the whole bulk of water, which by calculation has
been found necessary, all atonce. It is better to add a little less
water, then to test with the solution of urea, and after thus
checking the correctness of the analysis, to add the rest of the
water.

To recapitulate the entire proceeding :
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We take 10 c.c. of the concentrated solution or syrup, dilute
it with five or ten times its bulk of water, according to its con-
centration, and in 100 c.c. of this dilute solution we approxi-
mately ascertain the amount of oxyde by means of the phosphate
of sodium and the graduated solution of chloride of sodium.

Let us suppose that for 10-0 c.c. of the solution diluted with
five times its own bulk of water we have used 185 c.c. of the
solution of chloride of sodium, the amount of water to be added
can then easily be calculated.

For 100 c.c. of the concentrated solution there ought to be
used 385 c.c. of the graduated solution of chloride of sodium
(corresponding to 772 milligrammes of oxyde of mercury). We
have, however, in reality used 5 x 18:5 = 92-5 c.c. of the gradu-
ated solution. If for 10'0 c.e. of the concentrated mercurial
solution there are required 92'5 c.c. of the graduated solution of
chloride of sodium, 416 c.c. of the former will exactly be neces-
sary to neutralise 38'5 c.c. of the latter. If therefore

416 vol. of the concentrated mere. solut. are mixed with
o84 vol. of water, we obtain

1000 vol. of a dilute solution,

100 c.c. of which exactly correspond to 385 c.c. of the graduated
solution of chloride of sodium,

As has been already stated, it is not advisable to add the whole
amount of water (the whole 584 volumes) at once. It is better
to allow a margin. We now measure 10 c.c. of the graduated
solution of urea into a beaker, add from a burette the solution,
which has been diluted to not quite the calculated strength,
until a drop of the mixture, when brought into contact with a
drop of a solution of carbonate of sodium on a glass plate or a
watch-glass, gives a distinet yellow reaction. In case we have
used for that purpose 19-25 c.c. of the solution of mercury,

We now add upon every : . 192'5 c.c. of the latter,
Water to the amount of s - 75 ce.

Whereby we obtain a total of solution = 2000 c.c.

We now make the final experiment with this solution.

If after the addition, to 10 c.c. of the solution of urea, of 20
c.c. of the mercurial solution, the yellow colour appears distinetly,
~ the solution of mercury may be used for ascertaining the amount
of urea in urine.

We must bestow all possible care upon the correctness of the
test-fluid, as it is intended to replace the balance, which, when
faulty, will make the error appear the larger, the smaller the
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difference of weight we wish to determine. In the case of an
incorrect balance, the error may be met every time we use it—
it is possible to weigh correctly with it. But a graduated fluid
must be corrected once for all before use. The volume of the
fluid does not increase the trouble of preparing it; and it is
therefore advisable to prepare the largest possible quantity at
one time.

The small excess of the oxyde of mercury in the fluid is like
the hand of the balance; the yellow colour is its deflection, the
amount of which must be carefully impressed upon the memory.

Analysis of Urea in Urine. Special Proceedings.

We first prepare a mixture of two volumes of baryta water,
and one volume of a solution of nitrate of baryum, both saturated
at the ordinary temperature. Of this alkaline fluid, one volume
is mixed with two volumes of urine. For this purpose a pipette
of a capacity of 15 c.c., may be used. It is twice filled with
urine, afterwards once filled with solution of baryta, and the
latter is poured on the urine in a beaker. The precipitate which
forms when the two fluids mix is removed by filtering. Of the
filtered fluid, 15 c.c., corresponding to 10 c.c. of urine, are taken
for each analysis.

To this volume of urine we now, without neutralising, add
from a burette the graduated solution of the nitrate of oxyde of
mercury, keeping the mixture agitated all the time, and test the
mixture as soon as we perceive that no further percipitate is
formed, and that the fluid does no longer become thick on the
addition of the mercurial solution. For this purpose we take
with a glass rod a drop out of the mixture, and add it to a drop
of a solution of carbonate of sodium, of which there are several
in readiness on a glass plate lying on a sheet of white or black
paper. If after the lapse of a few seconds the mixture of the
two drops remain white, the addition of the mercurial solution
must be repeated, until, on a new trial, a drop of the contents of
the beaker exhibits a distinct yellow colour on being added to
the drop of solution of carbonate of sodium.

We now 1read on the scale of the burette the number of cubie
centimetres of the mercurial solution used ; and from this ascer-
tain, by the simplest calculation, the amount of urea contained
in 10 c.c. of urine, and hence in the total quantity discharged in
twenty-four hours,

Modification of this method required by an excess of urea in
urine.—The mercurial test-fluid is graduated for a solution of
urea containing 2 per cent. of this substance: 15 c.c. of the solu-
tion of urea reqmred for precipitating the whole of the urea, and
for the production of the test indicative of the completion of the
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precipitation, 30 c.c. of mercurial solution. We thus obtain 45
e.c. of a mixture in which on the whole there are 30 times
52 = 156 milligrammes of free oxyde of mercury ; every cubic
centimetre therefore contains 347 milligrammes of oxyde of
mereury.

If the 15 c.c. of solution of urea contain 4 per cent. of urea,
and we add 60 c.c. of the mercurial solution, a mixture amount-
ing to 75 c.c. is produced, in which there are contained 312
milligrammes of the oxyde of mercury, viz, 416 milligrammes in
every cubic centimetre, being an excess of 069 milligrammes of
oxyde in every cubic centimetre above what is required to pro-
duce the original colour.

1t has been shown by careful experiment that, in analysing
urine containing a larger amount of urea, an error is committed
which makes the amount of urea appear smaller than it really is.
In the case just now given as an illustration, we would not add
60 c.c. of the mercurial solution for the production of the original
colour, but only 59'37 c.c. In order to remove this error, we
have only to make the mixture more dilute by the addition of
water. As soon as we have found out that the urine contains a
higher percentage of urea than the mercurial solution is gradu-
ated for—for example, if more than 30-0 c.c. of the mercurial
solution are used for 15 c.e. of urine—we must, for the number
of cubic centimetres of the mercurial solution above 300 c.c.,
add half the number of cubic centimetres of water before testing
with carbonate of sodiwm. If, for instance, we have used 20 c.c.
more than 30, we add 10 c.c. of water. It will always be found
that, after the addition of the water, a few more drops of the
mercurial solution must be added before the proper indication
is obtained.

Modification requirved by the wrea sinking to 1 per cent.—If the
quantity of urea in urine amounts to 1 per cent. only, it will be
necessary to add to 15 e.c. of urine not 15 c.c. only, but 153 c.c.,
which would unduly increase the apparent amount of urea. To
avoid this error in working with dilute urine, we must, for every
5 ec.c. of mercurial solution which have been used less than 30
c.c., subtract 01 c.c. from the sum of cubic centimetres actually
used. If therefore for 15 c.c. of urine 250 c.c. of mercurial
solution have been used, the real amount of urea being 249
milligrammes, is expressed by 249 c.c, of mercurial solution.

Modification required by the presence in wrine of chloride of
sodiwm.—A series of experiments has shown that, when the
chloride of sodium contained in urine amounts to 1 or 1'5 per
cent., it interferes with the analysis of urea by means of the mer-
curial solution. If to 10 c.c. of the solution of pure urea 20 c.c.
of the graduated mercurial solution are added, carbonate of
sodium will produce a distinet yellow precipitate of oxyde of
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mercury in the mixture. If to the latter we now add from 100
to 200 milligrammes of chloride of sodium, and test again with
carbonate of soda, the yellow colour will not appear, and for its
reproduction will require a further addition of from 1-5 to 25 c.c.
of the mercurial solution ; which, if taken as representing urea,
would increase the apparent amount of the latter by 15 to 25
milligrammes.

It is the same in urine. The chloride of sodium contained in
it increases the apparent amount of urea unduly by 20 or 30
milligrammes in 10 c.c. In case the amount of chloride of sodium
rises above 2 per cent., the error is not increased in proportion
to the quantity, but remains the same, with certain fluctuations.

As we shall see more particularly in treating of the determin-
ation of chloride of sodium by means of the nitrate of oxyde of
mercury, a solution of urea containing chloride of sodium is not
precipitated until all the chloride of sodium present is decom-
posed, and corrosive sublimate is formed. In a solution of
200 milligrammes of urea and 100 milligrammes of chloride of
sodium in 10 e¢.c. of water, to which 20 e.c. of the mercurial
solution have been added, the excess of the mercury, which
otherwise would have given the yellow reaction on addition of
carbonate of sodium, is not present in the form of nitrate, but of
corrosive sublimate ; by the formation and presence of which, it
is evident, the change in the test is caused. Instead of 3-46
milligrammes of oxyde of mercury in the form of nitrate, the
mixture contains the same amount of mercury in the form of
sublimate.

On diluting a solution of corrosive sublimate with water
until it yields a distinet brownish-yellow precipitate of oxy-
chloride of mercury on the addition of carbonate of sodium, and
on then mixing the same solution of sublimate with a drop of
nitrie acid, and then adding it in drops te a solution of carbonate
of sodium, the mixture will remain clear. No precipitate will
be formed; and, if any, it consists only of a slight whitish
turbidity, from which, after prolonged standing, some few
brownish-yellow plates are deposited. In this condition the
excess of corrosive sublimate exists in the mixture of the solu-
tions of urea and of mercury, the greater part of the nitric acid
of which is in a free and uncombined state.

This free nitric acid converts part of the carbonate of sodium
into the bicarbonate, which does not precipitate corrosive
sublimate. When the mixture, in consequence of a larger
amount of chloride of sodium having been present in it, con-
tains a larger amount of corrosive sublimate, the guantity of
carbonic acid set free is not sufficient to totally prevent the
precipitation of oxyde of mercury, and a brownish-yellow
precipitate is produced. This appears to be the reason why
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the presence of a certain amount of chloride of sodium defers
the indication of the complete precipitation of urea, and why a
further increase in the amount of chloride of sodium does not
interfere with the test after having reached a certain height.

In operating upon urine containing from 1 to 1'5 per cent.
of chloride of sodium, the number of milligrammes of urea
contained in 10°0 c.c. of urine may at once be correctly obtained
by simply subtracting 2 c.c. from the total cubic centimetres
of mercurial solution used. The results thus obtained are
relatively correct as regards the differences of the amounts
of urea, even when the quantity of chloride of sodinm varies
in the urine of different individuals. There is only a slight
error in the absolute gquantity of urea, which, if left uncorrected,
may amount to 15 or 20 milligrammes in 10 c.c. of urine,

If, therefore, we require to know the absolute quauntity of
urea in urine, the chlorine must be removed from the urine,
and the chloride of sodium converted into the nitrate. This
is done by the agency of a graduated solution of nitrate of
silver. 11601 grammes of fused nitrate of silver are dissolved
in water and diluted until the volume of the fluid amounts to
400 c.c. One cubic centimetre of this solution contains 29-01
milligrammes of nitrate of silver, corresponding to 10 milli-
grammes of chloride of sodium.

The solution of mercury, which will be described under the
head of chloride of sodium, corresponds to this solution of
silver. Equal volumes of both will, on use, indicate equal
quantities of common salt. If, ‘therefore, to 10 c.c. of urine
we had to add 12'5 c.e. of the mercurial solution just alluded
to, for producing the turbidity indicating that all the chloride of
sodium is converted, then 125 c.c of the solution of silver,
on being added to 10 c.c. of urine, will precipitate the whole
of the chlorine without any silver being left in solution.

As, by means of the mercurial solution, we can ascertain in
a few seconds how much of the solution of silver it is necessary
to add to urine containing chloride of sodium, for the purpose of
removing the latter, this operation, which otherwise would be
laborious and take much time, is divested of all inconvenience,

Let us suppose that for 15 c.c. of urine precipitated with the
solution of baryta, corresponding to 10 c.c. of the original
urine, we have used 175 of the mercurial solution graduated
for common salt. We now measure with a pipette

300 c.c. of the same urine, add
35°0 c.c. of the solution of silver,

650 e.c,
and throw the mixture on a filter.
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Of the filtered liquid we now take for the test of urea always
one-half of the number of cubic centimetres of the mixed fluid,
viz., 32'5 c¢.c., in which there are contained 10 c.c. of urine, less
phosphates and chlorides. These are now mixed with the mer-
curial solution graduated for urea; and the quantity of the latter
1s thus ascertained, regard being always had to the dilution in
consequence of the addition of the solution of silver.

Modification vequired by the wrine containing ammonie.—
For common urine, one volume of solution of baryta to two vol-
umes of urine is geum‘all_? sufficient for precipitating the whole
of the phosphoric and sulphuric acid present, and leaving a small
amount of baryta in solution. If, however, the urine becomes
alkaline from the presence of an alkaline carbonate, which most
commonly is carbonate of ammonium, from the decomposition of
urea, one volume of solution of baryta to two volumes of urine
is in most cases insufficient to precipitate the whole amount of
carbonic acid. It therefore will be necessary to add a larger
amount of the solution of baryta.

If three volumes of the solution of baryta are mixed with four
volumes of urine, 17'5 c.c. of the filtered fiuid, corresponding to
10 c.c. of urine, will have to be taken for the analysis of urea by
precipitation. Of a mixture of equal volumes of solution of
baryta and urine, 20 c.c. must be taken for the test; and so on
in the same proportion.

The influence of the decomposition of urea will in many cases
not prevent the same results from being obtained in putrid urine
as were arrived at in the same urine when fresh. Two or three
days’ standing will generally make no difference ; but after that,
the analysis with the mercurial fluid cannot any longer be
depended upon.

If exact analyses of ammoniacal urine be required, we may
either fix the carbonic acid, and transform the urea present into
the same acid and ammonia by subjecting a quantity of urine to
Bunsen’s analysis ; or we must determine the ammonia and urea
each by a separate process in two separate portions of urine, and
calculate the amount of urea from the ammonia by which it is
represented.

For the analysis of urea in this kind of urine, it is not preeipi-
tated with the mixture of solutions of baryta, but with baryta
water only. From the filtered fluid a portion is taken corre-
sponding to 10 c.c. of urine, and heated in a water-bath, until am-
monia is no longer evolved. This expulsion of ammonia is easily
effected, because, after the addition of baryta water, which, when
added in sufficient quantity, combines with the whole amount of
carbonic acid present, the whole amount of ammonia is contained
in the form of caustic ammonia. In the fluid thus freed of am-
monia, urea is determined by the mereurial fluid,
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In another portion of the urine the ammonia has to be deter-
mined by one of the ordinary alkalimetrical methods. The most
convenient test is dilute sulphuric acid, which may be procured
by mixing 16:333 grammes of pure hydrated sulphurie acid with
as much water as will raise the whole of the mixture to 500 c.c.,
or 1000 half c.e. Of this sulphuric acid 05 c.c. exactly saturate
566 milligrammes of ammonia, being the quantity produced by
the decumpusitiﬂn of 10 milligrammes of urea. Every cubic
centimetre of sulphurie acid, therefore, used for neutralising the
ammonia of urine, corresponds to 20 milligrammes of urea origi-
nally contained in the urine.

The analysis becomes more accurate if we subject a known
quantity of urine (after treatment with baryta) to distillation,
collect the product in a receiver containing a known volume of
the graduated sulphuric acid, which must be more than sufficient
for neutralising the whole amount of ammonia that passes over.
The quantity of free acid left is then determined by means of a
dilute solution of ammonia, graduated upon the dilute and
graduated sulphuric acid. If, for example, we have put into the
receiver 40 c.c. of dilute sulphuric acid, and if, after partial
saturation by the distillate, we yet require 150 c.c. of the
craduated solution of ammonia for neutralising the acid, then a
quantity of ammonia has passed over by distillation which has
neutralised 40 —15 = 25 c.c. of the graduated sulphuric acid,
and represents 250 milligrammes of urea.

Modification required by the presence in wrine of cerfain
matters not being wrea.—Besides urea, some other bodies are pre-
cipitated by the solution of nitrate of protoxyde of mercury.
One of them is allanfoine, as has been shown by Limpricht
(“Ann, Chem.” 1853, October, p. 99). It has been stated by
Stideler that he found allantoine in the urine of dogs labouring
under difficulties of respiration. Allantoine is present in the
urine of the sucking calf; but it has never as yet been found
either in the normal or pathological urine of man. Even under
circumstances where its occurrence was most probable, as after
the ingestion into the stomach of uric acid or urate of ammonia,
when the usual products of the decomposition by oxydation of
that body are found in the urine, viz., urea (an excess) and
oxalic acid, the third produce of the artificial process, allantoine,
could not be found in the urine by Wahler. 'We may, there-
fore, be quite sure that our analyses will not easily be made
inaccurate by the presence of that body.

There are, however, some matters, forming an insoluble pre-
cipitate with the nitrate of mercury, which are of more frequent
occurrence, particularly in the urine of patients.: Kletzinsky
(Heller’s “Archiv.” 1853, p. 252), in his comparative experiments
on the value of different methods for determining the quantity
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of urea, found that there is a substance present in urine, which,
by its property of being precipitated by a solution of sugar of
lead, manifests 1tself as different from urea, and yet is [Jt‘Bﬂipi-
tated along with urea by the mercurial solution. This substance,
in five experiments made upon healthy urine, amounted to 2, 2,
3, 3, and 4 per cent. of the urea; but in the urine of patients it
would rise to 12 per cent. of the urea present. Vogel is of
opinion that the error in some cases might amount to 20 per
cent. of the urea present.

This error Kletzinsky proposed to aveid by the following pro-
ceeding :—Of a solution of sugar of lead,acidulated with a few drops
of acetic acid, a sufficient quantity is added to urine to precipitate
the whole of these matters. Any excess of the solution of lead
must be removed by a current of sulphuretted hydrogen. After
filtering and hoiling, the urine may be used for the test for urea,
due allowance being made for the dilution.

I have shown that these interfering substances are urochrome
and kryptophanic acid. They cannot be entirely precipitated by
neutral acetate of lead alone; basic acetate must be added to the
urine, and afterwards an excess of this salt and some ammonia.
Even then the entire amount of the acid is not yet removed, but
is greatly diminished, and the analysis for urea may proceed.

Analysis of the Urea-Nitrate Mercuric Oxyde Precipitate
obtained in Liebig's Analysis for Urea.

Two litres of the mercuric nitrate solution were made accord-
ing to the preseription. A little baryta nitrate was added, which
produced a slight deposit. The solution was allowed to stand
for some weeks until brilliant, and then decanted. This precau-
tion was taken because it had been ascertained that the mercurie
solution always contained some sulphate. Some fresh healthy
urine was now collected, and it was found that 10 c.e. of it, after
treatment with baryta-mixture 15 c.c, required 21 c.c. of the
mercurial solution for complete saturation of the urea. The total
quantity of urine was now treated with baryta mixture, and of
the filtrate 1520 c.c. were mixed with 1848 c.c. of mercuric solu-
tion. The liquid, tested with sodium carbonate, produced the
standard reaction.

The precipitate was allowed to stand some days, and was then
washed with water by means of a syphon arrangement, until the
wash water had a barely perceptible acid reaction. The precipi-
tate, when dry, was slightly yellowish, and weighed about 38
gramimes.

Analyses—Test for Ash.—13175 grammes were ignited, and
decrepitated violently. After complete combustion no residue
was left. Test for H,S0, and S. — 17130 grammes were

= e
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digested in aqua regia, and BaCl, added. No precipitate was
obtained.

Determination of Mercury—1-3705 grammes ignited in com-
bustion tube with lime, &ec., gave 1'0140 grammes Hg=730 per
cent.

Determination of Nitrogen—0-7880 grammes burned with
copper oxyde, &ec., gave 51 c.c. of gas at 21°C. and 296 inch.
B. 20 mm. KHO column, equal to 459 c.c. N, =0-0574egrammes
=T-2 per cent. N.

The nitrogen was free from nitric oxyde.

Theory of Liebig's Precipitate.

CH,N,04+HNO,+ Hg,0,.

Atoms, At. Wa. In 100, Found,
1C 12 - 5
5H 5 = -
aN 43 7°56 12
60 96 i W
9Hg 400 7907 739

00D

These results are sufficiently near the theory to justify the
conclusion that the precipitate obtained was really almost purely
composed of urea-nitrate-mereuvic oxyde. It dissolved, however,
with difficulty only in boiling nitric acid, leaving after long boil-
ing a barely perceptible insoluble residue, The solution gave no
precipitate on adding silver nitrate, and therefore contained no
chlorine,

The filtrate from the urea precipitate gave no precipitate on
the addition of baryum nitrate, showing that no sulphuric acid
could have been formed by oxydation after the removal of the
urea.

Physiological Quantity of Utrea.

Numerous experiments have shown that a healthy man, who
lives well, discharges on an average from 30 to 40 grammes of
urea in twenty-four hours, which, calculated upon one hour,
gives 1'25 to 1'66 grammes. This average must of course vary
a little according to the size of the individual ; and in the indi-
vidual it must be dependent on accidental circumstances, which
will sometimes change it, and in rare instances will produce
extreme maxima and minima. But for practical purposes the
above figures are valuable, even though subject to the variations
mentioned. It would be a much better basis for comparative
researches at the bedside, if the average amount of urea could be
expressed in proportion to certain units of weight of the body,
say pounds or kilogrammes, or units of measure of length of
body, say centimetres. As urea is the prineipal produet of the
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metamorphosis in the body of nitrogenised food, its quantity
must stand in a direct relation to the quantity of food taken ; or,
if little or no food be taken, to the amount of nitrogenised com-
ponent parts of the body disintegrated in the place of food. In
this sense must be taken the expression that urea is the mea-
sure of disintegration, or that the amount of urea is the measure
of the preponderant part of the change of matter in the system.
The intensity of the change is expressed by the amount of urea
in the urine. A large amount of nitrogenised food taken into
the stomach will increase the amount of urea above the average ;
a small amount of vegetable food will make it sink below the
ordinary medium, :

In calculating the discharge of urea with regard to time, we
must take care not to lose sight of the fact that the production
of a given quantity within a certain time may appear larger or
smaller according to certain cireumstances, which retard or
facilitate the secretion of the kidneys. If the amount of fluid
discharged as urine become very small, the amount of urea dis-
charged in a given time will also be smaller, owing no doubt
to a part of the urea formed being retained in the system, parti-
cularly in the blood and muscles. If, on the contrary, the kid-
neys have to discharge a larger amount of water, the total
quantity of urea will be raised above the average ; because an
amount of urea which, under ordinary eircumstances, would be
retained in the system for a time, is discharged with this
increased bulk of water. This is the case for solids generally,
and we may well say that a large quantity of water acts as a
diuretic so long as there are soluble substances in the blood to be
carried away with it.

Pathologieal Indications.

If the amount of urea remain above or below the average for
any length of time, so that the possibility of an accidental vari-
ation is excluded, it is a symptom of disease.

I will first consider the excess of urea. It is common in the
stage of increment up to and over the acme of all acute febrile
diseases, such as typhus and pneumonia, &c.; and the total
quantity of urea discharged in twenty-four hours may amount
to 50, 60, or 80 grammes, being double the amount of that dis-
charged during health. This increase becomes a more important
feature of disease, when the ingestion of nitrogenised matter
falls to a minimum at the same time; in other words, because
these patients have mostly no appetite, and if they have, are
obliged to restrain it by the dietetic rules of their medical attend-
ant. As soon, however, as the fever has abated, the amount of
urea will sink ; and that the lower below the normal quantity,
the less food the patients are able to take from the continuance
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of loss of appetite, or from the inadequacy of the organs of
digestion to perform their task. But as the patients recover
appetite and strength the amount of urea rises to its usual
height. The same process is observed during the exacerbations
of chronic disease, which in fact constitute an acute episode in
the long train of symptoms. Thus an exacerbation of phthisis
may be ac[:l:rmpamed by urine similar to that of an attack of
pneumonia, containing an excess of urea.

But in diseases which are chronic and accompanied by impaired
nutrition the amount of urea sinks below the average.

The lowest amount of urea which I have ever observed to
be discharged by a patient during twenty-four hours was 5
grammes, in 750 cub. cent. of pale, faintly alkaline urine. This
was from a lady suffering from a tumour, and an ansemiated
condition of the body. At the autopsy the tumour was found to
be filled with and caused by fweces, which had escaped from the
intestine through an ulcerated spot in its walls.

So low an amount of urea as 5 or 6 grammes in twenty-four
hours generally only occurs towards the fatal end of diseases,
when not only the production of urea is very limited, but also
the excretory activity of the kidneys begins to become languid.

The diminution of the quantity of urea may, however, be due to
the failure of the excretory activity of the kidneys only, though
at the same time an excess may be produced in the system,
The excess 1s then retained in the blood, tissues, and juices of
the body, and causes the cachexia commonly known as urzmia,
When urea is retained water is also mostly retained in part, and,
by its effusion into the cavities and cellular tissue, causes dropsical
disease. Urea may then be detected in most secretions, exere-
tions, exudations, and effusions. It is the same with dropsical
effusions from other causes: they contain in solution an amount
of urea derived from the blood, but in these cases the impair-
ment of the excretory activity of the kidneys is a secondary
symptom, and searcely ever caunses that amount of retention of
urea which may lead to ureemia. And even then the kidneys
may be stimulated by diuretics or by exercise, or a spontaneous
rally of the systemm may revive their excretory activity, when,
with a large amount of urine, a proportionally large quantity of
urea, which has been accumulated in the system, may be dis-
charged. The amount of urea will here indicate the amount of
depuration effected, just as in retention of urea the smaller
amount discharged will allow us to calculate, taking the whole
case into consideration, the amount produced, and, by subtraction,

the amount retained in the blood,



CHAPTER 1V.

URIC ACID.—C,H,N,0,, + 2H,0.

HISTORY AND LITERATURE.

Uricacid was discovered and described by Scheele (“ Kongl. Vet.
Acad. Handbl.” 1776, p. 327 ; Scheele’s “ Chemical Essays,” p.
199) as the principal constituent of urinary caleuli and deposits.
Morveau (“ Encycl. Méth. de Chim.” art. Acides) gave it the name
of lithic acid, which, at first adopted by Fourcroy (“ Elements d.
Chim.” 4, 50), was by him afterwards exchanged for that of
uric acid, Fourcroy and Vauguelin (“ Ann. Chim.” 16 (1793),
63 ; 27 (1799), 225) confirmed and extended the observations of
Scheele. Brugnatelli (“ Ann. Chim.” 28 (1800), 56), in repeating
the decomposition of uric acid by nitric acid, as already observed
by Scheele, found “rosacic acid,” the alloxan of the present day,
and oxalic acid as produets of that reaction. The first elementary
analysis of uric acid was made, and its actual composition ascer-
tained by Prout (“ On the Nature and Proximate Principles of
Urine,” “ Med. Chir. Transact.” 1817; “ Ann. Chim.” 91 (1818),
379). Twenty years later the researches of Liebig and Wahler
(“ Ann. Chem.” 26 (1838), 241) on a variety of products of de-
composition of this remarkable acid afforded great insight into
its chemical nature and physiological significance. Many valu-
able and interesting researches have since that time been made,
the results of which, as far as they concern the purpose of this
work, will be mentioned in the sequel in their appropriate places.

Gwmwm.rz —Uric acid 1s a constant ingredient in urine, from
which it can be obtained in the crystallised state by precipita-
tion with an acid, or combined with bases by concentration, It
is the principal constituent of many sediments which oceur in
urine after cooling, or already in the urinary passages, and these
frequently form concrements termed gravel, or larger calculi.
In gout it is found in the blood and other juices of the body, and
forms the principal ingredient of the concretions and diffuse
deposits, which are found in various tissues, particularly in the
proximity of joints. It is found in the urinary excretion of
many classes of animals, from the mollusca upwards. The urine
of birds contains a large amount of urates, so that 100 parts of
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guano may be made (by the method of Bensch, “ Ann. Chem.”
58 (1846), 266 ; or of Lowe, “ Erdmann’s Journ.” 96 (1865), 408)
to yield from 2 to 20 parts of uric acid. The excrements
of serpents consist of almost pure urate of ammonia, and there-
fore are the most convenient material for procuring pure uric
acid,

Mode of obtaining it pure from the excrements of serpents—The
powdered excrements are dissolved in a hot ley of caustic potash
or soda, containing one part of solid alkali in 10 parts of water,
and boiled until ammonia is no longer evolved. The solution is
now filtered through paper, after which a current of carbonic
anhydride is made to pass through it until the precipitate, which
at first 1s jelly-like, and consists of alkaline urate, becomes

‘granular, and sinks to the bottom of the vessel as acid urate,
The mixture should be allowed to stand for twenty -four hours
to effect complete precipitation. The precipitate 1s then placed
on a filter, and washed with cold water until the filtrates become
turbid. The salt so obtained is again dissolved in hot dilute
alkaline ley, and this solution is poured into hot dilute hydro-
chlorie acid, which must be more than sufficient to neutralise all
the alkali, Perfectly white and pure uric acid is precipitated ;
and after decanting, filtering, and washing, is dried. It consists
of small scales, being mostly incomplete rhombic plates.

Mode of extracting it from hwman wrine—Fresh urine is filtered
through coarse filtering paper, and mixed with about 5 per cent.
of pure hydrochloric acid. It is then allowed to stand in a warm
place for twenty-four hours, after which yellow or brown erystals
of uric acid will be found floating on the surface of the fluid and
adhering to the sides and bottom of the vessel, They are sunk
by agitation with a glass rod, to which a piece of caoutchouc
tubing is attached. When they have settled the fluid can be
decanted and the deposit washed by water, to be removed by
decantation. A brownish very fine deposit of altered colouring
matter, which is easily roused by agitation, and differs greatly in
appearance from the uric acid, may be removed with the wash-
ings. The crystals of uric acid are ultimately collected on a
filter and dried. Uric acid can be obtained from urine by mere
evaporation in the following manner:—The urine is evaporated
to one-sixth, and filtered while warm. It is then slowly evapor-
ated on the sand-bath until a pellicle forms on its surface, This,
by cooling, becomes thick, and consists of uric acid and little
urate. Decomposition by caustic alkali, spirit, and acid, will
yield the uric acid in a pure state.

Mode of ascertaining the quantity of wuric acid in wrine—In
experiments where only approximative results are required, the
uric acid obtained from a given quantity of urine with hydro-
chloric acid, by the process just mentioned, may be weighed, Ik
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has been estimated by Heintz (“ Pogeend. Ann.” 70 (1847),

122) that the loss incurred by the imperfect insolubility in
acidulated urine of uric acid amounts to 9 parts in 100,000 of
the urine used for the analysis, and that this loss is not in-
creased by the presence of sugar, albumen, or the soluble consti-
tuents of blood. In all cases this loss is compensated by a
certain amount of red or brownish colouring matter, which is
strongly adherent to the particles composing the crystals. If the
urine contain biliary products, the urie acid erystals may con-
tain so much colouring matter that it may be necessary to purify
them of it. Thisis best effected by dissolving the acid in alkali,
adding spirit of wine to the solution, and precipitating it again
by hydrochloric aid. The spirit retains the greater part of the
colouring matter. The results obtained by the process of preei-
pitation are subject to great variations, which mainly depend on
the varying proportions between the quantity of urie acid and
the amount of urine in which it is dissolved. Sometimes not a
erystal of uriec acid is obtained from a specimen of urine by treat-
ment with acid, while a specimen of the same urine, treated by
the processes to be described below, will yield a normal amount
of it. In all cases, therefore, where the specific gravity of the
urine 1s less than 1012, it 1s advisable to evaporate 1t until it
shows about the normal specific gravity. As every 10,000 parts
of urine retain one part of uric acid in solution, the evaporation
of every 10,000 parts will increase the ultimate result by the
amount of one part.

Concentrated urine, such as that of fever patients, when it
has had no time to cool and deposit urates, sometimes lets fall
a copious precipitate immediately on addition of an acid. This
consists of @morphons hydrated urie acid, and becomes erystalline
after standing some time, immediately when it is heated with the
fluid. When precipitates of urates have been formed in urine
in which uric acid is to be determined, they must either be redis-
solved in the entire amount of urine from which they have
fallen, or separated by filtration, and the uric acid contained in
them determined by a separate experiment.

In all cases of kidney disease, or other disorders of the urinary
organs in which formed elements, such as casts of the uriniferous
tubes, pus, blood, or cancerous cells are mixed with the urine,
any urates that have fallen must, under all circumstances, be
redissolved in the entire amount of urine by heating it in a
water-bath to blood heat. The urine is then filtered at that
temperature, and immediately mixed with acid, if it is desired
to isolate and determine the quantity of uric acid.

When no urates have separated, simple filtration is a sufficient
preparation for the treatment with acid of any specimen of urine,
whether it be normal, or contain sugar, albumen, or any of the

S—-
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soluble constituents of blood, or fatty serum, as in so-called
chylous urine. >

Second method—As in the former method more or less uric
acid remains in solution, the following process may be adopted
where greater accuracy is desired, The urine after filtration is
evaporated to the consistence of a syrup, treated with some
hydrochloric acid, and extracted with alcohol. The insoluble
part is treated with a dilute solution of potash, and some spirit
15 added to the solution, which is then filtered. It is made
boiling hot, and acidified with hydrochloric acid, when all the
uric acid is precipitated.

The uric acid may be conveniently extracted from the residue
which remains after the extraction of hippuric acid.  This residue
is diluted with a little water, filtered, and the precipitate washed.
After solution in potash, filtration and reprecipitation, uric acid
in coloured erystals is obtained. In this and the former pro-
ceeding the admixture of some xanthine is possible. It can be
extracted by an excess of ammonia.

The uric acid obtained by either of the above processes is dried,
removed from the filter, and put into a watch-glass, or porcelain
dish, or low glass bottle which can be covered or stoppered. It
18 next dried in the water-bath until it does not lose weight any
longer. The vessel is now covered, and the closed apparatus
allowed to cool over sulphuric acid under a closed receiver, and
15 then weighed. The weight of the vessel when empty deducted
from its weight when charged, leaves the weight of the uric
acid. Ealkuwsk}* (Virchow’s “ Archiv.” 52, 58) ‘has proposed to
1solate the urie acid which is not precipitated by HCL, by argentic
nitrate in an ammoniacal solution. For this purpose the urine
filtered from the precipitated uric acid is made alkaline with am-
monia, and the phosphoric acid is removed by magnesia mixture.
An ammoniacal solution of argentic nitrate is added to the filtrate,
and the precipitated compound placed on a filter, washed, and
decomposed with hydrothion in alkaline solution. The filtrate,
with acid, yields the uric acid. From later communications of
Salkowsky (Pfliger's “ Archiv.” 5, 210), it appears that this
precipitate is a mixture of argentic urate with the urate of the
earth employed, in the above case magnesia, and a little ammonic
urate. In no case was the precipitate found to have any definite
constitution, and could therefore not be used for the determina-
tion of the uric acid without obtaining the latter in the free state.
Schwanert (“ Ann, Chem.” 163 (1872), 153 ; Ber. D. Ch. G. 5
(1872), 316) finds that the method proposed by Salkowsky offers
no advantage over the compensation by calculation according to
Heintz, because a quantity of uric acid is lost in the precipitate
of phosphates of earths by ammonia, and another quantity is lost
by oxydation from reduced silver. The result is therefore less
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accurate than the compensation, by ecalculation, and in no case
rewards the trouble and loss of time experienced in its execution,

Physieal Propertics—When to a solution of a urate hydro-
chloric acid is added, uric acid is precipitated as a jelly-like
mass. This hydrate is transformed into anhydrous scales by
warming the mixture. Dry uric acid is a white light powder,
consisting of small delicate scales with irregular outline, of which
the rhombic shape is mostly the origin,

Crystallography.—The purest and most perfeet crystals of urie
acid which can be obtained are oblong square plates, which
might pass for rectangular and quadratic, but with the aid of
other less common forms are recognised to be rhombic plates,
with extremely obtuse angles. A secondary prism may take off
the angles of the primary plate. When the secondary prism
begins to predominate, we have a hexagonal plate. In this form
uric aecid is frequently obtained when precipitated from its
ammoniacal solution by acetic acid. In this form it also crystal-
lises from its solution in concentrated hydrochloric acid. In
many cases the one pair of opposite angles of a plate become
more acute, the other more obtuse, and plates may be observed
varying from the rectangular form to that of needles. When
erystallising slowly from a solution the needles of uric acid some-
times attain a length up to a quarter of an inch, and arrange
themselves in sheaves or dendritically. To the foregoing ele-
mentary forms all erystals of uric acid oceurring either as spon-
taneous deposits in the urine, or as products of a chemical process
out of the body may be referred.

Occasionally twin erystals, composed of two rhombic plates
crossing at right angles, or at an angle of 45°, are observed. There
is another multiplication in which spinous erystals are placed
upon a square plate, or imitate the square plate. This modifica-
tion is usually large, and frequently obtained from urine by the
addition- of nitric acid., The student should reproduce all
common varieties of form in order to enable himself to classify
all the irregularities usually occurring in spontaneous deposits.

The common rhombic plates of urie acid deposits—when formed
rather quickly round other matters, such as granules of urates—
exhibit holes and other irregularities in their substance such as
usually attend hasty formation. The obtuse angles frequently
become rounded off, less frequently the pointed angles. In both
cases the rhombic plates become oval. This rounding off of the
obtuse angles produces the so-called lozenges. The shape of the
crystals in pathological deposits, as well as in art-preparations,
depends upon the concentration and temperature of the urine or
solution, the presence or absence of abnormal or decomposed
normal colouring matter, and its amount, and the nature and
quantity of the acid by which urie acid is precipitated,
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Uric acid polarises light, the large pure plates do so only faintly,
because they are mostly covered with a sort of dew. The more
transparent the crystals become, the more pronounced will be-
come their chromatic polarisation. Crystals obtained from urine
by acetic acid, and from a solution in hydrochloric acid are
particularly suited for the experiment.

Chemical Propertics—The crystallised acid, on drying at 100°
loses 255 per cent., or two molecules, of water of crystallisation.
It is destitute of taste and smell. It is nearly insoluble in cold,
sparely soluble in hot water; one part of the acid requires for
solution 1800 to 1900 parts of boiling water, and 14,000 to
15,000 parts of water at 20°. The watery solution faintly
reddens litmus paper. The acid is a little more soluble in
hydrochloric acid than in water. Boiling concentrated hydro-
chloric acid dissolves a quantity of uric acid, which is partly
deposited in erystals on cooling, another part is obtained on
evaporation of the acid. In concentrated sulphuric acid, urie
acid is soluble without decomposition, and is precipitated from
this solution by the addition of water. It is insoluble in alcohol
and ether. It is with facility dissolved in a solution of the
common phosphate of sodium, as also in solutions of many other
salts of the alkalies, particularly at higher temperatures. In
these cases uric acid combines with part of the base, and gives
rise to the formation of acid salts, which impart to the solution
an acid reaction,

Metamorphoses—Urie acid is capable of undergoing, in the
hands of the chemist, a very large number of metamorphoses into
compounds of great general interest. Of these, however, only a
limited number are of scientific importance in physiological and
pathological chemistry, according to whether they show the ante-
cedents of the acid, or its transformation into final products of
the economy, or enable us to recognise it by means of what is
ordinarily termed a chemieal reaction.

Amongst the metamorphoses of uric acid which might show its
antecedents, are those into xanthine and hypoxanthine. This
process of reduction or abstraction of oxygen is said to be effected
by the agency of dilute sodium-amalgam upon a solution of urie
acid in caustic alkali (Rheineck). The details and experimental
proofs of this experiment have mnever been given, and it has
moreover failed on repetition in the hands of several inquirers.
The inverse operation, namely, the transformation of hypoxan-
thine into xanthine, and of the latter into uric acid, by the
addition of oxygen, has also not yet been effected. Under the
influence of heat uric acid is decomposed without being fused.
By its dry distillation a sublimate is obtained, consisting of
eyanuric acid, urea, ammonium carbonate, and ammonium
cyanide. At the same time hydrocyanic acid escapes, and
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some carbon remains behind, which is porous, and contains
nitrogen.

Concentrated nitric acid (4 parts of 142 spec. gr) dissolves
uric acid, (1 part) under effervescence, carbonic anhydride and
nitrogen being disengaged. The reaction consists in the for-
mation of alloxan, urea, and nitrous acid ; the latter decom-
posing urea in the moment of formation into carbonic acid and
nitrogen. Alloxan, C,H,N,O,, remains in large colourless rhombic
octahedra, which are disintegrated under the influence of air, and
are readily soluble in water. The solution reddens litmus paper,
and imparts a purple colour to the skin. Under the influence of
bromine uric acid is transformed into alloxan and urea—

C,H,N,0; + O + H,0 = C,H,N,0, + CH,N,0.

Alloxan, on further oxydation, loses a molecule of carbonie
anhydride, and is transformed into parabanic acid—

C,H,N,0, + O = €0, + C,H,N,0,.

Parabanic acid, by taking up two molecules of water is trans-
formed into oxalic acid and urea—

C,H,N,0, + 2H,0 = C,H,0, + CH,N.O.

It is thus shown that the products of the oxydation of urie
acid are urea, carbonic anhydride, and oxalic acid; of these the
latter is easily transformed into carbonic anhydride and water by
the accession of an atom of oxygen. These reactions have given
rise to the hypothesis that uric acid is a product of the animal
economy which might, or ought to have been, oxydised into
urea, carbonic acid, and water, but which has escaped such
oxydation. The hypothesis involves another, namely, that all
urea in the urine was at a stage immediately previous to its
formation in the form of uric acid. As a certain degree of pro-
bability, and with relation to the chemical process which deter-
mines gout, great importance attaches to these hypotheses, they
should be further investigated.

Uric acid, when dissolved in dilute nitric acid, yields alloxan-
tine, C;H,N,O, + 3H,0, distinguished by a purple reaction when
ammonia is added to its warm solution, or ammonia gas is
passed over a quantity of the dry substance kept hot in the
water-bath. The purple product is murexide, or purpurate of
ammonium—

CHN,0, + 2NH, = CH,NH)N,0, + H,0.

Murexide was first obtained by Scheele, and analysed by
Prout, who declared it to be the ammonium salt of purpuric
acid. This opinion was frequently called in question by
chemists, as the acid could not be obtained in the free state,
The researches of Beilstein (“Ann. Chem.” 107 (1858) 176)
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. have, however, proved that murexide is really acid ammonium
purpurate, and that purpuric acid, although of considerable
stability in its compounds, is decomposed in the moment of its
liberation by stronger acids into uramil and alloxan—

C;HNO, + H,0 = CHN.O, + C,H,N, 0O, + NH,.

This reaction furnishes a test by which small quantities of
uric acid can be recognised. When it is desired to test for uric
acid small quantities of material obtained from organic mixtures,
certain precautions are requisite to ensure the integrity of the
test. The first of them is to purify the substance to be tested
from colouring matters, which also yield fallacious, red or reddish
reactions under the action of dilute nitric acid. If a small
quantity of the purified matter is placed in a porcelain dish with
a few drops of nitric acid, and after solution evaporated to dry-
ness on the water-bath, a residue is obtained which assumes a
purple-red colour descending from the sides towards the middle
of the dish. A drop of water will effect solution of the residue,
all colour disappearing for the tirne. Renewed evaporation will
again produce the colour. Care must be taken not to add an
excess of ammonia to the residue, as that quickly destroys the
colour or prevents its appearance. When only a small amount
of residue remains it is best to merely moisten it with a trace of
water, and blow a little ammonia vapour upon it, when, if it be or
contain alloxantine, the purple colour of the murexide will at once
appear. The solution can be further identified by its spectrum.

AaBC D Eb F G HH
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On making uric acid and water into a pap, and gradually add-
ing plumbic peroxide, and keeping the mixture near the boiling-
point, the lead is transformed into oxalate, and carbonate, car-
bonic acid is evolved with effervescence, and the filtered fluid,
on cooling, deposits crystals of allantoine; the mother-liquor
yields urea. The reaction consists, in the first instance, in the
transformation of uric acid into allantoine, according to the
equation—
C,HN,0, + H,0 + 0 = C,H,N,0, + CO,.

Some of the allantoine is further oxydised into urea and oxalic
acid, according to the formula—

CHN.O; + 2H,0 4+ 0 = 2(CH,N,0) + C,H,0,.
It will be seen that the last products of this reaction are the
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same as those of the oxydation by concentrated nitric acid,.
namely, urea, oxalic, and carbonic acid, but that the succession
in which they are obtained is different. DBoth reactions show
that there is one atom of carbon in uric acid less intimately com-
bined, and more accessible to oxyzen than the other four atoms ;
in the reaction with lead peroxy de this atom is oxydised and
split off' at once ; but in the reaction with nitric acid it remains
attached to the rest which forms alloxan, and is only detached
from this by a secondary oxydation.

Allantoine derives its name from its having originally been
discovered in the liquid which surrounds the feetus in utero of
horned cattle, and was supposed to represent the fluid of the
allantoic membrane, but is actnally that of the amniotic sac as
well. It seems to be there as the product of the urinary excre-
tion of the feetus ; for after birth it is still found in the urine of
the sucking calf, and is only gradually displaced by the ordinary
constituents of the urine of adult cows.

Uric acid is not decomposed by boiling, even for a long time,
with concentrated hydrochloric acid. But when dry uric acid is
heated in sealed tubes with hydriodic or hydrochloric acid satu-
rated in the cold to 160° and 170° it takes up the elements of
water and is decomposed into ammonia, glykocoll, and free
carbonic anhydride—

C,H,N,0, + 5H,0 = C,H,NO, + 3CO, + 3NH,.

If we consider the elements of glykocoll to stand in some par-
ticularly near relation to each other in the uric acid, then the
rest of C,N.O may be considered as the complement. A body
of the composition C,HN,O,, might on combining with glykocoll
under elimination of an atom of water form uric acid, thus—

CEHSNU‘Z + UEIINE{}E = {‘.’!EH{NQ-US + HEO'

Notwithstanding these remarkable reactions the chemical con-
stitution of urie acid is not yet certainly evolved. If it stood in
the relation to xanthine and hypoxanthine indicated by the
reactions and composition of these bodies, it might be con-
sidered as a double ammonium base, having the properties of an
acid. In this case hydrogen might be considered to be replaced
by the radicals eyanogen, glycolyl, carboxyl, oxygen, all of which
might be expressed by the structure formula—

CN -
HH N + H.O=CH,N,0=TUrea
st 2L
C O 40 =C,H,N,0,=Alloxan.
0|N )
CN i
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Salts of Uric Aeid; Urates—Urie acid being a dibasic acid
forms two kinds of salts, neutral and acid ones. The neutral
salts contain two atoms of a monodynamic metal or one atom of
a didynamic metal, in place of two atoms of hydrogen. Thus
neutral sodic urate is C,H,Na,N,0,4+H,0, neutral calcic
urate C;H,CaN,0, + H,0. These salts are very unstable, and
are decompused 13;-,? curbonm acid. The acid urates are perma-
nent salts, and contain one atom of a monodynamic metal in
the place of one hydrogen of the acid. They contain half a
molecule of water npon every dynamicity of metal, consequently
the sodium salt has the formula 2(C,H,NaN,0,)+H,0. But
the salts of the didynamic metals have the formula represented
by the caleium salt C,,;H,CaN_ O, + H,0.

Ammonie Urate—CH, (NH )N . 18 always produced when
uric acid and ammonia meet each other. When pure and dry it
is a white amorphous mass, perfectly soluble in water, one part,
however, requiring for solution 1608 parts of water at 15°. It
may be obtained in small delicate needles by treating uric acid
in boiling water with an excess of ammonia, or b}r dissolving
uric acid in a warm solution of phosphate of soda and ammonia,
and allowing the crystals to separate by rest. In the latter
case the needles are united in aroups, irregular or regular, pre-
senting a star-like arrangement of rays emanatlufr from a solid
globe. The presence of urine, chloride of ammonium, sodium,
or acetate of ammonium prevents this form of m'}'atallisation.
When crystallising out of a solution in ammonia, it forms round-
1sh, oval, or dumb-bell-like masses of a radiated structure and
pularlsmg plﬂpertles When appearing as a precipitate in
ammoniacal urine, it forms very slender dumb-bells, which were
first described and figured by Prout (“Stomach and Urinary
Diseases,” 3d edit. Pl 1. figs. 1 and 4). This physician also
found that a peculiar kind of urinary calculus sometimes met
with consists of ammonic urate,

Acid Sodie Urate—2 (C;H,;NaN,O,) + H,0 is obtained by
dissolving uric acid in caustic sn:n:la and PI‘EEll]lt-ﬁtlnﬂ’ it by a cur-
vent of carbonic anhydride ; by mixing a boiling solution of uric
acid in caustic soda with sodic bicarbonate, or by digesting uric
acid in a hot solution of common sodic phosphate. By the first
preparation, or by spontaneous evaporation of a saturated solu-
tion, the salt is obtained in spherical masses and granules. The
second and third mode of preparing yield it in the form of
delicate needles, which combine to form stars and tufts. It
occurs in the urine dissolved, and as a sediment in the blood
during gout, and in gouty concretions. It is soluble in 123 to
125 parts of boiling water, and requires 1100 to 1200 parts of
water of 15°, The solution is neutral, and does not absorb car-
bonic acid ; a precipitate is produced in it by the bicarbonates of
alkalies, and by the salts of baryum, lead, and silver,

E
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Sodie Quadriurate, C.H,NaN, 0,4+ C . H, N, 0, —This salt occurs
naturally in deposits from healthy urine, and may be prepared
artificially as follows :—Pur= uric acid is dissolved in soda-ley,
and acetic acid is added to the diluted solution until it has a
feebly acid reaction. The precipitate which forms has the above
composition. The compound may also be obtained by dissolving
uric acid in a heated solution of common sodie phosphate, but is
then mixed with common acid urate. When to the solution of
uric acid in sodic phosphate varying amounts of hippuric aecid
are added, sediments are obtained after several hours’ standing,
which may be either uric acid, or sodic quadriurate, or a
mixture of both. The sodic quadriurate is amorphous. When
thrown on a filter and washed with water, the substance remain-
ing on the filter is changed into a mass of crystals, consisting of
pure uric acid. The filtrate contains acid sodic urate in solution.
This decomposition of the quadriurate in acid urate and free urie
acid is effected quicker by boiling with water. The compound
bears washing with methylated spirit without undergoing change.

Acid Potassic Urate, 2 (C;H,KN,0,) 4+ H,0, is obtained by the
same process as the sodic salt, best by treating with carbonie
acid the solution of uric acid in caustic potash. It then appears
in granules. When these are dissolved in boiling water they
do not reappear on cooling, but flakes are deposited in their
stead, which, after drying, form an amorphous mass. The salt
requires for solution from 70 to 80 parts of boiling, and from
780 to 800 parts of water of 20° It is insoluble in aleohol and
ether, and does not, unlike the urate with two atoms of potas-
sium, absorb carbonic acid. Its watery solution has a neutral
reaction, no taste, and is precipitated by ammonic chloride, the
alkaline bicarbonates, and solution of baryum, lead, and silver.

Potassic Quadrivrate, C.H,KN 0, 4+ C,H,N,0, oceursin healthy
urine as a deposit, and may be prepared f}_}; dissolving urie acid
in potash, and adding acetic acid until the liquid is slightly acid.
On standing, an amorphous precipitate falls, which is soluble
on heating, and contains no free uric acid. But when it is
washed with water even once, it is decomposed, uric acid in a
erystallised state remaining on the filter, and acid urate passing
through the filter dissolved in the water. The same decomposi-
tion is effected by boiling with water, and in so complete a
manner that the crystals of uric acid, separated after cooling,
contain no trace of potash. The salt is not decomposed by
washing with alcohol.

Acid Caleie Urate, C,;H,CaN 0,4 H,0, occurs occasionally in
small quantities in the urine, in sediments and concretions, par-
ticularly the gouty tumours near joints. It can be obtained
by mixing a solution of caleic chloride with a boiling solu-
tion of potassic or sodic urate, when calcic urate falls down as
an amorphous precipitate. If the urate employed is a little
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alkaline, warty groups of needles are sometimes obtained. The
salt requires 603 parts of cold and 276 parts of boiling water for
solution. Its solubility is, however, increased by the presence
of a small amount of potassic chloride.

Acid Baric Urate has the same constitution as the calcie salt,
but is much less soluble in water. It is sometimes produced in
chemical operations upon the urine for the isolation of other sub-
stances, ¢.g., the alkaloids by the phosphomolybdic acid process.

The wrates of the heavy metals ave mostly amorphous insoluble
precipitates. The silver compound is quickly decomposed by
separation of silver. A compound of urie acid with copper,
probably cuprous urate,is obtained by mixing a hot solutionof sodic
urate with a hot sulutmn of Fehling’s copper test, and heating
gently for a short time. A white plecipit,lhtt. is the cumpmmd
in question, It is wvery little soluble in boiling ley or water,
and when treated with hot hydrochloric acid immediately }1{.11.1‘;
crystallised uric acid, while copper goes into solution, and
gradually assumes a deeper colour by oxydation. A dilute
alkaline solution of urate when boiled for some time with exeess
of Fehling’s solution is entirely destroyed, while red suboxyde of
copper 1s deposited. It i1s therefore clear that in the foregoing
formation of a cuprous salt the reduction of the oxyde is
effected at the expense of a portion of the uric acid.

Amorphous Deposits of Uratesin Healthy Urine—In the urine of
healthy men, who eat much meat, and drink little water, a
deposit oceurs with considerable regularity. It appears from the
analyses of various inquirers (Heintz, “ Miiller's Archiv.” 1845,
p- 230 ; Scherer, “ Canstatt’s Jahresber,” f. 1849 ; Bence Jones,
“ Chem. Soc. Journ.” 15, 201) that it has no constant composi-
tion, but is a mixture of different acid urates, which, by the
influence of other substances contained in the urine, have lost
their peculiar crystulline forms, and separate in an amorphous
condition. In most analyses the potassic urate has been tound
to be present in larger quantity than either the ammonic or the
sodiec salt. It has also been found that the uric acid contained
in these deposits is sometimes larger in quantity than could be
accounted for by the assumption of these deposits consisting of
acid urates only, and that this excess of uric acid is held in com-
bination by the acid urates, but so feebly that it is set free and
assumes the crystallised state by mere washing with cold water.
It may consequently be considered as certain that the deposits
of amorphous urates may consist of acid urates simply, or con-
tain varying proportions of hyperacid salts, namely, the quadvi-
urates deseribed in the foregoing.

Qualitative Eramination qf Dfpas*afs of Urates in Healthy Urine.
—The precipitate 1s allowed to settle, the clear urine poured off,
and the sediment thrown on a filter, and washed with spirit of
wine,  When well washed it is put in a watch - glass, and
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allowed to become dry at the temperature of the air. The pre-
cipitate must now be examined with the microscope, and if it
contains uric acid crystals it is unserviceable for the inquiry
relating to hyperacid salts or quadriurates. It almost always
contains some oxalate of lime crystals, which do not sensibly
interfere with the examination. But when it is desired to
exclude them altogether, the deposit of urates must be redis-
solved by heating it in the urine from which it was originally
deposited, the solution filtered, and the deposit allowed to form
again, A portion of the depmsrt isolated as just deseribed is
dil ffused in water and boiled. If it dissolves entirely, acid urates
only are present. Sometimes, however, it will be found to dis-
solve only partially, and to leave a considerable insoluble residue
consisting entirely of uric acid, although no crystals of uric acid
could be discovered in the mwm;il I'.]J:"p{;lﬂlt-. In these cases the
deposit is clearly decomposed b}f boiling with water.

The filtered watery solution on cooling gives an amorphous
precipitate, which is much increased in quantity by concentrat-
ing the solution. The precipitate is collected on a filter, washed,
and dried. A portion of it burned leaves a strongly alkaline
ash, Another part dissolved in water, and treated with hydro-
chlorie acid, yields erystals of uric acid. A third portion treated
with caustic potash evolves ammonia. The alkaline ash is mostly
entirely soluble in water, and contains potash, recognised by the
yellow precipitate with platinie chloride, and soda, colouring a
blue gas—or spirit-flame strongly yellow. In other cases a portion
of ash is insoluble in water, but dissolves in hydrochlorie acid.
This solution made alkaline 1mth ammonia 1s treated with some
oxalic acid. A white precipitate shows the presence of lime in
the deposit. The filtrate from the oxalate in very rare cases
gives a scanty precipitate on addition of sodiec phosphate, show-
ing the presence of a little magnesia.

Quantitative Determinalion of the Ingredients of Awmorphous
Deposits—A quantity of deposit amounting to at least 1-5 grm.
should be collected, washed with aleohol, dried, and weighed.
It 1s decomposed by acetic acid, which separates calcic oxalate
and uric acid. The caleic oxalate is extracted from the uric
acid by hydrochloric acid; the uric acid is further purified by
solution in potash and preclplmtmn by hydrochloric acid, and
then filtered, washed, dried, and weighed. The clear acetic
acid solution is then mixed with hydrochloric acid, and after 24
hours’ standing, filtered to separate colouring matter. The
liquid is then evaporated to the smallest possible bulk, and
precipitated by a solution of platinic chloride, and a mixture of
absolute alcohol and ether. After 24 hours the precipitate is
filtered off, washed with aleohol and ether, dried, and heated to
redness; the platinum which remains is treated with dilute
hydrochloric acid, and the weight of the platinum determined.
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The hydrochloric acid solution which 1s filtered from the
platinum is evaporated, and the potassium is precipitated by
platinic chloride, washed with alcohol and ether, dried, and
heated to redness; the residue is extracted with hydrochloric
acid, washed, and the platinum determined. This gives the
amount of potassium, and by deducting this from the amount
of platinum previously found, a difference is found which gives
the amount of ammonia present.

The liguid filtered from the first platinum precipitate is eva-
porated, and the residue burnt at a gentle heat. It is then
boiled with hydrochloric acid, the solution decomposed by a few
drops of sulphuric acid, ev&pmated to dryness, heated to redness,
and weighed. From the amount of sodic sulphate found, the
sodium is calculated. In cases where calcium or magnesium are
present, this latter filtrate from the first platinum precipitate con-
tains both the metals. They have then to be removed from the
hydrochloric acid solution of the burnt residue by boiling it with
ammonic carbonate and excess of ammonia, The filtrate, after
evaporation, treatment with sulphuric acid, and ignition, yields
the sodium in the form of sulphate. From the acetic acid
solution of the mixed carbonates, the calcium is obtained as
oxalate by precipitation with ammonic oxalate; the filtrate
treated with sodic phosphate and excess of ammonia deposits
any magnesium which it may contain after some standing. By
analyses performed upon four different deposits, the following
amounts of ingredients were found by Scherer:—

Urie acid, . A ” = 82-80 BO-02 8131 82-89
Ammonia, 3 g ; 293 829 709 2-95

FPotash, . - s ; 204 138 2:80 204
Soda, e - . : (rd5 2:05 017 (-5
lee : . . 056 034 026 (55
(3'.11.:1:: phasphat.e - L 037 : -

Calcic oxalate, . . - 033 } 2772 057

Colouring matter and loss, 1103 520 786 11-74

By these analyses, the proportion of combined uric acid (sup-
posed to be in the form of acid urate) to free is shown to be
subject to great variations, as will be seen from the following
calculation given by Bence Jones. In analysis

No. 1.
Ammonis, . « . 2-23 require of uric acid 13-61
Pl S e B4 E: 6-00
Soda, g . (55 = - 294
Lime, . g 56 = - 395
Combined urie acid, . - - . - 2700
Free uric acid, . - 2 - - - 55.89
Total urie acid found, 8289

Hence ::umhmﬁd. is tx:l free. as 1 2‘{]4
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No. 2.
Ammonia, . . . 820 require of uric acid 5060
Potash, ! ; . 1'38 5 - 4 66
Soda, . . - AR [T 5 10096
Lime, . g - ; 034 = o 2:15
Combined uric acid, . : : - : 658-37
Free uric acid, . : A : : . 1165
Tutal uric acid found, 8002

Hence combined is to free as 1 : 0-17.

No. 3.
Ammonia, . . . 7'09 require of uric acid 4328
]:.Ot'as‘h, - L] - Elﬁﬂ l. ’1 9‘43
Soda, . : - 017 o 3 -9l
Liwme, . : - - 0-26 i 5 1'65
sombined uric acid, . : ; : : 5532
Free uric acid, . : ; ; . : 2599
Total uric acid found, . . 8131

Hence combined is to free as 1 : 42,

No. 4.
Ammonia, . ‘ . 2:23 require of uric acid 13'61
Potash, R s S e & 690
Bodis 5 1 rorp s kit ] OB #i - 2:94
Ll]’l.'lﬁ, . - =" = (Iﬂ{] b 15 3‘49
Combined uric acid, . ; ’ ; A 2604
Free uric acid, . ; - - . 3 5505
Total uric acid found, : 82:89

Henee cumhmed is to fn:e as l 2 ﬂﬁ

In three amalyses given by Bence Jones, the following
quantities of bases, combined and free uric acid, were found :—

! No. 1.
Ammonium, : - 1 - 022 require U 2-17
Potassium, : ; - - el B R
Sodinn, 5 . 5 L o E o oelE e
Combined uric acid, . . ; : ; : 563
Free uric acid, . ; . : ' . s 961
Total urie acid found, . 1524

Hence combined is to free asl: 1 72

‘ No. 2. 2]
Ammonium, . . - - 0-81 require U 800
Potassinm, : : : - it RS e 2
Sodinm, : - ; : (11 MR- i L
Combined urie acid, . : 2 : : . 1496
Free uric acid, . : . . . . 606
Total uric acid found, - . . 2192

Hence mmhmed 8 to fnee ﬂs 1046,

A T
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No. 3.
Ammonium, : : . . 0273 require U 201
Potassium, - - - S T 1
Sodinm, . : . - b LI0ESAZE LTS
Combined urie acid, : : . - e 762
Free uric acid, . : : : ; ; : 704
Total uric acid found, : . 1556

Hence cumbmed is to treﬁ as 1 1 04,

Experimental Comparison of various modes of determining the
Quantity of Uric Acid conteined in Urine,

It having lately been asserted that the various modes of deter-
mining uric acid, which were in use hitherto, did not yield more
than from one-third to one-half of the uric acid actually con-
tained in urine, the following trials were made :—

Ezxp. 1, 2, and 3 were made upon the same material.

Lzp. 1. 350 c.c. of filtered urine were evaporated to an extract,
and 35 c.c. of hydrochlorie acid (of 1-16 sp. gr. containing about
32 per cent. of anhydric acid) added. After 48 hours’ standing
the precipitate was filtered off, washed, dried, and weighed. It
was equal to 02520 grammes. The day’s urine having been
1400 c.c. this would have yielded the unusual quantity of 1-008
grammes of uric acid for 24 hours. The precipitate being
dark brown-red, and mostly amorphous, was likely to be very
impure. It was therefore purified as follows :—It was dissolved
in potash, which left no residue ; it was then again precipitated
by hydrochloric acid and w ashed with alcohol, which extracted
colouring matter, that is the resinous mixture ‘of uropittine and
omicholic acid, and a few undeterminable microscopic needles.
No hippuric acid could be discovered in the extract, either by
the microscopic or by the nitric acid test. The precipitate of
uric acid was crystallised in club-shaped hexagonal needles,
which were homogeneous throughout, although yet reddish. It
weighed 0°1582 grammes. The process of purification had there-
fore removed (0938 grammes of impurity. The physiological
quantity of uric acid for the 24 hours was therefore 06328
gramies,

The impurities removed were mueus, of which there is always
a quantity in the evaporated extract, phosphate of lime, which
falls down in the extract, and redissolves in the caustic potash,
remaining in solution together with much mucus in the last
hydrochloric acid mother-liquid, and colouring matter.

. 2. 350 c.c. of the same urine, filtered, were treated with
35 c.c. of nitric acid (of 1'4 sp. gr. containing 60 per cent. of
anhydric acid). The deposit of uric acid obtained after 24 hours
was in particularly large and well-defined crystals, and weighed
dry 0:0875 grammes, or a little more than one-half of the purified
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urie acid obtained in Exp. 1. It would have yielded as the uric
acid of 24 hours (003400 grammes.

Faxp. 3. 3560 c.c. of the same urine, filtered and mixed with 35
c.c. of hydrochloric acid, after 48 hours yielded 0-0835 grammes
of uric acid. This. would have yielded as the physiological
amount of uric acid (3340 grammes.

Exp. 4. The above experiments having taught that in order to
extract the whole amount of uric acid from urine it must be
evaporated, and the precipitate obtained by acid be purified, the
urine of a healthy man, @t. 36, passed during 24 hours, from July
20, 9 pM, to July 21, 9 p.M, total 1870 c.c. was filtered, evapo-
rated on water-bath to an extract, and mixed with its bulk of
alcohol. The extract was mixed with aleohol and one drop of
hydrochloric acid. The deposit obtained after 24 hours was
separated. The filtered alcoholie solution on the addition of
hydrochloric acid yielded no uric acid. All the uric acid was in
the deposit, together with phosphates and mueus, It was gently
heated with caustic potash until all ammonia had been driven
off. It was then filtered from the residue of phosphate of lime.
Filtrate and washings were concentrated, mixed with absolute
alcohol, and treated with hydrochloriec acid until the fluid had a
strongly acid reaction. However, as the deposit again contained
phosphates, which are largely soluble in caustic potash, and easily
erystallise from hydrochlorie acid solution in the presence of
aleohol, it was mixed with water, treated with some hydrochloric
acid, filtered, washed, and dried. This slightly coloured very
pure uric acid weighed 0-3885 grammes (599844, say 6 grains).

Exp. 5. Urine of 24 hours, July 21, 9 .M. to July 22, 9 p.u,,
1350 c.c. filtered, evaporated on water-bath and treated in all
respects as the urine in Exp. 4, yielded uric acid 0-3710 grammes.

Ezp. 6. Urine of 24 hours, July 22 to 23, 1425 c.c. filtered
and evaporated on water-bath. Utric acid=03412 grammes.

Eaxp. 7. Urine of 24 hours, July 23 to 24, 1100 c.c. filtered,
evaporated to extract and 11 ec.c. of hydrochloric acid and 80 c.c.
of alecohol of 92 per cent. added. The precipitate contained a
large amount of phosphatic earths. These were extracted by
dilute hydrochloric acid. The residue dissolved in caustic potash
and precipitated by hydrochloric acid weighed 04295 grammes.

Ezxp. 8. Urine of July 24 to 25, 24 hours, 1550 c.c. filtered,
evaporated, 155 c.e. of HCI and 100 c.c. of alcohol added, and
deposit treated as in Exp. 7, yielded 0-2820 grammes of urie acid.

wp. 9. Urine of July 25 to 26, 24 hours, 950 c.c. 93 c.c.
HCI added and 90 c.c. of alcohol, yielded U=04262 grammes.

Exp. 10. Urine of July 26 to 27, 24 hours, 1735. Evaporated
and treated as in Exp. 7, yielded U 0-5685 grammes.

FEap. 11. 300 c.c. of urine, July 28, total 1650 ec.c., were fil-
tered, evaporated to extract, had 3 c.c. of HCl added, and were
allowed to stand 24 hours. The precipitate was very red and
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weighed 0-2250 grammes. It contained the impurities described
in Exp. 1.

Exp. 12. 300 c.e. of the same urine as that used in Exp. 11
were evaporated to extract, mixed with 30 c.c. of alcohol, the
white deposit was extracted with potash, and the potash solution
precipitated by HCl It yielded uric acid, nearly colourless,
0-1100 grammes. More than one-half of the deposit obtained in
Exp. 11 had evidently been impurity.

In order to avoid the sources of error arising from operations
with small gquantities, the following series of twenty experiments
was made, to determine the amount of uric acid excreted by a
healthy man, the same as in the above twelve experiments,
The urine was collected on twenty successive days with the
greatest regard to accuracy. The number of c.e. is stated in the
first column. The uric acid was determined in either portions
or the total quantity of each day by evaporation to an extract,
the addition of 1 per cent. of HCI and filtratitn after long stand-
ing. The deposits contained phosphates and mucus and colour-
ing matters, To purify them they were washed with much water
heated with caustic potash, filtered from the mucus, and after
the addition of alecohol reprecipitated by HCL. The precipitate
was treated with some HCI to extract a small quantity of earths,
and then with some alecohol. The dried residue, fawn-coloured
erystallised uric acid, was weighed. It will be seen that the
result confirms the average of Exp. 4 to 10:—

Wo. of Total UrE;u'-. ﬁmnur:ltr llfl'if, :‘Lciidi_
St excrete evaporated for caleulated for
Experiments. in 24 hours, analysis, 24 hours.
13 1,370 c.c. 500 c.e. 0-2504 grm,
14 1,580 ,, a00 0-2888 ,,
15 1,720 ,, E}U[J' i 03144
16 I,HUEI " 500 ,, D‘E?E:I -
17 1,625 ,, 1,626 02787
18 1,500 1,245 02742 ,
19 1470 1,470 ,, 02687 ,,
20 2,300 ,, 2,150 ,, 04204 ,
21 1,420 ,, 1,420 ,, 0256956 ,,
22 1,670 ,, 1,670 ,, 03058
a3 2,200 , 2,200 ,, 04021 ,,
24 1,600 ,, 1,600 (2024
25 2,200 ,, 2,200 ,, 04021
26 1,050 ,, 8OO 1919
27 1,450 ,, 1,450 ,, 02650 ,,
28 1,260 ,, 1,260 2303
24 1,860 ,, 1,860 ,, 03400
30 1,850 ,, 1,850 ,, 03381
31 L,600 ,, 1,600 ,, (2924
a2 1ot FEES 1,780 ., 32563 ,
Total 20 days. 33,005 c.e. 28,180 c.c.
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The 28,180 c.c. of urine analysed yielded 51525 grm. of uric
acid, corresponding to 6:0324 grm. in 33,005 e.c.

One c.c. of urine, therefore, contained on an average 0-0001828
arm. of uric acid.

The average quantity of urine excreted during each of the
twenty days was 1650 c.c.

Consequently, the average of one day’s uric acid is 0.3016
grm. or 46567 grains.

If this result is compared with the results of the analyses per-
formed on the urine of single but entire days, it is found that the
latter yielded figures the average of which is 25 per cent. higher
than the average of the twenty days analysed together, thus :—

Number of Total Tric Acid

Experiments. of Urine. obtained.
4 1,870 c.c. 0-3885 grm.
B 1,350 ,, 03710 ,,
6 1,425 03412
7 1,100 ,, 0:4205
8 1,550 0-2820 ,,
9 930 ,, 04262 ,, .
10 1738 05685 .

Total, 7 9,960 c.c. 2,8069 grm.

Mean of urine per day, 1422 c.c.
Mean of uric acid per day, 04 grm.

When fractions of days’ excretions are analysed, the figures
obtained for uric acid are still higher.

The smaller the quantities of reputed uric acid manipulated
upon are, the greater is the amount of impurity that remains ad-
hering to them.

The above analyses clearly prove that by the most reliable
proceedings no more than 0°35 grm. of uric acid could be obtained
from the urine of a healthy man during each average day of a
period of 27 days (of which 20 were separated from seven by an
interval of time).

Resulte:—

1. Concerning the methods of analysis, it is proved that none
of those hitherto in use give either the actual amount of uric
acid contained in urine, or a pure product which may be taken
into account as uric acid. In particular:—

@. The methods employing the addition of an acid only to a
measured quantity of urine do not obtain the whole of the acid
contained, yet with the uric acid they precipitate a certain
amount of decomposed urochrome.

b. The methods which employ econcentration of the urine to
an extract, and the addition of an acid, obtain the whole amount

o A ——
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of uric acid with a considerable admixture of decomposed uro-
chrome (of which uromelanine is insoluble in aleohol), with
phosphates and urates, particularly urate of soda and ammonia,
and mucus.

¢. The methods which employ inspissation and extraction of
the deposit with alcohol, then treatment with acids for the ex-
traction of phosphates, obtain relatively the most correct results,
as the product is least coloured, and contains the smallest
amount of impurity, while no uric acid is lost; yet there re-
mains so much of mucus, ammonia, and phnsphﬂte with the uric
acid that the result is unreliable.

d. The method which on all grounds and in practice gives the
most satisfactory results is the following:—The urine having
been evaporated to an extract (not less “than one day’s urine
should be analysed at a time), is treated with four or five times
its volume of strong alcohol (90 per cent.) well shaken, and
allowed to stand 24 hours. The fluid is filtered off, and the
deposit washed with alcohol until colourless. This depﬂsit 15
now treated with water and hydrochloric acid for the extraction
of phosphates. The residue of uric acid is washed and dissolved
in some caustic potash, warmed until all ammonia is gone, and
reprecipitated by the cautious addition of hydrochloric acid until
the fluid, which should be still warm, has an acid reaction, The
vessel is then allowed to stand in a cool place for 24 hours,
when the uric acid may be isolated and weighed in the usual
manner.

2. Concerning the physiological quantity of uric acid excreted
by a healthy man, it is shown to be about ('35 grammes in 24
hours on an average. This result, and the consideration of the
various modes of analysis and sources of error in them, leads to
the belief that the old method of analysis by hydrnchlnnc acid
alone was, perhaps, less misleading than the mode employing
evaporation and hydrochloric acid.

Amount of Uric Acid discharged during 24 howrs—Various
researches instituted upon healthy adult males have shown that
they may excrete quantities of uric acid varying from an average
of 0°3 grm. per 24 hours in one individual to 1'0 grm. in another.
But in feeble persons the quantities may be much lower, and
gink to a minimum of 002 grm. in 24 hours. In the urine of
some feeble and badly-fed persons no uric acid at all can some-
times be found. It is, therefore, not improbable that the amount
of uric acid excreted by given individuals may stand in a certain
proportion to the nature and quantity of the food taken, and
to the organic changes of the body. For this reason quantitative
determinations of the amounts excreted by different individuals
of all ages and both sexes have a certain value, provided that the
circumstances of the individual, the ingesta, and the organic
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changes are taken into consideration. The normal constants of
uric acid are, however, not yet ascertained with the desirable
precision, and particularly upon females and children a large
number of observations will yet be required before they can be
employed as the bases for pathological conelusions,

The Huctuations of uric acid in health are more considerable

than those of other well-known constituents of the urine; they
occur in the same individual within short periods of time. It
is, therefore, at present almost impossible to say in any given
case whether the quantity of uric acid excreted by an individual
in a given time is below or above the average, and can in either
extremity be an effect of pathological conditions,

If the mean quantity of urea discharged by healthy men in
24 hours 1s 33 grm., and that of uric acid 054 grm., the propor-
tion of urea to that of uric acid is about 1,000 to 16.

Pathological Changes in the Quantity of Uric Aeid Discharged
during Twenty-Fowr Hours.

We here consider what proximate conditions of the system a
rise or fall in the quantity of uric acid beyond the normal limits
is likely to indicate. A deficiency may be due to a diminished
production in the system, as in ansemia, or to retention, as in
certain stages of gout and rheumatism, It is at least question-
able whether the retention is always due to diseased action of
the kidney. Any disease, however, which interferes with th:
secreting power of the kidney by changing its structure, such as
Bright’s disease, is certain to cause retention of uric acid in the
blﬂud in proportion to the retention of the other constituents of
urine. Scarlatina seems to make an exception. I have certainly
found that in some cases of this disease, where uric acid is fre-
quently present in excess from the br:ginuiug, so as to be preci-
pitated in a cloud by the addition of an acid, the amount of uric
acid does not decrease parallel to the fall of urea, when, with
albuminous urine, dropsy appears; but it seems to be normal
in amount, even at a time when the amount of urea is about
half the normal average. Many ohservations will, however, be
necessary to decide whether such a process is the rule or the
exception,

An excess of uric acid may be due to excessive production in
the body, particularly when the increased excretion lasts for a
certain time. It may, however, be owing to the discharge of
accumulated uric acid, after retention in the blood. In both cases
the symptoms accompanying or preceding the excessive excre-
tion must be our guides in distinguishing between these con-
ditions.

As a general rule, i.c, one liable to exceptions, it may be
assumed that an excessive production of uric acid accompanies

e e i
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an excess in the production of urea. In inflammatory diseases
and certain other febrile diseases, an increased amount of urie
acid is met with.

The following observations of Beequerel are entitled to atten-
tion, as referring to the total quantities of urie acid discharged in
24 hours:—

Healthy urine (B’s average), . . g 81 grains.
Chlorosis, five cases, . : - min. 1 ‘8 max. 60
Pulmonary emphysema, ext. dyspnea, . : 49
Phthisis, tubercles softened, . i . . Ot e

- three days before death, . - 5 R
Morbus cordis, with icterns, . : - : 982 ,,
Acute hepatitis, with icterus, . - - e S
leterns, . - - - : 4 : St e,
Milk fever, - - . - ‘ : « 190

"

So the quantities found in these ecases (excepting only the
two last ones) are neither higher nor lower than the average
quantities obtained in perfect health. In the case of icterus and
milk fever, however, the amount of uric acid is evidently in-
creased.

Amorphous Deposits of Urates in Diseases— Urate of Ammonia.—
The urate of ammonium in some rare instances occurs by itself,
mixed only with very small traces of the urates of fixed bases.
It is probable that in those cases the urine always contains an
excess of ammonia in the form of carbonate, which is due per-
haps to a partial decomposition of urea. As all urates in the
presence of ammonium salts transform into urate of ammonium,
no other urate besides that of ammonium can exist for any
length of time in ammoniacal urine. It is for this reason also
that the urates of the alkalies or earths, or uric acid deposited
from acid urine, are soon transformed into ammonic urate when
the decomposition of the urea has produced a sufficient amount
of volatile alkali.

As a general rule, urate of ammonium, when occurring as
a deposit, forms a granular, perfectly amorphous precipitate.
But in some descriptions of alkaline urine, or urine which has
become ammoniacal without the body, it forms roundish, oval,
or dumb-bell like masses, like the forms which crystallise from
the solution of pure urate in eaustic ammonia.

When appearing as a precipitate in ammoniacal urine, it forms
very slender dumb-bells. The ammonic urate deposit occurring
before emission is of particular importance, as it gives rise to a
peculiar concretion, the ammonic urate caleulus.

Deposits of Mixved Urates Oceurring after Emission—To the naked
eye these deposits appear as a subtle powder, varying in colour
from absolute whiteness, through rose-colour, pink, brick-red,
purple and brownish-red. These colours are best observed after
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the deposit is collected on a filter. The colours of urates gene-
rally are caused by the adhesion to their particles of varying
quantities of an abnormal colouring matter—urerythrine. For
this they have so great an attraction that they may be used for
separating urerythrine from deeply-coloured urine; repeated
guantities of urates are dissolved in the urine with the aid of a
gentle heat; on cooling they are reprecipitated, carrying the
urerythrine with them.

The brick-red or pale fawn - coloured so-called lateritious
deposit occurring so commonly in the urine in febrile diseases is
almost always a mixture of the urates of ammonium, sodium,
potassinm, caleium, and magnesium. When burnt on platinum-
foil, it leaves a white ash containing the bases. The chemical
characters of these substances are better marked than the micro-
scopic, and should be investigated in detail for clinical purposes.
These deposits are rarely observed in urine before it has cooled,
and readily disappear when the urine containing them is raised
to the temperature at which it left the body. They are soluble
in ammonia and potash, and from these solutions uric acid is
precipitated by acetic acid. When such a sediment after isola-
tion is brought into contact with acetic or hydrochloric acid it is
slowly transformed into uric acid crystals, the bases entering
into combination with the acid, and forming soluable salts.
The dry deposits give with nitric acid the characteristic reaction
of murexide. The mode of analysing these deposits 1s the same
as that preseribed for the deposits from normal urine. The ex-
traction of the urerythrine will be found described under the
chapter referring to that substance.

Indications of Deposits of Urates Ocewrring after Emission,

The deposits of mixed urates are so very common in the most
varied conditions of health and disease, that it would be very
difficult to name those conditions. The attempt to define the
characters of urine depositing urates must be futile, because
there is almost no description of urine that may not deposit
them. Whether acid or alkaline, of high or low specific gravity,
containing much or little urea and colouring matter, urine will,
under certain circumstances, deposit urates. Whether occurring
in the body or out of the body after emission, the conditions of
the deposit are identical ; there is not a sufficient quantity of
water present to hold all the urates in solution at a certain tem-
perature, The urine, therefore, after being saturated with the
urates, deposits the excess; by the addition of water, or urine
not saturated with urates, this excess may, under most circum-
stances, be dissolved. By concentration of urine, a deposit of
urates may be produced.

As the only indication of a deposit of urates is, therefore, that
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the urine containing it is, at that temperature, saturated with
them ; and as this may occur after strong physical exercise, after
abstinence from liquids, or in a fever, this indication in itself
does not point to any specific pathological condition. The amount
of the urates may be the ordinary one, though there be a deposit.
The indication of a deposit of urates becomes of importance only
when considered with relation to the total quantity of urine and
dissolved urates discharged in 24 hours; with this view we have
to distinguish two different cases.

a. If the bulk of the urine for 24 hours is the normal average,
and if a sediment of urates continues to exist in that urine, it is
tolerably certain that an absolute excess of urates is present.

b. If, on the other hand, the urine for 24 hours is below the
average, a deposit may possibly be, and in most cases 1s, due to
saturation only. The easiest process of ascertaining this, for
ordinary practical purposes at least, is to dilute the urine with
water to its average bulk, and to shake it well. If the deposit
does not entirely dissolve, an excess of urates is present. If
erystals of uric acid are liberated after a short time, quadriurates
may be assumed to be present. The safest proceeding, how-
ﬁver, is to ascertain the whole amount of uric acid secreted in 24

ours,

If the presence of a deposit of urates be taken as an indication
of the saturation of urine by these salts, and if the latter be
assumed ordinarily to be of the usual amount, deposits of that
kind become more valuable as signs of a diminished secretion of
water by the kidneys than of any other symptom. As the ap-
pearance of a deposit of urates is always accompanied by morbid
sensations and objective symptoms, in the healthy by thirst at
least, if by nothing more the conclusion is simple enough. e
wndividual whose urine has deposited the urates does not drink water
enough, and must drink more, and must drink so much that the
wrine, at the ordinary temperature of the air, shall remain clear.
Of course, in some cases this will be neither possible nor advis-
able; but in most cases of acute and febrile diseases it should be
a plan of treatment. I have certainly seen it attended by bene-
ficial results in many cases; I have also observed want of water
in the system to be a source of illness,

Deposits of Urates Occurring in the Urinary Passages,

On an average 20 calculi out of 230, or 8:69 per cent., present
nuclei of urates, and 37 more out of 230, or 16-08 per cent., con-
tain a certain amount of vrates in the form of layers or crusts.
The urates, therefore, somehow or other, enter into the composi-
tion of 24'78 per cent., or almost one quarter of all calculi.

Practically it is important to distinguish two modes in which
deposits of urates may be produced in the urinary passages.



80 URIC ACID.,

@. A urine nearly or just saturated with the urates is secreted
by the kidneys, and eollected in the bladder. By the endesmotic

activity of the veins and lymphatic vessels of the bladder, a -

further concentration of the urine is brought about, in conse-
quence of which a certain amount of the urates passes out of
solution, and forms a precipitate, These cases may be of rare
occurrence, as is generally believed; or they may be overlooked,
and the deposit may be taken for an ordinary deposit by cooling.
It is just possible that the following case might have escaped my
observation, but for the retention of urine accompanying the de-
posit in the bladder, making necessary the use of the catheter.
The turbid wurine, which escaped by the instrument, afforded
ocular proof that the deposit had been formed in the bladder.

Opservarion.—R. G—, ®t. 2, a delicate girl, had been for some time in-
disposed, and been troubled with thread-worms, which being removed for a
time by the aid of santonine in oil, reappeared again after a time. On the
7th of September 1856 I was requested to see the child. For the last fort-
night her parents had perceived her to be unusuvally quick of perception.
Some days since she began to complain, and on the 5th felt so ill that she
wanted to lie down. On the 6th a rash, characterising typhoid fever, made
its appearance.

7th.—The child is giddy and wants to lie down. She is light-headed,
almost fainting when raised, and complains of severe headache, frequently
taking her head between her hands, and uttering exclamations expressive of
the pain. She sleeps very little, being awake the greater part of the might.
She has no appetite, but is very thirsty; her lips are dry and peeling; her
tongue is covered with a thick fur in the middle, red at the sides and point,
but moist all over. Since the last motion, two days ago, which contained
many worms, the bowels have been confined. The abdomen is soft, not tym-
panitic. The pulse is very quick and hard. The skin is hot, generally pale,
but covered with an eruption of the exact form of flea-bites, namely, a purple
spot, of the size of the circumference of a pin's head, surrounded with a halo
of a fainter purple colour. The spots do not disappear on pressure. I gave
her a seruple of the syrup of iodide of iron three times a day. Of a mixture
of two ounces of olive oil, half an ounce of castor oil, and six grains of san-
tonine, she took two teaspoonfuls at once, and one teaspoonful every hour. It
required half the oil to produce a dark, moulded motion.

Sth.—Continues much the same. The spots have in some degree lost their
halo. In the evening, the girl being sleepless and wandering, she began to
squint.

l!—}!ll_—ThE! exanthema remains on the skin, and the spots have got larger.
The child is very feverish. The urine passed yesterday is acid, reddish-
yellow, contains much mnecus, some epithelial casts from the tubuli of the
kidneys, and deposits a granular sediment of urates, A drop of the urine
placed between two slips of glass soon erystallises into a mass of crystals.
After deposition of the small amount of surplus urates, the specific gravity of
the urine is 1025, very high for a child of that age.

10th.—The spots get smaller, and lose their halo. They now do disappear
by pressure, and return after it. The tongue is getting cleaner from the sides.
She only passed a small quantity of urine once in the course of that day, with
a motion of the bowels. She squints when excited.

11th.—The spots continue to get paler. The tongue is cleaning. The con-
dition of the abdomen, eontrasted with its soft state five days ago, shows dis-

s — e

e o



URIC ACID. 81

tension. Oecular inspection and percussion show the eollection of urine in the
bladder, from which nothing had passed since yesterday. A warm poultice
put over the abdomen and vulva, and a warm bath, not being of any avail in
relaxing the sphincter of the bladder, the catheter was applied, and about
eight ounces of urine, mixed with a white deposit, in flakes, escaped by the
instrument.

It was the urine of two days, mixed with a copious deposit, which, on
standing, settled to the bottom of the vessel. The urine now appeared of a
reddish-yellow colour and of acid reaction. In'a specimen, mixed with half
its bulk of nitric acid, nitrate of urea crystallised on standing. The colour
then became deep red. Hydrochlorie acid, when added in sufficient quantity,
at first coloured the urine dark blue, nearly black ; but this colour after two
or three hours transformed into dark cherry-red. A deposit of indigo did
not therefore take place, though the reaction was indicative of its formation.
The urine became black on the admixture of sulphuric acid. The specific
gravity of the urine was 1025,

The deposit was white, and consisted of urates in dumb-bells, globules,
and irregular agglomerations, mostly covered with spinous masses of the most
varied, fanciful, and irregular description. Some of the globular masses were
80 large that they could be distinguished with the naked eye; and under
. the microscope, bristled with spinous masses. That the spines were urates
was evidenced by their solubility in water ; a deposit when washed on the filter
with water, dissolved entirely, leaving no residue. By the influence of an
acid, the urate was transformed into ovoid crystals of uric acid.

12th.—The catheterism of yesterday was followed by great relief, and the
child passed a little urine spontaneously soon after. But the retention con-
tinued ; and on this day the ecatheter discharged four ounces of the same
deseription of urine, with the same amount and quality of sediment as on the
day before.

On three following days the urine had to be drawn with the catheter, show-
ing each time the same characters and the same sediment.

On the 16th, the child passed urine spontaneously, still mixed with a
deposit ; but it consisted of granules and dumb-bells only, with short indica-
tions of spinous masses only. This lasted for two or three days, after which
the urine became clear, and after standing twenty-four hours deposited ovoid
crystals of uric acid. From this time the child recovered her strength rapidly;
and, with the assistance of some quinine and iron, was soon much stronger
aund better looking than at any time before her illness.

From the 10th to the 20th the child had taken no medicine
whatever, owing to the absence of any indication. This is
perhaps in favour of the observation.

The practical considerations on this case are many in number ;
but most important are the questions on the causes of the deposit
and of the retention. The deposit was perhaps due to concen-
tration of the urine in the bladder after secretion from the
kidneys. TUrine nearly or perfectly saturated with the urates
arrived in the bladder ; there it was deprived of a certain amount
of water, and a deposit of the nature described fell down. Tt is
probable that the spinous hedgehog-like masses so irritated the
mucous membrane of the urethra at the infundibulum as to cause
spasmodic contraction of the sphincter. I have seen strangury
caused by the passage of almost microscopical crystals of uric
acid, and yet they were ovoid round bodies. A similar obser-
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vation has been made by Prout (“Stomach and Urin. Dis.” 3d
edit. p. 202). This confirms my opinion on the cause of the
retention, I will not, however, deny the influence which the
nervous system may have had in the spasmodic action, seeing
that there was spasm in other parts as well, namely, in the
muscles of the eye. The spinous deposit appeared and dis-
appeared simultaneously with the retention; and a deposit of a
much less irritating shape was discharged before the retention
set in and after it ceased. .

The following passage from Prout (loc. cif. p. 203), referring to
actual observations similar to the one just now related, suggests
the probability that in some cases the urate of sodium deposit
may close the urethra by forming a simple plug, and without
any spasmodie action being perceptible,

* About this period of life (viz., the age of 40), or later, we
occasionally see in certain modifications of gouty constitution
large quantities of the lithate of soda, perfectly white, deposited
in the urine. This compound sometimes assumes the form of
amorphous sediment, and renders the urine quite milky when
passed ; but I have seen it copiously secreted of the consistence
of mortar, especially during the night ; and in this case it is apt
to collect into masses and block up the urethra, so as to occasion
considerable diffieulty in passing the urine. Such instances are
very rare, and appear to be associated with organic disease of
the kidneys, and perhaps other organs.” Of this association,
however, Prout has not given any proof in observation.

b. The second mode in which deposits of urates may be pro-
duced in the urinary passages is by the urine in the bladder
undergoing alkaline fermentation.

Deposits of Urie Acid Oceurring after Ewmission.—It has hitherto
been believed that these deposits are caused by a peculiar change
of the excreted urine, termed the acid fermentation. But there
are so many cases of deposits of lithic acid occeurring soon after
emission, in which fermentation cannot be shown to have any
share, that there must be other causes at work in the production
of these peculiar matters. These causes we may seek in the
manner in which quadriurates are decomposed by water. It is
probable that a specimen of urine which is saturated with quadri-
urates at a certain temperature may be decomposed by the
addition of water or dilute urine in the same manner as the
gquadriurate would have been decomposed by water had it been
deposited. In this manner alone can we explain the frequently-
made observation that the elear urine of healthy children deposits
crystals of uric acid after a few hours’ standing, without any
urates being deposited or decomposition engendered taking the
form of acid fermentation. In this manner we must also explain
observations such as this: A wan discharged urine in the morn-
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ing which formed a deposit of lithates; he kept it in vessel,
and added to it the urine which was passed during the daa and
evening. Next morning the entire amount of lithates haydbeen
decomposed, uric acid in erystals remaining undissolved, the acid
urates dissolving. It was clearly ascertained that the deposit
which formed after cooling consisted of wrates only, and con-
tained no uric acid, and no aecid fermentation could be found to
be present.

Urates, which when isolated are decomposed by water, are
also occasionally entirely decomposed into free urie acid and
soluble salts of the hases by standing in the urine from which
they were deposited. This is perhaps due to the formation of
some free acid from extractive matters under the influence of the
oxygen of the air; the acid may be acetic, which is always a
final product of the decomposition of urine; but it has never yet
been proved to be lactic, as was supposed by Lehmann and
Scherer. This production of acid by chemical change in the
urine itself has been termed a fermentation ; the process was
surmised to be engendered by a peculiar change in the mucus
derived from the surface of the urinary passages.

Deposits of Uric Aeid Oceuwrring after Emission—Hypothesis of
Intravesical Acid Fermentation—As the alkaline decomposition
of urine, which ordinarily occurs after emission, and which is
termed alkaline fermentation, may already take place in the
body under certain ecircumstances, it has been thought possible
that an aecid fermentation analogous to the one alluded to in the
previous paragraph might also occur in the urinary passages.
The dirvect proof of the existence of such a process has not yet
been given, but there are data which make its existence pro-
bable. Thus it has been obgerved that in certain cases, in which
the urine soon after emission deposited crystallised uric acid, and
in which this deposition was accompanied or preceded by an in-
crease in the acidity of the urine determined by quantitative
analysis, this process was the forerunner of the deposition of uric
acid in the urinary organs. It was supposed that different
pathological conditions of the body might influence the mucus
of the urinary passages in such a manner as to cause it to
become a ferment, and that when once so predisposed its action
upon the materials capable of furnishing acids was only a ques-
tion of time ; that therefore it could decompose the extractives
within the body, and cause the precipitation of uric acid if the
secretion remained in the bladder for a sufficient length of time,
but that under favourable condifions, particularly of temperature,
it eould produce the same result out of the body. If there is
really such a process of acid fermentation, and if it really not
rarely precedes deposits of uric acid within the organs, then it is
highly probable that a process analogous to the fermentation out
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of the body may also take place within it. Ot course, the effect
produced by the acids created by fermentation will be materially
influenced by the degree of acidity which the urine possesses on
leaving the kidneys. DBut all these considerations must now be
critically sifted by means of the information relating to quadri-
urates; for in these compounds there is a faculty of producing
uric acid deposits by the conditions described which is far
oreater than that of any fermentation, if, indeed, the existence of
quadriurates themselves in some few cases may not be due to
fermentation,

According to the fermentation hypothesis, therefore, the con-
ditions which precipitate uric acid within the urinary organs are
the presence of an acid urine, in contact with a mucous mem-
brane or its mucus, which is in an abnormal state, and acts as a
ferment, decomposes extractives, produces more free acid than
belongs to urine normally, and thereby precipitates uric acid.

Hypothesis of the Decomposition of Tetrawrates—The tetraurates
also demosit uric acid immediately after emission, apparently as
an effect of mere cooling. They also deposit uric acid by con-
tact with water, and immediately by contact with acids. We
have, therefore, in their existence a number of conditions for the
deposition of intraorganic uric acid. Once formed and dissolved
in urine in the urinary organ, they may deposit uric acid by the
mere effect of time, by the effect of more dilute watery urine
hecoming mixed with the concentrated, or by the effect of more
acid urine becoming mixed with the less acid urine,

Hypothesis of the Unequal Secretion by Different Pyramids in
Kidney Disease,—It is frequently observed in kidney disease
that the several pyramids are very unequally affected; that one is
entirely destroyed, another actively invaded by disease, and a
third almost healthy. It may be supposed that the pyramid just
invaded, but still capable of secreting, will produce a urine
differing in composition from the urine produced by the healthy
pyramid. Two different secretions would therefore meet in the
pelvis of the kidney and react upon each other. Now, if one
produced a concentrated urine containing quadriurates, and the
other an acid urine, then on the meeting of these different
qualities of secretion a precipitate of free uric acid might be
formed ; and this might pass away as sand, or form concretions.

H@uth{rszs {,ancﬂmmy the Influence of Mechanical Arrestment of
the Flow of Urine through the Ureters.—Uric acid is frequently
deposited in the pelvis of the kidneys, even in cases where no
organic disease of the kidneys seems to exist. This points to
some participation of the infundibula and ureters in their pro-
cesses. That urine may collect in the calyces of the kidneys we
have every reason to believe. The contractile powers of the
pelves and infundibula become less with age; the lower part of
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the pelvis may not be quite emptied of its contents, particularly
in the erect position. I have even observed that in certain
atrophie conditions of the kidneys, accompanied by the formation
of uric acid gravel, the pelvis of the kidneys and sacs of the in-
fundibula become so wideas to contain urine after death—a sure
proof that they could not expel their contents during life, though
there was no obstruction in the ureters. This condition only
oceurs in later life, to which renal concretions almost exclusively

are proper. In children and young persons this affection is very
Tare. )

OBsSERVATION.—A man, @t. 65, died of cancer of the stomach. He had
been a drunkard during the latter part of his life. I made the post-moriem
examination of his body, and found a hard cancerous tumour involving the
larger curvature of the stomach. There were also two large cancerous masses
in the liver, whither the eancer had progressed by means of infesting the clot
in the gastric veins, and in the portal vein. The cancerous juice most pro-
bably coagulated the blood ; and the coagula became the beds of cancerous
cell-development. Of this process all stages could be observed.

The kidneys were in a state of contractive atrophy, their upper halves more
than the lower, which gave them a very peculiar shape. Their calyces con
tained several drachms of turbid urine. In the lowest part of the right calyx
there lay a number of uric acid econcretions, true red gravel. The ureters
were quite pervious. The bladder contained no coneretions of any kind. I
could not ascertain whether the man had had any symptoms of gravel during
life. If this was the case during the development of the cancer, the symptoms
probably merged in the suffering attending this disease.

Crystallised Sediments.

The following observations serve to show the difference that
may exist between cases in which a precipitate of uric acid
formed in the bladder is one of the symptoms :—

OsservaTioN.—Mrs T—, ®t. 75, had undergone great mental anxiety ;
and, in consequence, apparently lost her bodily health. There were loss of
appetite, indigestion, and increase of the habitual constipation. There was
headache over the eyebrows, with flushing of the face, and heat and dryness
of the surface of the body. The urine, on being passed, was turbid, being
mixed with a dark brown—almost black—sediment, appearing like fine
coffee grounds. The sediment seemed to increase somewhat after cooling.
Under the microscope it exhibited itself to be composed of rhombs of urie acid,
mixed with a considerable amount of granular urates, A pill of a grain of
powdered ipecacuanha, with four grains of rhubarb, taken before every meal,
seemed to exert a very beneficial influence upon the digestive organs. An
alkaline mixture, taken three hours after the principal meals, counteracted the
heartburn. Under this treatment the deposit gradually disappeared.

June 12th, 1856.—After three weeks of apparently good health, another
attack of gravel came on. The symptoms were—pain in the loins and chest
and amunﬁ the stomach, flatulency, want of appetite, prostration of strength,
and headache. The bowels had been kept open by the rhubarb and ipecacu-
anha pills taken before meals ; they even had been relaxed, a very unusnal
thing with this patient. The alkaline mixture soon restored her. The uric
acid erystals were small, with double outline, dark brown, and were mixed
with very light hexagonal plates,

28th.—There was a single discharge of gravel after some heat in the face,
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sain in the stomach, and great flatulency. The deposit was most copious.
The erystals were hour-glass shaped and ovoid. I did not preseribe any
medicine on this occasion, -but merely enjoined the patient to empty the
bladder frequently.

A tonic plan of treatment was now adopted, which comprised quinine and
iron as the pharmaceutical elements ; cold sponging bath and exercise as the
hygienic part; and rich diet, with a larger amount of spring water taken
between meal times, as the dnctctm régime. The patient subsequently passed
a small renal calenlus and then remained free from any symptoms of renal
concretions for several years up to her death, which took place from stenosis
of the aortic aperture of the heart.

This case being one where the deposit was formed in the
urinary organs, is a good illustration of a certain class of cir-
cumstances under which this may occur. The danger of the
formation of a concretion is great in these cases. The best pre-
ventive measure is the free use of drink-water, and the frequent
discharge of the urine from the bladder. In this manner the
urinary passages are freed from dregs, and the urine is not
allowed time to undergo decomposition.

The following case is very different from the former, as regards
age and condition of the patient, and the symptoms under which
the deposit occurred :—

OpsErvaTioN.—Master B—, a fine strong boy, nineteen months old,
had suffered from severe bronchitis during the winter 13855-56, with conges-
tion of the lungs, at one time bordering on pneumonia. He had a second
severe attack in the early part of the spring of 1856, when at Boulogne.
From both attacks he had perfectly recovered, when, at the beginning of May,
his mother, then staying with him at Gravesend, noticed him to suffer from
irritation of the bladder, the child being obliged to pass urine at least twelve
or fifteen times in the course of the day. Immediately after the water had
been passed, a red sand subsided to the bottom of the vessel. The child was
well again next day, without any treatment having been had recourse to.

On June 1 4th, 1856, another attack of red sand came on, causing symptoms
gimilar to those on the first occasion. The urine on passing contained a large
amonnt of a light brown sediment of uric acid. The crystals were distinguished
by their containing very little colouring matter, so that in strong light some
almost escaped observation. They were all flat rhombie plates of different
angles, The urine was highly concentrated ; urea crystallizing spontaneously
from a drop on a slip of glass,

In this case the disorder seemed to have some connection with
the diet of the child, to which he either restricted himself or was
restricted, namely, milk diet, taking for three meals nothing but
milk, with bread and butter or blﬁcmts Whether the child got
well spontaneously, as on the former occasion, or whether the
change to a more mixed diet, with light vegetables and meat, had
any share in the disappearance of the deposit, could not be de-
cided. The deposit, however, did not reappear afterwards. This
case seems worth noticing, as the uric acid deposit and the
strangury caused thereby were the only disorders that could be
discovered, the child being all the time as well and blooming as
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one could wish any child to be. It is possible and probable that
the strangury set up by the uric acid crystals in this and many
similar cases of crystallised deposit, is the means of preventing
the formation of conecretions, and their retention in the urinary
passages. '

The urine of this boy, in which another sediment occurred
after filtration, yielded some few crystals of uric acid on addition
of acetic acid. DBut the case of the aged lady bore out the state-
ment of Prout (lee. cit. p. 198), that the urine is so completely
divested of lithic acid by a peculiar arrangement of the urinary
principles, that on adding fto it an excess of mineral acid, not
another particle of lithic acid is usually deposited.

Another illustrative case of erystallised deposit formed in the
urinary organs is recorded by G. Bird (loe. eif. p. 158, § 156).

In children who are liable to the formation of erystallised uric
acid deposits in the bladder, symptoms of irritation about the
urinary organs may, according to Prout (lec. eif. p. 202), be always
more or less observed if the child be attended to. Thus there
will be found frequent desire to pass urine, which is voided
in very small quantities, and with manifest uneasiness. The irri-
tation about the urinary organs also sometimes induces the child
to wet the bed by night, &e. This irritation from the presence of
crystallised deposits does not seem to exist in adult persons. It
1s not mentioned in Bird's case just quoted, and was not present
In my first case.

Uric Aeid Coneretions.

L. Sand and Gravel.—Crystalline Sediments,—There seems at
first sight to be no great reason for drawing any particular dis-
tinction between common uric acid deposits on the one hand,
and sand and gravel on the other. Indeed,the common deposits
of pulverulent uric acid are frequently called gravel and sand by
medical men and by laymen. This practice, however, is not
quite correct, and should therefore not be generally adopted.
What we call “the common pulverulent deposit of urie acid” is
made up of single crystals of that substance. The occurrence in
such a deposit of twin ecrystals, crossed crystals, of erystals
simply hanging together in a variety of ways, is an exception,
and does not constitute a deposit of sand or gravel. To fall
under the latter denomination, a deposit must exhibit a tendency
towards a compound arrangement of the erystals—that is, the
crystals must group themselves, with their predominant axis,
round a common centre, like the rays round the luminous body
from which they emanate. Mostly one or two large crystals
form the basis of, or are mixed up with, these glﬂhular masses.
What I should like to call sand,” ther efc-re would be masses of
uric acid, mostly globular, or irregularly roundish, or oblong, of
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very uniform size, from ;%th to %th of an inch in diameter, and
answering to the above definition. Viewed by transmitted
light under the microscope, the globules are perfectly impervious
to light ; and the uric acid crystals on the surface are faintly
transparent, of a dark brown colour. To the naked eye the
deposit is red, with a tinge of brown. When disturbed the
sediment mixes with the clear urine, but rapidly subsides to the
bottomn when the fluid comes to rest. Generally, no small or
well-defined crystals of the ordinary kind are mixed with this
sand.

This deseription of sand is sometimes met with in the pale
and watery urine of early infancy,

Under the name of “gravel,” I would comprise econcretions
varying in size from g;th of an inch diameter upwards, until, by
their size, they become incapable of passing either the ureters or
the urethra. These concretions are generally rough; and if
many are discharged at one time are of variable size, from that
of a pin’s head to that of an almond. A variety of these crys-
talline concretions are the “ pisiform,” * the formation of which
is attended by a remarkable feature, namely, the great nuwmber in
which they are usually generated, a circumstance which may be
said to be characteristic of them. Their great number occasions
them to accumulate occasionally in the pelvis of the kidney ; or
in the lower portion of the ureters, where they terminate in the
cavity of the bladder; and on such occasions severe nephritic
attacks are sometimes the consequence. These concretions vary
in size, from that of a pin's head to that of a pea or marble,
Their form is always more or less globular; though they some-
times present flattened or facetted surfaces, produced by their
contact or attrition with each other. Their surface is usually
smooth, sometimes even porcelainous or polished ; and their
internal texture is almost invariably erystallised, and usually
lamellated. Their colour ranges throngh all the shades of
yellow ; and occasionally, though more rarely, they assume a
dark brown or reddish colour” (Prout). These pisiform con-
cretions are mostly deposited after the age of forty.

2. Uric Aeid Caleuli—The number of ealeuli, of which uric
acid forms either the nucleus or the entire substance iz very
oreat, standing to the number of all other calculi in the propor-
tion of two to three. They are found of all sizes, from the
largest pisiform concretions to stones of five or six ounces, or
more, in weight. If formed in the pelvis of the kidney, a uric
acid stone may have a very irregular rough shape and surface.
If, however, the body and crust of the stone have been formed
in the bladder, as is mostly the case, the shape will, in general,
be that of a flattened ovoid, the flattening, in many cases, being
so trifling as to escape notice. The exterior of the uric acid
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calculus is slightly tubereulated ; but in many cases the tubercles
are so water-worn that the surface is smooth., In eolour, uric
acid ealeuli vary from reddish-yellow or fawn-colour to brownish-
red, or brown with an admixture of red, like old mahogany. On
being divided by a saw, they are seen to be composed of con-
centric layers, which are of variable thickness when compared
with each other. But every layer preserves its own thickness
pretty regularly all round the calculus. The texture of the
stone is best seen on the surface of a fracture. In hard and pure
stones it is crystalline, fibrous, the fibres of each layer verging
like radii towards the centre of the stone. On breaking a stone,
the fracture will mostly be parallel with these crystalline fibres,
Stones, however, which are less dense and less pure are earthy,
and amorphous in fracture. Some few stones are so hard that
they give a ringing noise on percussion, a sharp sound like
a pebble, and on being chipped exhibit a conchoid fracture.
These stones are very dangerous, when they become the subjects
of the process of lithotrity, for their fragments arve so sharp that
they wound the bladder, and cause infiltration of the urine into
the adjacent cellular tissue; the consequences of which are
mostly extensive mortification and death. It is, therefore, of
high practical importance to ascertain the circumstances under
which these hard stones may be formed.

The laminated structure of the uric acid caleuli (and of all
other laminated calculi) shows that they are formed by the
gradual precipitation of urie acid from the urine, the precipi-
tated substance being deposited in an equal layer all over the
surface of the concretion, which forms the nucleus, and also over
the surface of all subsequent layers; a circumstance which is
the condition of the parallelism of the rings seen on section.
The layers, however, show something more ; namely, that the
formation of the stone has been interrupted, or has taken place
at different intervals. Of this circumstance there could not be
given a better description than that of Prout —* Between the
different intervals at which the different laminsz have been
formed, periods have intervened during which no deposition has
taken place. This remark not only applies to the different
lamina of a heterogeneous caleulus, but to the different lamina
of calculi composed of the same substance; as, for instance, to
the different laminwe of which lithic acid concretions usually
consist. This explanation is in perfect accordance with the
circumstances attending the formation of ealeuli, which often, as
is well known, remain in the bladder for a great number of years,
without attaining any remarkable size. Moreover, the constant
state of change alone to which the urine in all individuals is
liable, almost precludes the notion of homogeneity in a calculus.
We may suppose, therefore, that certain changes take place in
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the urine, during which the law of continuity of deposition is
suspended, and the surface of the coneretion becomes, as it were,
waler-worn and less apt for future accretion ; in short, assumes
all the properties of a heterogeneous substance. Under these
circumstances, when a tendency to deposition oceurs, it will have
to commence de nove, and, as it were, upon the surface of a
foreign body. The consequence will be that the adhesion be-
tween the new and the old coats, or laming, will be less firm
than in the intermediate parts, and that a calculus thus formed
will be disposed, when broken, to separate into concentric
laming,” To this we have only to add that one great cause of -
the formation of layers is the periodicity with which the bladder
15 emptied of its contents. If uric acid is really precipitated by
acid fermentation, and if for this fermentation to produce a
sufficient amount of acid a certain time is required, during which
the ferment must be in contact with the substance to be fer-
mented, then no uric acid can be deposited immediately after the
bladder has discharged its contents; and no uric acid can be de-
posited if the bladder is so irritable as to discharge its contents
at frequent and short intervals, a condition which, as 1 have
already stated, I believe to be the main safeguard against the
more frequent occurrence of stone in the bladder. If, on the
other hand, the calculus does not irritate the bladder at ordinary
times, or is the mechanical cause of a retention of part or the
whole of the urine, so that the urine hastime to be collected
and to be fermented, a deposition upon the caleulus will take
place.

Chemical Characters of Urie Aeid Coneretions.—The chemieal
characters are those of uric acid. But as the concretions may be
more or less pure, it is advisable to follow a method in analysing.
The blow-pipe decides whether the stone leaves any residue on
combustion. A piece of the stone is then reduced to a powder,
a weighed portion of which is extracted with ether, then with
aleohol, and, at last, repeatedly with boiling water. The ether
dissolves any fat; the alcohol takes up colouring matter; the
boiling water removes urates and soluble inorganic salts, and a
trace of the acid. If it is not necessary to be very accurate, the
extraction with ether and alcohol may be omitted. The powder
which is not soluble in water may now be dissolved in a dilute
and warm solution of caustic potash or soda, and precipitated by
carbonic acid, when white urate of soda will be mostly obtained.
Or the solution in potash may be precipitated with acetic acid,
when all the uric acid falls down in a very pure state, and is
obtained by filtration, washing, and drying. The combined
weights of the extracts and of the pure uric acid must be nearly
equal to the weight of the powder taken for analysis.
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Coneretions consisting essentially of Urate of Ammonia.

These calculi, composed essentially of urate of ammonia, were
discovered by Prout (“ Med. Chir. Trans.” x. 389). They are of
rather rare occurrence, and seem confined to children under
puberty. They are of small size, and have a smooth or slightly
tuberculated surface, and a pale slate or clay colour, sometimes
with an admixture of red or brown. In rare instances their
colour is fawn, and in such stones pink layers oceur towards the
centre. They are composed of concentric layers, but the layers
“are much less distinet and much thinner than those of uric acid
calculi. They have a fine earthy fracture, and are easily
broken. ;

The chemical diagnosis rests upon the solubility of the urates
in boiling water, by which they are distingnished from all other
calculi. After the urates have been obtained in a pure state by
dissolving and filtering, the uric acid may be precipitated by
acetic acid, collected on a filter, washed, dried, and weighed.
The filtered fluid contains the acetates of the bases with which
uric acid was combined. We add hydrochlorie acid, evaporate
to dryness, heat with platinie chloride to precipitate ammonia
and potash, wash with absolute alcohol and ether, evaporate
filtrates, and expose the residue to a red heat, when soda and
lime remain as chlorides. The residue is now dissolved in a
little water, the lime is precipitated as oxalate by the addition of
ammonic oxalate, filtered, dried, and weighed. The filtered
liquid contains the soda, which may be determined in the form
of sulphate. In caleulating the results, we apportion a molecule
of base to every molecule of uric acid ; any excess of acid was
present in the uncombined state.

Lagyers of Urie Aeid and Urates in alternating and mived
Calculi.

These layers are due to the same causes as the massive concre-
tions. But there seems to be one cause of the occurrence of
urates to which it is necessary to advert before concluding the
chapter on uric acid, Ammonia at the temperature of the body
very quickly changes uric acid into urate of ammonium. The
urine in calculous disorders very frequently becomes alkaline;
nay, if the disorder last long enough, ammoniacal decmnpumtmu
of the urine in the bladder is almost always present. In evi-
dence of this, almost one-half of all caleuli possesses a cortical
layer of mixed phosphates, the consequences exclusively of am-
moniacal urine. Now there can be no doubt that if a uric acid
stone become the cause of such disorders of the urinary passages
as will induce alkaline fermentation in the urine, the outer
layers of this stone must be transformed into urate of ammonia,
A stone with a uric acid nucleus, a body of urates, and a cortical
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portion of mixed phosphates, suggests the following history:—In
the beginning there was a renal uric acid concretion, which in-
creased in the bladder. Then the caleculus caused disorder of the
bladder, or of the urine (as by excessive treatment with alkaline
remedies), which ended in the establishment of alkaline fermen-
tation in the bladder, by which the outer layers of the uric acid
concretion were first transformed into urate of ammonia, and
atterwards encased in a crust of mixed phosphates,

Caleuli composed mainly of urates frequently contain oxalate
of lime and small quantities of phosphates in intimate mixture -
with the urates. They are then called mixed calculi.

NOTES TO URIC ACID.,
Amorphous Sediment in Healthy Urine.

In England, on the authority of Prout, the granular sediment has been
considered as urate of ammonia. Bence Jones (“Med. Chir. Transact.” 27,102,
1844) showed that it might be urate of ammonia changed in form by the
presence of common salt.

That the amorphous sediment often differs in its reactions from any mix-
ture of acid urates, was shown long ago by Berzelins and Lehmanu.

In the 9th volume of the Lehrbuch, 1840, p. 418-419, Berzelius says, when
speaking of the ordinary deposit :—“If, after the urine has become thick, it
is filtered, and the sediment 15 washed on the filter and water is left to stand
on it, often crystals may be found in a few hours.”

In the 2d volume of his Lehrbuch, 1833, p. 355-6, Lehmann says, when
speaking of the same sediment when filtered :—* If we examine the deposit
on the filter directly, or after it has been treated with hot water to dissolve
it, endeavour to make it pass through the filter, a quantity of the most
beantiful uric acid crystals will be found, whilst in another portion of the
same sediment which has not been filtered, not a trace of a crystal can be
discovered.” “In this experiment, although a larse quantity of crystalline
uric acid, free from soda, remained on the filter, yet the liquid which passed
through the filter had not an alkaline reaction.”

Lehmann attributes this liberation of uric acid to a change set up by the
colouring matter, and Berzelius considered the crystals as urate of ammonia,
formed by the action of the mucus of the urine. But the experiments of B.
Jones have shown that the colouring matter and the mucus have nothing to
do with the reaction.

Ezamination of Sediments of Urates,

Heintz (Miiller's “Archiv.” 1845, p. 230) filtered the urine before it became
troubled, or redissolved the sediment by heat, filtered and allowed it to form
again. He then collected or filtered, washed with water, and dried the
residue on the filter.

A portion of this in a water-glass treated with caustic potash evolved
ammonia, recognised by the white vapours which it formed upon a glass rod
dipped in hydrochloric acid. 20 sediments all contained ammonia.

]’J[he other portion of the sediment was burned. 9 specimens yielded the
following percentages of ash :—

426, 802, 320, 2:08, 563, 714, 6:20, 4:21, 3'61.
The actual amount of ash obtained varied between 0°002 and 0006 grm.
It was analysed as follows :—
The ash was extracted with little boiling water, the alkaline solution
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filtered off and evaporated to dryness. The residue was diszolved in a little
water and treated with hydrochloric acid, which caused the evolution of a
little gas. The solution was then again evaporated to dryness and tested
with the bInwpiEe. Soda was always re::nignised. The rest was nsed to
separate potash by chloride of platinum. In two cases very small but in-
dubitable quantities of potash were found. .

The part of the ash which had not been dissolved in water was dissolved
in hydrochloric acid under effervescence. The solution, made alkaline with
ammonia, was treated with oxalic acid. In all cases a precipitate of oxalate
of lime was obtained. The filtrate from thiz gave in one casze only a feeble
precipitate with phosphate of soda, showing the presence of a little magnesia.

The ash mnever contained hydrochloric, sulphuric, or phosphoric aeid.
Heintz prepared an artificial deposit by dissolving urate of ammonia in
chloride of sodium. On cooling, a deposit ensued in amorphous granules which
(formerly believed by Bence Jones to be urate of ammonia) was found to con-
tain mainly urate of soda, only little ammonia, and an excess of uric acid,
which, considering that the formula of uric acid was then half the present
one, led Heintz to suppose that the compound was urate of soda combined
with uric acid, The idea of the quadriurates, therefore, originally comes
from Heintz.

The urates obtained by dissolving urate of ammonia in a hot solntion of
chloride of sodium and iepoe-ited after filtration, contain the more soda, the
more concentrated the solution of chloride of sodium is. The deposits
mostly contained uric acid, from 81°2 to 81'8 per cent.; oxyde of ammonium, from
0-09 to 1'41 per cent.; soda, from 1264 to 1492 per cent.; and urates (loss),
from 296 to 4-14 per cent.

Another urate, crystallised in needles, was obtained by dissolving urate of
ammonia in chloride of sodium, mixed with excess of ammonia, It contained
uric acid, 88-35 ; NH,0, 631 ; soda, 474 ; urates, 0°50 per cent. It losses all
water at 100, while the above soda-salt retains one equivalent at 100.

The soda deposits can also be obtained by triturating chloride of sodium
and uric acid together, and adding urates, afterwards ammonia, in the cold
until its smell is clearly perceptible. The entire amount of uric acid is there-
by transformed into an amorphous powder, or if more fluid is present, into
larger balls, which contain uric acid, 8134 per cent.; soda, 1397 ; oxyde of
ammonium, 035 ; acid urates, 4°43 per cent.

Heintz explains the formation of crystalline sediments of uric acid by the
presence of a large amount of very acid phosphate. Against this speaks the
circnmstance that the urie acid does not redissolve on mixing,

The formation of the amorphous sediments of urates he explains by the
reaction of various quantities of urie acid upon the phosphate of soda (in the
presence of lime and ammonia salts). The three salts produced, namely,
urates of soda, ammonia, and lime, precipitating together, cause the amorphous
fine granular nature of the deposit. They always appear so when falling
down in a solution containing chloride of sodium. The ammonia Heintz
derives from the urea, the lime from the dissolved acid phosphate.



CHAPTHER Y-
XANTHINE, C,HN,0

HISTORY AND LITERATURE.

Tirig alkaloid, which in older publications is also termed zanthic
oxyde, and wric oryde, was discovered and first described by Dr.
Alexander Mareet in his * Essay on the Chemical History and
Medical Treatment of Caleulous Disorders,” 2d edit., London,
1819. It was subsequently observed by Laugier (“Journ. de
Chim. Méd.” 5 (1829) 513), constituting, as in the case of Marcet,
a urinary caleulus. A third ealeulus of this kind was discovered
by the chemist Stromeyer, and by him presented to Wohler and
Liebig. The investigations of these authors (“ Aun. Chem.” 27
(1838) 340 ; Pumrend Ann. 41 (1838) 393) established the
above furumla, and many of the chemical properties of xanthine,
It was believed to be a pathological product of the hnuman eco-
nomy, until Strahl and Lieberkiihn, in their essay, “ Harnsiure
im Blut.” Berlin, 1848, p. 119, showed that it was a normal in-
gredient of human urine. Ten years later, Thudichum (* Med.
Times and Gazette,” 1858, 2, 571) discovered the normal presence
of xanthine in the human liver, both in health and disease.
In the same year Strecker (“ Ann. Chem.” 108 (1858) 141) pre-
pared xanthine artificially from guanine and hypoxanthine, and
confirmed the constant presence of the alkaloid in human urine.
Stideler (“ Ann. Chem.” 111, 28) enlarged these experiences, and
Scherer (“ Ann. Chem.” 112, 257) extracted xanthine from the
flesh of horses. He also explained that some of the reactions
and properties formerly aseribed by him to hypoxanthine really
belonged to xanthine, which had been obtained mixed with the
other base. The chemical relations of xanthine, guanine, krea-
tine, &e., were discussed by Strecker (“ Ann. Chem.” 118 (1861)
116). Since then xanthine has been extracted also from the
flesh of oxen and fishes, and may therefore be said to be a
normal ingredient of muscular tissue; it is regularly found in
the spleeu, pancreas, aud liver of the ox, and the thymus gland
of the calf. Tt is also present in guano, and can be obtained
from the mother-liquors of guanine by the acetate of copper
process to be described below. In pathological conditions of the
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human body, its quantity in certain organs, such as the enlarged
liver or spleen, is increased; and it ma}r be assumed that an
inereased production of xanthine precedes the formation, in the
urinary bladder, of caleuli composed of this substance.

Modes of obtaining Xanthine from Huwman Urine—1. The
following process is perhaps the most direct and convenient, as
it dispenses with the difficulty of the evaporation of large quanti-
ties of primary material, which is a requisite in the processes to
be described later on. The fresh filtered urine is made strongly
acid with sulphuric and nitric acid, and treated with an acidified
solution of phosphomolybdate of sodium, as long as a precipitate
is produced. This is collected on a filter, and washed with
water, acidified with sulphurie acid. It is then decomposed with
baryta water in the water-bath, and the excess of baryta is re-
moved by carbonic acid and boiling. The filtrate is treated with
nentral plumbic acetate ; then with basic acetate ; and ultimately
with basic acetate and ammonia ; and the respective precipitates,
containing all the xanthine and urochrome, are isolated. They
are washed with wafter, united and decomposed with hydrothion.
The hot yellow filtrate is evaporated and allowed to stand, when it
deposits xanthine in erusts and granules ; the urochrome, on the
addition of alechol, deposits more xanthine, and remains almost
entirely in solution. The xanthine is dissolved in nitric acid,
precipitated by argentic nitrate, dissolved in a little more nitric
acid, with the aid of heat, and filtered from any argentic chloride
which may be present. The solution is now trmtod with
ammonia in slight excess, and the xanthine silver oxyde is col-
lected on the filter and washed. 1t is next dissolved in boiling
strong caustic ammonia, filtered, and the clear solution is l}uiled
until the excess of ammonia is expelled, and the xanthine
oxyde of silver compound is reprecipitated. After cooling, the
precipitate is collected on a filter, and washed with watm ulti-
mately dried at 150°, In that state it contains 562 per cent. of
metallic silver. It is decomposed with hydrothion, and the
sulphide is extracted with hot ammonia ; this latter, on evapora-
tion, leaves pure xanthine.

2. Strahl and Lieberkithn proceeded as follows —More than
fifty pounds of urine, from healthy persons of between 20
and 50 years of age, were evaporated to dryness. The residue
was extracted with concentrated solution of caustic potash,
which left earthy salts undissolved. The alkaline dark brown
extract was treated with carbonic acid until no further precipitate
was thereby produced. The precipitate was collected on a filter,
and exhausted with water. Only a small residue remained on
the filter, the alkaline solution of which, on the addition of
hydrochloric acid, immediately deposited flakes of a reddish-brown
substance. This was repeatedly dissolved in alkali, and repre-
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cipitated by acid ; an excess of acid retained it in solution. Tt
had all the properties of xanthine. These authors also obtained
xanthine from urine by treating it with caustic lime, and boiling
it down during several hours. The filtrate, when exactly neu-
. tralised with hydrochloric acid, deposited a mixture of uric acid
and xanthine, from which the latter was extracted with hydro-
chloric acid. This solution, on evaporation to dryness, left a
greyish-white residue, which, after digestion with nitric acid,
yielded a yellow reaction.

i~ 3. The urine is mixed with milk of lime until strongly alka-
line, and filtered. The filtrate is evaporated to half its bulk, and
while hot, is treated with a solution of acetate of copper, until a
precipitate ceases to be produced. The precipitate becomes
flaky, and assumes a light brown colour. The fiuid, which has
changed its alkaline reaction form an acid one, is now set aside,
and after the precipitate has settled, is removed by the syphon.
The precipitate is washed several times with water, and the
latter is removed by the syphon ; it is lastly collected on a filter,
and washed with boiling water until the washings begin to get
turbid ; and if the precipitate is now analysed, it is found to
contain xanthine, copper, lime, and uric acid. To separate these
substances the precipitate is washed from the filter into a nar-
row-necked bottle, and suspended in a large amount of water.
Hydrothion is now passed through it, until the fluid, after shaking
in the stoppered bottle, smells strongly of the hydrothion. The
sulphide of copper is allowed to deposit in a warm place, the
supernatant liquid is removed by the syphon, the precipitate is
thrown on a filter and washed with water containing hydrothion,
and the filtrates are united with the decanted fluid. This solu-
tion in the cold quickly becomes turbid, and deposits needles and
crystalline masses, It is cleared up by warming it on the sand-
bath ; and a solution of oxalic acid is added to it, until it ceases
to produce a precipitate, and the fluid has assumed a strongly
acid reaction. The mixture is now allowed to stand on the sand-
bath for twenty-four hours, and stirred frequently. After that
time all uric acid is deposited in erystals, mixed with the oxalate
of lime. The deposit is separated by filtration, and the filtrate
is freed from oxalic acid by treatment with carbonate of lime.
When the boiling fluid shows an alkaline reaction, it may be
filtered and evaporated to a small bulk. On cooling, xanthine
is precipitated in the form of a light amorphous granular mass.
The mother-liquor, which is very brown, is separated by
filtration, and the precipitate on the filter washed with
cold water until almost white, and until the washings are
quite colourless. What remains on the filter is pure xan-
thine. The mother-liquor, by repeated evaporation, and
standing, deposits the greater part of its xanthine, which may be
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obtained pure like the first portion. The xanthine is now dis-
solved in a large quantity of hot water, and a dilute solution of
nitrate of silver is added to it. A voluminous greyish-white pre-
cipitate thereby produced is a compound of xanthine and nitrate
of silver. The fluid must be stirred and kept hot, while the last
portions of the nitrate necessary for the complete precipitation
of the xanthine are added, as the bulky gelatinous precipitate
would otherwise inclose mechanically a considerable amount of
uncombined nitrate, which it would be difficult to remove by
washing. The precipitate becomes a little darker by boiling, but
it 18 not blackened like the precipitate which nitrate of silver
produces in acid urates. When the precipitate of xanthine and
nitrate of silver is collected on a filter, it must be washed for a
length of time, and then dried over sulphurie acid in the vacuum.
When dried in the water-bath some silver is easily reduced, and
the precipitate becomes black. During the process of drying, the
large and bulky precipitate shrinks to a small compass. The
bulky wet precipitate may be removed from the filter, and dis-
solved in concentrated fuming nitric acid. The assistance of
heat quickens the solution, and lessens the amount of acid neces-
sary. The dried precipitate may be dissolved in ordinary nitric
acid, gently warmed. The solution, which is perfectly clear and
somewhat yellow, on cooling and standing, deposits groups of
needles of the xanthine and nitrate of silver compound. When
they are left in the acid or other liquor for some time they re-
semble bundles of long hair emanating in curls from a centre
towards all directions. This compound cannot be analysed very
easily, as it loses silver and nitric acid during the process of
washing. Tt has, therefore, to be decomposed, and the xanthine
has to be obtained and analysed in the free state. This is best
effected by treating the washed compound with ammonia, which
removes nitric acid, and decomposing the remaining silver xan-
thine by hydrothion. The filtrate on evaporation yields xanthine
mixed with sulphur, from which it is freed by solution in boiling
concentrated caustic ammonia. In case the residue is yet coloured
brown or dark yellow, its solution in boiling concentrated
hydrochloric acid may be decolorised by animal charcoal. On
repeated evaportion with ammonia, and extraction of the chloride
of ammonium by water, pure, almost white xanthine is obtained.

The mother-liquor of these erystals contains yet much xanthine,
which can be isolated as silver compound by the ammonia process
above described, or the same as that which is applied to the
crystals.

4. Strecker evaporated urine oversaturated with baryta water,
and continued the evaporation of the filtrate until, on cooling,
crystals of urea and chloride of sodium formed, which were

removed. The filtrate was treated with acetate of copper, which,
L
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on boiling, produced a dirty brown precipitate. This was col-
lected on a filter, washed with boiling water, dissolved in warm
nitric acid, and the solution, after addition of nitrate of silver,
was allowed to cool and stand for some time. It deposited a
compound which was collected on a filter, washed, and redissolved
in boiling nitric acid, in order to free it from some chloride of
silver. The filtrate, on cooling again, deposited erystals, which
were freed from nitrie acid by digestion with ammonia, diffused
in water, and decomposed with sulphuretted hydrogen. The
substance contained in the filtrate possessed the reaction of
xanthine, and contained 5 carbon upon 4 nitrogen.

5. In my later examinations I have employed the following
proceeding, which avoids the difficult operations with larger
quantities of nitrie acid :—Treat the urine, previously freed from
uric by hydrochlorie acid, with milk of lime, filter and precipitate
with acetate of copper while boiling hot. Dissolve the washed
deposit while wet in little nitric acid. Filter and add neutral
acetate of mercury to the solution ; separate and wash the yellow
precipitate, and decompose it suspended in water with hydrothion.
Evaporate the filtrate. To yellowish-brown dry residue add a
little nitric acid and warm solution. Ewaporate nitric acid on
water-bath, dilute residue with water and filter, and add am-
monia in excess to filtrate. White granular xanthine, with a
yellowish tinge perhaps, will deposit on heating on the sand-bath,
to be separated by filtration, washing, and drying,

Mode of Obtaining Xenthine from Calculi—The caleulus is
dissolved in caustic potash, and the filtrate precipitated by a
current of carbonic acid. The precipitate, which 1s white and
pulverulent, is washed, and on drying, forms into hard yellow-
ish pieces, which become wax -like on friction, and are free
from potash,

Mode of Obtaining Xanthine from the Human Liver—A fresh
liver from a healthy or diseased person is minced and extracted
with repeated guantities of boiling water, The exfracts, atter
being united and filtered, are treated with a solution of acetate
of lead, so long as a precipitate is thereby produced. A slight
excess of the acetate is not hurtful. If the mixture does not
clear up, and the deposit is slow in settling, it is well to keep it
on a sand-bath over night at a moderate temperature(37°C). The
filtrate is freed from lead by hydrothion, the sulphide of lead
removing much colouring matter. The filtrate from this, a pale
yellow-coloured fluid, is heated to ebullition to remove the
hydrothion, and then evaporated to a thin syrup. This brown
strongly acid extract, on standing for a fortnight, will generally
be found to deposit on its surface a network of minute crystals,
which, under the microscope, are of a triangular shape, with the
three angles cut off by short secondary edges, in other words,
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hexagons, with three long and three short sides. The erystals
sometimes appear tetrahedral, but their small size makes it
difficult to ascertain their shape, even with a quarter-inch object
glass. The greater part of the deposit, in a pulverulent form,
is found covering the bottom of the dish. The mother-liquor,
after removal by means of a spatula of the surface crust, is
decanted, the last portion with the deposit, however, being
placed on a filter. Previous dilution with some water makes
filtration easier. The deposit on the filter is washed with water
until the water runs off pure.

The substance now left on the filter is dissolved by caustic
ammonia, cautiously added. The alkaline dark, but clear fil-
trate, is dried on the water-bath, when a lamellated yellowish
substance remains. -On spontaneous evaporation of this solution,
some almost white thin crusts may be rrpeatﬁd]}' removed from
the surface of the solution. The residue is next dissolved in
caustic potash, and precipitated from this solution by a current
of carbonic acid gas. The precipitate, after filtering, washing,
and drying, is a yellowish, reddish-whitﬁ mass, which has the
reactions of xanthine,

Mode of Eutracting Xanthine ﬁﬂm Horse Flesh—The flesh is
minced and placed in boiling water for a short time; it is then
quickly withdrawn by a strainer; the broth is treated with
baryta in the same manner as is directed for the preparation of
kreatine, and is evaporated. Mixed with the crystals of Lrea-
tine is found a pulverulent deposit of xanthine. The mother-
liquor is dissolved in water, and, while boiling hot, is treated
with acetate of copper. The precipitate, treated with nitric
acid and nitrate of silver, or with hydrothion, in the manner
deseribed for the precipitates from urine, yields much hypo-
xanthine, and little xanthine,

Transforination of Guanine into Xanthine—Guanine is dis-
solved in boiling nitric acid of 115 to 1:20 spec. gravity. Small
pieces of nitrite of potash are then successively thrown into the
solution until a strong evolution of vapours occurs, The solu-
tion is then poured into cold water, and the lemon-yellow flakes
which are thereby precipitated are wa%hed until the water which
flows off does not any longer present an acid reaction. The sub-
stance 1s purified by solution in boeiling water. From the first
acid mother-liquor much yellow substance may yet be obtained
by evaporation and partial neutralisation with carbonate of
potash. This yellow product is a mixture of xanthine and a
yellow nitro-compound much resembling xanthine, perhaps
xanthine in which hydrogen is replaced by nitrous acid. Its
exact formula has not yet been determined. It can be trans-
formed into xanthine by the following process :—The yellow
flakes are dissolved in boiling caustic ammonia. To the dark
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red solution is added a solution of ferrous sulphate, until the
precipitate of hydrated oxyde of iron which falls at first is
superseded by a deposit of black suboxyde. The solution,
which must yet contain much free ammonia, is filtered off,
evaporated to dryness on the water-bath, and the sulphate of
ammonia is extracted by water. The residue is again dissolved
in boiling ammonia, and the solution again evaporated, when pure
xanthine remains.

The metamorphosis of guanine into xanthine, leaving the
intermediate products out of the question, is represented by the
following formula .—

2(C,H,N,0) + 0, = 2(C,H,N,0,) + H,0 + N,.

Transformation of Hyporanthine into Xanthine.
xanthine is evaporated with nitric acid over the free fire, or
treated with fuming nitric acid, a yellow residue remains on
evaporation, which forms a reddish-yellow solution with caustic
potash. On evaporation, it becomes violet-red at the margins,
afterwards throughout of the same colour, and ultimately leaves
a dark purple residue, which dissolvesin water with a yellowish-
red colour, This solution becomes colourless on addition of a
solution of ferrous sulphate, and from the colourless filtrate acetic
acid precipitates a body which has all the properties of xanthine.

Physical Properties—Xanthine mostly appears in amorphous
roundish granules, which, when dry, form a white or yellowish
powder, and on friction with the nail assume the glistening
appearance of wax.

Solubility in Water—Xanthine obtained by evaporation of
an ammoniacal solution, on boiling with water, dissolves to some
extent. The saturated boiling solution contains 1 part of xan-
thine in 1310, 1380 (Succhm) 1178 (Stideler), 1148 to 1166
(Scherer) of water. But when xanthine is precipitated from its
solution in alkalies, it at first yields one part to 396 parts of
boiling water; on a second extraction, 1 part of xanthine is
found dissolved in 570 parts of boiling water. This latter solu-
tion, on cooling, deposits flakes, and at 10° C. contains 1 part of
xanthine in 2110 parts of water. Schererin several experiments
found 1 part of xanthine dissolved in 1650, 2901, 9488, and
2405 parts of water. Stideler in one experiment found 1 part
of xanthine dissolved in 13,333 parts of water at 40° C.

From this it is clear that xanthine offers varying degrees
of solubility, which may be caused by adhesion of foreign
matters, condensation by heat, and other causes. It readily
dissolves in alkalies, such as ammonia or potash, but does not
dissolve so easily in hydrochlorie, concentrated nitrie, and sul-
phuric acids. When a solution of the substance in caustic
potash is exposed to the air for some length of time, distinct

e ——— =




XANTHINE, 101

erystalline seales of the substance besides bicarbonate of potash
are deposited.

The air-dry substance decreases little in weight at a tempera-
ture of 100, and after that undergoes no chapge by heating to
150°, When the heat is increased it blackens, and without
fusing, gives, particularly when heated in an inclined glass
tube open at both ends, a sublimate consisting partly of car-
bonate of ammonia, and partly of white unchanged xanthine, and
evolves the odour of cyanogen and prussic acid. There always
remains a carbonaceous residue. A watery solution of xanthine
saturated in the cold gives a white precipitate with corrosive
sublimate, but no precipitate with acetate of copper at the
ordinary temperature; on hoiling, however, a yellowish-green
flaky precipitate is produced by this reagent. Nitrate of silver
causes a gelatinous precipitate, which is little soluble or insoluble
in dilute ammonia, but easily soluble in dilute nitric acid, with
the assistance of a gentle heat ; on cooling, the greater part of
the xanthine cmnpuund 18 aﬂam depﬂsrted The solution of
xanthine in ammonia gives “white precipitates with the am-
moniacal solutions of the chlorides of cadmium and zine, which
are soluble in a great excess of ammonia. Acetate of lead pro-
duces white flakes, which, on standing, are frequently trans-
formed into glistening crystalline scales.

Compounds.—Although the basic properties of xanthine are not
so marked as those of gunanine and hypoxanthine, yet it forms com-
poundswhich have much similarity with those of the latter bodies,

Sulphate (C;HN,0,4+S0,H,0+aq.) is produced by dissol-
ving moist xanthine in warm, not exactly concentrated, sulphuric
acid, and crystallises in rhombic plates of the lustre of mother
of pearl, which, by washing with water, lose their transparency,
and leave pure xanthine in the original form of the erystals,

Nitrate—On dissolving xanthine in moderately concentrated
nifric acid, with the -assistance of a gentle heat, no gas is
evolved, and on cooling or evaporating the fluid yellow hemi-
spherical or wart-like masses are deposited, which consist of
very delicate crystals, and dissolve in potash without any very
decided coloration. But when a nitric acid solution of xan-
thine is concentrated by boiling and dried, a lemon-yellow
residue remains, which dissolves in potash with a yellowish-red
colour, and on application of heat becomes violet-red. The
lemon-yellow residue must not be overheated, as it easily and
rapidly carbonises.

Hydrochlorate (C,H,N,0,4 HCl).—Xanthine dissolves easily in
concentrated hmlmrr i]}.r:imchlunc acid; on cooling of the solu-
tion globules or wart-like masses are depnsited, which consist of
delicate, thombohedrical pointed scales, frequently interwoven,
and of a silky lustre. When a concentrated solution is evapo-
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rated on the water-bath, a crystalline pellicle is formed. The
salt is soluble in 153 parts of the mother-liguor; it is little or
‘slowly soluble in boiling water. It forms a double salt with
platinic chloride, which has not yet been analysed.

Xanthine-Ammonia.—When xanthine is dissolved in concen-
trated warm ammonia, and allowed to stand in a stoppered bottle,
a crystallised compound of the two bodies is obtained. From its
solution in caustic potash the greater part of the xanthine is
precipitated by acetic or carbonic acid in the form of flakes.

Xanthine-Baryta (C;H,N,0,4BaOH,0). — Boiling baryta
water dissolves a little xanthine, and forms a compound.

Xanthine and Owide of Silver (C;H,N,0,4+ Ag,0)—Nitrate of
silver produces a precipitate in an ammoniacal solution of xan-
thine, which, after drying, has the foregoing composition.

Xanthine and Nitrate of Silver —The addltmn of nitrate of
silver to a solution of xanthine in dilute nitric acid produces a
flaky precipitate, which dissolves on boiling, and reappears on
cooling—the slower, the more free acid 1s pl’*&‘iﬁl]t In case the
precipitates ensue quickly, they consist of membranous masses
of hair-like confused crystals. By slower erystallisation radiary
groups of fine needles are obtained. This compound, by washing
with water, loses nitric acid and oxyde of silver,—more of the
latter than of the former,—and therein differs from the analogous
compound of hypoxanthine, which is not decomposed by water,
much less soluble in boiling dilute nitrie acid, and much quicker
deposited from this solution.

Quantity of Xanthine Exereted in Twenty-Four Hours—The
urine of a patient suffering from disease of the kidneys with
albuminous urine, granular casts, and uremic symptoms, was
examined on three successive days. The urine of twenty-four
hours was freed from albumen by boiling, from uric acid by
hydrochlorie acid, from phosphates by excess of caustic lime,
It was next boiled and treated with acetate of copper. The
precipitate was dissolved in nitrie acid, and the precipitate pro-
duced in this solution by acetate of mercury was decomposed by
hydrothion, and the xanthine obtained purified, as described
above. The following quantities were obtained :—

Quantity of Urine in Twenty-Four Hours. XKanthine in same.
1st day, . R L 1101 S : (-84 grains.
e DGR . : B el
T R T

Neubauer obtained only one gramme of xanthine from about 600
pounds of urine, from which kreatinine had previously been
precipitated. He probably separated only about one-tenth of
the xanthine originally contained in this large amount of urine.
He advises not to search for xanthine in less than one or two
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hundredweights of urine. One day’s healthy urine is, however,
quite sufficient to obtain a quantity of xanthine which will
suffice to give all its prominent reactions.

Xanthine Caleuli—Urinary calculi consisting of xanthine are
light or dark yellowish-brown in colour, of even surface, hard in
substance, of the hardness of the ordinary uric acid ecaleuli, con-
structed of concentric layers without fibrous or erystalline texture,
On friction, the calculi assume the glistening appearance of wax,
The calculi examined by Marcet were given to him by Dr. Babing-
ton, who had obtained them from a patient of his. When, sub-
sequent to the discovery of the peculiarity of these calculi, Dr.
Marcet made inquiry of Dr. Babington, this physician had lost
all recollection of the case and sight of the patient. Langenbeck
i 1816 performed lithotomy upon a Hanoverian peasant boy,
eight years old. The calculus was oval, but flattened, and of the
size of a small hen’s egg. It broke in three pieces on removal,
The peculiar appearance caused Langenbeck to give the caleuluns
to Stromeyer, the then professor of chemistry, for chemical
examination, who, from its chemical reactions, distinctly declared
this caleulus to be composed of Marcet’s xanthic oxyde. Stro-
meyer never published anything on this subject. but alluded to
it in his lectures on animal chemistry. The history of the boy,
as contained in the journal of the hospital at Gottingen of the
year 1816, contains no data relative to the illness of the boy,
during which the concretion was produced. The boy was dis-
missed cured four weeks after the operation; and, according to
later inquiries, no symptoms of a renewed formation of calculus
occurred to him,

It was upon the substance from this caleculus that Liebig and
Waohler performed their analysis of uric oxyde. Pieces of the
same caleulus have latterly been analysed by Strecker, Scherer,
and Stideler; and their reactions have been found by these
chemists to accord with the reactions of the xanthine obtained
by them from various parts of the human and animal economy,
and artificially from guanine and hypoxanthine. A piece of
this historical caleulus is contained in the Museum of the Royal
College of Surgeons, London.

Laugier's Case—Mr. L. had a disorder of the bladder, and had
passed several small calculi. Some of them were given to M.
Laugier by Dr. Laugier, under whose care the patient was. The
largest calculus of three only weighed one centigramme (015
grains). The colour of the concretions was deep yellow, their
form was spherical, and their surface seemed to indicate that
they were uric acid. One of the caleuli dissolved readily in
caustic potash, without evolution of ammonia; but the addition
of hydrochloric acid caused no precipitate in the fluid. An
excess of ammonia produced no change in this solution. The
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powder of the second calculus easily dissolved in concentrated
nitric acid. The solution on evaporation left a citron-yellow
residue, which dissolved in water with the same colour, and
which, on repeated evaporation with nitric acid, always reappeared
again. Potash, when added to the yellow mass, coloured it red
on warming, and the intensity of the red colour increased by
evaporation. This red colour, however, was transformed into
yellow by solution in water. These reactions are in accordance
with those desecribed by Mareet,

Chemical Relations of Xanthine—The composition of xanthine
1s 50 similar to that of uric acid that it was termed uric oxyde. It
contains an atom of oxygen less than this acid, and, on the other
hand, an atom of oxygen more than hypoxanthine. It is, there-
fore, by many considered as the middle term of a series of three
bodies which stand in a genetic relation to each other, namely,
hypoxanthine, C,H,N,0; xanthine, C;H,N,0,; and uric acid,
C,HN,O,, That hypoxanthine satisfies the demands for
proui's of this relationship, by admitting of its metamorphosis
into xanthine, we have already seen. But xanthine has not yet
been transformed into uric acid, nor into any of the proximate
products of the decomposition of wuric acid; and the direct
relationship of uric acid to the series would thus be uncertain,
but for the statement of Rheineck that uric acid could, by the
reducing effect of a very dilute sodium amalgam, be meta-
morphosed into xanthine, and the latter, by the same agency,
into hypoxanthine. But all the bodies of this group, including
also guanine, as an amidated hypoxanthine, when treated with
oxydising agents, yield a somewhat remote product of decom-
position, which shows that they all have at least two radicals
in common ; and this produet is parabanic acid, C;H,N,O,.
This latter contains the radicals of oxalic acid and urea, 1nto
which it can be transformed in two stages; in the first stage it
takes up a molecule of water, and becomes oxaluric acid,
C,H,N,O,, and this again takes up a molecule of water, and then-
splits up into oxalic acid, C,H,0,, and urea, CHN,0. All
the bodies yielding parabanic acid would therefore yield, by
appropriate treatment, oxalic acid and urea, or their decomposi-
tion products, carbonic acid and ammonia, But in the case of
uri¢ acid, the formation of parabanic acid is known to be pre-
ceded by that of alloxan, urea being split off at the same time—

CHN. O, + H,0 4+ 0 = C,H,N,0O, + CH,N,O.

Alloxan is then transformed into parabanic acid by oxydation
and loss of carbonic anhydride—

CH,N.O, + 0 = CO, + C,H,N,O,.
Tn the oxydation of xanthine and hypoxanthiue, the form of
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alloxan has not yet been observed ; their radicals must therefore
be arranged somewhat differently. In the case of uric acid, the
nifrogen leaves in two stages as urea, and in that form only—

O ST T 0
8100 s [ I

The carbon leaves as urea, carbonic acid

C
(if H, gf and oxalic acid,
Gl My, | N, Og | so that for the entiretransformation of

a molecule of uric acid into these final products, H,; and O, are
required, or 3H,0 and 20. Xanthine would require one atom,
hypoxanthine two atoms of oxygen more, to yield the same
products as uric acid. From some reactions it is probable that
xanthine contains the radicals cyanogen, glycolyl, carboxyl, and
hydrogen ; as an alkaloid, it may be a simple or a double
ammonium compound, These possibilities have been expressed
in two different constitutional formule—

1= 2,
C. N C, N,
N N AT lN
¢,H,0 (0 CEHE{}S 2
HE Hﬂ

These two formula stand in the same relation to each other as
the two formula by which cyanic acid can be expressed—

CN . C O
H]D ar H }N

NOTES TO XANTHINE.

Liebig and Wohler determined the quantity of nitrogen by the proportion
of its volume to that of the carbonic acid. 13 tubes containing 6295 c.c. of
mixture, lost 451'5 of carbonie acid when treated with ecaustic potash, and
left 178 of mitrogen, giving the proportion of 1N to 2:53 of CO,, or 4N to
50. Two errors in the original accounts of their analyses already corrected
by Einbrodt (“Ann. Chem.” 58, 15; and Unger, ibid. 58, 18), are clearly
misprints, the quantity of uric oxyde taken for combustion is stated to have
_ been 0°2215 grm. instead of 0°4157 grm., as caleulated from their results, and
the proportion of gases in the mixture is 1N to 2:53C0,, and not 1.5C0, as
stated. Unger repeated the analyses upon a part of the same caleulus, and
found the carbon to stand to mitrogen in the proportion of 5 to 4.
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To Literature.

Gabel, of Dorpat (“Ann, Chem.” 79 83), believed that he had found
xanthine in some bezoars, but he subsequently corrected his statement,
the supposed uric oxyde having, on closer examination, turned out to be
bezoardic acid. The description of the reactions of his smaller calculi with
nitric acid gives me the impression as if they had been biliary caleuli
from the ox, consisting mainly of bilirubin. Gobel also quotes Dulk
(*“ Schweigger's Journal,” 26, 29) as having observed a xanthine calculus 7
grains in weight. But Dulk’s name does not occur in that volume, which
contains, however, an abstract of the essay of Marcet. The only other notice
of xanthic oxyde which occurs in *Schweigger’s Journal™ is in 49, 258,
where Marcet relates that he saw a caleulus at Stromeyer’s, in Gottingen,
which this chemist convinced him, by reactions performed in his presence,
consisted of xanthic oxyde.

To Mode of Obtaining from Human Uring. Strahl and Lieberkithn's.

. The foregoing summary I have extracted from a confused account, com-
prising twelve pages (119 to 131). It is undoubtedly due to the want of
precision in their descriptions that the researches of these authors were so
long overlooked or misinterpreted. They also failed to repeat and confirm
their experiments, so that by the recent accurate analyses they almost
stand deprived of the credit of what was after all their discovery.

To Mode of Obtaining from Human Urine,

This process was originally deseribed on page 411 of the first edition of the
treatise on the “ Pathology of the Urine,” 1858, and the product stated to be
sarkine, with which the silver compound and the reactions of the substance
have much similarity. The xanthine can be obtained pure by this process,
without the help of nitric acid and silver, by dissolving the first granular
deposit repeatedly in boiling eanstic ammonia.

The nitrate of silver xanthine obtained in my investigation was repeatedly
analysed, until the constantly varying result led to the conclusion that the
salt was decomposed by washing with water.

To Transformation of Guanine tnto Xanthine.

Strecker examined a portion of the xanthine calenlus originally analysed
by Liebig and Wohler, and found its behaviour towards hydrochlorie acid
and that of its ammoniacal solution towards nitrate of silver to be the same
as that of the product of the metamorphosis of gnanine. Stédeler, observing
the different solubility of the two substances in water, was inclined to believe
the xanthine from guanine to be a different body, and proposed to term it
guano-xanthine. But these doubts have been set at rest by the observations
on the varying solubility in water of all deseriptions of xanthine. The xan-
thine from guanine is now allowed to be the same as that analysed by Marcet,
Liebig, and Wahler.

To Xanthine Coleuli.

The calculus described by Dulk in Simon’s * Beitrage zur Physiol. und
Pathol. Chemie,” p. 413, was not one of xanthic oxyde as claimed by the
authors, but of uric acid. This is evident from the whole aceount, and par-
ticularly proved by the circumstance that on decomposition with nitric acid
the ealculus yielded crystallised alloxantine; a compound which has never
been observed amongst the products of decomposition of xanthine, but only
amongst those of uric acid.




CHAPTER VI.
HYPOXANTHINE, C,H,N,0.

HISTORY AND LITERATURE.

UnDER this name Scherer (Y Ann. Chem.” 73 (1850), 328) de-
scribed a substance which, though similar to xanthine in properties
differed from it in elementary composition by containing less
oxygen. He found it in the human spleen in individuals of
all ages, and Gerhardt (* Wiirzb. Verhandl.” 2, 299) found it
in the blood of the ox. Scherer (ibid. 521) also discovered its
presence in buman blood in leukocythaemia, together with urie,
lactic, and formic acids, and leucine. Although he correctly
determined its elementary composition, the reactions described
by him evidently belonged to a mixture of xanthine and
hypoxanthine. Subsequently Strecker (“ Ann. Chem.” 102
(1857), 208, and “ Chem. Soe. Journ.” 10 (1858), 121, and
again “ Ann. Chem.” 108 (1858), 129) described a base from
the extract of flesh, which he named sarkine, and found to agree
in composition with hypoxanthine, but to differ in reactions.
Scherer (“ Ann. Chem.” 112 (1860), 257) thereupon proved the
identity of sarkine and hypoxanthine, and explained the discre-
pancies between the reactions of his earlier hypoxanthine and
that now admitted as pure, as having been caused by an admix-
ture of xanthine. Hypoxanthine occurs normally in the brain of
man and the ox in considerable quantity, and i1s probably not
accompanied in this organ with either uric acid or xanthine.
The liver, kidneys, thymus, and thyroid glands also contain a
body much resembling hypoxanthine. It does not seem to occur
in the human urine in health, but is excreted in pathological
conditions, such as leukocythaemia, diseases of the liver, diseases
of the kidneys, particularly albuminuria, with the large fatty
kidney, and in obscure affections to be cited below.

Mode of Obtaining it Pure.—It is sometimes present in the mus-
cular substance of the heart of the ox in such guantities that it
is deposited from a boiling watery extract on concentration and
cooling. From watery extracts of the brain it is also regularly
depnmtaed on concentration and cooling. But, as a rule, its solu-
bility in extracts is so great that special precipitanta are required
for ils isolation. Such are all specific precipitants of organic
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alkaloids,namely phosphomolyhbdic acid, mercurie chloride, tannie
acid, and also argentic nitrate, mercuric nitrate, ammonic zinc
chloride, and cupric acetate. From brain extracts it is also con-
veniently separated by auric chloride.

The most advantageous method of preparing hypoxanthine
from extract of flesh is by precipitation with cupric acetate. The
diluted watery extract, for which the mother-liquor from kreatine
preparation may conveniently be used, is heated to boiling and
mixed with a dilute solution of the copper salt. The copious
precipitate thus produced is decomposed by hydrothion, when the
base remains in solution. To remove colouring matter the solu-
tion is boiled with hydrated lead oxyde, which also takes up a
small quantity of hypoxanthine. The filtrate from the lead is
heated with hydrothion, and after filtration evaporated, when
hypoxanthine is obtained in a erystalline form. That portion
of hypoxanthine which remains in combination with the oxyde
of lead employed for purification may be recovered by decompo-
sition of the residue with hydrothion, and extraction of the lead
sulphide with ammonia. By carefully extracting with water one
pound of raw beef, precipitating the extract with baryta water,
evaporating the fluid, and precipitating it with a solution of
silver nitrate in excess of ammonia, Strecker obtained one cen-
tigramme, indicating the presence of 2-22 parts of hypoxanthine
in ten thousand parts of flesh.

From all kinds of animal extracts and fluids hypoxanthine can
conveniently be removed by the following process:—The extract
is strongly acidified with sulphuric and some nitrie acid, and is
then mixed with a solution of phosphomolybdate of soda, acidi-
fied with nitric acid, as long as a precipitate is thereby produced.
The precipitate is washed with water containing some free sul-

phuric acid. It is then decomposed with a sufficiency of baryta
water* added at first in slight excess, and, after digestion in the
water-bath, neutralised by carbonic acid. The solution filtered
hot, on boiling, deposits at first some baryum carbonate, but on
concentration deposits the isolated alkaloids, amongst them hypo-
xanthine in scales, and, on standing, in hard crusts and masses.
It is best to treat the entire solution with some nitrie acid, and
then with silver nitrate, to wash the precipitate slightly, and
then to dissolve it in boiling dilute nitric acid, and filter on the
steam-funnel. The solution almost immediately deposits the
crystallised white compound of hypoxanthine and silver nitrate.
All other alkaloids, whether precipitated by silver nitrate or not,
remain in the nitric acid mother-liquors, and can be recovered by
the phosphomolybdic process after removal of the silver by
hydrochloric acid. Carnine, or acetyle-hypoxanthine, is insoluble
in nitric acid, and, if present, would therefore remain with the
silver chloride on the filter.
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From the watery extracts of the human brain hypoxanthine is
most conveniently precipitated by gold chloride. The precipitate
is decomposed by hydrothion, and filtered hot. Itis evaporated to
a small bulk, and before the hypoxanthine hydrochlorate erystal-
lises, is treated with caustic ammonia until alkaline, and again
heated to drive off any excess of ammonia. On cooling and
standing, hypoxanthine crystallises out. This is collected on a
filter, redissolved in boiling water, treated with some animal
charcoal, and again obtained white on cooling. To ensure its
purity it is passed through the silver process above described.
The silver is then removed by hydrothion, and the solution of
the nitrate again treated with ammonia, when, after several
recrystallisations, pure white hypoxanthine is obtained.

Lhysieal and Chemieal Characters—From its warm saturated
solution hypoxanthine, on cooling, is deposited in white flakes
and crusts, consisting of masses of needle-like crystals; when
a dilute solution of hypoxanthine is evaporated slowly, the sub-
stance adheres to the sides of the vessel as a dense erust; when
evaporated quickly, desquamating scales are left behind. It is
goluble in 300 parts of water of 15°; and in 78 parts of boiling
water ; it requires 900 parts of boiling aleohol for solution. The
solutions do not change the colour of litmus paper, and exhibit no
very characteristic taste. In hydrochloric acid, ammonia, and
potash, hypoxanthine dissolves much more readily than in cold
water ; less readily in dilute nifric and sulphuric acid. It is
very soluble in concentrated nitric and sulphuric acid, without
discoloration or evolution of gas. Caustic alkalies, including
baryta, dissolve hypoxanthine; from the solution in caustic
potash or soda, the greater part of the hypoxanthine is
precipitated by a current of carbonie acid gas ; from the solu-
tions in the fixed alkalies, and in ammonia and baryta, it is also
precipitated by a little hydrochlorie, or by an excess of acetic
acid. Hypoxanthine is consequently an organic alkaloid of a
very pronounced character. Of its chemical cleavage, nothing
1s known as yet, but its relations to xanthine are not only
foreshadowed by its similarity to it in general properties, but
established by its actual transformation into that body. Hypo-
xanthine is heated with fuming nitric acid, and the solution
evaporated to dryness. The residue is mainly nitrate of nitro-
xanthine. Reduction by means of ferrous sulphate in ammonia
solution removes the nitre-nucleus, and the solution yields
xanthine—

2(C;HN,04+2(NO,) +30 =2(C;H,(NO,)N,0,)+ H,0, and
CH,(NO,/N,0,4+5H=C,HN,O0,+2H,0+N.
The reaction is therefore similar to that by which guanine
is transformed into xanthine. In the case of hypoxanthiue,
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hydrogen is substituted by nitrosyle; but in the case of
guanine, amide is replaced by nitrosy le. Guanine, therefore,
may be considered as amidated h}pﬂxanthme We have thus
in the animal economy two products of the retrogressive
metamorphosis of albuminous matters, of greater complication
than hypoxanthine, both able to furnish this base, namely,
guanine, C;H.N,O, which would yield hypoxanthine by the loss
of amide, and earnine, C;HN O,, which would yield hypoxan-
thine by the loss of acetic acid. The hypoxanthine would then
take up oxygen, probably in sfatw nascenfe, and be secreted as
xanthine in the urine.

Hypoxanthine presents great analogy to guanine in its com-
pounds, in its behaviour towards nitrate of silver, sulphuric
acid, baryta water, and caustic potash. But it can be dis-
tinguished from guanine by the following reactions :—The
colourless nitric acid solution of guanine assumes a yellow colour
on evaporation on the water-bath, and leaves a citron-yellow
residue, which, with potash, assumes a red colour, becoming
violet on evaporation, purple on drying, and dissolving in water
with a yellow colour. Hypoxanthine, on the other hand, dis-
solves in nitric acid of 1-20 spee. gr., without evolution of gas,
and the solution by evaporation on the water-bath leaves a
colourless mass, which dissolves in caustic potash without color-
ation, and does not become yellow unless very strongly heated ;
when the evaporation of the nitric acid solution is effected over
the free fire, or fuming nitric acid is employed for the reaction, a

ellow residue remains, which, on addition of potash, assumes a
red colour. Xanthine has a very similar reaction. This alkaline
red solution, on evaporation, becomes violet-red at the margins,
and when dry, assumes the same colour throughout, ultimately
becoming of a dark purple ; it dissolves in water with a yellow
colour,

The elementary composition of xanthine, C;H,N,0,, has sug-
gested the idea that it might be a compound of uriec acid and
hypoxanthine—

2C,H N, O, = C H,N, {'J + %H%\T*{}
Xanthine, Uric Acid. Hypoxanthine,

but by mixing a solution of hydrochlorate of hypoxanthine with
urate of soda, not xanthine but an isomeric compound, urate of
hypoxanthine is obtained, which, under the influence of acids,
separates into its original constituents.

Compounds—The watery solution of hypoxanthine gives no
reaction with most metallic salts at the ordinary tempeml;un,
but a preclpltate frequently ‘ensues when caustic ammonia or
potash 1s simultaneously added, or the fluid is heated to ebullition.
Thus solutions of ehloride or sulphal;e of zinc are indifferent, but

oy




HYPOXANTHINE. 111

when an excess of ammonia is added, a white flaky precipitate of
hypoxanthine-oxyde of zine ensues, which is only little soluble
in the boiling fluid. Chloride of cadmium shows a similar be-
haviour. Sulphate of copper gives a precipitate on the addition
of potash, which is of a light blue colour, and remains unchanged
by boiling. If the fluid contains an excess of potash, the pre-
cipitate blackens, and the hypoxanthine dissolves. A boiling
solution of hypoxanthine gives a green flaky precipitate, with an
excess of acetate of copper. Neither neutral nor basic acetate of
lead, by themselves, precipitate hypoxanthine ; but when it is
boiled with the basic lead salt, a flaky white deposit is formed.
On warming a solution of hypoxanthine with hydrated oxyde of
lead, an alkaline solution of hypoxanthine oxyde of lead is
formed, while a portion of hypoxanthine is retained in an in-
soluble state by the excess of hydrated oxyde. The following
combinations with acids, metallic oxydes, and salts, are well
defined :—

Hydrochlorate, C.;HN,O,HCI + H,0.—The solution of hypo-
xanthine in boiling concentrated hydrochloric acid deposits, on
cooling, colourless crystalline plates, of the above composition.
From a solution in dilute hydrochloric acid colourless crystalline
needles are obtained on evaporation ; when, however, the solution
of hydrochlorate of hypoxanthine in water is repeatedly evapo-
rated to dryness on the water-bath, a residue is at last obtained
which contains no hydrochloric acid. Water has therefore a de-
composing influence upon this salt,

Hydrochlorate of = Hypovanthine and Platinic Chloride,
2(CHN,OHCHPtCl, On adding a solution of platinic
chloride to a concentrated warm solution of crystals of hypoxan-
thine hydrochlorate, the above platinum-salt is deposited in
yellow erystalline masses, which are sparingly soluble in cold
water, but readily dissolved at a higher temperature.

Nitrate—The solution of hypoxanthine in concentrated nitric
acid deposits, on standing, transparent, colourless crystals (ap-
parently rhombic octahedra) of hypoxanthine nitrate, which on
exposure to air or water become white and opaque, without any
alteration of shape.

Sulphate.—The solution of hypoxanthine in concentrated sul-
phuric acid, deposits, on standing, or on addition of aleohol,
colourless needle-shaped erystals of sulphate of hypoxanthine,
which on coming in contact with water crumble to a white
powder. The water dissolves some hypoxanthine and sulphuric
acid, but the greater part of the base remains undissolved ; the
salt is consequently decomposed.

- Hypoxanthine, when treated with concentrated acids at a
temperature of 100° C. does not undergo any decomposition. Its
solution, when mixed with aqua regia and evaporated on the
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water-bath, leaves a residue which consists mainly of unchanged
hypoxanthine.

Hypoxanthine and Baryta, C;H,BaN,0 4 2H,0.—A solution
of hypoxanthine in baryta water, on addition of a larger quantity
of baryta water, deposits transparent colourless erystals of hypo-
xanthine baryta. From the solution of this salt the baryta may
- be precipitated by a current of carbonic acid gas.

Hypoxanthine and Silver, C;H,Ag,N,04+H,0.—On adding
a solution of hypoxanthine to an ammoniacal solution of nitrate
or chloride of silver, a flocculent precipitate, quite insoluble in
even boiling water and ammonia, but soluble in much concen-
trated ammonia, is obtained, which on drying becomes a hard
mass like alumina.

Hypovanthine and Nitrate of Silver, CCHN,O4 AgNO,—
A solution of hypoxanthine in water, when mixed with a solution
of nitrate of silver, forms a flocculent precipitate, which is insol-
uble in dilute nitric acid at the ordinary temperature, It is,
however, completely soluble in large quantities of boiling con-
centrated nitric acid, and from this solution is, on cooling, de-
posited in colourless needle-shaped ecrystals, and so completely,
that the filtrate scarcely yields any precipitate on addition of
hydrochloric acid,

Hypozanthine in Human Urine as a Symptom of Disease.

In the following cases deposits of peculiar appearance were
observed and interpreted, from the reactions of the bodies, to be
xanthine. But the better knowledge of both xanthine and
hypoxanthine which has been acquired since these observations
were made, has rendered it probable that the deposits consisted of
hypoxanthine. I point out this uncertainty, which in any
future similar observations can easily be avoided by the adoption
of the phosphomolybdate process and diagnostic silver-nitrate
reactions.

Case 1.—H. B. Jones, * Journal Chem. Soc.” 15 (1862), 78. A boy, nine
years and a half of age, had had good health until seven years old, when he
was seized one night with violent sickness and pain in the stomach continuing
for three days. On the third day his water gradually became of the colour of
blood, it then stopped altogether and nothing was passed for four days; then
delirinm and convulsions came on, lasting for twenty-four hours, after which
he was relieved by a most violent perspiration. No stone was seen to pass.
In a few days he was perfectly well, and continued so for nearly three years,
when in June 1861, he caught a slight cold and was delirious one night. A
medical man saw him and found some albumen in the urine, which then was
generally thick, and the quantity of deposit was increased by excitement or
temper ; cold produced the same effect in a less degree. He never complained
of painin the ]I?::mk', and was able to take much exercise without fatigue. He
always had a good appetite, and was allowed to eat everything. On examina-
tion a very small quantity of albumen was found in the water made at night,
and none in that made in the morning. There were no blood-corpuscles, no
tubular casts, and the specific gravity was high. Many specimens were ex-

I
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amined, but nothing remarkable was found. About the end of July 1861 the
boy passed urine which was quite thick and deep coloured. A drop was
placed under the microscope, and a crystalline deposit was found resembling
one form of uric acid, but on the application of heat to the unfiltered urine
the erystalline deposit entirely redissolved. Each fresh portion of sediment
showed the same crystalline appearance and the same solubility by heat. A
closer examination elicited simply that the erystals were not urie acid. A
few days afterwards another specimen was observed containing the same
crystalline deposit soluble by heat. The sediment formed about an eighth of
the bulk of the fluid. It was collected on a filter, washed with alcohol and
gave the following reactions :—It dissolved in water and in hydrochlorie acid;
when treated with nitric acid it dissolved without effervescence, and when
evaporated to dryness it left a yellow residue.  When the solution in hydro-
chlorie acid was evaporated to dryness it left minute crystals, soluble in water.
The sediment was easily dissolved by alkalies. The watery solution of the
sediment had a feebly ucid reaction, and when evaporated to dryness left an
amorphous residue, which was again easily dissolved in water. The urine of
this boy was examined on many subsequent occasions. It was generally of
high specific gravity, 1025, 1026, 1027, 1030 ; onee as low as 1013. It some-
times contained a trace of albumen, usually it deposited urates, and sometimes
uric acid and oxalate of lime, but never the erystalline deposit soluble by
heat and presenting the reactions of hypoxanthine.

Case II. Observed by the author, and communicated to the Medical
Society of London.—A gentleman, aged 49, who had been many years at
sea, and undergone great hardships, had, during a period of indisposition
extending over seven years, gradually become subject toconfirmed disease of the
liver and kidneys. When f'ex:nninnd him early in 1862, I found the left lobe
of the liver enlarged, and projecting an inch and a half beyond its proper
line towards the nmbilicus, Its surface was uneven, and its substance hard,
presenting the features of incipient eirrhosis. The bowels were mostly eon-
fined, requiring the assistance of purgatives. The evacuations indicated a
very deficient action of the liver, by a peculiar light fawn or drab colour.
There was great anasarca of the lower limbs, and some ascites. He had fre-
quent []-mims in the region of the kiduneys. The urine was collected and ex-
amined on four days, with the following result :—From January 29 to 30,
during 24 hours, there were passed 860 c.c., or half the quantity which a per-
son of the weight and size of the patient should normally pass. In colour it
was brownish-red, and on standing in a warm place, deposited a large clond
of small epithelial hyaloid and granular, few fatiy casts of the uriniferons
tubules. ?ﬂmc of them contained anyloid bodies. When allowed to get
cold, it became turbid, and deposited a large precipitate of urates, mixed with
another matter, which, when the urates were decomposed by a little hydro-
chloric acid on the water-bath, at 37, remained or reappeared in white pris-
matic crystals of microscopic minuteness. To the naked eye these crystals
appeared as a white glistening powder, contrasting strongly with the dark
brown large erystals of uric acid. When allowed to roll on the hottom of
the glass vessel which contained them, they strongly reflected light, showing
their erystalline nature. Under the microscope they appeared as small
prisms, with pyramidal ends, and differed as much from the accompanying
oric acid in appearance as their aggregate mass differed from it when
inspected with the naked eye. They were separated by levigation, and then
gave the following reactions :—They rapidly dissolved in caustic ammonia,
and, afier evaporation, their substance was deposited in granules, a small
quantity only assuming the orviginal shape of crystals. They dissolved in
nitrie acid without effervescence, and the solution on evaporation left a yel-
low stain. This became darker by gentle heating, and then dissolved in
potash with a violet-red colour. The residue from the ammoniacal solution,
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dissolved in hydrochlorie acid, on evaporation, left prisms, with pyramidal
ends of exactly the same form as the crystals originally obtained from the
urine treated with hydrochloric acid.

The urine contained albumen, amounting dr}r to 165 grains in the whole
urine of 24 hours. The urea weighed 400 grains. The uric acid was of
average amount.

The urine from Janvary 31 to February 1, 24 hours, amounted to 750 c.c.,
was brownish-red, yielded the same large deposit of casts of the uriniferous
tubules, and a I&rge deposit of urates and hypoxanthine. The dry albumen
amounted to 164 grains, the urea to 359 grains ; the uric acid was not
weighed, as it could not be obtained pure.

From February 1 to 2 the patient passed 700 c.c. of urine, which was
omewhat paler than the first specimens. It contained 133 grains of albu-
men, and 336 grains of urea. The uric acid was average, and not mixed
with any deposit of hypoxanthine,

On the fourth day, February 2 to 3, the urine amounted to 750 c.e.  The
deposit of urates which oceurred on eooling was much less coloured, and con-
tained no hypoxanthine. The deposit of casts was still copious ; the albu-
men amounted to 202, the urea to 359 grains. The patient suffered from an
attack of diarrheea. From this day he used the hot-air bath twice daily, and
internally took gallie acid in large doses and cold extract of beef, with hydro-
chloric acid. This treatment diminished the dropsy to slight anasarca of the
lews, the patient losing 22 pounds of weizht in a fumnuht, prubably all by the
abstraction of water ; appetite and strength improved. The guantity of
the urine rose to 1500 c.c. in 24 hours ; it contained less albumen, more urea,
was of & healthy colour, and made no deposits either of urates or hypoxan-
thine. It was examined on several subsequent occasions, and found to have
maintained its improved character. By the continued use of the hot-air bath,
which he had constructed at his own residence, the patient lost all symptoms
of dropsy, though not the albumen and casts, from his urine. He lived for
many years, and died from an acute attack of erysipelatous inflammation,

e




CHAPTER VIL
GUANINE, C,H.N,0

HISTORY AND LITERATURE.

UNGER, “ Poggend. Ann.” 65 (1844), 222; “Apn. Chem.” 51
(1844), 395; 59 (1846) 58, Guanine discovered.—Gorup-
Besanez and Fr. Will. “ Ann. Chem.” 69 (1849), 117. Guanine
found in the excrements of spidms (epeira), in the “green organ ™
of the river crayfish, and in the “organ of Bojinus” "of the fresh-
water mussel. —Strecker, “ Ann. Chem.” 113 (1861), 152.
Transformation of guanine into xanthine, and decomposition
products of guanine leading to urea discovered. —DBarresswil,
“ Compt. rend.” 53, 246. Guanine discovered in the scales
of fishes.—C. Vait, “ Zeitsch. f. wissenschafil. Zoologie,” 15,
515. Guanine in the swimming-bladder of a fish—=Scherer
(“ Aun. Chem.” 112 (1860), 257 and 277) found guanine in the
pancreas and liver of mammals. Guanine is here deseribed
mainly on account of its chemical relations to the uric acid
group, and as the source of material for the study of the patho-
logical relations of xanthine. For it is not certain whether
guanine occurs in the human urine in health : the body some-
times believed to have been guanine is more probably xanthine,
These substances might oecur together, but the separation of
small quantities of guanine from the xanthine would, no doubt,
always be, analytically, very difficult. However, great care
should be taken to attain this result; for, as hypoxanthine,
which is not present in normal urine, has been found in abnormal
urine, —particularly in connection with diseases of the liver and
ne; it is not improbable that gnanine also may be excreted
in analogous cases, as a product of impeded oxydation or prema-
ture excretion. The guanine which has been found in the animal
organs above stated has been identified by chemical reactions
only, and not yet by elementary analysis and atomic weight
determination. As guanine is an ingredient of the shining
silvery part of the scales of fishes and of their swimming-
bladder, it is just possible that the guanine of guano—the excre-
ments of seabirds living execlusiv eh npon ﬁsh—ma,} owe 1ts
origin to the skin and scales of the devoured fish, and may have
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passed unchanged through the intestine of the birds, as guanine
does when introduced into the stomach of a mammal. It may,
however, also hﬁ. a specific ingredient of the renal secretion of
these birds. In the swimming-bladder of the fish Sphyrepe
argentina guanine is found in uuslula resembling cholesterin, of
which it 1s not known whether they are the pure base or a com-
pound. The silvery matter of fish-scales seems to be a com-
pound of guanine with lime, and is used for coating little glass
bulbs inside, so as to give them the splendid appearance of real
peatls,

The quantity of guanine met with in Pern guano is about a
half per cent.; African guano confains less. Scherer obtained
0-0122 per cent. of guanine from the panereas of the ox.

Mode of Obtaining it Pure—Guano is boiled with water and
milk of lime until a filtered sample of the mixture is not
brown any longer, but has changed its colour to a pale greenish-
yellow. During this process, w hich has for its object Lll{,1 fixing
of colouring matter and the liberation of fixed and volatile
alkalies, large quantities of ammonia are evolved, against the
effects of which the operator, in case he works upon large quan-
tities of material, should adopt special precautions. The boiling
must be continued until all evolution of ammonia, on stirring
the mixture, has ceased. This may last for more than twenty-
four hours. It is now allowed to deposit the insoluble matters,
and the supernatant fluid is filtered through a cloth. The residue
in the copper is repeatedly extracted with small quantities of
boiling water, and the filtrates are united. They are now
neutralised with hydrochloric acid, and allowed to stand for
some hours, after the lapse of which guanine and uric acid are
completely deposited in the form of a reddish precipitate. This
is washied, pressed in a cloth, and extracted with boiling hydro-
chloric aeid, which dissolves guanine and little urie aeid,
leaving the bulk of uric acid undissolved. The acid solu-
tion, on cooling and standing, deposits crystals of guanine hydro-
chlorate, which are separated from the mother-liquor and purified
by erﬂtcd recrystallisation. From the hot watery solution of
this salt a slight excess of ammonia precipitates nearly pure
guanine, in the form of a yellowish-white amorphous mass,
which is washed and dried.

Strecker’s Process—Guano is boiled in water with some milk
of lime. The solution is filtered off through a bag. This extrac-
tion is repeated until the filtrate is colourless. (These filtrates
confain nitrate of urea, a body similar to xanthine, and other
matters.) Guanine and uric acid remain almost completely
undissolved. The residue is boiled repeatedly with sodinmn
carbonate, until the filtrates cease to give a precipitate with
hydrochloric acid. The united solutions are treated with sodic

—
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acetate, and then with hydrochloric acid, until they present a
strongly acid reaction, wher eby g cuanine amd. uric acid are preci-
pitated. The washed precipitate is treated with moderately
dilute hydrochlonie acid, and the solution separated from the
uric acid by filtration. The hydrochlorate of guanine is decom-
posed by boiling with dilute ammonia, and the isolated guanine
dissolved in strong boiling nitric acid; all uric acid is thereby
destroyed, and, on cooling, yellowish erystals of pure nitrate of
guanine are deposited. From their solution pure guanine, which
is slightly coloured yellow, is precipitated by excess of caustic
ammonia.

Physical and Chemical Properties—Guanine has not yet heen
obtained in the crystalline state. It 1s a white powder, destitute
of either taste or smell, or reaction upon vegetalle [wrments
It is insoluble in water, alcohol, and ether, llttle soluble 1n
baryta or lime water, even on boiling, and prculntated from these
solutions by carbonic or acetic acid; in the latter acid guanine
is quite insoluble. It forms erystallisable compounds with strong
acids ; of these compounds the hydrochlorate is distinguished by
producing double salts with mereurie, cadmie, zineie, and platinie
chloride. Guanine may be subjected to a temperature of 200° C,
without undergoing any change. When enclosed with water
in a sealed tulm and heated to 2507 C,, it gives off a trace of
ammonia, but otherwise remains undissolved and unchanged.

Decompositions—On decomposition by chlorate of potash and
hydrochlorie aecid, gnanine yields the following products :—(a.)
Parabanic acid (to be extracted from the evaporated residue by
means of a mixture of ether and spirit) ; (5.) oxaluric acid (to be
obtained by combination with baryta and precipitation with
absolute aleohol); (e.)) xanthine, obtained combined with baryta ;
(d.) guanidine, a base, which forms salts with acids, and on heat-
ing with excess of nitric acid forms wrea according to the fol-
lowing equation—

CH.N, + H,0 =CHN,0 + NH, .

Permanganate of potassinm energelically oxydises guanine, pro-
ducing carbonic and oxalic acids, urea, some ammonia, and an
indifferent substance which is not ery stalllsable has the com-
position C,,H,, N O, and has been termed DK}-’gll"lﬂlIlE, /
‘When introduced into the human stomach, guanine, similar to
uric acid, was found to inerease the quantity of urea excreted in
a given time; but when the dose thus introduced exceeded
certain limits, a part of the gnanine taken passed unchanged in
the faeces (Kerner, “ Ann. Chem.” 103 (1857), 219).
Compounds—Nitroguanine—A mixture of guanine and nitric
acid, on evaporation to dryness on the water-bath, leaves a yellow
residue, which is soluble in caustic alkalies with a deep orange
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colour. This reaction consists in the formation of some oxalic
acid, and of a compound of substitution, nitro-gnanine, which,
being itself a base, retains another molecule of nitric acid in
combination (C,H,/(NO,N.O.HNO,). In case the transforma-
tion into this new compound has been complete, its solution in
caustic alkalies is not precipitated by either chloride of ammo-
nium or carbonic acid; the latter, however, changes the orange
colour of the solution back to yellow. If the two last-named
agents produce a white precipitate in the alkaline solution of the
nitric product, it is unchanged guanine. Nitroguanine can be
transformed into xanthine hj a process which has been deseribed
in the chapter relating to this latter substance.

Hydrate of Guanine.—Sulphate of guanine, when mixed with
a large quantity of water, deposits the h_',fdra,te. which is sepa-
rated “From the dilute sulphm-iu acid, econtaining yet some guanine
in solution, by means of the filter. The hydrate is very similar
to anhydrous guanine, retains its water at 100° C., but loses it at

25° C., being 7-1 per cent. of its ueivhh

Hydvochlorate of Guanine, H,N,O,HC1 + H,0. — This
neutral hydrated salt erystallises fmm the solution uf’ guanine
in boiling strong hydrochlorie acid on addition of a large quantity
of hot water, and cooling in fine pale yellow needles ; these give
up their water of crystallisation in a continuous current of air,
or at a temperature already below 100° C., and thereby puss into
the anhydrous modification, which, at a temperature of between
200° and 220°C., gives up the entire amount of its acid, amount-
ing to 19-27 per cent., leaving pure guanine. From the solution
of the pure h}'{h‘ﬂﬂhlﬂmtu, pure gu:mhle is precipitated by sodic
acetate. DBut from coloured hydrochlorate, sodic acetate pre-
cipitates a coloured guanine, and the reaction cannot be used for
freeing gonanine from colouring matter. For this object, pre-
cipitation of the hot solution by a slight excess of caustic
ammonia is preferable.

The acid hydrochlorate contains two atoms of hydrochlorie
acid, viz., 4814 per cent. It is obtained by saturating guanine
with hydrochloric acid gas at a very low temperature, during a
winter frost, or in a freezing mixture. The process is attended
with intumescence of the guanine employed, and a slight evolu-
tion of caloric.

Nitrate of Guanine, C,;H.N,O HNO,—Guanine is easily,
and without decomposition, soluble in a boiling mixture of equal
parts of nitric acid of 1-2 sp. gr. and water, and the solution, on
cooling, yields a crystallised mass of hair-fine, concentrically-
arouped, interwoven needles, which are best seen under the
microscope. This is the mononitrated nentral salt; it has an
acid, afterwards astringent taste, and a strongly acid reaction
upon litmus paper; when exposed to the air it loses a little acid,
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and effloresces; it is much more soluble in hot than in cold
water, and is not changed by the boiling of the solution,

Guanine Barywm.—Guanine dissolves in boiling baryta water,
and on cooling, colourless needle-like prisms are deposited, which
over sulphuric acid become white, and contain 53:0 per cent of
Ba0. Theory requires 53'5 per cent. BaO.,

Guanine Sodiwm.—Guanine is more soluble in caustic’ potash
and soda than in acids. When a concentrated solution of soda is
saturated with guanine, and mixed with a large quantity of spirit
of wine, it deposits a lamellated mass of sodium guanine, which,
after having been dried in the vacuum, loses yet 33-26 per cent.
(12 mﬂ]ecu]es) of water at a temperature above 100° C. When
exposed to the air the compound effloresces with absorption of
carbonic acid, and liberation of guanine. It is not soluble in
pure water, free from carbonic acid, without a partial precipita-
tion of guanine.

Guanine Nitrate of Silver, C,H.N.O,AgNO, — When a
solution of nitrate of guanine is mixed with argentic nitrate, it
deposits a copious precipitate. This is almost insoluble in even
strong nitric acid in the cold, but dissolves on boiling, and on
cooling is quickly and entirely deposited in fine colourless
needles which, after collection on a filter, washing with water,
and drying, form a felt-like mass. They contain 336 per
cent. of Ag.

Guanine Silver.—The foregoing salt, when treated with excess
of ammonia, or any ammoniacal solution of guanine on being
mixed with an ammoniacal solution of a.rgeutir.: nitrate, prmluces
this compound.

Guanine Chloride Platinic Chloride, 2(C;H N 0,HCI) 4 PtCl,
+4H,0.—To a hot saturated solution of ﬂ'naume in hydro-
chloric acid an excess of a hot concentrated solution of p]atlmc
chloride is added, the mixture is evaporated to half its bulk, at
a temperature not exceeding 100°, The erystals which form on
cooling are washed with spirit of wine and water, and dried over
sulphuric acid. They are orange-yellow needles and prisms,
yielding a citron-yellow powder. They become opaque over
sulphurie acid, and lose a trace of hydrochlorie acid. To a cur-
rent of air of 15° they yield 651 per cent., or four molecules of
water, together with a trace of hydrochloric acid, and leave a
pale citron-yellow residue ; this is with difficulty soluble in cold,
but easily and entirely soluble in boiling water. The solution on
cooling deposits the original crystals. The anhydrous residue
does not yield any platmm chloride to absolute alecchol. Zine
and hydrochloric acid produce platinum black from the
crystals, guanine remaining in solution. When the crystals are
fused with sodic carbonate, sodic eyanide is formed. The erys-
tals are easily soluble in caunstic soda or potash, and in the car-
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bonates of these alkalies without any evolution of carbonic acid
gas, and from these solutions may be precipitated by acids,

Guanine Mercuric Chioride, 2(C,;H N, O,HgCl,)+5H,0.—A
concentrated solution of corrosive sublimate, when added to a
concentrated solution of guanine hydrochlorate in such quantity
that a sample of the mixture gives a yellow precipitate with
soda, on stirring produces a crystalline precipitate of the above
composition.

Guanine Cadmic Chloride.—CGuanine also forms a compound
with this salt.

Didgnosis of some Feactions of the Bases of the Xanthine Group.

Xantline, purchased, dissolved in nitric acid and little water,
gave a copious white precipitate with argentic nitrate, soluble in
Lucre excess of nitric acid on heating ; this remained dissolved
for some time after cooling, when a “similar solution of Aipo-
aanthine was already filled with crystals.

‘The axanthine silver nitrafe compound was soluble in larg:
excess of concentrated caustic ammonia, and gave a yellowish
clear solution; a little coloured matter remained undissolved.
This latter was surmised to be nitrozanthine silver, and together
with the peculiar smell on first solution in nitric acid seemed to
indicate that the commercial xanthine was probably made from
guanine.

Xantline made from guanine by myself behaved in every
respect like the foregoing ; it was, however, more yellow, and
the part of the silver compound insoluble in concentrated
ammonia was more coloured.

The zanthine obtained from huwman wrine by the phospho-
molybdic process described above behaved just like the fore-
going ; so also did the body separated from last urochrome by
decomposition of this latter with acid, and reobtained by phos-
phomolybdie process; the products seemed, however, to contain
different quantities of silver, indicating that the silver com-
pound is not stable.

Guanine extracted by myself from gnano behaved like the
xanthines above deseribed, but its silver nitrate salt crystallised
a little easier than xanthine from dilute hot nitric acid ; with
a little more acid, however, it remained in solution like the
xanthine salt.

These bodies therefore resemble each other—

(1.) By their solubility in dilute warm nitric acid.

(2.) Their precipitation from this solution by argentic
nitrate,

(3.) The solubility of this silver compound in much warm
moderately dilute nitric acid.
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ut they differ by—

(4.) Hypoxanthine silver nitrate being quickly deposited in
crystals on cooling.

(5.) Xanthine silver nitrate being deposited from a similar
solution only after long standing.

(6.) Guanine silver nitrate seems to be deposited at a
period later than hypoxanthine, and earlier than
xanthine.

They further resemble each other—

(7.) By being precipitated as silver compounds free from
nitric acid by a slight excess of ammonia added to
the nitric acid solution just described.

(8.) By the complete solubility of these silver compounds in
a large excess of concentrated caustic ammonia.

(9.) By the reappearance of the silver compound when the
large excess of ammonia is allowed spontaneously to
evaporate, or is expelled by heat.



CHAPTER VIIIL
KREATININE, C,H,N,0.

HISTORY AND LITERATURE.

IN 1835 Chevreul (“Journ. de Pharm.” 21, 236), discovered a
erystallisable substance in extract of beef of the Dutch Company,
and termed it Kreafine. Nine years later Heintz (“ Poggend.
Ann.” 62, 602; 70, 460; 73, 696; 94, 125) and Pettenkofer
(“ Ann. Chem.” 52, 97) contemporaneously found a substance in
human urine which gave a ecrystallised compound with zine
chloride, and which we now know to be a compound of kreatinine-
zine chloride with kreatine. In 1847 Liebig (“ Ann. Chem.” 42
194, and “ Chemical Research on Flesh and its Preparation for
I'm::d ” Heidelberg, 1847, p. 47) obtained kreatine and kreatinine
from the ] Jjuices of the ﬂ{ﬁh of representatives of all the classea of
vertebrate animals, and from the urine of men, and fully in-
vestigated their properties. Heintz (¢ l‘mnreml Ann” 74,
1%) now showed that kreatinine was p'ul;ij,r transformed into
kreatine during the chemical processes required for its isolation,
and that the 1‘:;1.1'&5; and excretions of animals probably contained
only kreatinine. Verdeil and Marcet (“ Journ. de Pharm.” (3),
20, 89) found kreatine in the blood of the ox. Dessaignes
(“ Ann. Chem,” 97, 343) instituted researches into the chemical
structure of kreatinine, in continnation of those first made by
Liebig, and discovered the base methyluramine. Liebig (“ Ann.
Chem.” 108, 354) next confirmed the observations of Heintz as to
the transformation into kreatine of kreatinine contained in the
urine of the dog. In the first edition of this treatise (p. 126) I
published the first observations of the quantities of kreatinine
and kreatine excreted in given times by healthy individuals,
Neubauer afterwards (“ Ann. Chem.” 119, 127), published some
further determinations of the quantities of kreatinine in human
urine. Loebe (“ Erdmann’s Journ.” 82, heft 3 and 4) investi-
oated the solubility of kreatinine-zinc chloride, and Strecker
(“ Ann. Chem.” 118, 165) published considerations on the
chemical constitution of kreatine.

Oceurrence.—Kreatinine and kreatine are both simultaneously
obtained, by the processes to be related hereafter, [rom the flesh
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of man the mammalia, of birds, amphibia, and fishes; from the
urine of man and of many animals. DBut as these chemical pro-
cesses give repeated opportunities for the transformation of krea-
tinine into kreatine, it is permissible to assume that both in
flesh and urine kreatinine is normally preseht, and that it
becomes partly transformed into kreatine during extraction. In
the present state of our knowledge the existence of kreatine in
flesh and urine is not proved.

Modes of Obtaining Kreatinine and Kveatine from Human Urine.

1. The most direct process is by the phosphomolybdic acid
process already adverted to under xanthine, and which will be
more fully deseribed under the chapter relating to reducine and
tie alkaloids of human urine.

2. The urine 1s made alkaline with some milk of lme, filtered
and evaporated until the salts are deposited. The mother-liguor
is then separated from the salts (without the use of alcohol), and
mixed with one twenty-fourth of its weight of a syrupy solution
of neutral chloride of zine. After the lapse of three or four days,
a great part of the chloride of kreatinine zine, with some krea-
tine, has crystallised in yellow, roundish, warty granules. The
deposit is washed with water, then dissolved in boiling water,
and to this solution hydrated oxyde of lead is added, until the
fluid gives an alkaline reaction to test paper. The threefold
amount of the oxyde of lead wsed up to this point is now added,
and the fluid kept boiling, until it appears to coagulate into a
light yellow magma. The decomposition is now completed.
Zum ]u_!,fdmchlmlc acid, and lead in the form of the basic oxy-
chloride are thus transformed into an insoluble condition ; the
kreatinine and kreatine combined with them before the addition
of the lead remain in salution. The latter is now treated with
some animal charcoal, which removes a yellow colouring matter
and a trace of oxyde of lead, and is then evaporated to dryness.
The erystalline residue, when heated with eight or ten times its
weight of aleohol, either leaves a residue, or dissolves completely,
and the solution deposits crystals on cooling ; these crystals are
identical in their properties with the residue, if any was left, and
consist of kreatine. If these crystals are removed from the
mother-liquor, and the latter is evaporated, a new crystallisation
of a different form and different properties is obtained, which
consists exclusively of kreatinine,

3. The urine is treated with excess of milk of lime, filtered, and
the alkaline filtrate neutralised with acetic acid. It is then
evaporated almost to dryness in the water-bath, The syrupy
residue is mixed with strong or absolute alcohol, and allowed to
stand for some hours. It is then filtered, and the other filtrate
is mixed with a few drops of concentrated aleoholic solution of
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neutral chloride of zine, prepared by decomposing sulphate of
zine by chloride of calcinm. The fluid is stirred energetically
until it becomes turbid, and is then put into a cool place for
forty-eicht hours, The compound of chloride of zine with
kreatinine, which is almost insoluble in alcohol, is then found to
be completely depesited. 1t is put on a filter, washed with
aleohol, and 1s so pure that it may be dried and weighed. On
decomposition in the usual way it always yields kreatine. This
moda, originally devised by Heintz and Pettenkofer, was used by
Neubauer in his gquantitative determinations.

4. Dessaignes advises that the urine after treatment with lime
should be reacidulated, evaporated, uric acid and salts filtered
olf, and the filtrate, neutralised with ammonia, should be treated
with chloride of zine. The proportion of zine salt thus obtained,
compared to the quantity of zine salt obtained from urine evapo-
rated in the alkaline state, is at the rate of 5 to 3.

Mode of Obtaining Kreatine from Putrid Urine,

If putrid urine, in which all urea is transformed into carbonate
of ammoninm, be boiled with milk of lime, until ammonia is not
any longer evolved, the fluid then filtered, evaporated to a syrupy
consistence, and treated with one twenty-fourth part of its weight
of a syrupy solution of neufral chloride of zine, there will, in the
course of a few days, be deposited a considerable quantity of a
yellow granular body, which contains chlorine and zine, and,
under the microscope, cannot be distinguished from the zine salt
obtained from fresh urine in the manner above described. When
dissolved in boiling water, and freed from the chloride of zinc
and colouring matter by means of hydrated oxyde of lead and
animal charcoal, the organic substance, which was combined
with the zine, appears sometimes as pure kreatinine without any
admixture of kreatine. ]

Mode of Obtaining Kreatinine from Kreatine,

If kreatine be treated with concentrated hydrochlorie acid, the
solution evaporated, and the dry mass heated in the water-bath
until all free hydrochloric acid has been driven out, the residue
consists of pure hydrochlorate of kreatinine. From this salt the
kreatinine is obtained by boiling its solution in water with
hydrated oxyde of lead.

In a similar manner kreatinine is obtained from the sulphate,
by adding to the boiling watery solution carbonate of baryum,
until the fluid shows an alkaline reaction, and no more carbonic
acid is evolved. Sulphate of baryum is precipitated, and pure
kreatinine remains in solution.

Separation of Kreatinine from Kreatine by Alcohol,
To effect this operation without loss for quantitative deter-
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minations of both substances, I have employed the following
apparatus:—A test-tube is mounted with a cork, perforated by two
bent tubes after the manner of a washing-bottle. The lower end
of the long tube dipping into the mixture to be extracted is
closed by a little piece of calico, tied firmly over its slightly
thickened end. The apparatus is fixed in a flask filled partly
with water. If now the downwards bent tube 1s dipped into a
small dish filled with absolute alcohol and suection is applied at
the tube rising upwards, the alechol will pass through the long
tube and ealico, and mix with the kreatine and kreatinine, On
heating the water in the flask the alecohol in the test-tube will
boil, and having done so for some time is forced by pressure
through the long tube into a small flask ready for its reception.
The calico retains all kreatine in the test-tube, and repeated ex-
traction with new portions of aleohol will transfer all the krea-.
tinine into the flask. The kreatine is dissolved in water, dried,
and weighed. The kreatinine, after the evaporation of the aleohol,
is also dried and weighed.

FPhysical Properties.

ICreatinine erystallises in the monoclinometrie (elinorhombic)
system. The erystals are formed by the prism o P, the basic
terminal plane 0P, and the clinodiagonal terminal plane oo P oo
The orthodiagonal is shorter than the clinodiagonal. The angle
OP: o P o (the angle, namely, at which the principal axis is
inclined to the clinodiagonal) was found = 69° 24°. The angle
at which the lateral planes oo P coincide in the or t.hmllﬂqmml
section is = 98° 20’: and accordingly the angle formed by o P o

with oo P is = 130° 50"

Chemical Propepties.

Kreatinine is much more soluble in cold water than kreatine.
1000 parts of water dissolve 87 parts of kreatinine, or one part
dissolves in 11°5 parts of waterat 15°C. In hot water it is much
more soluble.

The watery solution restores the blue colour to reddened
litmus paper. A erystal of kreatinine, placed upon a piece of
wet turmeric paper, produces a brown stain on the spot where it
lies. In concentrated solutions it has a canstic taste, like dilute
liquor of ammonia.

Kreatinine dissolves in boiling alcohol, and erystallises from the
solution on ecooling, 1000 parts of alcohol at 15° C. dissolve 9'8
parts of kreatinine, 102 parts dissolve one part.

The chemical character of kreatinine is that of a strong alkali,
exceeding in saturating affinity that of ammonia.

A moderately concentrated solution of nitrate of silver, to
which a solution of kreatinine is added, coagulates immediately
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into a mass of delicate white needles, which are easily soluble in
hot water, but erystallise out of it on cooling, without having
undergone any change. They consist of a basic combination of
kreatinine with nitrate of silver.

In a solution of corrosive sublimate, kreatinine produces im-
mediately a white curdy precipitate, which, in the course of a few
minutes, transforms into a heap of delicate, transparent, colourless
needles.

In a watery neutral solution of chloride of zine, kreatinine
produces immediately a erystalline precipitate, in the form of
roundish, warty granules, which, under the microseope, are seen
to consist of delicate needles in radiary arrangement.

Kreatinine expels ammonia from its salts, and forms blue
crystallisable double salts with the salts of oxyde of copper.

Chloride of platinum produces no precipitate in solutions of
hydrochlorate of kreatinine. If the mixture of the two solu-
tions is, however, evaporated at a gentle heat, dark yellow, trans-
parent, rather large crystals arve formed, which are pretty easily
soluble in water, less soluble in aleohol. This salt has a com-
position similar to the double-salt of chloride of platinum and
amrmonium,

Caombinations,

Hydrochlorate of Kreatinine, C,H,N,OHClL—On exposing
crystallised kreatine in Liebig’s drying apparatus, at a tempera-
ture of 100° C., to a current of dry hydrochloric acid gas, the
weight of the apparatus increases at first; on continuing, however,
the high temperature and current of hydrochloric acid gas for some
time, very nearly the original weight of the apparatus is at last
obtained. During the experiment water is constantly seen to leave
the apparatus, until the weight of the apparatus remains station-
ary. If dried kreatine be taken for the experiment, the ap-
paratus shows an increase in weight. The body produced under
these circumstances is neutral hydrochlorate of kreatinine.

In the same manner, hydrochlorate of kreatinine is obtained by
dissolving kreatine in concentrated hydrochlorie acid, in a poree-
lain dish, evaporating the solution, and heating the residue in
the water-bath until all free hydrochloric acid has disappeared.

This salt contains one molecule of hydrochlorie acid and one
molecule of kreatinine. It is easily soluble in boiling aleohol,
and erystallises from this solution in short, transparent, colour-
less prisms, which are easily soluble in water. On evaporation,
it is obtained in large transparent lamine of an acid reaction.

It does not yield any precipitate with chloride of zine, but
when a solution of acetate of soda is added to the mixture of
both salts, and the triple mixture is evaporated, kreatinine-chlo-
ride of zine is easily obtained in a very pure state.

-t
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Hydrochlorate of Kreatinine and Chlovide of Platinum — A solu-
tion of hydrochlorate of kreatinine, when mixed with chloride of
platinnm and gently evaporated, yields rosy prisms of the double-
salt. On rapid formation this salt is obtained in yellowish-red,
transparent granules. It contains 30-95 per cent. of platinum.

Sulphate of Kireatinine-—On adding to one part of kreatine
an equal weight of dilute sulphuric acid (composed of 27 parts
of concentrated sulphuric acid and 73 parts of water), evapo-
rating to dryness, and heating until all moisture is volatilised,
neutral sulphate of kreatinine is obtained. It may also be
produced by adding to a boiling saturated solution of krea-
tinine dilute sulphuric acid, until a strongly acid reaction is per-
ceived, and evaporating to dryness. A white crystalline mass
is thus obtained, easily soluble in hot aleohol. On cooling,
the solution becomes milky, and, on becoming clear, deposits
transparent, eoncentrie, quadratic plates of neutral sulphate of
kreatinine. They remain transparent and clear at a tempera-
ture of 100° C.

Chloride of Zine and Kreatinine (C H, N O,,ZnCL).— On adding
a syrupy solution of neutral chloride of zine to a concentrated
solution of kreatinine, a white granular precipitate is imme-
diately produced. This may be filtered from the mother- liguid
after twenty-four hours, and washed with cold water, in which
it is very little soluble. It is much more soluble in boiling
water, and crystallises from a saturated solution, on slow evapo-
ration in large granules, warts, and groups of needles. It is very
little soluble in concentrated spirit of wine and absolute alcohol.
1 part of the salt requires 9217 parts of alcohol of 98 per cent.
strength, and 5743 parts of alcohol of 87 per cent. strength for
solution.

From its aleoholic solution kreatinine can therefore be preci-
pitated almost entirely by the addition of chloride of zine. This
salt, mixed with kreatine, constitutes the substance originally
obtained by Pettenkofer, and produced from urine by the first
method.

From this salt and from the hydrochlorate, kreatinine may be
separated by boiling with hydrated oxyde of lead, in the manner
described for the first method. From the sulphate, kreatinine
may be obtained by adding to its boiling watery solution car-
bonate of baryum, until effervescence is not any longer pro-
duced, and the fluid has got an alkaline reaction, Sulphate
of baryum being thus formed, pure kreatinine remains in solution.

Tramsformation of Kreatinine into Kreatine,

Pure chloride of zine kreatinine, prepared from kreatiniue,
decomposed as usual, yields a mixture of kreatine and kreatinine.
Kreatinine in a flask with water, another with ammonia, in each
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an excess of the base undissolved, after six months was found to
a considerable extent transformed into kreatine. Sulphate of
kreatinine mixed with milk of lime, and the solution filtered
from the gypsum, yields a solution of kreatinine in lime water,
which, after standing for eicht months, on evaporation, yields a
copious erop of kreatine c:r;-,-‘atals. The presence of neutral salts
also favours this change, and still more so, but irregularly, the
application of heat. Indeed, most operations in which kreatinine
is set free, transform a part of it into kreatine. Long boiling
with alkali, such as in urine treated with lime, according to
Liebig's method, causes a transformation of kreatinine into krea-
tine, which may amount to two-fifths of the kreatinine actually
present, and then partially escapes, partially enters the combina-
tion with zinc chloride.

KreatiNe, C,HN, O, + H,0.

Although kreatine, as such, has not as yet been found in the .

human urine by a process excluding the possibility of its forma-
tion from kreatinine during the operation, I here subjoin episodi-
cally an account of the modes in which it can be obtained from
the juice of flesh, and a description of its physical and chemical
properties and its decomposition products, as a guide to the
student, who will certainly meet with this substance in every
operation he may undertake for obtaining a specimen of kreati-
nine from human urine,

Liebig's Method of Obtaining Kreatine from Flesh.

In order to obtain kreatine pure, a quantity, say ten pounds,
of flesh of a recently killed animal is freed of fat and finely
minced ; five pounds are then mixed with an equal amount of
cold distilled water, carefully kneaded through by means of the
hands, and then prmsed strongly in a bag of coarse linen. The
residue is now again mtmmtel;r ‘mixed with another five pounds
of water, and again subjected to pressure. The fluid from the |
first pressing is |mt aside for further treatment to be described ;
the fluid from the second pressing serves towards the extraction
of the second portion of the flesh. The first portion of flesh is a
third time treated in a similar way with five pounds of water,
and the fluid obtained by pressing is used for the second extrac-
tion of the second portion of flesh; the latter is treated a third
time with pure water, and pressed.

The united fluids are filtered through a clean cloth, and flled
into a large flask of glass; the latter is placed in a kettle with
water, which is gmdml]_}f "heated to the boiling point, and kept
at that temperature until the extract has lost its colour, and al-
bumen and colouring matter have separated in the form of a
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coagulum. If a portion of the fluid in a test-tube heated to
boiling remains clear, this operation is completed.

The fluid is now separated from the coagula by filtration
through a cloth, and subsequent pressing. The united fluids are
then filtered through paper.

The colour of the fluid so obtained is reddish, if extracted from
the flesh of the ox, doe, hare, or fox ; but the fluid from the flesh
of the calf, fowl, or fish is scarcely coloured. The extracts from
the flesh of all animals are acid, from the presence of free acid,
which must be removed before evaporating the fluid, as it would
cause a dark brown colour of the concentrated fluid, and not per-
mit the erystallisation of kreatine. In order to remove this acid,
a concentrated solution of caustic baryta is added to the extract
as long as a white precipitate is thereby produced. Neutrality or
alkalinity should not deter the operator from adding the baryta
solution as long as it produces any turbidity.

After separation frome the precipitate, which contains all the
phosphoric acid of the juice of flesh in the form of phosphate of
baryum and magnesium, the fluid is evaporated in shallow porce-
lain dishes on the water or sand-bath, care being taken never to heat
it to ebullition ; the upper part of the dish must never get more
hot than the fluid, as a ring of dry substance is formed thereby,
which afterwards, on the addition of new portions of fluid, dis-
solves, and on further concentration imparts a brown colour to
the fluid. The extracts from the flesh of fowl or fish remain
colourless and clear to the last. If an excess of baryta have been

“added, a pellicle of carbonate of baryum is formed on the surface.
The extract from the flesh of the ox, calf, or horse, at certain
stages of its concentration, forms pellicles of organic matter on its
surface, which must be removed as often as they are formed.

When the extract has been evaporated to about %5th part of
its volume, and has assumed a syrupy consistence, it is put into
a moderately warm place, and evaporation slowly allowed to go
on; very soon there appear on its surface small, short, colourless
needles of kreatine, which increase in number by standing and
cooling of the fluid, so that the walls of the vessel gradually be-
come covered by them.” They are freed from the mother-liquor
by filtration, washed with water, lastly with alcohol, and dissolved
in boiling water. Should this solution be coloured, it is boiled
with a little animal charcoal, and, after filtration, will be as clear
as water, On cooling, it deposits kreatine in perfectly pure
crystals. 3

According to Gregory, kreatine is obtained cheaply from cod,
which, when chopped, well mixed with little more than its own
weight of water, and pressed out, yields a fluid which, when
neutralised (after the coagulation of albumen) by baryta, filtered
to separate the phosphate of baryum, and gently evaporated till,

1
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on cooling, it forms a thin jelly, deposits, on standing, kreatine
in large crystals, nearly pure.

The heart of the ox 1s another convenient material, rich in
kreatine, but the cheapest material from which to obtain it is
urine.

Stideler’s Method of Obtaining Kreatine from Flesh,

Flesh is minced, seraped, passed through a sausage machine,
or triturated with rough glass powder in a mortar. It is then
mixed with a little more than ifs volume of spirit of wine, the
mixture is warmed gently on the water-bath, and the fluid is
separated by pressing in a calico bag. The spirit is next dis-
tilled off, the residual fluid is treated with the necessary amount
of solution of basic acetate of lead, the filtrate from the precipi-
tate is treated with sulphuretted hydrogen, and the filtrate from
the sulphide is evaporated to a syrupy consistence in the water-
bath. After some days erystals are formed in the syrup, which
are put upon bibulous paper to remove the mother-liquor, and on
recrystallisation yield pure kreatine.

Pliysical Praperties.

Kreatine crystallises in the clinorhombic system. The elino-
diagonal inclined to the prineipal axis in an angle of 70° 20°;
inclination of the planes « P: « P in the orthodiagonal prin-
cipal section = about 133°2’. Specific gravity of the erystals

=135 to 1':34. The crystals are colourless, perfectly transparent, .

and lustrous. They are connected with each other in tufts and
groups, and then resemble acefate of lead. They contain a mole-
enle of water of crystallisation, which goes away at 100°C.

Chemical Properties.

Kreatine is easily soluble in boiling water ; a solution saturated
at that temperature becomes, on cooling, a mass of fine lustrous
needles. From a dilute solution, however, creatine crystallises
very slowly in erystals, which may attain a length of from one-
fourth to three-eighths of an inch, and a thickness of one-eighth
of an inch, and will further increase in size if left in the mother-
liquor for some time,

1000 parts of water at 18°C dissolve 1344 kreatine, or one
part of kreatine dissolves in 74'4 water.

In cold aleohol kreatine is almost insoluble, one part requiring
9410 parts of aleohol for solution. It is more soluble in spirit
of wine containing some water.

The watery cold solution of kreatine, which contains a very
small amount of that substance, has a weak Dbitterish taste and
causes a sensation of irvitation in the pharynx. If the solution

il
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contains a trace of a foreign organic substance, it changes very
easily, mouldy vegetations form in it, and it assumes a disgust-
ing odour.

Kreatine, even in the largest quantity, does not neutralise the
acid reaction of the weakest acids. Nitrous acid gas passed
throungh a mixture of kreatine and water, dissolves the kreatine,
and after some time nitrate of kreatine is deposited in crystals.
Sulphate and hydrochlorate of kreatine can also be obtained by
submitting mixed equivalents of acid and kreatine to evaporation
below 30°C., or in vacuo. It is soluble in baryta water at a
higher temperature, but crystallises out of the cooling solution
without having undergone any change. The crystals so obtained
contain no baryta, and from the solution the whole of the baryta
may be precipitated by carbonic acid.

Decompasitions.

On being boiled with ten times its weight of erystallised hydrate
of baryta in water, kreatine is decomposed, ammonia being evolved
on the one hand, and carbonate of baryum in erystalline granules
formed on the other. This decomposition will take place even
though the air be entirely excluded from influencing the substance.

In solution there remains an organic base of the composition
C,H,NO,, sarkosine. This formula, when deducted from the
elements of kreatine, leaves a formula which exactly corresponds
to the composition of urea.

1 molecule kreatine, . . CH,N.O, less
1 molecule sarkosine, . C G H N0
Leaves urea, . . CH,N,O

When the boiling is interrupted after the evolution of am-
monia has began, the baryta is removed from the fluid by
carbonic acid, and the filtrate is evaporated, it yields urea.

It is therefore evident that ammonia and carbonic acid are
products of a secondary decomposition, and derived from the urea.

A solution of kreatine, to which at the ordinary temperature
hydrochloric acid has been added, gives on spontaneous evapora-
tion crystals consisting of unchanged kreatine. If, however,
the solution is heated with strong hydrochloric acid, kreatine
cannot be obtained any longer from the solution. The same
effect is obtained by either sulphurie, phosphoric, or nitric acid.
If kreatine is dissolved in one of these acids, and the solution is
evaporated at a gentle heat, the kreatine is transformed into
kreatinine, which crystallises in combination with the acid
employed. This transformation consists essentially in the elimi-
nation from kreatine of two molecules of water
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1 molecule kreatine = C,H; N0, less

2 molecules water = WHZ S0

1 molecule kreatinine = C,H, N,O

Kreatine, mixed with solution of chloride of zine, and boiled
for some time, causes the precipitation of a quantity of kreatin-
ime—chloride of zine. A warm, not boiling, solution of kreatine
is not precipitated by chloride of zine, and the crystals deposited
from it are pure kreatine.

Kreatine and kreatinine, heated in watery solution with an
excess of oxyde of mercury, are decomposed under evolution of
carbonic acid ; the fluid evolves a smell as if kreatine was sub-
Jected to dry distillation, and contains a new substance—oxalate
of methyluramine. This salt is easily soluble in water, has a
disagreeable taste, and hecomes opagque on being heated to
100° C., losing w ater. Treated with excess of milk of lime,
filtered and evupm'utml in vacuo, methyluramine remains. It is

a strong base, and forms salts with acids. Its composition is
C H?N As kreatinine may be considered to be a compound of
?.lulmsule and urea minus water, so the base may be considered
as a compound of urea and ll‘lbtll}’hllll ne minus water—

C,H,N, + H,0 = CH,N,0 + CH,N.

Methyluramine is the methyl-compound of a base obtained from
guanine by chlorine, guanidine,

Kreatine can be considered as glycolate of methyluramine
minus water, sarkosine as the amido-compound of glycolic aeid,
and methylamine. Methyluramine heated with potash evolves
methylamine. This latter substance may be obtained from krea-
tine directly by heating with soda-lime.

Now, as kreatine hy other modes of decomposition also yields
meth;,l -parabanie acid, it can be considered also as a compound
of eyan-amine and nmthy'l—gl}'cuuull—

NH,(CN).0,.CH(CH,).CH(NH,) = C,H,N,0,.

Sarkosine also yields methylamine by heating with soda-lime.
P'referable, however, is the employment of peroxyde of lead
and sulphuric acid. The sulphate is decomposed by chloride of
baryum, and yields the chloride of methylamine.

Kreatine, oxydised by hot nitric acid, also yields methylamine.
Kreatine oxydised with peroxyde of lead and sulphuric acid
yields sulphate of methyluramine,

Kreatinine in water, treated with nitrous acid gas, effervesces,
and forms the nitrate of a very feeble and, by itself, insoluble
base of the composition C H, N0, which, heated with excess of
hydrochloriec acid to 100" C., forms oxalic acid, clloride of
ammonium, and the substance which Liebig found to accompany
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sarkosine, probably C,H,N, U A small quantity of this base
is obtained as a white pnwdm when nitrous acid gas acts upon
kreatine,

LPlysiology of Kreatine.

Kreatine being present in the muscles, striated and organice, of
all classes of vertebrate animals, and being absent from the brain,
liver, and kidneys of the same animals, it becomes highly pro-
bable that it stands 1n a certain relation to the chemical changes
in these organs in which it is found. It seems to be a product
of the chemical action induced in the muscle by the influence of
motion. For in wild and hunted animals, such as foxes and
game, the quantity of kreatine contained in the muscles is much
larger than in domesticated animals. This difference in the
amount of kreatine produced in the muscular tissue is very
strikingly exhibited in the same class of animals.

A fox which had been fed on meat for two hundred days at
the Anatomical Institution in Giessen, did not yield one-tenth
part of the quantity of kreatine which was obtained from an
equal weight of the flesh of wild foxes which had been shot.

The amount of kreatine contained in the musecles of an-animal
stands in a close relation to the quantity of fat deposited in the
animal, or to the causes which determine the deposition of fat.
From fat meat there are frequently obtained only traces of krea-
tine, and under all circumstances a much smaller quantity than
from lean meat with an equal amount of fibrous matter. The
above-mentioned fox, which had been fed on meat, yielded
above one pound of fat from the peritoneal folds, while in wild
toxes no fat was perceptible to the eyve. The heart of the ox, a
never-resting muscle, contains 1'3 per mille of kreatine, and is
therefore frerlue.utiy used for producing it in quantities.

The flesh of fowls contains 3-2 per mille, that of codfish 0-9 to
17 per mille. The quantity of kreatine obtained from the flesh
of man is 0,67 per mille, or about the same quantity as from beef.

Kreatine is truly exerementitious ; its relation to urea proves
this beyond doubt. Itsexclusive oceurrence in the muscles shows
the seat of its formation ; it is, with other matters, a product of
the chemical changes in the muscles.

Quantity Discharged in Twenty-Fowr Howrs.

This question seems of sufficient importance ; but few obser-
vations have been made on it. My own experiments, detailed at
the end of this chapter, yield 0305 grammes of kreatine dis-
charged in the urine during twenty-four hours, as the average of
twenty-six days of two individuals.

The average of kreatinine obtained from the urine of the same
individuals at the same time was 0°44 grammes in 24 hours.
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Caleulating both quantities, without regard to the slight differ-
ence in composition as kreatinine, as which they were un-
doubtedly present at the time of excretion from the body, we
have 0-745 grammes of kreatinine as the average amount
excreted by each of these two individuals in 24 hours.

Neubauer found that a healthy man taking mixed food
excreted from 06 to 1-3 grammes of kreatinine in 24 hours dis-
solved on an average in from 1500 to 1600 c.c. of urine. Several
other adult persons excreted from 0'8 to 0'9 grammes per day,
and a boy yielded 0-4 grammes in 24 hours.

Variations of Kreatinine Dependent wpon Variations of Food.

We possess a very striking illustration of this relation in an
observation made upon a dog by Liebig. This animal had, in the
course of Bischolf’s observations, been fed upon meat only, then
upon meat and fat, and lastly upon fat only. It had voided
varions quantities of urine, which, for the sake of preser-
vation and the removal of phosphoric acid, had been mixed with
milk of lime, On evaporation, the urine taken during flesh diet
gave a crystallisation of urea; when this was extracted with
alcohol, a white powder remained undissolved, and was found
to be about 60 grammes of pure kreatine. This urine contained
only traces of kynuric acid. When, however, only little or no
meat was given, and the dog lived upon fat mainly, considerable
quantities of kynuriec acid were obtained by hydrochlorie acid
and rest, and kreatinine seemed to recede.

Variations of Kreatinine in Discase.

In disease the gquantity of kreatine, together with that of
kreatinine, might serve to indicate the inteusity of any spas-
modic or convulsive action. The question as to its quantity in
tetanic and epileptic disease is one of high interest. Cases of
paralysis agitans, in which the spasmodic action ceases with
gleep, may perhaps afford good opportunities for demonstrating
the influence of rest and motion ; though the different nutrition
in the muscle may perhaps vary the chemical changes in some
degree.

On the alleged researches of Schottin (“ Arvchiv. fiir Heil-
kunde,” 1860, 417), see note in appendix.

Observations on the Quantity of Kreatinine and Kiyeatine Dis-
charged in given times by Healthy Individuals,

Observation 1.—Five days’ urine from .4, 28 years of age,
weight of body 70 kilogrammes, was treated for kreatinine and
kreatine by Liebig’s process. The zine salt was decomposed by
hiydrated oxyde of lead. The mixture of the two substances ob-
tained was separated by alcohol; the alcoholic solution of krea-

i e i) c——
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tinine was evaporated to dryness in a water-bath. The drying
process was completed with a chloride of calcimmn tube and an
air-pump. There was obtained kreatinine, 3-1292 grm.

The kreatine which constituted the residue from the alcoholic
extraction was washed into a silver capsule with boiling water,
and evaporated to dryness. Its weight was 2:0475 grm.

This gives 0°625% grm. of kreatinine per day, and 0-4095 grm,
of kreatine per day.

Observation 2—Four days’ urine from A, treated as usual, th
zine salt decomposed with lead, no charcoal used.

There were obtained kreatinine, 1-4532 grm., equal to 0-3633
arm. for twenty-four hours.

The aleoholic extraction left kreatine, 1-2120 grm., equal to
0-3030 grm. for twenty-four hours,

Observation 3.—Two days' urine from B, aged 28, weight of
body T2 kilogramnmes, There were obtained two portions
of chloride of zine kreatinine, the second portion not quite
pure. It was therefore recrystallised, and, together with
the first, dissolved in boiling water. The zinc was then pre-
cipitated by sulphuretted hydrogen, after a little ammonia
had been added to the solution. The mixture stood for several
days to allow of perfect precipitation of the sulphuret of
zine., But when the filtrate was evaporated, redissolved, and,
after a new filtration, re-evaporated, there was always again
sufficient sulphuret of zine formed to constitute an 1mpurity.
During these proceedings it was found that the ammonia which
had been added, and which must have formed chloride of
ammonium with the hydrochloric acid from the zinc salt, was
eradually driven out by the kreatinine, and the last portions of
it disappeared with the aleohol which evaporated from the krea-
tinine. The hydrochloric acid was removed with oxyde of lead
and charcoal, the filtrate evaporated, the mixture of the residue
obtained was separated by alcohol, and the quantities of sub-
stances obtained were as follows :—

2 days’ kreatinine, . ; . 0-8182 grm.
2 days’ kreatine, . : ERH e

The kreatine contained yet a very slight amount of kreatinine ;
the figures for kreatinine are therefore somewhat below the
actual amount, those of kreatine a little higher :

1 day’s kreatinine, . : . 04091 grm.
1 day's kreatine, - . : 2 03003

Observation 4—Five days’ urine from B, yielded 4363 grm.
of chloride of zine kreatinine (and kreatine as an admixture.)
After having been dissolved in boiling water, and made alkaline
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with ammonia, a current of sulphuretted hydrogen was passed
through the solution for several days; the yellowish-white
sulphuret of zine was thereby precipitated. The filtrate was
boiled for a length of time to drive the ammonia out of its com-
bination ; it was then evaporated, and the dried residue was
treated with aleohol. There were obtained, chloride of kreati-
nine, 24072 grm., which is equal to 2:93 grm. chloride of zinc
kreatinine, which, deducted from the above 4363 grm. of zine
salt, leaves 1'433 grm. for the kreatine contained in the zinc salt
as an admixture..
The kreatine obtained weighed 1:1201 grm.

Kreatine calculated, . : . 1433 orm.
Kreatine found, ) p = ]S
Loss, . : 5 . 3129,

This loss, when distributed over the different operations, and in
part accounted for by the abstraction of colouring matter by the
lead and the charcoal used for the purpose, is intelligible. The
experiment illustrates the proportions between the kreatine on
the one hand, and the kreatinine zinc salt on the other, con-
tained in the crystallised substance obtained from the urine.

Secreted in 5 days, kreatinine, 1-8322 grm.

i £ kreatine, 1-1201
Secreted in 1 day, kreatinine, 0-3664
o i kreatine, 02240

Observation 5.—Five days’ urine from B, yielded 6-7663 ar,
of crystallised substance (chloride of zine kreatinine and krea-
tine mixed), washed and dried. From this the amount of kreati-
nine and kreatine was ascertained by caleulation, upon the bams
of the parts found in the fourth observation.

4-3630 grm. of crystallised zine salt yielded 1-8322 grm. of
kreatinine ; therefore 6-T663 grm. of zine salt prove 2-8373 grm.
of kreatinine, and 1'7370 grm. of kreatine to have been secreted
during five days.

Excreted in 1 day, kreatinine, 0:5674 gr.
. »  kreatine, 03474

Observation 6.—Five days' urine from A4, yielded a quautlty of
crystallised zine salt, which was washed, redissolved in boiling
water, filtered, evaporated, and dried. When dry, it was a
pnwder-]ike mass of -a light yellow colour, a sample of which,
when burned on platinum foil, left pure oxyde of zine on the
foil. When exposed to the air, it attracted very little moisture,
Its weight, when properly dry, was 46324 grm. The amount of
kreatinine and kreatine was calculated upon the basis of ohserva-
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tion 4—1'9453 grm. of kreatinine contained in the zinc salt;
11892 grm. of kreatine contained as an admixture in the zine salt.

There was a second portion of erystallised substance obtained
from the mother-liquor. It was, however, impossible to free it
from impurities, and it could, therefore, not be approached by
quantitative analysis. The above values are, therefore, only ex-
pressive of a minimum, since there was certainly more kreatine
and kreatinine present in the urine than could be obtained pure.

The above observations of the guantity of kreatinine and
kreatine discharged by healthy individuals in a given time, have
been arranged in the following tables :—

T e D -
| 4 E Grammes of |
p A T a4 e
Individual § = %; i:g- < B = ‘:E e i
- =g E® - = :,"': B0 |
Bl 2| %2 | 83| &%) e | 82| 8
= R (R 2 2 58 | g5 | 2% |
= | & | & = = 2= | = 5 |
T - | o i I
A, man, 28| 1| 5 | 3:1202 2:0475| 0°6258] 0-4095 '
o P | 14532 12120] 0°3633, 0-3030
weighs 70 '
kilogrammes. | 6 | 5 |4:6324] 1'9453| 1-1892| 0-3890| 0-2378 (0745 |
f
B,man, 28| 3| 2| .. |08182 0:6185|0-4091| 0-3092
ears of i
years o 8% | 4 | 5 |4-3630] 1-8322|11201| 0:3664| 0-2240 5
weighs 72 |
I{ilngmmums,l 5| 5 |6:7663 2:8373 17370 0-5674] 003474
G |
| 1 I 1

NOTES TO KREATININE, &ec.
To Stideler’s Mode of Obtaining Kreatine.

I have on one occasion treated 18 pounds of fresh dogs’ flesh with methy-
lated alcohol. The operation of extraction was very agreeable, but the distil-
lation of the extract was very difficult. The ultimate extract yielded me
much less kreatine than a similar amount of water extract would have done.
But a little more kreatinine chloride of zine was obtained, when after
removal of the kreatine, this salt was added. After long standing, lactate
of zine and xanthine zinc were found deposited.

To Variations of Kreatinine in Disease.

Parkes (“ The Composition of the Urine,” p. 21) gives an abstract of the
paper by Schottin alluded to, which concludes with the remarks : —* The
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uhjecl:ian to these observations is, that we are hardly yet acquainted with the
R‘ hysiological excretion of kreatine. Either Schottin has placed it too low, or
hudichum too high.”

Any person wa.mmt&ri with chemical analysis can see at a glance that, of
the pmn_eedmrr adopted by Schottin for extracting kreatine and kreatinine
from urine, failure 1s more likely to be the result than success. 1 had formed
my own opinion of the paper of Schottin—* the result of three years'
labours,”—when a paper by l{’ulentinnr, in the same Archiv, caused me to
change my opinion for a very different one. The statements of Valentiner,
coupled with the intrinsic evidence contained in the paper of Schottin, have
satisfied me that Schottin cannot be believed. Schottin has made no
researches on kreatine and kreatinine., His three years’ labours, if, indeed,
he did undergo any, were directed upon finding allantoine. After Valentiner,
in a private conversation, had drawn his attention to his mistake, and told
him that the alleged allantoine looked very much like kreatinine, he did not
straightforwardly condemn his so-called researches, and start afresh, but he
simply substituted the words kreatine and kreatinine for the word allantoine
wherever it oceurred in his manuscript, and sent the article to press.

Parkes, therefore, unduly questioned my observations of the physiological
quantity of kreatine and kreatinine excreted by two healthy men. So far
from placing it too high, I have actually given reasons why the guantities
which I have found were only expressive of a minimum, and did probably not
represent the whole amount of these substances present in the urine analysed.
The researches of Neubauer, quoted in the text, have fully borne out my
anticipations and analyses.

I preserve a quantity of almost white chloride of zine kreatinine, which I
obtained in the researches first published in the first edition of this treatise,
p. 126, ef seq.  Although it has been purified by decomposition and repre-
cipitation, a pruce&*:lmg which entails considerable loss of substance, it never-
theless yet amounts to 150 graing, and fills the space of a fluid ounce. What
a criticism of Schottin’s ** microscopical traces” and Parkes's doubts!
(* Transactions of the Medical Society of London,” 1862, 2, 104, footnote to
an article on Azoturia).




CHAPTER IX.
REDUCINE, C,H,N,0,.

HISTORY AND LITERATURE.

Tuis alkaloid was discovered by the author in 1874, and first
described in Report of the Medical Officer of the Privy Council,
new series, No. VL. p. 211, 1875.

Isolation of the Alkaloids conteined in Human Urine.

Fresh healthy human urine was shaken with a little animal
charcoal to collect the mucus and epithelial elements, filtered,
strongly acidified with sulphuric acid, and then precipitated by
phosphomolybdic acid. The eollected precipitate was washed
with water containing a little sulphuric acid. 1t was then
decomposed with hot baryta-water in slicht excess; this excess
was removed by carbonic acid and boiling, and the filtrate evapo-
rated to a small bulk. On cooling it formed -a deposit, which
was proved to be pure urate of baryum. It was specially proved
that it contained no hypoxanthine. The yellow filtrate contained
much urochrome, giving on decomposition with hydrochlorie
acid and boiling uromelanine, uropittine, and evolving smell of
omicholic produets. It was therefore treated with neutral lead
acetate, after this with tribasic lead acetate, and ultimately
with this and some ammonia. The united precipitates were
further treated as will be stated below. The filtrate from the
lead precipitates was freed from excess of lead by hydrothion
and concentrated ; it was now free from urochrome, but con-
tained yet two alkaloids, of which one was kreatinine, the other
an alkaloid hitherto unknown, and to which, on account of its
remarkable chemical properties, 1 give the name of reducine.

The lead precipitates were united and decomposed by hydro-
thion. The first watery filtrate was strongly yellow, and on con-
centration and cooling deposited pulverulent zanthine. This
was separated from urochrome by filtration, redissolved in boiling
water, identified by argentic nitrate test in nitrie acid solution,
and combined with silver oxyde by treatment of the nitrate salt
with excess of caustic ammonia. Filtered, redissolved, and
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reprecipitated, and burnt, 0-484 grm. dried at 100° gave 0251
grm. Ag equal to 5185 per cent.

A salt C;HN,0,Ac,0,2H,0, would yield 51'4 per cent. Ag.
The salt without the two molecules of water requires 562 per
cent. Ag. "

The lead snlphide was further extracted with large quantities
of aleohol of 85 per cent.,, which on concentration to a small
bulk deposited much xanthine, and left urochrome in solution.
This urochrome solution was united with the main quantity
previously extracted by water, The mixture was proved to be
Sree from cllorine, and free from reducine. It was now evapo-
rated in vacuo over sulphuric aeid, treated with alcohol to
separate the xanthine as much as possible, filtered, and the
alcohol evaporated. The residue was treated with hydro-
chloric acid, and yielded wuromelanine and wropifline with all
their well-known properties. The presence of omicholine was
doubtful.

The mother-liguor from these bodies, suspected to contain some
xanthine, was treated with phosphomolyhdic acid, and the preci-
pitate obtained was decomposed with baryta. The product
dissolved in nitric acid, was precipitated from this by silver
nitrate ; the compound dissolved in excess of nitric aeid on -
heating, was precipitated from this by excess of ammonia, and
redissolved in a great excess of ammionia, leaving only some slight
impurity undissolved. ‘The solution was boiled to expel the
excess of ammonia, and the precipitate which fell during the
boiling was isolated, and the silver contained in it determined.

0-039 grm. left 0-0174 grm. Ag=44-162 per cent. This
compound therefore contained much less silver than the theo-
retical xanthine compound, or the compound analysed above.
On combustion, too, it behaved differently from the xanthine
compound ; for it swelled up, and left a cone of spongy metal,
while the xanthine salt burns quietly without swelling up, and
leaves a nearly white metallic residue,

Reducine.—The filtrate from the lead precipitates deseribed
above, as containing this substance and kreatinine, was freed
from lead by hydrothion, and evaporated to dryness while being
stirred on the water-bath. The residue was treated with boiling
absolute alecohol, and the decoction filtered hot. A voluminous
baryum salt remained on the filter, while a yellowish matter
dissolved in the alecohol. The former was reducine-barywm, the
latter mainly kreatinine.

Redueine-Barywm.—It was easily soluble in water, and after
burning left baryum carbonate. On addition to the solution of
some nitric acid and silver nitrate a precipitate was produced,
which immediately became dark and black in the cold. With
mercurous nitrate and nitrite it gave an immediate black preci-
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pitate ; with mercuric chloride it gave a white precipitate which
was not changed by boiling ; with cupric acetate and boiling it
gave a flaky precipitate which became brown; with Fehling's
solution and boiling it gave no reduetion.
Analysis of the baryum-compound dried at 100°.
0-4540 grm. gave 0°4520 CO,=27-092 per cent. C. and 0-1750
om. H,0=4-282 per cent. H. :
0-2628 grm. gave 33'3 c.c. gas normal =15-850 per cent. N.
04490 grm. gave 0-1940 BasO,=25400 per cent. Ba.

Per Cent. = At W. = Ba=1.
¢ - 27092 - 2257 — 1322
H - 4282 — 4282 — 231
N - 15850 — 1132 - 60
Ba — - 25400 — 018 — 10
0 — 27376 — 1711 - 9-2

If the substance be considered as a monobasic acid, these

figures lead to the formula—

C.H,,N,O ).

CHIN'O! LH,0 Ba.
If it be considered as a dibasic acid they lead to C H, N0, as
the formula of the free substance. Of this the molecular weight
would be 396, while the molecular weight pointed to by the
quantity of baryum is 402.

The foregoing figures and formule are given with the reserve
imposed by the limited quantity of material ; but small changes
in proportions can detract nothing from the essence of the new
facts. The isolation of reducine has been effected by the appli-
cation of a reagent of special action on alkaloids. This iz the
principal proof of the alkaloidal nature of the new body; that it
combines with bases after the manner of acids need cause no
surprise, as there are many substances known to chemistry
which have similar properties ; the best known amongst these are
the amido-acids, like glykocoll.

Kreatine and Kreatinine.—The aleoholie solution filtered from
the redwecine just described was evaporated, and the residue
extracted with little absolute alecohol to remove kreatinine and
leave kreatine; the residue was dissolved in hot water, and
decolorised by boiling with animal charcoal. It was then
allowed to ecrystallise, and yielded three successive crops of
crystals.

First Crystals— Kreatine.—The air-dry erystals had the
appearance of kreatine, and their nature was verified by a deter-
mination of the water of erystallisation.

0-4596 gm. dried in vacuo over sulphuric aeid lost 05076 gm.
or 12:-53 per cent. H,0. The theory of C,H,N,0, H,0 requires
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12-08 per cent. The crystals were therefore kreatine. It is
known that kreatinine, when freed from its combinations, and
particularly in warm baryta water, is easily transformed into
kreatine, and these bodies are therefore nearly always obtained
“:ll.ll" ]:]1. ‘}1[1[}' 111 {E"I‘EHIH ropor t'll.}I'l::.

The second and third crystals were not any further analysed,
but assumed to consist mainly of less pure kreatine,

The alcoholic extract suppozed to contain the kreatinine was
precipitated with aleoholic solution of zine chloride. The
viscous (1) precipitate was freed from mother-liquor by pressure,
as far as practicable, redissolved in a minimum of warm water,
and reprecipitated by absolute aleohol. Dried over sulphuric
acid and ultimately at 100° C., it constituted a highly electric
powder. In this the chlorine was determined by two different
methods :—

(a.) By dissolving in dilute nitric acid and precipitating by

silver nitrate—
0-5564 gm. dried at 100° gave 0-3660 gm. AgCl=
16:27 per cent. ClL.
(b.) By fusion with eaustic soda and nitre, and precipitating
solution with silver nitrate—
0-4720 gm. gave 0:3136 gm. AgCl=16:43 per cent.
CL

The compound was therefore not a kreatinine salt, which
requires 196 per cent. Cl. This was further confirmed by the
determination of the zine (in the nitric acid mother-liquor from
analysis («) after removal of the excess of silver by hydrochlorie
acid), as carbonate in the usual manner. There were obtained
(1640 gm. Zn0, equal to 2315 per cent. Zn. The kreatinine
salt would n,quim only 17-83 per cent. Zn.

After drying, the body did not completely redissolve in water,
but left white flocks insoluble. The filtrate left on evaporation
an unerystallisable salt, mixed with erystals, which were
separated by their insolubility in little cold water. The dis-
solved amorphous body gave with ferric chloride a precipitate,
which was permanent on bmlmn, and thereby reminded of the
behaviour of the bodies of the kryptophanic group of extractive
acids,

The ]ﬂmsplmmﬂl}hﬂm acid process is thus shown to remove
from urine several alkaloids, of which one at least is mnew,
veducine ; another body, wrechrome, now shown for the first time
to be an alkaloid; zanthine, known to belong to the class of
organic bases; Lreatinine, also known and mostly obtained as
erime, and two not }ret well characterised bodies, of which
the one forms a silver compound, the other a zine salt and is
precipitated by ferrie chloride.
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The physiolozical quantities of these substances are probably
not so small as one might be induced to believe from the small
quantities actually isolated even from considerable quantities of
material by the above process; for the phosphomolybdic preci-
pitate is not very insoluble, and consequently much is lost in the
voluminous mother-liquors ; these had in the first instance to be
operated upon without the employment of heat; but evaporation
may in future be tried with certain precantions without fear of
destroying the substances above described. The phospho-
molybdic acid undersoes some reduction in the urine, which
becomes deep green from the admixture of blue oxyde to its
naturally yellow colour. It is probable that a portion of the
reducine contributes to this effect, and affer its oxydation
escapes the further steps of the process. Then the baryta
process is undoubtedly unwieldy, and likely to produce loss,
particularly of bodies of the xanthine group. On the whole,
however, the process yields a considerable amount of new and
useful information, which, when suitably applied hereafter,
cannot fail to produce inferesting and important pr: actical
results.



CHAPTER X.
HIPPURIC ACID, C,HNO,

HISTORY AND LITERATURE.

LOUELLE, in 1784 (“ Journ. de Méd.” 40), discovered a peculiar
acid in the urine of cows, described its properties and differences -
from benzoic acid, and showed that it was destroyed during the
putrefaction of the urine. Fourcroy and Vauquelin (1778,
“ Journ. de la Soc. des Pharmaciens & Paris,” No. V1. 41, and
tom. 14, 123) repeated the observation of Rouelle, and separated
the acid from the urine by the addition of hydrochloric acid.
They then, for the purpose of purifying it, as they thought, sub-
jected it to sublimation, thus destroyed the hippuric, and
obtaining benzoic acid, erroneously declared this latter to be the
acid of Rouelle. With the exception of Proust (“ Ann. Chim.”
14 (1820), 260), who found benzoic acid as a product of the
putrefaction of human urine, and of the distillation with acids of
the extract of fresh uriue, animal chemists did not pay any
attention to the subject of Rouelle's observation, until Liebig
resumed its study (“ Poggend. Ann,” 17 (1829), 389), and fully
ascertained the peculiarity and chemical character of hippurie
acid, as the name indicates, from horses’ urine (“ Ann, Chem.”
12 (1834), 20). Ure (1840, “ Med. Chir. Transact.” 26) and
Keller (“ Ann. Chem.” 43, 108) showed that benzoic acid, when
taken into the stomach, is transformed in the body into hippuric
acid, and excreted as such. Liebig (* Ann. Chem.” 50, 161)
next proved that it was 4 normal ingredient of the urine of man ;
and the observation of Ure and Keller found a parallel in that of
Dessaignes( “ Compt. rend.” 21, 1224), who effected the formation
of hippuric acid from benzoic acid and glykocoll by chemical
synthesis.

Occurirence.

Hippuric aeid is a regular ingredient of the urine of man, the
herbivorous mammals, such as the horse, from which it takes its
name, horned cattle, camels, elephants, goats, sheep, hares, and
rabbits. It is ft}unti in guano, the excrements of sea-birds, as
hippurate of ammonium, and has been repeatedly observed in
the excrements of the Greek tortoise.




HIPPURIC ACID. 145

Modes of Obtaining it Pure.

1. From hwman wrine. Fresh urine is treated with milk of
caleined magnesia, filtered and evaporated in the water-bath to
a syrupy consistence. The residue is worked into a bottle
which can be stoppered, and after the addition of some hydro-
chloric acid is shaken, with at least an equal volume of ether,
which dissolves the hippuric acid. When the extract of the
urine was rather fluid, the mixture does not separate, because the
ether is enclosed in the fluid, the whole forming a kind of
emulsion. But the separation of the ether can mostly be
effected, if, after the mixture has stood for an hour, one-twentieth
of its volume of alcohol be added. In that case the froth dis-
appears, and the fluid separates into two layers, of which the
upper and lighter one contains the hippuric acid; but at the
same time there is some urea dissolved in it by means of the
aleohol which has been added. This layer is now ecarefully
removed by means of a syphon, and shaken with small portions
of water; the alecohol and urea combine with the water, and the
hippuric acid, together with some colouring matter, remain dis-
solved in the ether. By evaporation the acid is obtained in
crystals, which generally are of a yellowish or brown colour,
from a resinous substance, which may be removed by animal
charcoal. :

It, however, the extract of the urine was of the proper con-
sistence, it will, after shaking with ether, generally subside to the
bottom of the glass after a short time of standing, and the
ethereal solution will float on the top, and not require the addition
of any aleohol. It may be removed by a syphon fixed in the
perforated cork of a flask, so as to admit of being filled by
suction at another bent tube inserted by the side of it. The
ether in the flask is distilled off, and the fluid residue poured into
a small glass, and mixed with some water. After some standing,
and in some cases almost immediately, hippurie acid is deposited
in silky needles. If a large amount of hippuric acid is present,
the fluid is sometimes transformed, on the addition of water, into
a solid mass of silky crystals,

. After sufficient time has been allowed for the crystallisation of
the acid, it is put on a small filter and washed with cold water.
By redissolving it in water, and boiling it with some animal
charcoal, it is obtained after evaporation crystallised and pure.

When it is intended to obtain the whole of the hippuric acid
contained in any given quantity of urine, the extract, after its
last remnants on the evaporating dish have been washed into the
bottle by means of the hydrochloric acid, must be shaken with its
bulk of ether from six to twelve times. Although in most cases
five or six applications of ether will be sufficient, in a minority of

K
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cases the extraction of the acid is not completely effected thereby.
It is therefore necessary to repeat the extraction with ether until
the residue, after evaporation, does not any longer yield any
crystals.

2, From the urine of horses or cows the acid may sometimes be
obtained in the form of a yellowish-brown powder, by the
addition of hydrochloric acid. Riley (“Journ. Chem. Soc.” 5, 97)
recommends to add 6 per cent. of thiz acid to the urine, as he
has found that hippurie acid is much less soluble in strongly
acid than in slightly acidulated fluids. This proceeding is quite
satistactory when applied to the urine of animals fed upon grass.
Kraut (“ Henneberg, J ourn. f. d. Landwirthschaft,” 6 (9), 483, and
Chem, Centr. Blatt, 52, 1858) examined the urine of cows which
had been out to ﬂla‘ﬁ during the morning from 8 to 11, had
then been milked in the shed and fed upon some maize straw.
At two o'clock their urine had an acid reaction, and on addition
of hydrochloric acid, yielded so considerable a precipitate, that
from 120 pounds of urine, upwards of one pound of raw hippuric
acid was obtained. It is, however, not so with the urine of animals
fed upon clover or grains. In this latter case it is preferable to
concentrate the neutralised urine to one-sixth or one-eighth of
its original volume before adding hydrochloric acid.

The crystals so obtained have got a brownish colour and a dis-
agreeable resinous odour, which must be removed by a purifying
process. The solution in water is boiled with some caustic lime
and filtered ; to the filtrate chloride of lime is added until the
urinous odour has disappeared. Animal charcoal is now mixed
with the fluid until the filtrate is colourless ; the filtrate is mixed
with hydrochloric acid, and, on cooling, deposits hippuric acid,
perfectly white and pure (Liebig).

The following process for purifying eoloured hippuric acid has
been described by Gdssman (“ Lieb, Ann.” 99, 364) :—The raw
material is reerystallised once from boiling water. The crystals
are then dissolved in a sufficient quantity of dilute caustic soda,
the solution i1s heated to one moment’s ebullition, and a solution
of permanganate of potash is added drop by drop, until a small
quantity of filtered solution is precipitated white by hydro-
chloric acid. The entire solution 1s then filtered from the oxyde
of manganese, and yet hot treated with a slight excess of hydro-
chloric ‘acid.  On cooling, pure hippuric acid crystallises.

3. Dessaignes prepares hippuric acid as follows:—Urine 1s
concentrated and alloswed to stand for twenty-four hours., It is
then decanted and precipitated cold by hydrochloric acid. The
erystalline mass is placed upon a funnel and allowed to run off
its mother-liquor, and is worked and compressed with a glass
rod until it has become very firm. It is then washed quickly
until it has only a violet colour. It is purified by boeiling with
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animal charcoal, and crystallises pure on evaporation (“ Journ. d.
Pharm,” (3), 32, 44).

4, The same author relates in the same place a new mode for
obtaining hippuric acid by synthesis. He enclosed equivalents
of benzoie acid and glykokoll in a sealed glass tube, and kept the
mixture during twelve hours at a temperature of 160° C. The
contents of the tube, treated with boiling water, left a white
tasteless powder, which was only partially soluble in potash ; and
from the solution filtered hot, there crystallised, on cooling, a
quantity of hippuric acid, which corresponded to two-thirds of
the benzoic acid employed. :

Other and less productive modes of synthesis of hippurie acid
have been formerly described by the same author. The trans-
formation of benzoyl-compounds into hippuric acid within the
animal economy belongs to the same category of synthesis, and
can be made use of for the purpose of producing hippuric
acid for experiment,

Physical Properties.

Pure hippuric acid, prepared from human or animal urine,
appears in long, glistening, transparent prisms, four-sided parallel
to the longest axis, the ends acuminated by two or four planes,
being planes of prisms parallel to the brachy- and macro-diagonal.
The primary form is a vertical rhombic prism, whose planes are
inclined at an angle of 94°5(°. The planes of the brachy-
diagonal (horizontal) prism are ineclined at an angle of 94° 50,
those of the macro-diagonal (also horizontal) prism at an angle of
85° 14’. An alecoholic solution of hippuric acid, abandoned
during some menths to spontaneous evaporation, deposits the
acid in granules resembling the tops of cauliflowers.

Chemical Properties.

The acid is destitute of odour, and is of a bitterish taste, It
requires for solution 600 parts of water of 0° C. temperature,
and 400 parts of water at the ordinary temperature of the air ;
but is much more soluble in hot and boiling water, and in
alcohol.  Its solubility in ether is somewhat less than in
alcohol. The solutions redden litmus paper.

Decompositions,

Hippuric acid is not volatile at the temperature at which
benzoic acid sublimes. At a higher temperature it fuses, form-
ing a brownish-red liquid, which on cooling becomes a milk-
white crystalline mass. By dry distillation it yields a red oil,
with an aromatic odour, ammonia, and benzoic acid (the latter
two perhaps in part as benzoate of ammonium), and a large resi-
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due of charcoal. Sometimes the acid before charring evolves a
cyanogen compound, having the odour of hydrocyanie acid. If
the temperature during dry distillation be not raised above
250° C,, benzoic acid is obtained, slightly reddened, a trace of
hydrocyanic acid, and benzonitrile is collected in the receiver.

Hippurie acid is soluble in warm nitric acid and hot hydro-
chlorie acid, and from both solutions crystallises on cooling ; but
when boiled for some time in either of these solutions it under-
goes a decomposition, by which benzoie acid crystallises out of
the solution on cooling. Combined with the nitric acid there
remains glykokoll. This decomposition may also be produced by
sulphuric and oxalic acids, and by boiling with caustic soda and
potash, It can be represented by the formula—

C,H,NO,+H,0 = C;H,0, + C,H,NO,
Hippuric acid. Benzoic acid. Glykokoll.

Under the influence of a ferment, in the presence of an alkali,
hippuric acid undergoes the same decomposition into benzoic
acid and glykokoll. The disintegration of hippuric acid in
putrefying urine is thus satisfactorily explained.

Hippurie acid can also be considered as the amide of benzogly-
kolic acid, which is free from nitrogen, and has the composition
C H,O, It is formed when l11ppuuc ‘acid is acted on by nitrous
acid, and is obtained by condueting a current of nitric oxyde
through a solution of hippuric acid in nitric acid—

2(CH,NO,) + N,0,=2(C,H,0,) +4N + H,0.

Hlppurm acid. Bcnmgl:,kolu: amd £

Benzoglykolic acid crystallises from the solution in colourless
prisms, which are easily soluble in aleohol and ether, but
sparingly soluble in water. It forms neutral salts with one
molecule of base, which are mostly crystallisable. The lime-salt,
C H,,Ca0,, crystallises in colourless needles, and has a tendency
to form oversaturated solutions. .

When benzoglykolic acid is treated with dilute acids it is de-
composed to benzoic and glykolic acid after the formula—

Benzoglykolic acid. Benzoic acid. Glykolic acid,

This decomposition explains why hippurie acid, although it he
the amide of benzoglykolic acid, does not yield that acid and
ammonia when boiled with acids, but benzoic acid and glyko-
koll. The benzoglykolic acid is at first formed along with
ammonia, but is immediately decomposed into benzoic and gly-
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kolic acid, and the latter, with the ammonia, forms its amide,
glykokoll, and water,

Hippuric acid, when boiled with peroxide of lead in water,
yields henzam:de carbonic acid, and water, according to the fol-
lowing formula (Fehling, “Ann. Chem.” 28, 48) :—

C,HNO,4+0,=C.HNO+2C0,+H,0.

"q._.___f_.__._.ﬂ' LA

Hippurie acid. Benzamide.

Reaction for Hippurie Acid —Horsford’s reaction for glykokoll,

a red coloration when thrown upon fused potash, succeeds also
with hippuric acid. The potash must be heated very little
above its fusing point, and only so much as to be still a mono-
hydrate (Dessalgnes}

Compownds of Hippurie Aeid.

Nitrohippurie Aeid, C;HN,0,.—To a solution of hippuric
acid in cold fuming nitric acid, an equal volume of oil of vitriol
is gradually added, care being taken not to let the mixture get
hot. After two hours the reaction is completed. The fluid is
now mixed with three times its volume of water, being continu-
ally kept at alow temperature. The mixture, after twelve hours,
has deposited about one half of the hippurie acid employed in
the form of nitrohippuric acid in needle-shaped erystals. The
mother-liquor, when neutralised by carbonate of soda until it
begins to get turbid, deposits another quantity of the acid. The
impure acid is washed with cold water, combined with lime, and
the solution of the lime-salt in lukewarm water is precipitated
by hydrochloric acid.

Nitrobenzoic acid may be taken internally, in quantities
amounting to 6 grammes per diem, without injury to the body.
1t reappears as nitrohippuric acid in the urine, from which it
may be obtained by the following proceeding :—The acid urine is
evaporated to a small bulk, It remains clear on the addition
of hydrochloric acid ; the fluid is now shaken with ether and some
aleohol, which take up nitrobhippurie acid, and, on spontaneous
evaporation, deposit it in brown warty crystals, which, when
removed from the mother-liquor, dried on a brick, and recrystal-
lised from hot water, appear as brownish needles. When boiled
for five minutes with excess of milk of lime, colouring matter
is removed, and the filtrate, on decomposition by hydrochloric
acid, yields pure nitrohippuric acid, which is obtained in fine
crystals by recrystallisation from hot water.

Hippuric Aeid Salts—Hippurates.

These salts have been studied by Schwartz (“ Ann. Chem.”
54, 29).
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The alkaline and earthy hippurates are soluble in water.
Hippurate of sodium seems to be a combination which occurs in
human urine. But as hippuric acid in human urine, when
present in larger quantities, crystallises on simple evaporation
on the surface of the fluid, it is probable that it may also be
present in the free state. In the urine of the horse hippuric
acid is combined with caleium. Metallic hippurates are spar-
ingly soluble. All hippurates yield their bases to hydrochloric
acid, hippuric acid crystallising from the solution in delicate
silky needles.

The hippurates may be basic, neutral, or acid salts; that is,
containing either one-half, or one or two molecules of acid to one
of base.

Hippurate of Barywm, neutral, C,;BaH N,0,+H,0—By dis-
solving hippuric acid in excess of baryta water, and precipitating
the excess of baryta by a current of carbonic acid, or by boiling
an excess of carbonate of baryum in a solution of hippuric acid,
a solution of neutral hippurate of baryum is obtained after filtra-
tion, which on evaporation yields the salt in crusts, consisting of
microscopic gquadratic prisms,

Hippurate of Caleiwm, C,;CaH ;N ,0.4+3H,0.—By boiling an
excess of carbonate of calcium in a solution of hippurie acid a fil-
trate is obtained, which on evaporation deposits this salt in
rhombic prisms or glistening scales. It is also obtained by boiling
a solution of hippuric acid with excess of milk and lime, filter-
ing, and passing a current of carbonic acid gas thmugh the
solution, = The filtrate contains the salt, This compound 1s said
to oceur in the urine of the horse and cow. It is soluble in 18
parts of cold and 6 parts of boiling water.

Hippurate of Lead, neutral, (;mi’meN 0,4+ 3H,0, is obtained
by mixing the hot sulutmu of an hlppumte with solution of
acetate of lL:-u:l on cooling the salt is deposited in lamina of the
lustre of mother of pem‘l. If cold solutions of lead and hippu-
rate are mixed, the salt precipitates at once in cheesy flakes,
which are with difficulty soluble in boiling water. The precipi-
tate may be washed on a filter, dissolved in boiling water, and
after filtration while boiling hot, on a funnel, kept hot, is obtained
from the cooling solution in silky groups of fine needles. These
needles contain only two molecules of water of crystallisation,
but frequently transform into the salt with three molecules of
water, by suddenly taking up one more molecule of water under
circumstances not yet accurately known. A basic hippurate of
lead is obtained by boiling hydrated oxyde of lead in a solution
of hippurie acid.

Hippurate of Iron —The soluble hippurates cause a rusty
brown precipitate in salts of the oxyde of iron. Neutral sesqui-
chloride of iron produces a light fawn-yellow voluminous preci-
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pitate in a cold solution of hippurate of potassium, which in hot
water, or by drying at a temperature of 30° C,, loses water, and
forms a brown mass. It is insoluble in water, easily soluble in
spirit of wine, particularly in hot spirits, and from the solution
separates on cooling, partly in amorphous masses, partly in
groups of red oblique rhombic prisms.

The salts with cobalt, nickel, copper, mercury, and zine pre-
sent no striking peculiarities. The silver salt is distinguished by
containing a molecule of water of erystallisation; while the
silver salts of most other organic acids are free from water of
crystallisation.

Phaysiology.

Benzoic acid introduced into the stomach appropriates to itself
glykokoll, and appears in the urine as hippuric acid. From this
fundamental observation of Ure, confirmed as it was by Keller,
numerous inquiries have been started, and established the exist-
ence of a kind of physiclogical law, that benzoyl-compounds.
however varied may be the substitutions among their looser com-
ponent elements, will in the body undergo the same transforma-
tion as benzoic acid, and appear in the urine as hippuric acid.
Thus benzoic ether, benzoyl-hydride, cinnamic acid, all yield the
same final product; their outer radicals are destroyed or other-
wise disposed of in the economy, while their benzoyl, apparently
indestructible by animal oxydation, reappears with glykokoll in
the excretion.

This phenomenon soon suggested to inquirers the probability
that all hippurie acid contained in either the urine of animals or
of man was but the product of the transformation of some com-
pound of benzoyl contained in their food. They therefore directed
their inquiries towards the proximate ingredients of the mixed
food of man and the fodder of animals. From the ordinary
mixed food of people accustomed to good living, no benzeic acid
could be extracted. The urine of cows was said to be always
equally rich in hippuric acid, whether they fed on mangel-
wurtzel, grass, or hay. It was known from the exact experience
derived from the manufacture of sugar from beetroot, that this
vegetable did not contain any benzoic acid. Hallwachs ascer-
tained, by an examination of the fodder of a cow, which yielded
largely hippurie acid, that the plants constituting the fodder did
not contain either benzoic acid, or any benzoyl-compound, in
such a form that it could be extracted by ordinary analytical
means. The conclusion appeared, therefore, for a time inevitable,
that the benzoic acid contained in the hippuric acid in the urine
of animals, whose food does not contain any benzoyl-compounds
as proximate constituents, must be a product of the organism,

towards the formation of which the food only furnishes the
elements.
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But the value of this conclusion was soon modified by the
accidental discovery, that among the fruits of the earth enjoyed
by man as food there is at least one which contains benzoic acid
in such quantities as to materially affect the composition of the
renal excretion in persons who have partaken of even a moderate
guantity of it. Ducheck (“ Prager Viertel].” (1854), 3, 25), in the
course of some determinations of uric acid by precipitation with
liydrochloric acid, one day encountered a mass of crystals, which
he recognised as hippuric acid. He had the day before eaten
fruit, luckily new to him, being however nothing more uncom-
mon than a number of greengages. He then repeated the eating
as an experiment, and found it to have the supposed effect. The
urine passed after the ingestion of a number of greengages was
so saturated with hippuric acid, that after the simple addition of
hydrochloric acid in the cold, the acid erystallised in long silky
needles. He then directed his researches towards the green-
gages themselves, and found them to contain a quantity of
benzoic acid, But the quantity of benzoic acid which they
yielded to extraction was never so large as that which an equal
quantity of the same fruit wonld yield in the form of hippurie
acid when ingested into the stomach of the experimenter. He
therefore concluded that the greengage, besides benzoic acid
accessible to analysis, contained other benzoyl-compounds not so
easily revealed in extracts, amongst them perhaps benzoic ether
and benzoyl-hydrogen, and determined the amount of benzoyl
contained in them physiologically, that is to say, by passing given
guantities through the ordeal of the chemistry of his body. 840
grammes of greengages without stones, eaten, yielded 3:736
grammes of hippuric acid, containing 2- 021 grammes of benzoic¢
amd 403 grammes of greengages without stones, eaten, yielded

2920 grammes of hlppullc amd containing 1'990 grammes of
hrenfum acid. Calculated for 100 parts, the first greengages
yielded 0252 per cent. of benzoic acid, the second (r493
per cent., which gives an average of 0-3715 per cent. of benzoie
acid in greengages. Apples, pears, and common plums never
produced any effect like the greengages. The excretion of hip-
puric acid began seven or eight hours after the eating of the fruit,
and was always completed in from three to five hours later,

My own researches have confirmed this obsexvation of Ducheck.
Greengages, in whatever form or quantity taken, always increased
the amount of hippuric acid in the urine far beyond what it was
under ordinary mixed diet, containing no ingredient that could
be said to harbour any hﬁnzﬂyl-mmpuunds It was therefore
clear that if the human economy produced any benzoic acid from
the elements of assimilated food, another quantity of this acid
might be introduced into the body as such by the ordinary
accidents connected with the variations of food. It was also
evident that any inquiries into the quantities of hippuric acid
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discharged in given times by healthy and sick individuals would
have but little significance, unless the nature as well as the
quantity of the food eaten was taken into consideration. Physio-
logical researches which did not observe these precautions could
answer only very few questions. The bearing of the answer
under any circumstances was more upon the uncertain element
of the nature and amount of food taken, than upon any pecu-
liarity in the processes of the animal economy.

If the hippuric acid is a normal ingredient of human urine,
and its variable portion is due to the introduction into the
economy of benzeyl-compounds eontained in food, such as green-
gages, the more stationary amount of it must be derived from
the elements of food, or from certain radicals contained in food,
and appearing as benzoyl only after complete destruction by
oxydation. Such a radical is perhaps contained in albumen and
other substances deriving therefrom, as was made probable by
the observations of Proust (Gehlen's “ Neues Journ. d. Chem.” 2,
241), afterwards confirmed by Guckelberger (“ Ann. Chem.” 64,
39), that oil of bitter almonds and benzoic acid were among the
products of the oxydation of albuminous substances by bichro-
mate of potash and sulphuric acid. We may, therefore, think it
possible that the oxydation of albuminous substances in the body
1s effected in an analogous manner, and may yield benzoic acid
as a collateral produet in small quantity, to be afterwards com-
bined with glykokoll, or that the simultaneous production of
benzoic acid and glykokoll results in the direet formation of
hippuric acid. The sources of the glykokoll which combined
with any benzoic acid introduced into the body, have always
appeared less problematical than those of the benzoic acid con-
tained in the regular hippuric acid. The bile might easily yield
it if the glykocholic acid was really split up in the manner indi-
cated by its chemical decomposition out of the body. Indeed,
this origin has been claimed as proved by W. Kiihne and W,
Hallwachs (“ Nachr. d. Kon. G. d. Wiss. zu Gottingen,” 11 Mai
1857, p. 129-134), who performed the following e:{pvarimeuts —
Haying ascertained that a dog transformed benzoate of soda,
which was given to it in its food, into hippurate, they injected
various quantities of benzoate, corresponding to from 1 to 4
arammes of acid, into the veins of dogs and cats. In about 20
experiments the benzoate was excreted in the urine almost en-
tirely unchanged. When the salt was given with its food to a
dog, whose bile was entirely evacuted by a fistula, no trace of
benzoic acid appeared in the urine, which contained, however,
hippuric acid. But no trace of hippuric acid was dlS[:]lElI‘"Ed hy
three cats which had taken benzoic acid, and whose entire liver
had been ligatured in such a manner as to prevent blood and bile
from either entering or leaving. These latter experiments can
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hardly be admitted to demonstrate anything, as the interference
with all vital funections caused by a ligature round the base of
the liver must be so enormous as to prevent just that kind of
action in the entire economy which would be required to form
hippuric acid anywhere. Indeed, these experiments were only
undertaken to save the hypothesis which had been defeated by
the previous experiments, in which the entire abstraction of the
bile did not prevent the transformation of benzoic into hippurie
acid. On the whole, the experiments show that the transforma-
tion is probably effected in the intestinal canal ; that the bile is
not essential to it; that other products of the decomposition of
the food in the intestinal canal can furnish the glykokell, and
that the blood by itself does not furnish the glykokoll or allow
its combination with benzoic acid to take place within the limits
of the circulation.

According to Ducheck (“ Prager Viertelj,” (1854), 3, 25), only a
limited amount of benzoic acid can in a given time be trans-
formed into hippuric acid. He found in the urine—

Acids
A

ilippuﬂc. Benmin;:

When 1 grm. of benzoic acid had been taken, 0714 0000
» 2 grammes - & 1-857 0421

b 4 b5 32 13 1'..?14 2.500

o that while in all experiments there was a considerable loss of
benzoic acid unaccounted for, in the last experiment more than
half of the benzoic acid taken apparently escaped unchanged
through the kidneys. Similar experiments instituted by Pio-
trowsky led to results which were averse to Ducheck’s coneclu-
sions, and seemed to indicate that even larger amounts of benzoic
acid, up to ten and twelve grammes, are entirely transformed into
hippuric acid during their passage through the body. Peculi-
arities of diet may perhaps hereafter furnish as unexpected a
solution of the question after the origin of glykokoll, just as they
have supplied an answer to the question after the sources of a
part of the benzoic acid. :

The urine of carnivorous animals has not been observed to con-
tain any hippuric acid. But as we are not acquainted with any
direct researches on the subject, it is unadvisable to rely upon
this circumstance for any further conclusion.

Regarding the physiological bearing of hippuric acid in horses
and cows, the observations at one time seemed to show that rest
and activity, as well as different descriptions of food, had a con-
siderable influence upon the quantity in which it is found in the
urine. Erdmann (* Journ. f. pr. Chem.” 13, 422) asserted that
some of these circumstances could cause a substitution of
benzoic for hippuric acid, that, therefore, benzoic acid could
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temporarily be a normal ingredient of the urine of these animals.
The urine of six horses used for ploughing gave one day benzoic,
the next day hippuric acid, there being no change in the diet.
He ecommunicated this experience to Lleblg, who replled that he
had observed the same occurrence, and expressed a belief that
evaporation of the urine at too high a temperature had an
influence in the matter. This latter also observed that there
might be a peculiar ferment in some description of urine which
might decompose the hippuric acid quickly. He had formerly
(““ Ann, Chem.” 30, 280) communicated the opinion that any
benzoic acid found in the urine of horses was the product
of putrefactive changes. At a later period (“Ann. Chem.” 41,
272) he stated an opinion, perhaps in part derived from the unex-
plained experience of Erdmann, that horses and horned cattle,
during the normal state of activity and work discharged urine
containing principally benzoic acid, but that when the animals
were quiet in the stables they excreted hippuric acid. The animals
were explained to get rid of a highly-carbonised material during
rest by the kidneys, which during work they used for the pro-
duction of power, and excreted by the lungs as carbonic acid.
This explanation inspired Erdmann (in the article which he
published, in conjunction with Marchand, on the transformation
of cinnamic into hippuric acid in the human body (* J. f. Pract.
Chem.” 26, 492), to formularise his singular experience into a
general doctrine, to the effect that horses kept for pleasure, and
which, consequently, were well fed and little exercised, yielded
much hippurie, but horses used for ploughing only, benzoic acid.
After that it was not surprising that Hutstein (“ Brandes. N,
Archiv. d. Pharm.” 66) should also have observed that the urine
of horses which while working moderately had only yielded
hippuric acid, contained only benzoic acid after they were used
for hard work,

In direct contradiction to the above statements on the substi-
tution of benzoic for hippuriec acid, by certain alterations of
activity and diet, stand the observations of Lehmann (** Hand-
worterbuch der Physiologie,” p. 14). He examined the quite
fresh urine of a very large number of both well and badly-
fed, healthy and sick horses, and found it always to contain only
hippuric and no benzoic acid. But when the urine had been
allowed to stand for some time exposed to the airit always
contained only benzoic acid. Such fermented urine infected
fresh urine, to which it was added so very rapidly that the
hippuric acid was, during mere evaporation of the fluid, entirely
decomposed, and nnt.hmg but benzoic acid was left. If, then,
the chemists who found benzoic acid in the urine of working
animals did not collect the excretion in such a manner as to
protect it from contact with the stale urine on the floor and in the
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gutters of stables (which, while the horses were at work, would Le
less frequently renewed, and consequently more infected or decom-
posed), or did not work it up quickly while it was in a fresh
state, they omitted a precaution, without which their results are
open to question,

The influence of some descriptions of food upon the hippuric
acid in the urine of animals has been investigated by wvarious
observers. Landerer (“ N. Journ. d. Pharm.” 20, 288) found that
the urine of horses would yield hippuric acid while they were
fed on oats and hay, and did not yield any while fed on barley
and straw. That the hay had the principal share in the produc-
tion of hippuric acid in Landerer's horse is evident from the
experience made upon cows feeding on grass, and from the
following observation of Stiideler (“ Ann. Chem.” 77, 39) —He
found in the morning urine of a horse, which was almost entirely
fed upon oats, and seldom was in the stable during as much asa
day, only traces of hippu:ig and no benzoiec acid. Riley also
(“ Journ. Chem. Soc.” 5, 97) found the urine of cows to yield
hippuric acid only ‘lﬂ.]illE feeding on grass or hay; and Schwartz
(* Ann. Chem.” 54, 31) observed that the urine of cows contained
only traces of hippuric acid when fed on the residue from the
distillation of spirit from fermented potatoes. Kolbe (“ Lehrb. d.
Organ. Chem.” 2,113) observed that the urine of cows which had
for some time yielded a considerable amount of hippurie on
addition of hydrochloric acid, suddenly ceased to do so. On
inquiry it was ascertained that from the day when the urine
ceased to give hippuric acid the cows had been fed upon clover
instead of grass, as before. These observations, no doubt, militate
against the opinion of Hallwachs, and make us inclined to believe
that grass contains substances capable of forming hippurie acid,
which are wanting in clover, oats, and distillery refuse. Kolbe
did not examine the urine of the cows fed upon clover any
further, in order to ascertain the degree of diminution which the
quantity of hippuric acid had undergone. Wanting this pre-
caution, his observation can only be admitted to show that the
urine of cows contains relatively less hippuric acid when fed
upon clover than while eating grass, at most, that cows fed
upon clover secrete less hippuric acid than cows eating grass.

Quantity of Hippurie Acid Secveted in Twenty-Four Houwrs.

It Lad been stated by Liebig that hippuric acid was present
in human urine in about the same proportion as uric acid. This
opinion was generally received until Hoefle and Ducheck nega-
tived that hippuric acid was a constant constituent of human
urine. Subsequently Hallwachs (“ Ann. Chem.” 105, 207, and
106, 160) found the amount of hippuric acid in the urine of
some persons to be nearly one gramme in 24 hours. About the

e
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same time Weismann (Henle and Pfeuffer, “ Zeitschr. f. Rat.
Med.” (3), 2, 332) instituted some experiments upon this subject,
which consisted in observations of particular diet, measurements
of the urine discharged, and attempts to determine the amount
of hippuric acid contained therein, by evaporating from 10 to 20
¢.c. of urine only, adding five to ten drops of hydrochloric acid
to the residue, and extracting it repeatedly with the six to ten-
fold volume of ether. ‘The coloured residue was assumed to be
hippuric acid. There can, however, be no doubt that this resi-
due contained colouring matter removable by water, urea, and
other matter. No experiment seems to have been made to
ascertain the amount of impurity mixed with the acid obtained.
These circumstances make the results of Weismann inadmissible
for comparison with the results of other observers; only by their
differences amongst themselves they indicate a few physiological
conclusions, such as that the amount of hippuric acid in human
urine is greater after mixed than after animal diet; that pure
bread diet reduces the guantity of hippuric acid below that
yielded by animal diet, and that in acute inflammatory or zymotic
diseases, such as pneumonia and typhus fever, the amount of
hippuric acid in the urine sinks below that obtained under the
influence of bread diet. Still larger than the gquantities obtained
by Weismann, and arrived at by a still more fallacious proceed-
ing, were those given by Wreden (“Bullet. del’ Acad. de St.
Petersbourg,” Classe Phys. Med. 17, 500). He had employed
a standard solution of chloride of iron for the determination of
hippuric acid, and gave as the average of 29 determinations,
474 grains of hippuric acid to the litre (17 pints) of urine.
The minimum amount found was 323 grains, and the maximum
87-8 grains, toa litre. Bence Jones (“ Journ. Chem. Soc.” (1862),
15, 81) caused some new analyses to be made by Ulrich upon
the urine of two healthy men. In these analyses, usually 400
c.c. of urine were evaporated to a syrupy consistence in a water-
bath ; hydrochloric acid was added, and the hippuric acid was
extracted by treating the precipitate with ether four or five
times. The first man weighed 10 st. 12 Ibs, lived upon a good
mixed diet, and took moderate exercise. He execreted in three
days the following quantities of urine, and therein hippuric and
uric acid :(—

Total of Urine|  Spee. Gr. Hippurie Acid, ! Uric Acid. |
1st day, 930 c.e. | 1022 61 grains |
2d° 980 ,, 1020 " L IR 8.4 mms
1T 790 1022 &7, Bl ;
Mean, ,, 10213 o9 gl Ma s |

The second man experimented upon weighed 14 st. 6 1bs., took
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a meat breakfast and good mixed dinner, and took very little
exercise. On four days he excreted the following quantities of
urine, hippurie, and uric acid :—

!Tut.u'l of Urine.| Spec. Gr. | Hippuric Acid. | Uric Acid.

1st day, | 1460 ee. | 1017 7-3 grains, | 14'6 grains. |
ad 1103 ,, 1019 565 ,, 1009,
“nils 1510 ,, 1017 pAl ‘ BRI e
4th ,, 1326 ,, 1019 68 125,
| Mean, 1349 ,, 1018 AR F 126,

Variations of Hippurie Aeid in Urine before and after Food.

These variations were determined by Bence Jones in seventeen
experiments performed upon the urine of a man who weighed
14 st. 6 lbs, ate a meat breakfast, a good dinner, and took very
little exercise. They were found to be somewhat simultaneous
with analogous variations in the quantity of urie acid. These
determinations were apparently made without reference to any
given time during which the urine operated upon was secreted.
If the excretion per hour had been determined, as well as the
variation in the per centic composition of the urine, the physio-
logical value of the investigation would have been much
enhanced.

It follows from these determinations that the hippuric acid
was increased, on an average,

From 451 grs. per litre of urine before food,
To 594 i o after food ;

whilst the uric acid was increased, on an average,

From 6:05 grs. per litre of urine before food,
To 945 i i after food.

On the whole, it follows that the guantity of hippuric acid, as
compared to that of urinary water, rises with the density of the
urine, the reverse obtaining in exps. 7 and 9. In some cases
(exps. 6, 11, 14, 15, and 16) the relative quantity of hippurie
acid is actually smaller after food than before food, while the
same relative diminution of uric acid after food occurs more
rarely {exp. 7). The rise and fall of the relative quantity of
uric acid before and after food, with the specific gravity, is much
more true than that of hippuric acid. For while in all experi-
ments, excepted only No. 7, the relative amount of uric acid is
increased after food, in the only case where it is decreased the
specific gravity is decreased as well, and that considerably (exp.
7, from 1019 to 1014). In exps. 9 and 11 a decrease of the
specific gravity coincides with an increase in the relative
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amount of uric acid, and in exp. 6 the stationary specific gravity
does not prevent the relative rise of uric acid.

Diwrnal Variations of the Quantity of Hippurie Aeid
wn Human Urine,

The following researches were made upon the urine of a
healthy man, weighing 10 st. 7 lbs, and eating a moderale
amount of good mixed diet. He led an active lﬂe and during
the inquiry was, on an average, at work during siw:teen hours
out of the twenty-four :—

1. On August 17th, at 9 o'clock A, there had 'lmen collected
1370 c.c. of urine from the previous I;m;‘:nty -four hours. Sp. gr.
1017. 200 c.c. treated with hydrochloric acid yielded uric acid
41 grains. The whole quantity of urine contained 287 grm.
of urea, estimated by nitrate of mercury. 500 c.c. were evapo-
rated on the water-bath, treated with hydrochloric acid, ether,
and a little alcohol; the extraction was repeated with six
portions of ether; the united ethereal extracts were washed
with small portions of water, and then reduced by distilling off
the ether ; the residue was precipitated by a little water, allowed
to stand for crystallisation, the ecrystals were collected on a
filter, washed with cold water, dried in the water-stove, and
weighed in covered glasses. There were obtained 0616 grm. of
hippuric acid, corresponding to 1413 grm., as the total amount
of acid contained in the whole twenty-four hours’ urine. The
water with which the ether had been washed was evaporated
and set aside for crystallisation ; it yielded 0°126 grm, of hippuric
acid. This addition swells the calculated amount of hippuric
acid in the day’s exeretion to 1-758 grm.,

This analysis demonstrated clearly that the analytical pro-
ceeding had to be changed, so as to avoid the loss occasioned
by washing with water the ethereal solution containing alcohol.
This was effected by evaporating the extract of the urine to a
stiff syrup, working it into a stoppered bottle while warm, taking
up the last residues with the necessary amount of hydrochlorie
acid, and shaking briskly with large quantities of dry ether. In
this manner the extract and ether separated almost immediately,
and required but rarely the addition of alcohol. The ether took
up much less urea than it would have done had it contained
alcohol.  After distillation a small quantity of reddish-yellow
residne was obtained, which was mixed with a little water and
allowed to crystallise. The crystals were always washed until
the washings were colourless, next dried by pressing between
blotting-paper, exposure to air, then by keepmg over sulphuric
acid, and ultimately by drying at 1[]{} C.in the water-oven.
This proceeding was carried out in all subsequent examina-
tions,
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2. August 18th. 1580 c.c. contained 30 grm. of urea; 200
C.C. }'mldenl 31 grains of uric acid; 500 c.c. yielded 0:282 grm.
of hippuric fu:ul cmles]mndmw to IEI' ‘891 grm. per day.

3. August 19th. 1720 c.c. contained 30 ‘96 grm. of urea; 500

c.C. :-,-‘ieldml 13 grains of urie acid; 500 c.c. }rieltled 0-203 grm.
of hippuric acid, equal to 0°698 grm. per day.

4, August 20th. 1600 c.c. urea = 288 grm.; uric acid, 16
arains ; hippuric acid in 500 c.c. = 0°178 grm., equal to 0-569
grm, per day.

?:rl August 21st. 1525 c.c., the whole evaporated for hippuric
e,

The 1st 6 oz of ether extracted (0-433
The 2d 6 oz. of ether extracted 0-110 3 0-603 grm.
The 3d 6 oz of ether extracted 0-060

There was a firm sediment in the bottle, so that a little hippuric
acid may have escaped extraction.

6. August 22d. 1345 c.c. and estimated loss of 155 c.c., total
1500 c.c. The entire amount evaporated for analysis,

The 1st 6 oz. of ether extracted 0-19 grm.
The 2d 6 oz. of ether extracted 0127 grm. { very pure and
shining crystals.

The 3d extraction with ether and alcohol yielded no hippuric
acid.

Total obtained, . ; . 0317 grm.
Add 10 per cent. for lusq - . 00317 grm.

Total in twenty-four hours, . 03487 grm.

This decrease of the quantity of hippuric acid from the large
amount discovered on August 17th, in obs. 1, exciting attention,
it was remembered that the experimenter had, on August 16th,
eaten some greengage tart at dinner. In order to test whether
the large amount in obs. 1 was really due to this cause, he ate
twelve hard, scarcely ripe greengages in the evening of the 22d.
7. August 23d. 1470 c.e. The whole evaporated yielded—

On 1st extraction, . . 0437 grm
On 2d extraction, . . 0438 grm
On 3d extraction, . . 0162 grm.

Total, g . 1:037 grm.

On a fourth extraction by 6 ounces of ether, a trace of hippuric
acid was still obtained. This, together with the result of the
fourth extraction of the residue of No. 6, weighed 0015 grm.
He ate six greengages with tart at dinner, hawncr eaten five aftt.r
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breakfast. In the evening he ate again six French ones—ripe,
slightly bitter.

8. August 24th, 2150 c.c.; loss of 150 c.c. The entire
amount evaporated gave—

1st extraction, . : . 1537 grm.
2d extraction, | : . 0234 grm.
3d extraction, . . . 0-169 grm,

Total, : . 1940 grm.

To this must be added the amount of acid lost in the 150 c.c. of
urine, which will bring it to upwards of 2 grm.

9. August 25th. 1420 c.c. hippuric acid = 0450 grm. The
second extraction yielded nothing,

10. August 26th. 1670 c.c.

1st extraction, : . 0380 grm.
2d extraction, i . (r242 grm. very pure.
3d extraction, : . 0096 grm, very pure.
Total, : . 0718 grm.
11. August 27th. 2200 c.c.
1st extraction, . : . 0360 grm.
2d extraction, . : . 0:056 grm.
Total, . . 0416 grm.

On the evening of this day the experimenter again ate some
greengages,

12. August 28th. 1600 c.c.; hippuric acid, 0-627 grm. It
was very dark, and on drying in the water-oven, yielded a sub-
limate of benzoic acid. The laboratory was filled with the smell
of this acid. The experimenter ate again some greengages on
this day.

13. August 20th. 2200 c.c.; hippurie aeid, first extract, 1-063
grm. There was a little benzoie acid sublimed upon the cover.
The second and third extraction yielded nothing.

14. August 30th. 1050 ce.; of this 800 c.e. evaporated,
yielded 0-129 grm. of hippurie acid in fine erystals. Total for”
1050 c.c.= 04169 grm. Second extraction yielded nothing.

15. Aungust 31st. 1450 ec.c.; hippuric acid, 1'144 grm, On
this day the inquirer ate a pint of greengages.

16. September 1st. The urine from twenty-four hours
amounted to 1260 c.e. It yielded a very dark extract, from

“which 1405 grm. of hippuric acid were obtained,

17. September 2d. 1860 c.c.; hippuric acid = 1129 grm.

A pint of fine ripe greengages were eaten on this day.
L
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18. September 3d. 1850 c.c.; hippuric acid 2:212 grm,
19. September 4th., 1600 c.c.; hippuric acid 0-507 grm.
"20. September 5th, 1780 c.c.; hippuric acid 0-315 grm.
These results clearly show that, while the ordinary amount of
hippuric acid excreted by the person under observation may
vary between from 0169 to 0-315 and 10 grm, this quantity
will be regularly increased after eating greengages, and in pro-
portion to the number or quantity of greengages consumed.
During the evaporation of the urine voided after the eating of
greengages, it was observed that some benzoic acid was vola-
tilised, and crystallised on the surface of the paper with which
the dish was covered. I am of opinion that this benzoic acid
was present in the urine as such,

Variations of Hippuric Acid in Disease.

The case of a girl suffering from chorea, who lived on apples,
bread, and water, and discharged a large quantity of hippuric
aeid, has been recorded by Pettenkofer (* Ann. Chem.,” 52, 86).
The extract of the urine treated with nitric acid yielded a crys-
tallisation of hippuric acid, and only little nitrate of urea.
Pettenkofer calculated that the amount of hippuric acid was 12
parts in every thousand of urine, or about one-fourth of the entire
amount of solid residue. This is no doubt a very unusual pro-
portion, and can only be accounted for by the circumstance that
the girl took little urea-producing food, as she vomited all meat
and even broth the moment after she had taken it. Relatively,
the urine contained less hippuric acid than that of cows, in whom
the hippuric acid frequently rises to 22 and more parts per thou-
sand of urine. There is little doubt that if the origin of the
hippuric acid was not iIn peculiar medicines cnntammg
benzoic, toluic, cinnamie, or other similar ingredients, it
must be sought in the apples principally, and only to a small
extent in the bread and water. Probably the absolute quantity
of hippuric acid excreted in 24 hours by this patient was not
very large. She exhibited this symptom for a fortnight, when
her recovery was so far advanced that she could partake of the
mixed full diet of the hospital, whereupon the urea and hippuric
acid in her urine assumed the usual proportions.

In a case described by Bouchardat, under the title of “ Hip-
purie,” in the “ Annuaire de Thérapeutique pour 1842,” p. 285,
milk diet is blamed as the cause of a discharge of two parts of
hippuric acid in a thousand of the urine, by a woman suffering
from a variety of severe disorders. Bence Jones met a case in
St. George's Hospital resembling the description given of “ hip-
purie” by Bouchardat. The urine was very dilute, of yellowish®
colour, and feebly alkaline reaction. 420 c.c. of urine contained
only traces of hippuric acid. Since we know that greengages
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may produce “ hippurie,” the observation of Bouchardat has lost
in pathological significance.

A case observed by Garrod (originally communicated in G.
Bird’s work on “ Urinary Deposits,” p. 303) relates to a young
man who under certain circumstances dzscharged a urine which
on the addition of an acid yielded erystals of hippuric acid.
Half a pint of urine yielded 40 grains of the acid. No informa-
tion as to the source of the hippuric acid could be obtained from
the history of the patient. It is denied that he had ever taken
any benzoic acid, so that if no imposition was practised by the
patient, and he had not indulged in a considerable amount of
greengages or apples cnntmmug benzoyl-compounds, there is at
all events some mysfery about his case.

For many years Lehmann had been teaching that a large
amount of hippuric acid was present in the acid urine of fever-
patients, of which it was said to cause at least in part the acid
reaction. But he offered no quantitative determinations in support
of his assertion, and admitted in a general way that relations of
certain diseases or groups of symptoms with the quantities of
hippuric acid contamed in the urine did not exist. Late re-
searches have conclusively shown that this latter view is the
correct one, and that the quantity of hippuric acid in the urine
in diseases rises and falls simply in a direct ratio to the amount
and nature of the food consumed. Weismann examined the urine
of seven patients affected with typhoid fever, who had during
two or three weeks only taken milk and broth. He found it to
yield only one-third or one-fourth of the quantity which his
normal urine had yielded him while under the influence of
normal mixed diet, but nearly the same amount as other normal
urine yielded which was excreted under the influence of purely
animal diet.

In a case of acute rheumatic fever observed by Bence Jones,
the sp. gr. of the urine was 1010; it had a brown-yellow colour,
and acid reaction. 350 c.c. of thls urine contained a very small
quantity of hippuric acid.

The same author mentions a case of diabetes (sp. gr. of the
urine, 1040), 400 c.c. of whose urine examined for hippuric acid
yielded only traces of it. Lehmann, who proved the presence
of hippuric acid in diabetic urine before it had been found to be
normally present in urine, always found hippuric acid in diabetic
urine, and in one instance determined its proportion to be 0025
per cent. This corresponds to about 3°7 grains in the litre, and
18 less than the proportion found by Bence Jones in urine before
food. But considering that the diabetic patient probably dis-
charged a large amount of urine, it is but fair to conclude that
he dlschalged more hippuric acid in 24 hours than other healthy
persons of similar age and weight. Should this surmise be con-
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firmed by analyses, undertaken with due regard to the time in
which the urine is discharged, the information would still be only
confirmatory of what we may hold a prieri, namely, that the
increased amount of hippuric acid discharged daily by diabetic
patients is the result of an Increased consumption of benzoyl-
compounds in the very large amount of food which they are by
their peculiar indisposition compelled to consume.

Kiihne (Virchow's “ Archiv,” 14) had examined the urine in
cases of closure of the common bile-duet, and been unable to find
any hippuric acid in it. This circumstance served as a support
of his doctrine that the presence of glykocholic acid in the intes-
tines was an essential condition of the formation of hippuric acid.
[n opposition to this assertion were the results of Neukomm
(commuuniecated in Frerichs, “ Klinik d. Leberk.” 2, 537), which
stated icteric urine to contain hippurie acid whether benzoic acid
had been taken or not. The inguiry was lately resumed by
Schultzen (Reichert's “ Arehiv.” 1863, p. 204), and the contra-
dictions explained in a satisfactory manner. He examined the
urine of a man who for eight months had been suffering from
icterus. 500 c.e. yielded, after evaporation by itself, without any
previous preparation, only benzoic acid. No hippurie acid could
be found. The patient then had a drachm of benzoic acid, satu-
rated with soda given to him between the hours of three and nine
p.M. All urine collected up to next day yielded only benzoic, and
no hippuric acid. The patient now took another drachm, and the
nrine after collection was immediately treated with acetate of lead,
s0 as to remove those changeable matters which are capable of
acting as ferments. The extract now yielded a large amount of
hippuriec and no benzoic acid. It was, therefore, evident that in
this ease of jaundice from ocelusion of the common duct, the
benzoie acid was transformed in the same manner as in health,
and that in the previous experiments it must have been simply
decomposed by the action of a ferment which quickly develops
in urine containing biliary colouring matfer. Five days later
the patient discharged urine which, after precipitation with lead-
salts, evaporated and extracted, yielded as much hippuric acid as
healthy urine. Two further experiments upon the same patient
yielded the same results. The patient recovered his health
several weeks after the inquiry instituted upon him. Schultzen
also examined the urine from a case of fresh icterus, from sup-
posed catarrh of the common duet. It yielded hippuric acid,
and in larger quantity after benzoic acid had been administered.
Most remarkable was the case of an aged female, afflicted with
closure of the common duct by a gall-stone. She had severe
colic, was greatly jaundiced, and her faces contained no pigment.
Hippuric acid was found in the urine, but only when it was
mixed with the lead-salt immediately after emission. If allowed
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to stand by itself for one-quarter of an hour after emission, it
became decomposed, and then yielded no longer hippuric but
only benzoie acid to analysis,

This experience, made upon pathological specimens and cases,
furnishes evidence in support of the opinion which I have ad-
vanced in the physiological consideration of the origin of hip-
puric acid. The glykokoll of the glykocholic acid is probably not
essential for the formation of hippuric acid in urine. The decom-
position of hippurie acid in urine and the consequent appearance
of benzoic acid may be due to the influence of ferments, or
bodies capable of guickly generating ferments excreted with the
urine by the deranged economy of the body

One feature is very striking, both in these experiments of
Schultzen and the observations of Erdmann. They always
found either hippurie or benzoic acid, never a mixture of the
two. In my own analysis a little benzoic acid was found,
and had evidently been derived from three or four specimens only
out of the twenty examined. DBut it was mixed with an over-
whelming amount of hippuric acid. From this I conclude that
fermentation once begun in the urine is quickly completed,
as far as hippurie acid is concerned. But I also conclude that
the benzoic acid in my own specimens was not due to fermen-
tation, but present in each as a normal ingredient.

I examined the urine in a case of chronic an@mia for hippuric
acid. On the first day of examination the quantity of urine
amounted to 600 c.c., and contained 0406 grm. of hippuric acid,
also 25-2 grm. of urea, and 81 grains of uric acid. On the second
day the patient, in addition to her diminished bleod and vital
powers, had a bad eold; 1500 c.c. of urine, containing 0258
grm. of hippuric acid and 27 grm. of urea, were excreted.
Only two little crystals of wuric acid could be obtained from
400 ec.c. of this urine by the addition of hydrochloric acid. On
the third day of observation the amount of urine was 965 c.c.,
and contained 0244 grm. of hippuriec acid. On the fourth day
the urine was 600 c.c.; urea, 21'6, grm. ; hippuric acid, 0-316
vrm. Peculiar in these four specimens was the very dark brown
colour of the extract. The urine of the healthy man yielded
a light yellowish-brown extract, which was only dark brown on
the days when some benzoic acid was obtained besides the hip-
puric. In the case of an®mia, however, no benzoic acid was
obtained on any occasion.

Spontancous Deposits of Hippuric Acid from Human Urine.

As the type of hippuric acid n;lepnsms, we may consider the
crystals which form after evaporation in urine containing the
acid in solution. They are the long needle-like rhombic prisms
in a variety of combinations, the cr}*stals forming in groups of
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stellar arrangement. The characters which distinguish the hip-
puric acid deposit at first sight from the uric, are the small
amount of colouring matter it contains, the needle-like shape,
and the stellar arrangement. The hippuric acid erystals have a
tendency to become clubashaped at their ends. This tendency
eventually results in the apposition of many acicular erystals to
the end or both ends of a single prism.

Deposits of hippuric acid are by no means common. I have
seen only very few instances of this kind, and in one benzoic acid
had been administered as a medicine. On one occasion I found a
deposit of this kind in the urine which had been passed by a young
married lady after a severe attack of colic probably from gall-
stones, Vogel has observed several times needle-like crystals of
hippuric acid deposited upon larger crystalsof uricacid. Ordinarily
the proportion between the size of the erystals of this acid is
reversed in favour of the hippuric acid erystals. Small needles
of hypoxanthine may be fixed upon uric acid crystals. The
diagnosis 1s ensured by filtering off the deposit, and extracting
any hippuric acid by boiling alcohol. On evaporation of the
solution in a Watq;.h-ghss the acid will recrystallise.

The deposits of hippuric acid are by no means due to the same
individual causes as those of uric acid, though the same causes
may co-operate to produce such depﬂsits ; for hippuric acid being
more soluble in water, it follows that the acid must be present in
excess before any deposit can take place. This is known to be
not requisite for a deposit of uric acid. Any sediment of hip-
puric acid can therefore only have been produced by the co-
operation of two immediate causes : (1) a strong acid present in
the urine to keep hippuric acid in the free state ; (2) an excess of
hippuric acid over the normal quantity, and exceeding the
amount which the urine at a cerfain temperature can heold in
solution,



CHAPTER X1
INDIGOGEN. URRHODINOGEN.

INTRODUCTION AND LITERATURE.

THE urine of man and animals contains, if not regularly, at least
very frequently, a substance which by certain chemical reagents,
or by putrefaction, is so altered as to yield indigo blue. This
substance in the pure state seems to be nearly, if not quite,
colourless; but owing to the difficulty of obtaining it in an
isolated state, of separating it from the normal yellow colouring
mafter of the urine, wrochrome ; from another yellow colouring
maftter, which easily passes into red, wrolufeine; from a third,
perhaps not quite colourless, though but faintly coloured matter,
which by decomposition with acids yields a red product,
wrrhodine, and which I therefore term wrrhodinogen,—this indigo-
genous substance has always been ranged amongst the colouring
matters of urine. This confusion has been carried to such a
climax by some authors that they maintained that the yellow
colour of the urine in health was solely due to the presence of
this indigo-bearing substance, and by others to this, that while
they allowed the normal colouring matter to be peculiar, they
ascribed the yellow colour of the urine in many diseases to the
prevalence of this supposedly yellow indigo-bearing substance.
These opinions, which never had any foundation in fact, have
been reiterated with blind pertinacity by ill-informed writers, so
that it has become necessary to refute the errors one by one, and
assert or reassert in detail the true teaching of science on these
subjects.

That the indigo-bearing substance of urine s colourless follows-
from a variety of facts, such as that the most colourless urine,
e.g., the first urine in the reaction from cholera, and which fre-
quently contains hardly any urochrome, yields the largest
amount of indigo, and consequently contains the largest amount
of indigogen that urine ever does contain. Further, the indigogen
is best isolated from urine, in which it may be contained by
processes which, as a preliminary, do endeavour to remove every
trace of coloured ingredient from the urine, before applying the
reagents for the precipitation of the indigogen.
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Almost the same statement may be made with regard to the
substance which by decomposition with acids yields urrhodine.
This urrhodinogen also is present in the colourless urine of
cholera reaction, and makes its appearance only by the aid of
strong chemolytic and oxydising agents, and of heat. Indeed,
so similar is the behaviour of indigogen and urrhodinogen in this
respect, and they seem to go so much together, that most authors
have assumed them to be one body only, which by chemolysis
vielded indigo and wrrhodine in atomic proportions. This
assumption was propped up by a fallacy, namely, that urrhodine
was a kind of chemical twin-brother of indigo blue, its isomer,
indigo red or indirubine. But urrhodine cannot be the isomer of
indigo blue, because it contains no nitrogen, and for the same
reason cannot be identical with indigo red, whatever be the
naiure of this little examined substance.

In looking at the literature of this subject a little more in
detail, we find that perhaps the earliest record of the oceurrence
in urine of a blue colouring matter is that by Janus Plancus
(“ Commentarii Instituti Bononiensis,” ad ann, 1767). The first
chemical deseription of a blue or violet colouring matter occur-
ring in urine was given by Braconnot (*“ Ann. Chim. et Phys.”
29, 252), who termed it cyanourine; and though he found that
it had some similarity to indigo, believed it to be a separate
organic base. Subsequently to this author several cases were
recorded, in which a substance corresponding in character to
cyanouring was discovered in urine, The first reliable observa-
tion, however, of the oceurrence of indigo in urine is by Prout
(“ Stomach and Urinary Diseases,” 3d ed., p. 96). The same
substance afterwards also oceurred to other observers.

Heller (*“ Archiv. fiir Chemie and Microsc.” 1845) was the
first to extract from urine a yellow substance, uroxanthine,
which, by treatment with acids at a higher temperature, yielded
him a blue substance, uroglaucine, and a red pigment, urrho-
dine. The cyanourine of Bracounot he declared to have been a
mixture of these two bodies produced by him. Kletzinsky
(Heller's “ Archiv.” 6, 414) showed the identity of uroglaucine
with indigo blue in a conelusive manner, and asserted, erroneously
as we shall see, the identity of urrhodine with indigo red. The
observations of Heller were ignored, doubted, or misrepresented
by many authors without practical experience. Virchow, how-
ever (Virchow's “ Archiv.” 6, 259) confirmed the observations
of Heller, but more by microscopical than chemical criteria. He
obtained the blue matter from every concentrated urine, and
observed that when much indigo-producing substance was pre-
sent the urine gave the copper test for sugar. Schunck (* Phil
Mag.” (4) 14, (1857) 288) again isolated Heller's uroxanthine,
and identified it with indican, which he had before discovered to



INDIGOGEN. URRHODINOGEN. 169

be the chromogen contained in indigoferous plants, and which,
under the infuence of acids or ferments, yields indigo blue, a
peculiar kind of sugar, and a small quantity of other pwductq
Schunck found his supposed indican in almost every specimen
of human urine, and in the urine of many animals. In 1864 I
(Hastings Prize FEssay on “ Urochrome,” &e.) controverted
this opinion of the glucoside nature of the indigogenous substance
in urine, particularly on the ground that no sugar was formed
in its ehemolysis. This fact, now admitted and published as a
novelty by Baumann (Pfliiger’s “ Archiv.” 13 (1876), 307), though
evidently fatal to the indican hypothesis, remained, however,
unheeded by numerous authors, who filled lengthy papers with
records of test-tube experiments, destitute alike of value and of
meaning, and not in a single instance even isolated, never
analysed for its elementary composition any of the substances
with which they dealt as if they were known quantities. Up to
1872 the test for the presence of the indigo-forming substance in
urine bad been hydrochloric acid or mitric acid, applied in a
concentrated state, and in considerable quantity, assisted by heat
up to boiling. DBut about that time one of the most assiduous
adherents of the indican doctrine, Jaff¢, found that the oxydis-
ing action of air in the presence of hydrochloric acid, or that of
nitric acid, could also be supplied by 11} drochlorie :ICI{] to which
a minute trace of calcic hypochlorite, in the shape of solution of
bleaching powder, was added. The blue colour then appeared
immediately in the fluid, yet warm from the admixture of a
volume of hydrochloric acid equal to that of the urine employed.
The reaction was made the basis of a method of quantitative
determination of indican, which yielded data, varying between
the “unweighable ” and the “colossal.” About this time the dis-
eussion also began to gain in physiological interest by the observa-
‘tion of Kiihue (Virchow’s “ Archiv. f. Pathol., Anat.” vol. 59), that
during the artificial fermentation of albumen in the presence of
minced pancreas the indol of Baeyer was found. This was soon
confirmed by others, and as after injection into the stomach, or
injection into the circulation, of indol, the indigogenous substance
appeared in the urine in apparently increased quantity, Jaffe
formularised the new knowledge to this effect, that the albumen
during the pancreas digestion furnished indol, which in the
eirculation was oxydised to indigo blue, then combined with
sugar, and ultimately excreted as the glucoside indican. The
“indigo red ” found no place in this theory. Baumann now not
only controverted the glucoside hypothesis of indican, but showed
that the chromogen from isatis indigofera was different from that
of (equine ?) urine, and propounded that the latter, for which,
notwithstanding that it was a body of a new type and not a
glucoside, he still retained the uame of indican, was a compound
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acid, in which the radical of indigo blue and the radical of 4
hmiy which we easily recognise as urrhodine were in firmn union
with the radical of sulphurm acid. However, urrhodine, or
Baumann’s red body, has not yet got a place in the pancreatic
peptone hypothesis; and the sulpho-acid hypothesis was not
proved by direct fact, but was only the result of an inference
drawn from the determination of the prempltable and unprecipit-
able sulphuric acid contained in the urine of a dog, to which
artificially prepared indol was given with the food in such
quantities that the animal suffered from suppression of urine
for thirty hours, and then discharged an albuminous liquid con-
taining much of an indigo-yielding substance. By such high-
pressure experiments is it now-a-days attempted to solve delicate
physiological problems.

Modes of Isolating the Indigo and Urrhodine-producing Substances
Jrom Urine.

The attempts made in this direction have hitherto succeeded
only very partially, and what has been cbtained may with pro-
priety be called concentrated impure solutions of the substances
sought for. The processes to be described must therefore be
considered as essential preliminaries to further discovery.

1. Heller's Mode of Obtaining the Chromogens and their Pro-
ducts from Human Urine—The urine was precipitated by acetate
of lead, and the filtrate evaporated to dryness at a low tempera-
ture. lt was then extracted with ether, which, after distillation,
left the chromogens as a yellow residue (Heller's uroxanthine).

Special attention must be directed to the fact, that by the
precipitation with plumbic acetate, most of the normal urinary
colouring matter, urochrome, was removed from the urine before
it was prepared by evaporation for the extraction of the chromo-
gens, In Schunck’s proceeding, to be described lower down,
this removal of the coloured ingredients was carried still farther.
The precipitates by neutral and basic lead acetate in succession,
or that obtained by basic lead acetate only, without previous
application of the neutral acetate, contain none of the indigo-
genous, and only little of the urrhodinogenous substance, but
contain much urochrome, and much of another yellow colouring
matter, uroluteine, which easily decomposes in acid solution, and
then shows before the spectroscope an absorption band at the
meeting of green and blue.

Heller obtained the indigo blue and urrhodine from urine
in the following manner .—The fresh urine is precipitated by a
hot solution of acetate of lead, the filtrate is quickly freed from
lead by hydrothion, and the excess of the latter is removed from
the filtrate by boiling. This hot fluid is now poured in small
portions, under constant stirring, into an equal volume of highly-
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concentrated, fuming, pure hydrochloric acid. The fluid becomes
indigo blue, bluish-green, and very dark. If the mixture
becomes only violet or red, no deposit of indigo will be obtained.
But if it becomes blue, and is allowed to stand for some time, a
copper-red, shining, metal-like, dark blue crystalline pellicla
appears. The fluid, after twelve hours’ standing, is diluted with
an equal portion of cold water, shaken, and put aside for twenty-
four hours. A deposit, frequently inches high, settles towards
the bottom ; it is separated from the fluid by filtration, washed
with boiling water until the washings have a neutral reaction, then
washed with some dilute spirit of wine ; lastly, it is dried in the
water-stove, and over sulphurie acid.

The dry filter is now washed with ether so long as a red-
coloured filtrate is obtained ; the ethereal filirates, which have
an acid reaction, and a deep red colour, leave on distillation an
uncrystallisable brownish-red resin, urrhodine.  If the last por-
tion of ether has left the filter quite uncoloured, the substance
on the filter is quite free from urrhodine, and is now dried. All
that part of the paper which shows no blue deposit is now cut off’;
the rest is cut into small pieces, put into a flask, and boiled
strongly with aleohol of 0-83 to 09 specific gravity, The alco-
hol is poured off as often as it assumes a sky-blue or pale blue
colour, and the residue is extracted with a new portion of boil-
ing aleohol, until, on protracted strong boiling, the alcohol
remains colourless. The alcoholic extracts are filtered while
boiling hot, concentrated to a convenient bulk, and put aside in
a well-closed bottle, After the fluid has become cool, in some
cases after protracted standing, indigo blue is precipitated in
microscopical masses of imperfect erystals. The supernatant
aleohol becomes quite colourless.

2. Schunck’s Modes of Obtaining the Chromogens and their
Products from Huwman Urine—a. The urine is mixed with
plumbic acetate as long as this produces a precipitate, and the
latter is removed by filtration. Basic acetate of lead is now
added to the liquid until the preeipitation is complete, and the
deposit again removed by filtration. The liquid is now almost
colourless, as nearly the entire amount of the yellow colouring
matters of urine, together with all the phosphoric and sulphuric
and much hydrochloric acid, and a few other ingredients have
been removed in combination with the lead precipitates. On
addition of ammonia to this nearly colourless liguid, an almost
white precipitate is obtained, the quantity of which is much less
than that of either of the other two precipitates. If this preci-
pitate is decomposed by an acid and the mixture filtered, the
filtrate deposits indigo blue on standing.

b. The following proceeding dispenses with the first precipi-
tation and filtration. The urine having been mixed with basic
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acetate of lead until no more precipitate is produced, is filtered,
and after the precipitate has been washed with water, the liquid
is mixed with an excess of ammonia, which always produces
more or less of a white or yellowish-white precipitate. This
precipitate is collected on a filter, slightly washed with water,
and then treated with dilute sulphuric or muriatic acid in the
cold. After the whole of the oxide of lead has combined with
the acid employed, the liquid is filtered. When there 1s much
of the indigo-producing body present, the filter acquires a blue
tinge, small particles of blue pigment are seen dotting the sur-
face of the sulphate or chloride of lead, and the surface of the
liguid, which is of a brownish-purple colour, in a very short
time becomes covered with a thin pellicle, which is blue by
transmitted, and copper-coloured by reflected light ; particles of
the same blue substance being at the same time found attached
to the sides of the vessel. When there is less of the indigo-
producing body present, this pellicle only appears after some
time, sometimes not until the next day. After twenty-four
hours, however, the action of the acids is always completed, so
that if no indigo blue then appears, or can be detected on exa-
mination of the deposit, the total absence of the indigo-producing
body may be inferred. The deposited matter collected on the
filter, after being washed, is treated with caustic soda, which
dissolves a portion, acquiring thereby a brown colour. The
portion which remains undissolved, after being again collected
on a filter and washed, 1s treated with boiling aleohol. In most
cases, the alcohol thereby acquires a bright blue colour. When,
however, the quantity of deposit formed is tolerably large, the
boiling alcohol first dissolves another substance, which imparts
to it a fine purple colour. That which the boiling aleohol leaves
undissolved is a bright blue powder, having the properties of
indigo blue.

From this description it is clear that the liquid obtained by
decomposing the last lead precipitate with acid, deposits, under
the influence of the exeess of free acid, and probably of the
oxygen of the air, at least three matters, one soluble in (very
dilute) caustic soda, probably wromelanine; another easily soluble
in alcohol, erroneously supposed to be indigo red, being wrrhodine,
and yielding by admixture with the first portion of blue indigo
solution a purple solution, and ultimately indigo, which is indeed
mostly only partially dissolved by the boiling alcohol; another
part remaining insoluble, and in Heller's experiment attached to
the paper.

When the acid liquid from which the three coloured bodies
described in the foregoing have been obtained by standing at the
ordinary temperature during twenty-four hours is boiled, it de-
posits a dark brown powder, which contains no indigo, and is
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mainly a mixture of the decumpﬂﬁ:tlun products of urochome,
deseribed under the chapter referring to that body,

3. Both indigo and urrhodine ean be obtained from urine,
which contains thr:ir generators, by mixing the filtered liquid
with an equal volume of concentrated pure hydrochloric acid,
and allowing the mixture to repose for three days. At the con-
clusion of that time the reaction is completed, and the produect,
an apparently voluminous brownish-red flaky mass, is collected on
a filter and washed with water until free from hydrochloric acid.
The matter on the filter is now washed with eold aleohol, which
removes the urrhodine, next with hot aleohol, which extracts
some urrhodine and some indigo blue, which together form a
violet solution (yielding indigo and faint urrhodine spectrum),
. and leaving perhaps a trace of blue indigoe on the paper, of which
a portion, but rarely the whole, may be extracted by boiling the
paper with aleohol. If the operation has been carefully con-
ducted, no matter soluble in caustic soda or ammonia with a
brown eolour (uromelanine) is obtained. It must be observed
that in this process some urrhodine is always obtained, whereas,
not rarely, indigo is not obtained. This seems to peint to the
eonelusion that indigo and urrhodine do not derive from one and
the same body, but from two different generating substances, and
that whereas urrhodinogen seems a constant, indigogen is nr:ml; a
constant but only a frequpntly oceurring ingredient of urine.

4. Baumann’s process of isolating the indigl:rgen seems to have
been carried out on the urine of horses. When he tried the so- -
called method of Hoppe-Seyler, which is in the main the pro-
ceeding by which Schunck obtained his indican from indigoferous
plants, he always obtained pyrocatechin. But when he dissolved
the lead precipitate containing the indigogen in alcohol, and
treated it in stages with ether, some of the precipitated fractions
were obtained free from pyrocatechin, but contained indigogen.
This formed very stable salt-like compounds with metals, parti-
cularly alkalies, and could not be separated from them by acetic
or hippurie, but easily by oxalic acid and the strong mineral
aelds. The indigogen in the free state was very unstable.

Baumann’s process for obtaining, as he termed it, relatively
pure solutions of indigogen is the Follow ing:—The urine is eva-
porated to a syrup and extracted with alcohol; the alcoholic
extract is again evaporated to a syrup; this is strongly acidified
with sulphurm acid and extracted with ether, containing one-
tenth of alecohol. The ether solution is decanted into a separatmg
funnel, and at once mixed with a little water, so that after strong
shaking a lower watery layer separates from the ether. This
water now contains the indigogen. It is isolated and immediately
neutralised with potassic carbonate, and the solution evaporated
to dryness. The residue is extracted with absolute alcohol, which
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leaves phenyl-sulphate of potassium undissolved. The alcoholic
solution is now mixed with an equal volume of ether, whereby
the potassium compound of indigogen is precipitated as a syrup.
By repeatedly dissolving this syrup in alcohol, and reprecipitating
with ether, the urea can be entirely removed. At last a yellow-
coloured syrupy liquid is obtained, which can be dried at 100°
without undergoing decomposition. It seems, however, that this
salt yet contained some hippuric acid, from which it has to be
freed by transformation into calcium salt, and treatment with
absolute alcohol. At this point Baumann’s description of chemical
proceedings diverts to experiments with indol upon a dog, by
means of which he endeavours to make probable what he fails to
prove by direct evidence, namely, that his indigogen is a sulphuric
acid compound. For the purpose of testing the hypothesis of the
glucoside nature of indican, he heated some of the yet impure
indigogen with dilute sulphuric acid on the water-bath, neutralised
with calcic carbonate, evaporated the mixture to dryness, and
extracted the residue with warm aleohol. This solution was
again evaporated, and the residue extracted with water, A red
resin, soluble with red colour in ether and aleohol, and subli-
mating in prisms, was left undissolved. The yellowish watery
solution was decolorised with animal charcoal and concentrated;
it had no effect on polarised light, and did not reduce alkaline
copper solution. No pure or crystallised substance was obtained
in the above proceeding, and not a single product was analysed.

Plysical and Chemical Properties of Indigo Blue from Urine,
CH,NO.

It assumes the shape of minute irregular crystals when slowly
precipitated from its solution, or when obtained by sublimation.
Its vapour is of a violet-red colour.

When freshly precipitated from its solution in caustic alkali
and glucose, or when newly sublimated, it is somewhat soluble
in boiling alcohol. The sky-blue solution retains the indigo for
less than twenty-four hours, after which it is found entirel
deposited, and cannot be again dissolved in the same aleohol by
heat. The solution before the spectroscope shows an absorption
band in yellow overlying the D line, and the blue part very
clear. When the blue part 1s not clear, but obseured, the indigo
is not yet quite pure, but contains yet some urrhodine.

It dissolves on trituration in fuming sulphuric acid, forming a
dark blue solution, which on immediate dilution with water
deposits traces of a purple substance. The blue solution dyes
sheep’s wool of the same colour, and the latter yields its colour to
boiling sesquicarbonate of ammonia. The blue acid solution,
like the alcoholic solution of the free indigo, exhibits an absorp-
tion band overlying the yellow in the spectrum. Warmed with
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an alcoholic solution of potash it forms a green solution, which
when heated to boiling becomes red. On cooling it becomes
green again, and red again on a second boiling ; this change can
be several times repeated before the solution loses the faculty of
producing it.

Digested in a closed bottle either with grape-sugar and potash,
or with orpiment, water, and excess of alkali, it yields a solution
which is not blue, but which on admission of air deposits indigo
at the top and gradually downwards, or becomes suddenly blue
on being shaken with air. Parallel to this is the reduction of
indigo in the urine in which it has been formed by putrefaction.
When the bottle containing it is stoppered the indigo dissolves ;
but when the air is again admitted, and the liquid shaken with
it, the indigo is again deposited, and collects as a copper-coloured
scum on the surface. The alcoholic solution and the solution of
the sulpho-acids are both made colourless by nascent hydrogen,
or other reducing agents, e.g., zine and hydroehloric acid, hypo-
sulphites, or alkaline solution of tin protoxyde.

These reactions prove incontestably that the blue pigment from
urine is identical with indigo blue from plants,

The Cliromogen of Indigoferous Plants, Indican.

The chromogen of indigoferous plants is a peculiar colourless
substance, which has been obtained (from Jsafis finctorie, for
example) by extraction with aleohol, precipitation of the extract
by acetate of lead, and decomposition of the precipitate, first by
carbonic acid, afterwards by hydrothion, when 1t remains in
solution in the filtrate. On evaporation there is left a gum-like
mass, indican, which, when boiled with acids, yields indigo blue,
a peculiar deseription of sugar, and a small quantity of other
matters. The same decomposition is brought about by fermen-
tation. The chromogen is soluble in water, alcohol, and ether,
Schunck, who first observed this substance and asserted its
identity with the chromogen of urine, also stated that the solu-
tion of the vegetal could be evaporated without change, while
that of the animal principle was destroyed by heat.

Baumann tested some extract of leaves of Jsafis finetoria, and
found that with hydrochlorie acid, containing in 100 c.c. one to
two drops of a solution of one part of chloride of lime in twenty
parts of water, it produced indigo immediately, which could be
taken up by ether. The isatis extract could not be heated with-
out decomposing immediately ; the solution, even when made
alkaline with sodic carbonate, lost all chromogen in less than an
hour. Animal indigogen, on the other hand, could, according to
him, be boiled with caustic potash without decomposing, Bau-
mann failed in the attempt to isolate any of the vegetal
chromogen from fresh isatis plants. It is therefore evident that
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the physiology of animal indigogen can derive no help from
these experiments of Schunck and Baumann, and that the vegetal
indican 1s a substance with which the enimal indigogen must
not be confounded,

The following paragraphs are given to enable the student to
readily procure himself materials for study and comparison.

Mode of Obtaining Indigo Blue and Indigo Red from the Indigo
of Commerce.—When the indigo of commerce is boiled with -
dilute acetic acid, indigo glue goes into solution, and may be
obtained from it by evaporation, as a yellowish, varnish-like
mass, which is soluble in water and alcohol. The substance
thus freed of indigo glue is next treated with solution of caustic
potash, which dissolves indigo brown. This latter substance may
be precipitated from the solution in potash, by the addition of
sulphurie acid, in the shape of a voluminous brown mass, which
possesses an acid reaction. Indigo thus treated with acid and
alkali yields to boiling alcohel a red colouring matter, indigo red
(indirubine of Schuunck), which on evaporation of the aleohol
remains in the form of a reddish-brown powder, soluble, with a
dark red colour, in aleohol and ether. On heat being applied to
it, it is partly sublimated without decomposition ; another part
is decomposed, and yields a sublimate of colourless crystals.
After the extraction of indigo red there remains indigo blue,
which constitutes the greater bulk of the substance originally
employed. This indigo blue may be further purified in the
following manner :—

Crystalline Indigo Blue by Sublimation.—Roughly powdered
indigo is placed in a shallow porcelain dish, or on a bright plate
of silver or platinum, and heated cautiously. On the surface of
the fracments there are formed reticular masses of crystals, con-
sisting “of pure indizo blue. When heated in a glass tube indigo
evolves purple fumes, which suddenly condense, and settle on
the surface of the powder from which they were evolved. It is,
however, impossible to conduct the sublimation so as not to
destroy a part of the indigo by overheating.

Crystalline Indigo Blue by Redwction.—On mixing powdered
indigo with grape-sugar, spirit of wine, and concentrated solution
of caustic soda, and 1m|1|.'1u|3dw.i‘,e];-,r closing the bottle and letting
stand for some time, a yellow solution “of indigo white, hydru—
genated indigo (Cg HN{J) in the alkali, results. If the clear
fluid is now decanted and exposed to the air, the reduced indigo
again becomes indigo blue, which is slowly deposited in a
E:I“}'St-ﬂllilla form.

Amorphous Indigo Blue by Reduction.—If common indigo is
mixed with caustic lime and a solution of sulphate of suboxyde
of iron, and, the air being excluded, is allowed to stand for some
time, the suboxyde of iron transforms indigo blue into indigo
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white, which latter is soluble in lime. When the clear yellow
solution is poured into dilute hydrochloric acid, and the mixture
is exposed to the air, the indigo white rapidly absorbs oxygen,
and is precipitated in the form of indigo blue.

Physical and Chemical Properties.—The crystalline indigo
blue forms purple, scaly erystals. The amorphous modification
possesses a blue colour with a purple hue, and by friction
becomes of a glistening copper-red colour. In the form of a
subtle powder it is blue. It has neither taste nor flavour, and
is insoluble in water, ether, and dilute acids and alkalies. Its
solubility in alcohol only lasts for a few hours after its forma-
tion, and then is entirely lost.

Tsatine.—The oxydation of indigo blue yields in the first in-
stance dsatine, C;H,NO,; this, under the continued influence of
oxydising agents such as nitric acid, is transformed into nitro-
salieylie, lastly into picric acid. The compounds obtained from
isatine by substitution are very numerous. Under the influence
of ammonia it forms a series of remarkable amides. When in-
troduced into the alimentary canal of animals or below their skin
it gives rise to colour-producing substances, which have, however,
nothing in eommon with the natural chromogens or colouring
matters (R. Nigoeler, “ Arch. Experim. Path. and Pharm.” 3,
167).

Indol —Indigo is extracted with aleohol, and then boiled with
tin and hydrochlorie acid until it 1s transformed into a brownish-
yellow powder. This is now washed and distilled with a large
excess of zine dust from a copper retort. The distillate, a thick
oil, is treated with dilute hydrochloric acid to remove aniline, and
then distilled with superheated steam, and the distillate placed
over sulphuric acid. Colourless hard crusts of crystals of indol
are deposited, which are recrystallised from water. Indol erystal-
lises in scales resembling benzoic acid, fuses at 52° sets again in
a crystalline form on cooling, is easily volatile, but cannot be
distilled by itself without change. It is easily soluble in aleohol,
ether, and hydrocarbons. Traces of ether vapour cause it to
deliquesce. It has a peculiar odour, reminding of .naphtyl-
amine. It is a feeble base, and has the composition represented
by the formula C;H,N (Baeyer). According to Nencki indol
obtained from albumen shows vapour density, determined at 218°
in an atmosphere of naphtaline vapour, of between 4:33 and 462,
air as unit, while the formula C;H.N requires 4:05.

When the watery solution of indol is mixed with a dilute
solution of fuming nitric acid in water, a voluminous red pre-
cipitate of needles of probably nitrite of indol ensues; this on
boiling with water or alkalies yields again indol. In aleohol
this body undergoes decomposition., Indol in aleohol, when

treated with nitrous acid, yields red needles of another compound.
i M
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The aleoholic solution of indol imparts a cherry red colour to a
chip of fir-wood, but the colour after some time passes into a
dirty brown-red.

Urrhodine.

This body is always obtained by the processes for obtaining
indigo blue above described, even in cases when no indigo blue
is obtained. This seems at first sight to indicate that it ‘has not
the same origin as the indigo; and until the contrary is proved,
it will be best to adhere to the hypothesis that it is the product
of the decomposition by hydrochloric acid of a substance at
present not isolated, wurrhodinogen. Urrhodine is frequently
stated to be identical with the indigo red or indirubine extracted
by aleohol from commercial indigo; this indigo red is further
maintained to have the same composition as indigo blue, and to
be in fact its isomer. Whatever may be the relation of indigo
red to indigo blue, urrhodine is not an isomer of indigo blue, and
is not similar to it in composition, as it contains no nitrogen.

Urrhodine is soluble in ether with a truly red colour. The
solution must be freed from every trace of hydrochloric acid by
long continued washing with water. Its spectral phenomena
are very characteristic. A concentrated solution cuts off all light
except red. After considerable dilution with ether until the
solution has a light red colour, the blue of the spectrum appears.
but the wholeof the green remains extinguished by a characteristic
absorption band of about 2 degrees of intensity, black being ten
degrees.

The red resinous mass of urrhodine left after evaporation of
the ether was subjected to elementary analysis by the process of
combustion in wvacwo (see Thudichum and Kingzett, “ Journ.
Chem, Soc.” 1876, 1i., 363), with the following result: (1) 00178
grm, urrhodine gave 26°16 c.c. of normal gas, of this only 0-16
e.c. were not absorbed by caustic potash, and consequently
nitrogen. The caleulated carbon from 2600 c.c. CO, is 783 per
cent. (2). 000184 grm. gave total normdl gas 280 c.c. of
which 02 c.c. were nitrogen; the carbon caleulated from 27:8 c.c.
CO, is 810 per cent. Now, although the difference in the
quantity of carbon found prevents us from accepting either
quantity as absolutely correct (these analyses were made before
we had found the means of correcting irregularities described in
the paper just quoted), we are fully justified in the following
conclusions :—Urrhodine contains about 80 per cent. of carbon.
It contains no nitrogen. It is consequently not identical with
wndigo ved, and 4s not an isomer of wndigo blue, but an animal
substance of its own kind.

Urrhodine therefore contains several per cent. more carbon
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than phenol. Some of the ethereal solution dropped into mer-
curic nitrate produces a slight turbidity, the resin separating and
floating on the top of the liquid without producing any red
coloration or precipitate. Nitrate of silver solution is coloured
of a faintly rosy hue on boiling, but no reduction is produced.
These reactions exclude the presence with urrhodine of phenol
and cresol. It is, however, not asserted that the urrhodine ob-
tained as above is a pure substance. It shows signs of crystal-
lisation in its amorphous substance. When subjected to sublima-
tion it yields a red vapour, which condenses, and the sublimate
then clearly consists of two substances, one being an amorphous
red matter, the other colourless scaly crystals. The red matter
remains soluble in spirit, but the crystals seem little soluble in it.

Physiological Relations of the Indigogen of Urine—Kiihne
made the observation, that fibrin while being digested with pan-
creas at 40° to 45° evolved a strong odour of naphtylamine or
indol. A continnation of the experiment showed that this
phenomenon was not due to pancreatic digestion proper, inasmuch
as the pure ferment pancreatine did not yield any of the strong
smelling substance when digested with albuminous substances.
When Kiihne (“ Berlin Chem. Ges.” 8, 206) distilled dry albumen
with eight to ten times its weight of caustic potash in metal
retorts, at temperatures rising gradually and slowly to a dull red
heat, redistilled the residue with water, and then extracted it
with ether, he obtained in the united distillates and extracts a
body which had many of the ‘properties of indol, though it was
not identical with it. The body is supposed to be identical with
that described by Bopp, as obtained during the fusion of caseine
with potash, having a smell of feces. Nencki and Frankiewicz
(“ Berlin Chem. Ges.” 8, 336) now enlarged the experience of
Kiihne by the following experiment:—300 grm. commercial
serum-albumen are dissolved in 4} litres of water, and mixed with
from 300 to 400 grm. of minced pancreas of the ox. The whole
is kept at a temperature of from 40° to 50° during from 60 to 70
hours, After cooling the mixture is filtered, acidified with acetic
acid, and distilled to about one quarter of its original volume.
The somewhat turbid distillate after filtration is perfectly clear,
It 1s now made alkaline by milk of limne, and shaken with an
equal volume of ether. The ethereal solution after distillation
leaves a reddish oil, which smells of indol. Mixed with a little
water, the oil, after some time becomes crystalline, and after
being recrystallised from hot water, appears as pure indol with
the properties above deseribed. '

Albumen from eggs yields the same result as serum-albumen ;
but the experiment with gelatine yields so little, that the trace
obtained is supposed to be derived from the albumen of the pan-
creas and not from the gelatine,
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From these experiments it follows that the albuminous sub-
stances under the influence of a kind of putrefaction in the
presence of pancreas and much water, continued during nearly
thrice twenty-four hours, are eapable of yielding indol. From
the experiments of Jaffé it further follows, with some proba-
bility, that indol, when introduced into the organism reappears
in the urine transformed into a substance, which by hydrochlorie
acid and a little hypochlorite of lime yields indigo blue, like the
natural indigogenous substance. It cannot be said that the
identity of the indigogenous matter which appears after the
ingestion of indol with the natural one is at present a matter of
certainty. DBut that the natural indigogen of the urine may be
derived from the albumen of the food will probably be allowed.
Now, if pure pancreas digestion, that is to say, digestion of albu-
minous matters in alkaline solution, with the aid of pure pancre-
atic ferment, does not yield indol, then the indigogen of the
urine cannot have its origin in normal pancreatic digestion. But
as indol is obtained from a process half putrefactive, half diges-
tive, such as not rarely takes place in overloaded or weak
intestines, it i1s not impossible that the indigogen of urine 1s
frequently or mostly a product of such a process. In the
intestine of a perfectly healthy human being little or no indol
is probably produced, and consequently little or no indigogen
appears in his urine. But in others, particularly the weak and
chronically sick, or those recovering quickly from severe dis-
eases, such as cholera, or in those who have swallowed more food
than the digestive powers are capable of disposing of in an abso-
lutely normal manner, the digestion of the albuminous matters
is not completely normal, but participates of the nature of putre-
faction ; and under these circumstances some indol is formed,
and appears as indigogen in the urine, This pointed hypothesis
seems to arise easily out of the preceding facts. But it need
not be the only explanation of which the appearance of indigo-
gen in the urine is capable. In omnivorous or herbivorous ani-
mals the indigogen of urine may, and in horses, in the urine of
which it is said to occur more copiously than in any other,
probably does, owe its origin not only to the decomposition of a
portion of the under-digested albuminous matter, but also to
the introduction into the intestine of vegetable principles, which,
like the indican of isatis, is soluble, fermentable, and easily fur-
nishes a radical for the formation of the indigogen which
appears in the secretion. With these data the fact is certainly
in harmony, that indigogen is not invariably present in the
uring of all individuals; that there are individuals in whose
urine it is as a rule not found; that there are others in the
_111'ine of whom it is found, or not found, at intervals, chang-
ing in a manner which by the observers has been termed
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eapricious ; and that there are persons from whose urine it is
never absent.

Quantities of Indigogen Secreted.

The physiological quantity of the chromogen in urine must
be exceedingly small. By working for several weeks on the
urine of two individuals, which contained a comparatively large
quantity of chromogen, Schunck obtained one grain of indigo
blue.

The urines of forty different individuals, all of whom were
apparently in a good state of health, yielded, with one exception
only, more or less indigo blue, when examined in the manner
deseribed. These individuals belonged to both sexes, and they
were of ages varying from seven to fifty-fivee The majority
were persons of the working classes. The largest quantity of
indigo blue was obtained from the urine of a man above the age
of fifty, a publican. The urine of a young man, aged thirty-two,
a servant, yielded almost as large a quantity. Among the rest,
the urine of a young man, aged twenty-five, an engraver; that
of a clerk, aged twenty-three; and that of a girl, aged twelve,
who had been a cripple from infancy, were alone remarkable for
the amount of indigo blue which they yilelded. In all these
cases, the indigo blue was accompanied by the substance impart-
ing to aleohol a purple colour, urrhodine. The other specimens
afforded much less, sometimes mere traces. In all eases, how-
ever, in which the urine of the same individual was examined
at different times,the amount of indigo blue obtained from it
was found to vary exceedingly, it being sometimes considerable,
and occasionally dwindling down to a mere trace. It was only
very rarely, however, that none was found. In the case of the
individual first referred to, the urine gave on one occasion not a
trace, and this took place when he was engaged in performing
labour, unusual for him both in its nature and amount. In
Schunck’s own case, as well as in that of his assistant, the
amount varied most. capriciously from a tolerable quantity to a
mere trace, occasionally even none at all being obtained.

Several experiments with different kinds of diet, in order to
ascertain the effect on the amount of indigo blue yielded by the
urine, led to no very decisive results,

Estimation of the Quantity of Indigogen contained in Urine,
according to Jajfé.

From one litre to a litre and a half of urine is made alkaline
with milk of lime, and the precipitation of the phosphates
is completed by ecalcic chloride. The mixture is allowed to
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stand during twelve hours, and the liquid is then, after filtration,
evaporated, lastly on the water-bath to a thick syrup. During
the evaporation the reaction of the liquid must be tested from
time to time, and if it be acid a little sodie carbonate must be
added. The syrupy residue is warmed up with half a litre of
alcohol, and after complete mixing is allowed to stand for from
twelve to twenty-four hours. The aleoholic solution is then fil-
tered, and the alecohol distilled off. The residue is dissolved in
a large quantity of water, and treated with a very dilute solution
of ferric chloride, any large excess being avoided. The ferric
precipitate is filtered off, the solution 1s mixed with ammonia,
heated to boiling, filtered from the ferric precipitate, and evapo-
rated to the bulk of about 200 ec.c. This fluid represents the
concentrated extract of the quantity of urine taken. From this
solution the indigo is to be precipitated by an exactly appro-
priate quantity of ehloride of lime solution. This is found as fol-
lows :— A measured quantity is diluted gradually with measured
quantities of water until ten cubic centimetres of the dilute
solution, when mixed with an equal bulk of strong, pure hydro-
chloric acid, and treated with one drop of a saturated solution
of chloride of lime, yields just a perceptible blue colour. This
is the standard unit of the reaction. It has been found empiri-
cally that the quantity of indigogen contained in these most
dilute ten cubic centimetres of solution, when contained in more
concentrated solutions, requires the quantity of hypochlorite of
lime contained in half a drop of the saturated solution. Or, in
other words, as many times as 1t has been necessary to dilute
the concentrated indigogen solution with water, so many drops
divided by two have we to add to each ten cubic centimetres of
the original solution (mixed with its bulk of hydrochloric acid)
in order to obtain all the indigo as a blue precipitate.
Supposing, therefore, that a litre of urine had yielded 200 c.c.
of extract, and that of this a sample had required to be diluted
with ten times its bulk of water, before, on repeated testing, 10
c.c. of it with 10 c.c. of HCl and one drop of saturated chloride
of lime solution gave the required faintest blue reaction, then
every 10 c.c. of the 200 c.c. of extract require, besides 10 c.c. of
HCI, five drops of chloride of lime solution for complete decom-
position of the indigogen. When the indigogen in any extract
has thus been decomposed, the mixture must be allowed to stand
for twelve hours. The precipitate is collected on a weighed
filter of Swedish paper, which has previously been extracted
with hydrochloric acid. It is washed with cold and hot water,
and with dilute ammonia, and is then dried in the water-stove
and weighed. By this proceeding Jaffé extracted from the urine
of twenty-four hours, say, 1500 c.e. from 45 to 19-5 milli-
grammes of impure indigo. The urine of dogs yields relatively
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more ; that of cows much more; that of horses, on an average,
twenty-five times as much indigo as human urine,

Variation of Indigogen under Pathological Conditions.

A small number of samplesof urine from patients which Schunck
had an opportunity of examining yielded, with one exception, no
more indigo blue thau the Eenemllt}r of healthy urines. Of two
samples of urine from patients with albuminuria, one gave a
small quantity of indigo blue, the other not a trace. Several
specimens of diabetic urine yielded it, and one of them a much
larger quantity than had been obtained from any other specimen
of human urine. Heller found more of the indigogen in the
urine from persons suffering from diseases of the serous mem-
branes, the kidneys, and the spinal cord. Jaffé (Centralbl. Med.
W. 1872, Nr. 1, Nr. 31, 32) finds that in the dog the quantity
of indigo obtainable varies with the diet, so that animal diet yields
the most, a diet poor in nitrogen the least indigogen. During star-
vation a trace of indigogen continues to be produced until death.
Under certain pathological conditions the quantity of indigogen in
urine is much increased. Thus in all eases which produce com-
plete obstruction of the small intestine. In a case of ileus,
which terminated fatally, very large quantities of indigogen
appeared in the urine during the course of the disorder. In
similar cases the increase is up to 10 and 15 times the normal
quantity. Artificial obstruction of the small intestine in dogs
by tying caused an increase in the guantity of indigogen, hegim
ning on the second day, and lasting, in case the animal survived,
until death. In a case of incarcerated hernia the amount of
indigogen in the urine was increased during the incarceration.

In purulent peritonitis the indigogen exeretion is also increased,
probably from retardation of the action of the intestines.

Indigogen in the Urine of Cholera Reaction.

In apparent contrast to the data just stated, is the condition
of the urine in certain cases of violent diarrhcea, but particularly
in the reaction stage of Asiatic cholera. (sc¢e Thudichum
“ Report on Cholera Chemically Investigated,” 9th Rep. Med. Off.
Privy Council for 1866, p. 486. ef seq.). The production of indigo
from the urine of cholera patients was first observed by Gubler
(“Gaz. Med. de Paris,” Dec. 16, 1854). The urine which gave him
the reaction was generally very pale. He found the blue more
evident when nitric acid containing nitrous was used. These
observations were a year later confirmed by H. Oshorne (“ Med.
Times and Gaz.” March 1855, 307) and Lauder Lindsay (ibid,
May 1853, 460). Osborne observed that the urine of a cholera
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patient recovering from eollapse had a dark colour and a turbid
appearance, was acid, and of sp. gr. 1020. The addition of a
little pure nitric acid changed the colour to reddish, then deep
violet, and a blue powder was ultimately deposited. When
nitric acid containing nitrous was used, effervescence was pro-
duced, and a brown precipitate subsided, in which the miero-
scope discovered specks of blue matter ; the supernatant urine
remained of a straw colour instead of a deep violet. Hydro-
chloric acid acted exactly like nitrie in the production of the blue
precipitate and violet coloration. The blue matter was soluble
in alcohol. The urine of the patient gave a less amount of blue
precipitate as convalescence became established. Lindsay’s first
case was that of a man, aged 52, recovering from collapse. The
first urine which could be collected was passed on the morning
of the third day ; its sp. gr. was 1020 ; it was acid, slightly albu-
minous, and contained casts of the tubules, bladder-epithelium,
dumb-bells, and granular and globular urate. Nitric and hydro-
chloric acid both produced the reaction, the urine being first
heated, and the acid added to the boiling liquid. On standing,
the tube became coated with a greenish-blue granular deposit.
On the fourth day the urine gave no pigment reaction. Hassall,
in his report tothe General Board of Health on the chemical
examination of the urine of cholera patients of the epidemic of
1854, gave an account of numerous instances in which the urine
of cholera patients developed indigo by fermentation on standing,
without the aid of reagents. Thus out of 29 samples of urine of
one patient, 18 are said to have developed indige. The blue
celour of small particles, sometimes only visible with the aid of
the microscope, was apparently the only criterion upon which
they were assumed to be indigo. The reaction with nitric acid,
which is exhibited by the earliest urine of cholera patients, was
also observed by Buhl (* Official Report on Cholera in Bavaria,”
Munich, p. 521). He only obtained violet or purple, but no actu-
ally blue reaction, probably because he omitted to boil the mixture,
During the cholera epidemic of 1866 a number of specimens

of first urine of cholera patients came under my observation
which yielded the purple and blue reaction. The precipitates
obtained by. boiling the urine with appropriate quantities of
nitric acid were nmsl:l}' more or less coloured. Thus in one case
the precipitate, which consisted mainly of albumen, was of dark
brownish purple colour, and yielded to alcohol a purple-blue
matter, which exhibited before the spectroscope the absorption
band overlying the D line, but, unlike indigo, had the blue light
entirely absorbed from the line C to the end. Similar precipi-
tates yielding solutions offering the same spectral phenomena,
were obtained from a number of cases. In other cases, however,
a pink coloration was obtained with nitric acid, and the precipi-
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tate gave a red solution with an absorption band, fainter, but in
the same position as that of the blue solution. I carefully com-
pared the spectra to those of different indigo solutions, and came
to the conclusion, that however similar to 1nd1-‘rﬂ the}’ were not
qu:tﬂ identical, and consequently I termed the blue matter uro-
cyanine and the red one urorubine. All the observations which
I then recorded are perfectly correct in every particular, but they
require a somewhat different interpretation. I was not then
aware of the effects which different solvents and slight admix-
tures and variations in temperature have upon the phenomena
of absorption in the spectrum. These effects I only discovered
during my studies of the luteine compounds (11th Rep. of the
Med. Off. for 1868, pp. 190, 193).

The spectrum, then, of the blue and red matter from cholera
is that of indigo as regards the absorption ; the difference in
width and intensity is caused by different concentrations and
temperatures; the slight shifting of the bands depends upon
the different concentration of the solvents employed, which in
the case of the urinary matters were of necessity very dilute and
somewhat acid. The urocyanine is really indigo, with a little
urrhodine absorbing the blue; the urorubine 1s wrrhodine
containing a little indigo in solution, producing the specific ab-
sorption. Whether the blue was absorbed by urrhodine alone,
or also by a product of its reaction with nitric acid, or by a third
independent matter, remains to be decided. For this diagnosis
the data of comparison, which were not then extant, are now at
hand in the foregoing part of this chapter, and in other chapters
uf this treatise.

We can now give a not improbable explanation of the occur-
rence in unusually large quantities of indigogen in early urine
passed by patients recovering from cholera collapse. In the
course of the choleraic process large quantities of albuminous
matters in the muscles and organs lose their colloid state ; and
having in this process of liquefaction absorbed the necessary
amount of heat, and thus produced the low temperature observed
in all cases of collapse, pass into the blood, and from this into
the intestinal canal. Here they are immediately subjected to a
fermentative process, which resembles In many respects the
kind of putrefaction medified by pancreatic ferment which we
have described above. Indol is no doubt produced, and the
rose-pink colour, which intestinal contents and evacuation of
cholera patients give with nitric acid (sce p. 483 of my Report
for 1867), and which has hitherto not been explained, is probably
due to a reaction which indol in dilute solution is known to give
with dilute nitric acid containing nitrous. OFf this indol the
greater part is discharged in the rice-water evacuation; but
another part passes on the resumption of absorption from the
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intestine into the blood, and is excreted as indigogen with the
first urine. The first urine is favourable to the discovery of
indigogen, as it contains little or no urochrome, which by treat-
ment with acids might yield dark-coloured products, and thus
obscure the indigo and urrhodine produced. That not all the
indol formed in the intestine and absorbed into the blood
reappears as indigogen in the urine is probable from an experi-
ment by M. F. Masson (“ Arch. Physiol. Norm. et Pathol.” Paris,
1874), who found that after an injection of 0-135 grm. of indol,
with 20 c.c. of water, under the skin of a rabbit, 0-0455 grm. of
indigo were obtained from the urine, or only one-third of the
quantity which should have been obtained if all indel had been
transformed into and excreted as indigogen.



CHAPTER XIL

PYROCATECHIN, C,H,0,.

HISTORY AND LITERATURE.

PYROCATECHIN was first observed in human urine by Miiller
and Ebstein (Virchow's “ Archiv.” 62, 554), next by Fleischer
(* Berlin Klin. Wochenschr.” 1875, Nr. 39 and 40) and Fiirbrin-
ger (“ Centralbl. Med. Wissench.” 1875, p. 873). Boedecker’s
alcapton (“Ann. Chem.” 117 (1861), 98) is probably identical
with pyrocatechin. Baumann (Pfliger’s “Archiv.” 12 (1876), 63)
showed that this body, though perhaps not a constant, is yet a
very frequent ingredient of human urine, and is always present
in the urine of horses. According to a later communication by
Baumann (Pfliiger's “ Archiv.” 13 (1876), 300), pyrocatechin
oceurs in the urine of horses, partly in the free state, partly in
combination with sulphuric acid, as pyrocatechin-sulphuric acid.

Modes of Extracting from Human Urine.

From one to two litres of urine are acidified and evaporated ;
the residue is extracted with ether, The ether is distilled off,
and the residue redissolved in water is tested for pyrocatechin
by the reactions to be deseribed.

Modes of Extracting from the Urine of Horses.

The urine is acidified with acetic acid and extracted with
ether; the ether extracts are distilled, and the resinous black
residue is dissolved in water and filtered, to the filtrate a few
drops of lead acetate are added to effect a purification of colour-
ing and resinous ingredients ; the filtrate is cantiously neutralised
with ammonic carbonate, and then treated with lead acetate as
long as a precipitate is produced. This is filtered, washed, and
decomposed by hydrothion under water; the filtered solution is
concentrated, and having a strongly acid reaction, becomes again
coloured. It is therefore neutralised with barytic carbonate, and
again extracted with ether. The ether is distilled off, and the
residue taken up in water, filtered, and tested. In this manner
Baumann obtained pyrocatechin in the erystallised state, but
never pure enough for subjecting it to elementary analysis.
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Mode of Showing that Pyrocatechin is Present in Urine
(of Horses) in a Combined Form.

200 c.c. of horse’s urine are acidified with acetic acid and ex-
tracted with ether. The urine, which is now free from pyrocate-
chin, is heated on the water-bath for some time with hydrochlorie
acid, and when cool again extracted with ether. These extracts
yield a reddish-brown resinous mass, from which water extracts
hippuric and benzoic acid, phenol, pyrocatechin, and some resinous
bodies. The residue is extracted with water, and this solution
yields the reaction of pyrocatechin, :

Chemical Characters and Relations of Pyrocalechin.

As the name indicates, the substance is obtained by the dry
distillation of catechin and other vegetable extracts, and of wood.
(Boiling of a concentrated solution of grape sugar with caustic
potash is also said to yield it, but the relative experiments are
s0 inconclusive that the matter is doubtful). The distillate is
evaporated to erystallisation ; the erystals are pressed, dried, and
then repeatedly sublimated, until they are quite colourless, and
no longer become coloured on exposure to air. They are broad,
white shining laminee, resembling benzoic acid, which melt at
from 111° to 116°, and volatilise ; the substance fused in quantity
boils at between 240° and 250°, and yields colourless vapours,
which condense into a quickly crystallising oil.

Its taste is sharply bitter and burning. Mixed with hydro-
chloric acid it colours fir-wood violet. With aqueous caustic
alkalies or alkaline carbonates it forms a mixture which is
yellow at first, then becomes greenish-yellow, and lastly brown
or black. The change of colour progressing from the surface of
the liquid downwards, is accompanied by rapid absorption of
oxygen. The aqueous solution of pyrocatechin produces a
greenish precipitate with silver solution, the silver being partly
reduced ; it forms a dark brown precipitate with solution of gold,
and reduces platinic chloride. It reduces alkaline tartrate of
copper solution on boiling, giving a red precipitate of cuprous
oxyde, and a supernatant dark green liquid. It colours ferric
salts dark green, and then forms a black precipitate; the dark
areen colour is changed by alkalies, even in very dilute solution,
to a beautiful violet-red, like that of permanganate of potash, and
the green colour is restored by acids if added immediately. The
test is best observed in very dilute solutions. Pyrocatechin dis-
solves very readily in alcohol, less readily in ether. It does not
precipitate gelatin or the salts of quinine.

Pyrocatechin and Lead —The watery solution of pyrocatechin
forms, with neutral acetate of lead, a thick white precipitate,
which is permanent in the air, nearly insoluble in water, but
readily soluble in acetic acid. Its composition is CgH PbO,,
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which requires 70'89 per cent. PbO. Pyrocatechin is therefore
a dibasie, though weak acid. This reaction may therefore be
used in processes for its isolation from animal liquids.

Diagnosis and Significance of the Presence of Pyrocatechin

in Urine.

‘When horses’ urine is allowed to stand exposed to the air for
from one to three days, it may be observed that it becomes
colonred dark to nearly blackish-brown on the surface; the
coloration deecreases downwards, and the lowest layers of the
liquid present the original light colour of the secretion. This
process 18 now explained as being the result of the oxydation of
pyrocatechin by the oxygen of the air. The urine must be
alkaline for the reaction to take place.

Human urine when made alkaline and exposed to the air does
not ordinarily show this coloration; but when it has been de-
composed by thorough putrefaction, the light-celoured liguid on
exposure to air becomes brown. This reaction also is now ex-
plained as being due to pyrocatechin, at least in all those cases
where the urine which shows the phenomenon also yields pyro-
catechin to ether, or gives a violet reaction with ferric salt, which
disappears by acidification with acetic acid. It is therefore pro-
bable that the pyrocatechin in putrid human urine is a product
of the decomposition of a more complicated body at present
unknown.

The urine of dcgs fed upon flesh does not y ield pymc:lte::hlu
But when pyrocatechin is added to the food it reappears in the
urine in the combined state, as Baumann supposes in the form of
pyrocatechin-sulphuric acid. From this it appears not impos-
sible that this body may be urophanie, and mainly derived from
the food, at least in herbivorous animals. But when it appears
in human urine, it seems to be a specific product of diseased
action,

The observation which led to the discovery of pyrocatechin in
urine is the following one, reported by Ebstein and Miiller, 1. ¢. :—
A boy was shortly after his birth seized with jaundice, but
recovered. There remained, however, a peculiarity about his
urine, consisting in this, that though evacuated almost colourless,
it assumed a purple colour on standing. This was during LhL
first year of his life ; about the age of l"‘htEEl‘l months the urine
became brown on standing. The fresh urine when mixed with
alkali became brown fmm above downwards, oxygen being ab-
sorbed; it strongly reduced solution of silver, and alkaline solution
of copper. The condensed urine yielded an ether extract, which,
when re-dissolved in water, gave all the reactions characterising
pyrocatechin.



OCHAPTER XILL

PHENOL-PRODUCING SUBSTANCES—PHENOI.~
SULPHURIC ACID, C,H,SO0,

——
INTRODUCTION,

Fresa human urine contains no phenol in the free state. This
can be proved as follows:—On adding to 20 c.c. of the urine
saturated bromine water until the mixture is strongly yellow
from excess of bromine, no precipitate or turbidity is observed.
But on adding to the mixture one milligramme of phenol dis-
solved in water a white precipitate is 1mmed1atn,ly produced,
and, on standing, settles in the liquid. If, therefore, the urine
cout-aiued as much as one part of phenol in twenty thousand,
the bromine would directly indicate it by forming the insoluble
tribromophenol or terbromo-carbolic acid. J’!Lu:-,F phenol, there-
fore, which is obtained from urine which does not in the fresh
state give a turbidity and precipitate with bromine water, is a
pmduct of the process applied to it, and not an educt. Phenol
was first extracted from the urine of man, the h:}rse, and the
cow by Stideler (“ Ann. Chem.” 67 (1848), 360; 77 (1851), 17).
The questions of its normal presence in human urine, of the
state in which it was present, of its absorption into the circula-
tion when applied to the skin or introduced into the stomach,
have engaged many observers, to be mentioned in the sequel.
But the question after the phenol-producing substances received
its first more precise answer by the discovery of Baumann
(Pfliiger’s “ Avehiv.” 13 (1876), 247) concerning the presence in
the urine of horses of a compound of phenol and sulphurie acid,
a compound which he also found to be exereted by persons who
were being medicinally treated with phenol. A second form in
which phenol circulates in and leaves the human and animal
body has been recognised, and now awaits further investiga-
tion.

History and Liferature of Phenol, or Carbolic Aeid, C;HO.

Phenol was discovered by Runge (“Poggend. Ann.” 31
(1834), 69; 32, 308) in coal-tar; recognising its feebly acid
roperties, he deseribed it as carbolic acid. Laurent (“Ann.
Chim.” (3) 3 (1840), 195) obtained this acid, which he termed
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phenic, pure, and determined its properties with greater accu-
racy. He also discovered the tribrominated compound, which
was first employed by Landolt (“ Berlin. Chem. Ges.” 4 (1871),
772), for isolating minute quantities of phenol from watery
liquids.

Occurrence.

It is found in large quantities in coal-tar, whence it is
extracted by various processes of wholesale manufacture. Before
it was produced in the crystallised state it sometimes did, but
does not now, pass in commerce under the name of creosote,
although its properties differ considerably from those of true
creosote obtained by the distillation of beech-wood. According
to Wohler it occurs in castoreum together with salicine. The
circumstances under which it is obtained from the urine of man
and animals seem to vary, as will be shown in the following
pages. It seems to be in a small degree urophanie, that is to
say, to reappear in faint traces as such in the nrine after it has
been ingested by the mouth or applied to the skin, while the
greater part ingested seems to undergo combination. It is
formed during the destructive distillation of a number of well-
defined vegetable principles, such as salicine and salicylic acid,
and of some compound resins,

Mode of Obtaining Phenol Puve.

Coal-tar is subjected to fractional distillation, and the products
which pass over at 150° to 200° are collected and mixed with a
solution of caustic potash, saturated while hot, and some addi-
tional potash in the form of powder. The greater part of the
oily liquid thereupon becomes a white solid mass, which is
separated from the portion which remains liquid, and dissolved
in water. This solution separates in two layers—an upper
light and oily one, which is removed, and a lower, heavy ague-
ous solution of phenol in potash. This on neutralisation with
hydrochloric acid gives up phenol as an oil, which, after digestion
with calcic chloride, is distilled. The distillate, on being allowed
to cool slowly while protected from contact with moisture,
deposits on exposure to a temperature of —10° large erystals of
phenol, which may be separated from the fluid part, again
crystallised, and are then ready for use.

Mode of Showing the Presence of a Phenol-Forming Substance
in Human Urine. ;

The urine is evaporated and treated with hydrochloric acid
and ether in the manner described for the separation of hippurie
acid. The filtrate from the crystals of acid on addition of water
becomes turbid, and deposits drops of an oily nature. These on
paper cause a greasy stain, and become brown after some time.
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They are soluble in hot water, and on gentle evaporation are
again deposited as oily drops. They cause precipitates in solu-
tions of nitrate of silver and suboxyde of mercury, which on
boiling become black. The original mother-liquor of these
drops gives all the reactions of formic acid, with this difference,
that the black precipitates in silver and mercury solutions are
not granular or pulverulent as after the decomposition of
formiates, but flaky and bulky, showing that a voluminous
product of decomposition adheres to the reduced silver. The
solution also yields a precipitate with chloride of iron, and a
slight excess of this reagent produces an intense and lasting
brownish-red coloration. When the liguid which gives these
reactions is distilled with dilute sulphurie acid, a distillate is
obtained which smells of phenol, and gives with bromine water
tribromophenol. This, on treatment with some sodium amal-
gam, gives a solution of phenol, from which the latter can
be obtained by extraction with ether. 200 c.c. of human urine,
acidified with tartaric acid, and distilled to one-half, gave a dis-
tillate from which two portions of ether extracted no matter,
which after distillation of the ether gave any reaction for phenol
(Salkowsky, Ptliiger's “ Archiv.” 5 (1871), 351).

Mode of Obtaining Phenol from Urine of Horses.

The acidified distillate from quite recent urine from horses
does not yield the reaction for phenol either with excess of
bromine water or with ferric chloride (Buliginski, in “ Med.
Chem. Unters.” 2, 234). Phenol is therefore not in solution in
this urine. The addition of acetic acid to the urine before dis-
tillation does not cause any evolution of phenol, so that this body
eannot be present in combination with alkali. When the urine is
not quite fresh, or has been acidified by a mineral acid, a distillate
is obtained, which after repeated rectification gives the tests for
phenol by ferric chloride and the fir-chip (Lieben, “ Ann. Chem.”
1870, suppl. band, 7, 240), or by bromine-water. The quantity
of phenol can be determined by causing the distillate, after rectifi-
cation over sodic carbonate, to stand with an excess of bromine-
water, collecting the precipitate on a weighed filter, washing it,
drying over sulphuric acid in vacuo, and weighing it. By
deduction of the filter from the entire weight that of the
tribromophenol is obtained, and by deducting from this three
atoms of bromine, and adding three of hydrogen, the weight of
the original phenol is obtained.

Mode of Isolating the Phenol-Forming Substance from the Urine
of Hovrses.

The urine is evaporated as far as possible and treated with

absolute alcohol, which leaves the phenol-forming body undis-
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solved. The residue is now dissolved in little water, and mixed
with spirit of wine ; the phenol-forming substance now remains
dissolved, while a great part of the salts remains insoluble. This
solution is again evaporated as far as possible, and again treated
with absolute alcohol, which again leaves the phenol-forming
body undissolved. This residue is again dissolved in water and
spirit, and treated with an alcoholic solution of oxalic acid as
long as a precipitate is produced; this is filtered off, and the
solution is oversaturated with har;.rta The filtered solution is
again concentrated, extracted with alcohol of 90 per.cent., and
this extract evaporated to a small bulk. After standing for some
weeks in the cold, this extract becomes a radiated crystalline
mass (Baumann, Pfliiger’s “ Archiv.” 13 (1876), 289). Another
process by the same observer is the following:—The urine of
horses i1s evaporated to a syrup, and extracted with spirit of wine.
This extract is exposed to the cold of frosty winter nights, when
erystals are formed, which float as shining scales in the fluid.
The erystals are collected on a calico-filter, pressed between
blotting paper, and crystallised repeatedly from water and from
strong spmt of wine. They then appear as pearl-whife scales,
and are the potassium salt of the phenol-forming substance. They
are soluble in about ten parts of cold water, less soluble in spirit
of wine, almost insoluble in cold absolute alcohol, and only less
insoluble in boiling absolute alcohol. If the solution has a blue
fluorescence, it is not yet pure; the solution of the pure substance
does not fluoresce. The fluorescent impurity is more soluble
than the phenol-producing body, and can be best removed by
repeatedly extracting the erystals or powder with a quantity of
water insufficient for complete solution. The substance iz a com-
pound of phenol, sulphuric acid, and potash, and yields when
most pure, on analysis, the following quantities of elements :—

Found. Required by C H,KS0,
C 346 per cent. 340 per cent.
H 27 . 23 "
K 181 ,, 184 s
H,S0, 451 G

This salt is therefore phenol-sulphate of potassium. It shows
the following veactions:—Equivalent quantities of the salt,
caustic potash, and iodide of methyl in absolute alcohol, heated
in a sealed tube, yield at a temperature little above 100° sulphate
of potassium, phenol, and unchanged iodide of methyl, but no
sulphite. This seems to exclude the presence of phenyl-sul-
phuric acid. 'When the salt is fused with caustic potash, sulphite
of potassium is formed, but only in small quantity ; by far the
oreater part of the sulphur is present in the fuse as sulphate.
N
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The solutions of the salt give no colour reaction with ferric
chloride. The dry salt, mixed with concentrated hydrochloric
acid, is decomposed in the cold completely, yielding phenol and
sulphuric acid. When the salt is gradually heated in a watch-
glass to 170°-180°, vapours smelling of phenol are evolved; a
somewhat coloured residue remains, consisting exclusively of
potassic sulphate. When the salt is quickly heated in a sealed
tube, or even in an open test tube to 170°-180°, until it begins
to fuse, it is transformed into another ecrystallisable salt, the
watery solution of which does yet in great dilution give a blue
violet reaction with ferric chloride.

Mode of Obtaining Plenol from Urine of Cows.

Stiadeler obtained phenol from this fluid by first removing
hippuric acid in the usual way with lime and hydrochloric acid.
The mother-liguor he subjected to distillation, and the distillate
to repeated rectification. The rectified flud was distilled ever
hydrate of potash, the residue was partly saturated with sul-
phuric acid, again distilled, the distillate rectified over chloride
of sodium, and saturated with carbonate of sodium. The oily
matter thus separated was taken up with ether, the ether evapo-
rated, and the residue again distilled over potash; the rest of
the acid was evolved from the potash by the addition of bicar-
bonate of potassium. DBy continued fractional distillation he
obtained almost pure phenol, mixed however with some taurylic
acid or cresol. In this process the phenol is probably derived
from substances similar to those contained in the urine of horses.

Physical and Chemical Properties of Phenol,

Phenol appears at the ordinary temperature as a firm colour-
less substance, crystallised in long prisms. The crystals fuse at
34°, forming a clear fluid, which becomes a solid again at 15°
In its erystallised state it quickly absorbs water vapour from the
atmosphere and deliquesces. The slightest admixture of moisture
prevents its erystallisation, even at the temperature of freezing
water. In the fluid state it strongly refracts light, has a peculiar
smell, similar to creosote and castoreum, and a burning taste. It
is little soluble in water, requiring twenty times its weight at
20F for solution, but can be mixed with aleohol and ether in all
proportions. In acetic acid it is also somewhat soluble. Its
sp. gr. at 18° is 1:065. Tt boils at 188°, and can be distilled un-
changed. It does not redden litmus, and on paper produces a
greasy stain, which disappears on exposure to air. Heated to a
high temperature, it takes fire and burns with a sooty flame. A
few drops of it are a fatal dose of poison for a dog, and a larger
quantity applied to the skin of a dog, or of a human being, also
produces symptoms of poisoning and death.

il
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It dissolves iodine with a reddish-brown colour, without
thereby changing its composition. It also dissolves sulphur; but
when this solution is boiled, sulphuretted hydrogen is disen-
gaged, and on subsequent cooling a firm white matter is obtained.
It dissolves several resins, and precipitates albumen in very
dilute solution. This precipitate is soluble in an excess of
albumen. Solutions of gelatine are also precipitated by it.

In order to identify small quantities of phenol, moisten a chip
of white pine wood with the supposed phenol or its watery solu-
tion, and afterwards with hydrochloric acid. After drying, and
in the course of about half an hour, the chip will assume a blue
colour, Stideler recommends to expose the chip to the rays of
the sun, when the colour will appear in a few minutes. The
colour is not destroyed, but only bleached a little by chlorine,
and the renewed application of hydrochlorie acid will make it
appear in its former intensity. It is necessary to test the wood
to be emp’lﬂyed with hydrochloric acid alone, as some descrip-
tions of pine give a blue colour with the acid alone, without the
intervention of phenol. Other kinds of pine-w ood do not yield
the coloration even with undoubted phenol, and these must also
be rejected.

Another characteristic test for phenol is the violet-blue color-
ation which it assumes when mixed with some ferric chloride.
The mixture after some standing deposits a light-coloured pre-
cipitate. The simplest reaction for phenol is its intense and
peculiar odour.

Phenol is rapidly changed by oxydising agents. It reduces
the oxydes of mercury and silver, leaving metal. In the solu-
tion of nitrate of silver and nitrate of suboxyde of mercury, it
produces white precipitates, which become black on boiling. In
a solution of mercuric bichloride it causes a deposit of calomel on
standing. Indeed, most of its reactions are so similar to the
reaction of formic acid that it may easily be mistaken for it, or
for sulphurous acid, from which the immediate black precipitate
in nitrate of suboxyde of mercury would, however, distinguish it,
which belongs to sulphurous and not to formic acid or phenol.
The reduced black precipitates of phenol in mercury and silver
salts are flaky and bulky, and do not settle so quickly or to so
small a bulk as the metals reduced by formiates.

Mixed with lead peroxyde, phenol is oxydised. This oxydation
15 most intense when the phenol is dissolved in acetic acid.
Chromic acid quickly oxydises and colours it black.

Nitric acid transforms it under evolution of red vapours into
dinitrophenylic and trinitrophenylic, or picric acid, a brown resin
and oxalic acid being collateral products of the reaction.

Chlorine gas conducted into phenol, or applied to it in the
nascent state, by digesting it with potassic chlorate and hydro-
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chlorie acid, transforms it into a mixture of several acids, con-
taining two, three, or four atoms of chlorine, in place of as many
atoms of hydrogen, dichloro-, trichloro-, and perchloro-phenol.

Concentrated fuming sulphurie acid dissolves phenol in the cold,
under evolution of some heat, and deposits it again upon immediate
dilution with water. But when the solution has been allowed to
stand for twenty-four hours it can be mixed with water without
anything separating, and then contains a sulpho-phenylic acid,
CeHgS0,.

The lead compound of such an acid was produced by Stiadeler
with the product of distillation from cows’ urine. The acid was
boiled with plumbic carbonate ; the filtrate, which was neutral,
was evaporated in the vacuum, and when it had transformed
into an amorphous mass, was dried for a long time at 100°-110%,
At first only water escaped, afterwards the odour of phenol
became perceptible. At this point the salt was considered dry
and analysed. It yielded 5511 per cent. of lead sulphate, the
formula 2(C;H.S0,), Pb requiring 54'47 per cent.

Potassium and sodium slowly decompose phenol ; on warm-
ing, hydrogen is evolved, and a compound of oxyde of phenol
with potassium or sodium is formed, which is soluble in water.
The same compound is produced by heating phenol with hydrate
of potash.

A good reaction for carbolic acid is the following:—To the
liquid to be tested one-quarter of its bulk of ammonia isadded,
then a few drops of a solution of chloride of lime, containing
one part of bleaching powder in twenty of water, and the mix-
ture is gently warmed. If sufficient phenol is present, the
mixture becomes blue immediately ; if the solution is dilute, the
reaction appears only after some time; 5 cc. of a solution
containing one part of phenol in 4000 water will yet give
the test.

Bearing of Phenol in the Body of Animals.

Some of the results of the application of phenol in the shape
of tar, or impure carbolic acid, or creosote, will be described
under the chapter referring to the latter body. In this place I
il}:tl;endl to refer to the results of experiments made with the pure
phenol.

Kohn (“Arch. Dermat. & Syph.” 1, 224) and Almén (* Zeitschr.
Analyt. Chem.” 10, Heft. 1) stated that when phenol was
taken into the stomach in cautious doses it reappeared in
the urine. The form was implied to be the free uncom-
bined state; but E. Salkowsky (Pfliiger’s “ Archiv.” 5, 355)
showed that it was combined in some manner. Hoppe-Seyler
(ibid. 470) showed that phenol applied to the skin was easily
absorbed, and could be reobtained from different organs, and
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from the urine by distillation with sulphurie acid, and confirmed
in this respect the earlier experience concerning the endermatic
application of tar. He applied phenol to the abdomen, or the
thighs, or ears of dogs, and found that poisonous effects were
produced in a few minutes. When the symptoms were at their
height, the animals were bled to death, and their parts cau-
tiously separated and examined. The blood was mixed with
‘dilute sulphurie acid, and one-fifth of the bulk of the mixture
abstracted by distillation. The distillate was rectified over dry
sodic carbonate, and then treated with bromine water as above
described. The amount of phenol thus obtained in one case was
(00128 per cent. of the blood ; in another, 0-00369 per cent.
The brain in the first case yielded 000325 per cent., in the
second, (:00340 per cent. phenol. In the second case, liver and
kidneys were also examined, and the distillates from them gave
—liver, 000125 per cent. of weight of liver; kiduneys, 000423
per cent. of their weight in phenol. Irom the first case it is
evident that the brain contained about three times as much
phenol as an equal weight of blood, and therefore, that nerve-
matter exerts a selective attraction upon phenol. The second
case shows the same, though in a less degree as regards the
brain ; the liver contained only one-third of the quantity found
in an equal weight of blood, and therefore seems to exert, if
any, only a small amount of selective attraction. Dut the kid-
neys seem to exert the largest amount of selective attraction, con-
taining about a quarter more phenol than an equal weight of
either blood or brain. This selective attraction of the kiduneys
is the main cause of the relatively quick elimination of the
phenol ; for when phenol is given to patients in doses of from
03 to 09 grm. per day, or applied to their skin in quantities
double or treble the quantities given internally, it quickly
appears in the urine in such a manner that it can be obtained
from it by distillation with a mineral acid. When the use of
the phenol is suspended it disappears from the urine in from
one to three days, the mnormal traces only being afterwards
obtainable. The introduetion of phenol into the body causes the
urine to be coloured afterwards from olive-green to dark brown,
in a proportion of, but not in all cases. The brown colour
appears more frequently after endermatic application than after
internal use. Its specific cause is not yet explained. Accord-
ing to Baumann (L c. p. 293), phenol introduced into the
animal body is there united with sulphurie acid, and appears in
the urine in the same combination as that naturally formed in
~it. This may be recognised by the increase of that quantity of
sulphuric acid in the urine, which cannot be precipitated by
baryta salts without previous decomposition by boiling with
mineral acid. Thus a person who had been treated with phenol
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discharged sulphuric acid directly precipitable, 0-148 grm. in
100 c.c.; sulphuric acid contained in compounds, which had to
be decomposed by boiling with hydrochloric acid (supposed to
be phenol-sulphate of potassium), 0:095 grm. Another excreted
0-046 grm. H, SO, precipitable, and 0225 grm. combined. He
even says that the combined sulphurie acid could rise to from
ten to fifteen times the amount of the precipitable sulphuric
acid present in the form of inorganic salts. He endeavoured to
prove this hypothesis by an experiment upon a dog, and an ob-
servation upon a patient. A dog voided urine which contained in
100 e.c. 0°262 grm. of precipitable, and 0.006 grm. of organically
combined H,S0,. His back was then painted with phenol, and
eighteen hours afterwards he voided urine, in which the propor-
tions were reversed, the precipitable H,SO, being 0-004 grm.,, and
the organically combined being 0-190 grm. in 100 c.e. In con-
sequence of the introduction of phenol, the normal H,SO, falls
from 262 to 4, the organically combined rises from 6 to 190.

The urine of patients who had been treated emdermatically
with phenol was evaporated to a syrup, extracted with aleohol
of 90 per cent., treated with an alcoholic solution of oxalic acid
as long as this produced a precipitate, and then shaken with an
equal volume of ether. The mixture was then filtered, neutral-
ised with potassic carbonate, and evaporated to a small bulk.
Again taken up with alcohol, some oxalate and carbonate of
potassium were separated. Again evaporated to a syrup, the
solution on standing for some days in the cold deposited small
scaly crystals, which were purified in the same manner, and
then assumed the appearances of the crystals obtained from
normal horses’ urine. Some crystals could yet be obtained from
the first mother-liquor by ftreating it with basic lead acetate,
filtering, removing lead from the solution by hydrothion, and
evaporating it again to a syrup. To isolate the crystals formed
in this it may be shaken with ether and allowed to stand. The
erystals become suspended in the ether, and can be filtered off,
and obtained pure by recrystallisation. The crystals obtained
from the urine of these patients were phenol-sulphuric acid, and
gave on analysis mean 4625 per cent. H,S0,, and 185 Ka,
while C;H K50, requires 46'2 per cent. If!f-?{}! and 184 per
cent. Ka. The colour which this salt gives with ferric chloride
is more of a red-violet, while the salt from horses’ urine be-
comes blue-violet.

The urine which men or dogs discharge, after having been
treated with phenol, also yields a small quantity of a blue pig-

ment. 100 c.c. of the urine are acidified with acetic acid, and |

filiered through a small filter. The brownish-yellow precipitate
is washed with water, and then treated with warm dilute hydro-
chloric acid. A skye-blue solution is formed, and soaks and

=L
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passes through the filter, and retains its colour for many weeks.
From Baumann’s experiments it appears that the principal con-
dition of the formation of phenol-sulphuric acid in the animal
body is the simultaneous presence of sulphates of the alkalies
and of phenol. Phenol-sulphuric acid is, however, not the only
form in which phenol appears in the blood and the urine ; there
is another compound present in both, which may yield more
phenol than corresponds to that combined with sulphuric acid.
This compound has not been isolated.

FPhenol-sulphate of potassium exerts no poisonous action in
the body. Consequently, in cases of poisoning by phenol, potassic
or sodic sulphate should be given, together with albumen, milk,
or other direct momentary antidotes, in order to assist the
organism in the neutralisation of the absorbed portion of the -
phenol,



CHAPTER XIV.
CRESOL-PRODUCING SUBSTANCES.

INTRODUCTION.

LikE phenol, cresol or cresylic alcohol, or taurylic acid, C,H,0,
is not a normal ingredient of the urine of either man or animals,
but 1s educed by some of the processes which educe phenol.
The body from which it is educed has not yet been isolated.

History and Literature of Cresol, C;H.O.,

Cresol was discovered in the tar obtained during the dry
distillation of beech-wood by Reichenbach in 1832 (*Schweig-
ger's Journ.” 66, 301 and 345; 67, 1 and 57; 68, 352). For
many years it was confounded with phenol, until Gorup-
Besanez (““ Ann. Chem.” 78 (1851), 231; 86 (1853), 223) and
Voelckel (“ Ann. Chem.” 86 (1853), 93 ; 87 (1853), 306) showe
its peculiarities. But nevertheless the elementary composition
of cresol was not determined until Williamson and Fairlie
(“ Chem. Soec. Quart. Journ.” 7, 232), extracted from coal-tar
creosote a homologue of phenol, of the eomposition C,H.0,
which presented all the characters of Reichenbach’s ereo-
sote from beechwood-tar. They termed it hydrate of cresyl,
and observed that during its distillation from wvessels to which
the air had access, it was partially oxydised, the boiling-point
falling, a small quantity of black matter forming, and phenol
being evolved. Stideler (“Ann. Chem.” 77 (1851), 17) ob-
tained a body from the urine of man and animals by the same
process which yielded him phenol, termed it taurylic acid, and
determined its composition by the analysis of its copula with
sulphuric acid. Kolbe and Lautemann (“ Ann. Chem.” 115
(1860), 203), by treating cresol with potassium in a current of
dry carbonic acid, compounded a new acid, cresotinic, C;H, O,
which stands to cresol in the same relation as salicylic acid to
phenol, being produced by the direct combination of a molecule
of carbonic acid with one of cresol, as salicylic acid is produced
by the direct combination of carbonic acid with phenol.
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Mode of Obtaining it Pure.

(a.) From raw creosote from wood-tar. The raw creosote,
which is mostly produced in Bohemia, and of which large
quantities are brought into trade by Batke of Prague, is sub-
jected to fractional distillation. It begins to boil feebly at 907,
and a milky fluid containing water and a light stinking oil
passes over. While the boiling continues the thermometer
gradually rises to 160°, and the boiling now ceases for some
time. The distillate which has passed between 120° and 160°
is clear, and has a smell which differs from that of the raw
creosote. At 190° the ebullition becomes again stronger, and a
fluid rapidly distils over in oily streaks, while the thermometer
remains stationary at 203-5° for some time. The temperature
of the vapour then rises to 208% and during the distillation of
the last portion to 216°,

The matter which distils between 205° and 208°, and which
amounts to the greater part of the whole, 1s collected in a sepa-
rate vessel, rectified, digested for some days over chloride of
caleium in a closed vessel, and again distilled.

(b.) From the raw carbolic or phenylic acid, commonly termed
creosote, obtained from coal-tar. The portions of this matter
which distil between 200° and 224° are collected separately,
and repeatedly rectified, until a produce is obtained which boils
at 203°, This must be repeatedly vectified in an atmosphere of
hydrogen, as without that precaution a part of the matter is
decomposed and a black matter separated. What passes below
200° is removed, and only the product passing at 200° is
retained, which corresponds to the product passing at 2037,
when distillation is performed without the precauntion of an
hydrogen atmosphere. A similar depression of the boiling-point
by 3° during distillation in an atmosphere of hydrogen is
observed with phenol.

(e.) The mode of obtaining from the wrine of man and animals
is the same as that of phenol, with which it is mixed. A Dblack
matter is deposited on first distillation resembling that deposited
by creosote distilling in air. From phenol taurylic acid can be
separated by combining both with fuming sulphuric acid, in
which taurylic acid crystallises while the phen:,rlm compound
remains fluid.

Physical and Chemical Properties,

The pure cresol is an oily, colourless fluid, which becomes a
little dark by keeping; it strongly refracts light, has a peculiar
smoky odour which differs greatly from that of phenol, and a
biting burning taste. It is little soluble in water, but can be
mixed with ether, alcohol, and sulphide of carbon in all propor-
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tions, In common acetic acid it is somewhat soluble, if con-
centrated in all proportions. Its sp. gr. at 115° is 1:04; it
boils at 203° in air, at 200° in an atmosphere of hydrogen, with-
out decomposing. It does not solidify even at any low tem-
perature. Ignited it burns with a dense lighting flame. It is
as insoluble in liquor ammonize as phenol.

The changes which cresol undergoes in contact with oxydising
agents are very similar to those which are produced with phenol.
The products of this oxydation are little understood, but their
investization is of importance for the chemistry of the urine, as
we meet with them so frequently during eur chemical operations
upon this fluid.

Reactions of Creosole.

The specimen, officinal, had a yellowish colour. It was shaken
with water, and the solution filtered from the milky mixture.
This is termed saturated aq. solution, '

Chloride of iron gives a blue precipitate, which in an instant
transforms into dark brown. Boiling makes the mixture darker,
and on the top a liquid resin collects. This dissolves in more
water on boiling. On cooling the precipitate forms again, The
diluted solution, hot, gives only a violet colour on addition of
ferric chloride, which before the fluids are fairly mixed becomes
dark brown. On cooling the fluid becomes smoky, and a pre-
cipitate falls.

Nitrate of silver produces a very slight opalescence, but no
precipitate in the solution of creosote. On heating the fluid be-
comes at first smoky, then a slight dark precipitate ensues, which
coalesces to dark flakes, until at last the entire fluid is quite
black and opaque, even the flocks disappearing from sight.
Some silver is deposited upon the glass of the tube, little quite
at first, more at a later stage. Agitation and more boiling cause
the precipitate to collect in flakes; the fluid remains reddish.
It now bumps violently on heating, even after addition of water,
and fluid is thrown out every time it is attempted to heat it.
The addition of water has the advantage of collecting and stiffen-
ing the black precipitate. On standing the glass becomes covered
with a metallic mirror, and the precipitate appears like a silver
tree. Mercury subnitrate added drop by drop causes a white tur-
bidity, which disappears on shaking and the addition of a few
drops more, and does not reappear on further addition of re-
agent. Boiling produces a red fluid and a deposit of metallic
looking matter upon the glass. When more mercurial solution
is added no reaction is apparently produced. On heating the
golution becomes pink. On longer boiling a metallic pellicle
and a little of a black precipitate at the bottom of the fluid are
formed.

-
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Mercury nitrate produces no immediate reaction in the cold.
But on gentle warming the fluid assumes a beautiful red colour
from above downwards, which becomes very intense. On boil-
ing a red precipitate forms, which quickly becomes dark and
metallic looking. The fluid becomes turbid on eooling. On
dilution much matter is yet deposited in red flakes. The bulk
of the deposit remains red.

Corrosive sublimate produces no change even on boiling.

Acetate of mercury produces no reaction. A solution of chlo-
ride of sodium added to the mixture produces a white turbidity.
Nitrate of baryum added and boiled produces a copious flaky
flesh-coloured precipitate, similar to that which acetate of mer-
cury produces in urine treated with nitrate of baryum. Fluid
and precipitate soon become dark. The addition of much water
prevents continuance of reduction.

On boiling red oxyde of mercury (obtained by heating the
subnitrate) in the watery solution of creosote it becomes flaky,
and it seems as if the substances simply combined. The super-
natant water is colourless. The precipitate aftter washing is
brownish-red.

Pure creosote heated with red oxyde on sand-bath until vapours
of creosote begin to ascend forms a beautifully red fluid and a
reddish-grey deposit. The fluid is soluble in alecohol. The grey
deposit rubbed upon bright copper amalgamates it.

Neutral acetate of lead produces lmme:lmtel} a very slwht
white precipitate, soluble in excess, soluble on heating, reappear-
ing on cooling. In a dilute watery solution of creosote acetate
of lead pmduces no turbidity.

Tribasic acetate of lead in quantity causes a milky turbidity,
or rather strong white opalescence. The fluid remains trans-
lucent, and even after boiling no molecular precipitate is visible,
but after twelve hours’ standing a white deposit is found at the
bottom of the tube.

Boiling with peroxyde of lead produces flakes on the surface,
and the fluid becomes yellow.

Chromie acid colours the watery fluid blackish-red, and makes
it impervious to light. Heating produces reaction, apparently
evolution of gas. Immediately after the product becomes solid,
so that the test-tube can be turned upside down, without any-
thing flowing out of it. The addition of water shows the pro-
duct to be an immensely bulky precipitate, quite out of proportion
to the small quantities of reagents employed.

One drop of the saturated solution of creosote boiled in solu-
tion of chromic acid, so dilute as just to show a yellow colour,
becomes yet dark red. Both reagents added in small quantities
at intervals produce a solution becoming darker every moment,
and on cooling producing a deposit of a dirty brown colour.
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A mixture of carbonate of ammonium and indigo solution is
- not changed in colour by creosote solution on boiling.

A dilute solution of permanganate of potash is immediately
discoloured by solution of creosote, becoming first brown, then
yellow, and forming a precipitate. On heating the solution
becomes colourless, and a reddish-brown deposit collects on the
top, which afterwards sinks to the bottom,

The watery solution of creosote produces no reaction with
pure sulphate of suboxyde of iron. Boiling produces a slight
fawn precipitate. A brown solution of sulphate containing
oxyde produces an immediate precipitate, which by beiling
becomes more copious.

A chip of pine-wood (eut from dry, white deal), after moisten-
ing with the watery solution of creosote and next with hydro-
chloric acid, on drying assumes a very feeble hue of green. The
wood does not assume any coloration by hydrochloric acid
alone.

Conecentrated nitrie acid transforms ereosote into a resin, which
is at first red, ultimately blackish-brown. The same transforma-
tion is effected by mnitric acid in dilute solutions on long
standing.

}ummw nitric acid, mixed with creosote drop b}f drop in a
vessel which from the outside is kept cool by ice, produces at
first a dark red coloration, and when an equal volume of the
acid has been added, the mixture separates in two layers, an
upper one of a deep red colour, and a lower black and tar-like
one. The upper layer, after removal, neutralised with potash,
transforms into a crystalline mass, easily soluble in hot, little
soluble in cold water, which seems to have the composition
C.H,K(NO,),0, and therefore to be trinitrocresylate of
potassinm.

Chlorine or chlorate of potassinm and hydrochloric acid affect
creosote on prolonged digestion, and ultimately a plastic resin is
produced. When chlorate of potassium is employed for the
transformation it is necessary to employ great caution as soon as
the produet gets thick.
~ Concentrated sulphuric acid dissolves ereosote with evulutmu
of calorie, forming a purple-violet solution. This diluted with
water, and neutralised with carbonate of baryum, yields a soluble
baryum-salt, which, after evaporation, remﬂms as a white
granular matter. Its probable eomposition i1s 2(C;H,0,50,)Ba.
Taurylic acid from urine, when mixed with fuming sulphunc amd
on standing solidifies to a mass of dendritic formations and balls.
It is very hygroscopie, and deliquesces on exposure to air. From
a watery solution of caustie potash cresol can be distilled with-
out change. Its acid properties are still less pronounced than
those of phenol.

e -
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Black Urine after Creosote or Tar Treatmend.

See the cases by M‘Leod, “ Medical Gazette,” vol, ii. 1834-35,
p. 594. Elliotson, “ Med. Chir. Transact.” vol. xix. p. 237. H.
M. Hughes, “Guy’s Hospital Rep.” 3d series, vol. il. p. 52,
where also several observations of Hermann Weber are guoted.
Petters (“ Prager V. J. Schrift.” 1855, 3, 126) has recorded the
following experience —

In two cases of psoriasis, wood-tar was rubbed over the whole
surface. Three hours after the first inunction the urine, which
before had been clear and straw-yellow, became amber-yellow,
and deposited uric acid in colourless plates. The urine which
was passed after twelve hours was dark brownish-black, de-
posited a large sediment of coloured uric acid, and emitted the
characteristic odour of tar. These peculiarities the urine 1ehlnml
during the entire course of the tar treatment.

When the brownish-black urine was left to spontaneous de-
composition, which generally ensued on the fifth or sixth day, it
assumed a dark green colour, on the appearance of alkalescence,
and then went through all the stages of ordinary decomposition.

The urine deposited uric acid so completely that hydrochlorie
acld did not produce any further precipitate. After the addition
to the urine of some sulphuric acid it was subjected to distilla-
tion, whereby an acid distillate was obtained, which emitted a
strong odour of tar, was milky, but cleared up gradually, and de-
posited dark-brown drops, which were like creosote. A chip of
pine-wood, moistened with hydrochlorie acid, and dipped into
the clear watery fluid, glﬂ{lll’lll_‘f assumed a bluish-green colour.
The addition of chloride of iron to this fluid pmduced a dark
brown mixture, and an excess of the chloride produced a brown
adhering precipitate. Nitrate of silver produced a white precipi-
tate, which, on the addition of ammonia, or simply on warming
was reduced to metallic silver. Neutral acet-‘ute of lead pru}duced
a white precipitate. When chlorine gas was passed through the
fluid it assumed an orange colour, and deposited a brown resinous
precipitate. The solution on the addition of nitric acid became
reddish-brown ; sulphuric acid produced a pink, rosy colour at
the bottom stratum of the fluid, the supernatant fluid becoming
turbid like milk. Under the influence of chromic acid the solu-
tion became black. These tests are characteristic of carbolic
acid.

Carbolic acid could only be obtained from the urine after the
addition of sulphuric acid. It must therefore have been in com-
bination with a base not ascertained.

Petters is of opinion that most of. the constituents of tar may
enter the organism, and pass out by the urine. The residue from
which the volatile substances had heen distilled off yielded an
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alcoholic extract, which on evaporation gave a black, tough,
tar-like deposit. This, after crystallisation of the salts and
resolution in alcohol, deposited a substance on the admixture of
water, which had the odour of tar, was resinous, and underwent
no further changes.

After repeated rectification of the original distillate, a pale,
yellowish oily liquid of the odour of creosote was obtained,
which, on the addition of caustic potash, transformed into a
magma of white erystals, which had the smell of mint. This
potash salt dissolved in water, had a very agreeable odour, and
therefore must have contained ewpione, besides carbolic acid. 1t
yielded a pale, yellowish distillate, which, after removal of the
water by means of chloride of caleium, became clear and colour-
less, of an oily consistence, and scarcely emitted any odour. It
burned with a sooty flame, had a corrosive taste, blistered the
skin, began to bubble at a temperature of 203°, boiled between
215° and 220°% and, with the exception of the first part of the
distillate, remained fluid even at a temperature of 25°. The
elementary analysis of this fluid yielded the following results:—

Phenol Cresol.
C = 6855 - b C =T660 0 =TTy
H= 641 6 H= G638 SH= 740
) = 2504 0=17 2 0O =14-83
100-00 100-00 100-00

From these figures follows what the high boiling-point also indi-
cates, that the substance burned was a mixture of matters,
requiring further investigation.

When the urine was neutralised with lime it yielded an
ammoniacal distillate, which, after removal of the ammonia by
neutralisation with sulphuric acid, left a residue from which
alcohol extracted a substance having the smell of tar, and deposit-
ing in brown flakes on ev fr.lmratmu of the alcohol. The nature
of this substance could not be ascertained any closer, as its
quantity was too small. A similar substance could be extracted
from the fresh urine by means of alcohol. When shaken with
ether, the latter extracted from the urine a purple matter, which,
after evaporation, became dark red, and was fusible,




CHAPTER XV.

CHROMOGEN OF UROBILINE.

INTRODUCTION.,

THE substance here to be described was first noticed by Jaffé
(“ Arch. Pathol. Anat.” 47, 405) in the concentrated urine of
fever patients, in the spectrum of which an absorption band at
the junction of green and blue was visible. It was next found
that the substance could be prepared from every urine, healthy
or sick, by processes to be described. Now, as healthy urine
contains no substance which gives rise to any specific absorption
in the spectrum, it was necessary to assume that the substance
giving the spectrum is a product derived from a chromogen by
the influence of acid and perhaps oxygen. The chromogen has
never been isolated or analysed, and nothing can as yet be said
about its nature.

UROBILINE.

This body is therefore a product and not an educt, and is not
found in urine of fever patients immediately after emission, but
only after some standing. It is diagnosed by the spectroscope
only, and has never been isolated. The name is derived from
the assumption that a body extracted from bile by hydrochloric
acid and chloroform, and which has a band in the green of its
spectrum, is the same as that which gives rise to the spectral
phenomenon in urine. Vaulair and Masius (* Centralbl, f. d.
Med. W.” 1871, Nr. 24) declare the colouring matter of human
feeces to be identical (as far as the spectrum is concerned, which
was only examined in impure solutions) with this urobiline, and
Jaffé (“Centralbl.” 1871, Nr. 30) has assented to this statement.
It has also been stated by Maly that this urobiline, as obtained
from urine, is identical with his hydrobilirubin, but this {Jplnmn
I have proved to be incorrect.

Mode of Obtaining Urobiline.

According to Jaffé, the process which he has indicated pro-
duces from the urine of febrile persons pure urobiline, but when
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applied to the urine of healthy persons it yields not only
urobiline, but another body besides.

In order to obtain, if possible, the unmixed urobiline, I em-
ployed the urine from a case of rheumatic fever, which had
yielded urerythrine. It was mixed with an excess of ammonia,
filtered, and to the filtrate a concentrated solution of zine
chloride was added as long as a precipitate ensued. The
voluminous reddish zine precipitate was washed with cold and
hot water until the washing water was free from chlorine, then
boiled with aleohol, and dried. The dried and powdered mass
was dissolved in concentrated liquor ammonie, and as it could
hardly be filtered from insoluble impurity, was decanted, and
the dark brown solution precipitated with lead acetate. The
coloured lead precipitate was washed with cold water, dried, and
decomposed with alcohol containing sulphuric acid. Thus an
acid solution of pigment was obtained, which was brown in the
concentrated state, and on dilution assumed various lighter reddish
tints. Before the spectroscope the solution showed an absorp-
tion band at the confluence of blue and green, and two vety faint
bands, one in green, corresponding with the band of urerythrin
B3, and one in orange near I, corresponding with the band of
omicholin. The latter was only wvisible with the artifice of
moving the telescope to and fro. “The narrow band in green
pointed towards urerythrine, changed, however, by the presence
of free acid. Thereupon I treated the urine from which Jafté's
precipilate by zine had been removed, and which had lost only a
portion of its yellow colour, with lead acetate as usual, until it
was colourless, and treated the precipitate with sulphuric acid
and alcohol ; the amber-yellow solution showed the absorption
band at the confluence between blue and green, just like the solu-
tion obtained by the zine process, or any solution obtained by the
lead process, but it did not show the faint narrow bands in green
and orange. From these data I conclude that Jaffé’s body from
fever urine also is a mixture of several substances. It has no
similarity that I could detect to Maly’s hydrobilirubin, and on
boiling with acids yields the products of the decomposition of
urochrome, of which it also exhibits the aspect and odour. In
its concentrated state it is black with impurity, and ill requites
the great labour required in its preparation.

The two narrow bands in the spectrum were first observed by
me in the present research, and have, so far as I am aware, not
been described by Jaffé; certainly not mentioned by Maly.
They do not oceur in the hydrobilirubin spectrum.

Esoff (Pfliiger’s “ Archiv.,” 12 (1876), 50) has made some
experiments for the purpose of isolating urobiline, but with no
final success; a short note of his processes may, however, be of
some use to thosé who may like to follow the subject further.

B Do o e R e ————
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The fresh urine was precipitated with neutral and basie lead
acetate. The filtered and somewhat washed precipitate was
decomposed with aleohol and sulphuric acid; the dark-eoloured
alcohol solution was mixed with water and chloroform, shaken,
and the chloroform solution was separated by the separating
funnel. The chloroform extraction was renewed as long as the
solvent extracted anything. The chloroform solutions were
filtered, and shaken with a large amount of acidulated water.
The water now took up a quantity of urobiline, while fatty acids,
fats, &c., and the greater part of the urobiline remained in the
chloroform and could not be purified.

From the watery solution acidulated with sulphuric acid the
urobiline was again precipitated with basic lead acetate; the
precipitate was again decomposed by sulphuric acid and
alcohol, the mixture extracted with chloroform in the presence
of water, and the chloroform solution after separation was
allowed to evaporate. The residue was red-brown, gave a larger
part of a red matter to ether, and left a smaller part of an
amorphous brown body, which in acid aleoholie solution showed
the spectrum of urobiline.

The solutions of urobiline show the absorption band overlying
F only in acid solutions. When the solution is neutralised the
band disappears, but when it is made alkaline another band
appears similar in width and intensity to the acid band, but
moved more towards the red end of the spectrum,



CHAPTER XVL
OMICHMYL-OXYDE.

HISTORY AND PREPARATION.

Tue account which Scharling (“ Ann. Chem.” vol. xlii. p. 265)
has given of a body which he extracted from urine, and termed
“omichmyl-oxyde,” is the following:—To guard against the
changes which he supposed urine to undergo during evaporation,
Scharling concentrated urine by freezing. The particles of ice
were removed as long as they were colourless. When they be-
came coloured yellow, the concentration was discontinued.
Artificial freezing Scharling found unserviceable, as he could
not succeed in making the urine freeze from above downwards,
which seems necessary for allowing the solution of increased
specific gravity to sink. Urine so concentrated was mixed with
an equal volume of ether, and allowed to stand for twenty-four
hours or more, being shaken at frequent intervals. The ether
dissolved a part of the oxyde of omichmyl, a little urea, and
several other matters, which were not determined. The extrac-
tion with ether was repeated several times, the ether was dis-
tilled off, and the residue was washed with cold, afterwards
with hot, water. By this treatment the urea and the other mat-
ters soluble in water were removed, while oxyde of omichmyl
was left. For its purification Scharling proceeded as fol-
lows :—To decompose ammoniacal salts, which he alleges
to have adhered to it, it was dissolved in caustic potash,
the solution heated to ebullition, and afterwards precipitated
with dilute sulphuric acid. The oxyde was thereby precipitated
in brown flocks. They were collected on a filter, dried, and dis-
solved in ether; the solution was filtered, and, after addition of
a little water, was evaporated, when the pure oxyde of omich-
myl remained.

Chemical Characters.

It fuses in boiling water, forming a brownish-yellow oil,
which, on cooling, solidifies to a resin. It is soluble in ether,
spirit of wine, ammonia-water, dilute caustic and carbonated
potash and soda. The solution in spirit has an acid reaction.
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In its dry state it has a strong odour of castoreum; but on beil-
ing with water, a faint urinous odour is perceived. When the
ethereal solution is mixed with a very small quantity of spirit
of turpentine, the mixture, after evaporation of the ether, as-
sumes a sweetish aromatic odour, resembling the smell of urine
after taking spirit of turpentine or juniper-oil internally. Heated
strongly, after moistening with water, until decomposition en-
sues, it gives out a strong, penetrating odour of old urine.
Heated more strongly, it takes fire, and burns with a white,
strongly-lighting flame. Red-heat leaves only a faint trace of
ash. Boiled with aqua regia, the oxyde leaves a yellow semi-
fluid resin. This boiling, performed in a retort, yields a greenish-
yellow oil in the receiver, together with some nitric acid and
water. This oil, boiled with water, leaves a little yellow resin.
The watery solution, on cooling, deposits scaly crystals, which
are easily soluble in spirit, volatile, and, when saturated with
ammonia, produce a red precipitate in a neutral solution of
chloride of iron. This makes it probable that the acid is ben-
zoie, which Scharling believes to have been produced by the
action of nitric acid upon the oxyde of omichmyl,

The benzoic acid was, however, probably, at least in part,
derived fromn the hippuric, with the existence of which in
human urine Scharling was not acquainted when he wrote. The
oxyde of omichmyl was therefore very impure, as is also evident
from all other reactions. Scharling wasted much labour upon
the chlorinated and nitrated bodies extracted from the mother-
liquor of nitrate of urea. But, finding that his chloro- and
nitro-omichmylic acid turned out to be substitution-products of
benzoic acid, which he had also obtained from his oxyde directly,
he, after the discovery of hippuric acid as a natural ingredient of
the urine, abandoned his researches. Omichmyl-oxyde was either
forgotten entirely, or dragged on a pitiful existence in the small
print notices of handbooks.

I repeated the experiment of Scharling upon urine concen-
trated by evaporation on the water-bath. The ethereal extract
yielded the oxyde, and yielded the more of it the longer it was
heated by itself after the evaporation of the ether. No oxyde
was obtained if all superfluous heating was carefully omitted.
From this I learned that the oxyde was not contained as such in
evaporated urine, and that it was formed by heating the yellow
ethereal extract with hippuric acid. The yellow matter con-
tained in the ethereal extract, after purification by beiling with
dilute acids, yielded the fallow resin of Proust, or the omich-
myl-oxyde of Scharling. It never yielded indigo blue,



CHAPTER XVIL
URERYTHRINE.,

HISTORY AND LITERATURE.

It was first deseribed by Proust as rosacic acid, and believed to
constitute the entire bulk of the lateritious deposits. After uric
acid had been found in these deposits, Prout assumed purpuric
acid in combination with ammonia to be an admixture to these
deposits. The subsequent observations of Fromherz, Guggert,
Duvernoy, Scherer, Landerer, and Heller seemed to confirm the
opinion of Proust as to the acid nature of urerythrine, but the ina-
bility of chemists to produce salts of this substance with bases
speaks against that opinion. The most extensive and also the most
productive researches on this substance have been made by
Heller (“ Archiv. Chem. Micros.” vi. 361). DBut notwithstand-
ing his lucid description, little attention has been paid to this
substance, and this circumstance, and the various names under
which it has passed, have produced some confusion regarding its
identity.

Occurrence.

Urerythrine occeurs in fresh urine generally in a dissolved
state, and then imparts to the fluid a fiery reddish-yellow, or
yellowish-red colour, sometimes mistaken for blood, or the col-
ouring matter of medicines. It adheres to the amorphous
deposits of urates, imparting to them the wvarious shades of
colours, but not to deposits of earthy phosphates,

Mode of Obtaining it Pure.

The deposits of urates with urerythrine adhering, whether
formed before or after emission, are collected on a filter and
washed with water, until a portion, on being burned on plati-
num foil, no longer evolves the peculiar odour of burned urine.
A considerable loss of substance necessarily occurs with this
mode of washing, as also with the subsequent washing with
alcohol.  After this operation the deposit is digested with warm
absolute alcohol, which takes up urerythrine, and, after filtration
and evaporation at a temperature not exceeding 50° C., leaves it
in the form of a red amorphous residue. The lateritious deposits
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may also be collected on a filter and strongly pressed, and with-
out being washed, extracted with aleohol.

If urerythrine occurs in the urine in solution, it can be ob-
tained therefrom by combining it with an artificial precipitate.
On adding to the clear urine a little ammonia or carbonate of
ammonia, so that it remains faintly acid, and no precipitate of
earths occurs, and, after shaking and letting it stand for several
hours, adding a few drops of acetic acid and letting it stand
again, a pink deposit will form after the lapse of a short time,
which is then treated like the spontaneous deposit (Heller).

On dissolving white and pure urate of ammonia in urine, which
by its pink or purple colour indicates the presence of urerythrine,
it is precipitated on cooling, deeply coloured by the pigment,.

Urerythrine can only be obtained from such precipitates, and
never by evaporation of the urine.

Physical and Chemical Properties.

Urerythrine is an amorphous, lobster-red substance. When
~ it shows a radiary or granular crystalline arrangement it is im-
pure. It has a decidedly acid reaction, and thus adds to the
acidity of urine. It is soluble in alcohol, water, and ether, little
at the ordinary temperature, more at higher temperatures. The
solutions are of a pale reddish-yellow colour, which is never
saturated. It burns on platinum foil without exhibiting any
particular phenomena, and leaves no residue. Its solution in
water is precipitated by acetate of lead, by nitrate of suboxyde
and protoxyde of mercury, and by salts of baryta; but the preci-
pitates are only loose combinations, and readily yield ureryth-
rine to boiling alcohol. By dilute acids urerythrine is not
decomposed. It dissolves in concentrated sulphuric and hydro-
chloric acids, and thereby undergoes a change,

Spectrum and New Reaction of Urerythrine—Urine from a case
of acute rheumatic fever deposited a brick-red sediment of urates,
but did not itself become clear. The deposits from four days
were collected on a filter, and boiled with alcohol of 86 per cent.
Much of the red colouring matter, and apparently of the urates
also, dissolved, and the latter were deposited in considerable
quantity from the aleohol on cooling. The concentrated and
cooled extract was filtered from the red deposit which it had
formed, and exposed to the oxyhydrogen light before the spectro-
scope. A layer of three centimetres iff thickness allowed red
and yellow to pass: the rest was obscured. Two centimetres
showed a broad absorption in green and blue, while one centi-
metre showed that this broad band was composed of two separate
bands. There was also a feeble narrow band between D and
oreen. The interval between the band in blue and the dark end
was fine violet. The bands were best seen when the telescope
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was gently moved to and fro. The narrow band and « can be
seen with an oil lamp, but B8 only with a good oxyhydrogen
lantern. The aleoholic solution was: further repeatedly filtered
until it was quite brilliant, and then had a fiery-red colour, and
showed the three bands most distinctly.

A diagram of this spectrum is represented in fig. 2 of the
plate hEﬂ.(ll]l” my paper entitled “ Further Researches on Bilirubin
and its Eompounds in “ Journ. Chem. Soc.” May 1875.

The deposit from l;he first boiling alcohol solution gave to new
boiling alcohol faiut traces of yellow matter, and remained orange;
it then dissolved in potash with a green colour, but gave
no bile-colouring matter reaction with nitric acid, and when
acidulated yielded nothing to chloroform. It consisted of urates
still coloured by urerythrine,as was specially proved. Urerythrine,
when solid and dry, and treated with caustic potash, assumes
immediately a green colowr, and is then rapidly destroyed. Im-
mediate acidification of the solution does not restore the ureryth-
rine. This reaction is highly characteristic of the substance;
it culls to mind some similar reactions of vegetable red colouring
matters.

Diagnosis in Urine.

The pink colour of urine, and the production in it of a light
pink precipitate by the addition of a great excess of acetate of
lead, ensure the diagnosis. The precipitate produced by acetate
of lead in urine destitute of urerythrine is white, though contain-
ing colouring matter. The filtrate from this prec1p1tftte by boil-
ing with h} drochloric acid, yields a test for indigogen. The
presence of the same substance is indicated by the filtrate
assuming a violet colour when shaken with concentrated sulphurie
acid. When ether is shaken with this acid mixture it becomes
red from urrhodine; and from the blue residue, indigo blue
may be obtained by boiling with alcohol.

When much urochrome is present in urine, the precipitate
obtained by acetate of lead assumes a bay colour without an
admixture of red. An excess of this colouring matter does,
therefore, not prevent the pink colour of the precipitate by lead,
due to urerythrine, from appearing in cases where urerythrine is
present. The colouring matter of bile stains the lead precipitate
intensely yellow, and then it is difficult to prove the presence of
urerythrine.

For experiment, urine from a case of acute rheumatism is best
suited.

The deposits may also be examined for urerythrine by dissolv-
ing them in water, and treating the solution with acetate of lead.
From this precipitate a purer urerythrine, with a less consider-
able loss, is mostly obtained.
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In order to ensure the diagnosis of the presence of urerythrine
it is necessary to bear in mind that deposits may be coloured red
by the following substances :—

1. Only in strongly alkaline urine by
(@.) Urrhodine (colour more violet).
(b.) Precipitates of sennine or rheine.

2. In acid or alkaline urine by

(e.) Urerythrine.
(6.) Blood-corpuscles.

The following reactions ensure the diagnosis of these sub-
stances :—The deposit from which the fluid has been removed by
decantation or filtration is shaken with ether, which assumes a
violet-red colour when urrhodine is present, and dissolves the
entire amount of this substance.

A part of the deposit is acidulated with sulphurie, hydro-
ehlorie, or acetic acid ; if the colour is changed into citron yellow,
and by the addition of ammonia back again into red, sennine or
rheine are indicated.

The presence of albumen or coagulating hmzmatoglobuline
ensures the diagnosis of blood.

Pathology of Urerythrine.

As urerythrine does occur but rarely in healthy urine, its
appearance is practically a symptom of disease. It occurs more
frequently than any other abnormal substance; but, notwith
standing, its exact bearing has not as yet been ascertained.

When organic medicines and compounds, drastics, mineral
salts, and solvents cause disorders of the intestinal canal or the
kidneys, urerythrine does not appear in the urine. Tincture of
cantharides, for example, when given in such doses as to cause
albumen and blood to appear in the urine, did not make ureryth-
rine appear in the urine. Its occurrence is rarely observed to
accompany diseases of the kidneys.

The case is different, however, with metallic salts ; the com-
pounds of lead, copper, mercury, arsenic, antimony, and others,
when given medicinally or ingested accidentally, even in small
doses, soon cause urerythrine to appearin the urine. When taken
in large doses, so as to exert poisonous effects, they cause the ap-
pearance of large quantities of urerythrine in the urine. As
urerythrine frequently appears in the urine in consequence of or
in connection with diseases of the liver, independent of metallic
poisons, and as the latter mostly exert their first poisonous
action in the liver, it becomes likely that the liver is in both
cases the place where this substance 1s produced.

When urerythrine is present in urine, the common colouring
matter is mostly present in larger quantities, as are also urea
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and uric acid. The quantities of inorganic salts are variable.
Auny deposits that may occur assume a pink eolour.

Indigogen is changing, relatively to urerythrine. In urine
from cases of acute rheumal;lsm the quantities of these sub-
stances seem to stand in an inverse proportion to each other.

Discases in which Urerythrine most commonly occurs in the Urine.

1. Acute Rhewmatism.—In this disease it is almost constantly
present, but its quantity is often changing periodically. The
earthy phosphates appear to be angmented.

Pericarditis—When this disease sets in, the earthy phosphates
mostly undergo a rapid diminution, and during twelve hours
may fall from the highest to the lowest figure. Then follows
sinking of the chlorides, until they disappear entirely, and some
albumen mostly makes its appearance. At this stage the
quantity of urerythrine present is very large,

Pneumonia, pleuritis, peritonitis, and acute morbus Brightii,
when unmpllcated with acute rheumatism, show the same course
of urerythrine and other ingredients of the urine.

2. Certain diseases of the Liver, such as hypertrophy, induration,
granular liver, are accompanied h}r the largest amount of ureryth-
rine that ever occurs in the urine. Ascites, in consequence of
liver disease, gives a large amount. In these cases the quantity
of the phosphates is normal, and the amount of urochrome is
mostly increased. The colouring matter of bile is only present
in cases which are complicated by obstruction of the gall-duct.

3. Lead-Colic and Metallic Poisoning.—In these cases the urine
1s similar to that in diseases of the liver, but never contains the
constituents of bile. Lead and copper, when causing disease,
are always to be detected in the urine ; the other metals in many
cases. Karthy phosphates are variable.

4. Intermittent Fever—The phosphates are variable; urea is
mostly diminished, except during paroxysms.

5. Diseases of the Brain—In acute cases of arachnitis and
meningitis, the amount of urerythrine in the urine is always
increased. The quantities of earthy phosphates and of urea are
increased. There is little ammonia and albumen. In chronic
diseases of the brain, such as hydrocephalus and tubercles,
urerythrine is often present. Typhus also makes urerythrine
appear in the urine, together with an excess of earthy phosphates,
particularly when brain symptoms are prevalent.
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UROCHROME.

INTRODUCTION.

THE matter to which urine owes either the whole or the greater
part of its yellow colour I have termed urochrome (“ Hastings
Prize Essay of the British Medical Association,” 1864). It is
an alkaloid, but not of very pronounced basic properties, as has
been shown in the chapter on reducine. It can now no longer
be confounded with the extractive acids, kryptophanic and para-
phanic, nor with the colourless substances, which, like indigogen
and urrhodinogen, form pigments by chemolysis. It has been
isolated, but not finally analysed. Its principal characteristic is,
that on chemolysis with acids, it is split up into several bodies of
smaller atomic weight, one of which, uromelanine, seems to be
derived from the colouring ingredient of the blood. As pure
urochrome does not show any specific absorption before the spec-
troscope, when strongly accidified, it is not the chromogen of
urobilin, and is not derived from it. Yet urochrome gives rise,
by chemolysis, to probably two or three substances having dis-
tinet spectral phenomena, which greatly aid in their diagnosis.

- Eurlier Researches on the Colouring Matter.

For an appreciation and interpretation of the labours of
Scherer (“ Med. Gazette,” 1845, pp. 363, 410), Harley
(** Verhandl. Wiirzburg Phys. Ver.” vol. v. 1854), and Marcet,
I must refer to the introduction to the Hastings Prize
Essay, where the processes and products of these authors
are deseribed. Vogel's method of estimating the amount of
colouring matter in the urine by mere shade and density of
colour (“Archiv, Verein. gemeinsch. Arbeiten,” 1 (1853), 137)
does not appear to me to have any claim to that degree of
accuracy which science demands, and I have therefore not
given it in this present edition. The products of the chemo-
_ lysis of urochrome were first described by Proust (in the Spanish
“ Annales de Historia Natural,” March 1800, Nr. 1ii. p. 275 ; and
in the old “ Ann. Chim.” 36, 258 ; and again in “ Ann, Chim.”
new series, 14, 260). A full account of these results was also
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given in the Hastings Prize Essay. In 1844 Liebig (“ Ann.
Chem.” 50, 161) drew attention to Proust’s papers, but without
himself advancing the subject. The singular circumstance that
our knowledge regarding the normal colouring matter of urine
has not advanced quicker and farther than we perceive it to be,
is due in the first instance to the neglect of the observations of
Proust; and in the second to the negligent habit of authors of
confounding the colouring matter with the chromogen’s and some
of their products on the one, and with the extractive acids on the
other hand.

Modes of [solating Urochrome.

1. The mode of isolating urochrome by means of phospho-
molybdic acid has been fully described under the chapter re-
ferring to reducine.

2. Another mode consists in precipitating fresh urine with
neutral and basic lead acetate, decomposing the precipitate with
sulphuric acid, and precipitating the urochrome (and some xan-
thine-like body) from the filtrate, by phosphomolybdic acid.

3. A third mode is the following :—The urine is treated in the
cold with excess of baryum hydrate crystals, and after saturation
with baryla, filtered. The filtrate is treated with lead acetate
solution and ammonia, until no further yellow precipitate is pro-
duced. The precipitate is filtered, washed, and triturated in a
mortar with excess of sulphurie aecid; the filtrate from the sul-
phate then shows the urobiline spectrum (spectrum 4 of plate in
“Chem. Soc. Journ.” May 1875). The acid solution is now treated
with baryum hydrate, and any slight excess of this neutralised by
a current of carbonic acid. The filtrate, if necessary concentrated,
is now treated with strong alcohol, and the precipitate of krypto-
phanate and other matters removed by filtration. The filtrate
containing the urochrome is evaporated to dryness in a strong
current of air. The residue is yellow, and for the most part
soluble in water, but the solution shows no particular absorption
spectrum.

Chemolysis of this residue with boiling hydrochloric acid pro-
duces an immediate precipitate, which after filtering, washing
and drying, yields to ether a new product resembling omicholine
in all but its spectrum. The red solution showed spectrum 3 of
the plate above quoted, having a distinet narrow band at the
beginning of yellow, and a broader band at the beginning of
blue ; all blue slightly obscured, violet cut off. The residue
ingoluble in ether iz now treated with aleohol, which dissolves
the wropittine. This solution gives spectrum 7 of plate, having
a band overlying the green and beginning of blue, faint, and of
least intensity on the green side, but of deepest intensity and
sharply defined on the margin towards the blue. The blue which
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appears beyond the band is of the same intensity as the band
itself.

4. Urine is saturated with baryta by agitation with an excess
of crystals, and the filtrate is treated with lead acetate cautiounsly,
to obtain a precipitate without neutralising the alkalinity of the
liquid. This precipitate is treated with excess of lead acetate to
dissolve out the kryptophanate. It is washed with water and
decomposed with sulphuric acid, and may now be further treated
by the phosphomolybdic acid process. It is remarkable as yield-
ing no urobiline spectrum. Boiled with a slight excess of
sulphuric acid for some time, it darkens at first, and then de-
posits some resinous flaky matter, which is filtered off, washed, and
treated with ether. This dissolves a small portion of emicholine
(see spectrum 5 of plate quoted) ; the residue dissolves almost
entirely in alcohol, and consists of uropittin, leaving some uro-
melanine. The filtrate from the resinous matter is boiled for
some time longer with more sulphuric acid, and furnishes a con-
siderable quantity of uromelanine, which is dissolved in ammonia
and precipitated by acid.

I made a number of experiments similar to the foregoing, with
a view of ascertaining whether by fractional precipitation the
yellow matter here termed urochrome could be separated into
two or more yellow bodies, or a yellow one and some colourless
body, and whether these could then be singly transformed into
the decomposition products believed to derive from urochrome.
But the experiments all gave the same results ; each fraction of
precipitate yielded the three products described by me above,
and none yielded any substance having the slightest resemblance
to hydrobilirubin. The chemical principles upon which the
1solation of urochrome is based will then be easily seen to be the
following :—

Precipitants for urochrome are phosphomolyhbdic acid in acid
solution ; lead acetate in acid and alkaline solution.

Phosphoric and sulphuric acid are separated at whatever stage
by caustic baryta, with which urochrome forms a compound
soluble in water and in spirit.

The extractive acids, kryptophanic and paraphanic, are sepa-
rated either by treating the mixture of their lead salts
with urochrome lead by excess of saturated lead acetate solution,
which dissolves the extractive acid lead salts, while leavin
urochrome lead insoluble ; or by treating the mixture of their
baryta salts with alcohol, when the extractive acid salts are pre-
cipitated, and the urochrome baryta dissolves.

The indigogen, and urrhodinogen, and urobilinogen, are best
removed by the phosphomolybdic acid, which leaves them
unaffected. This acid also enables the operator to get.rid of all
but traces of chlorine ; but it carries a body resembling, though
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not identical with, xanthine, into the urochrome, from which it is
at present separated only with great difficulty.

The indigogen and urrhodinogen are also separated, at least as
to their main quantity if not entirely, by precipitating the urine
with neutral and basic lead acetate only, without employing
ammonia for a third precipitate. It is this third precipitate
which contains the main if not the whole quantity of these
chromogens.

Last Purification of Urochrome.

The urochrome obtained by any of the above processes
is liable to contain~a trace of hydrochloric acid, and a trace of a
xanthine-like body. Both these impurities can be removed by
shaking the solution with freshly-prepared oxyde of silver. The
silver combines with a great part of the urochrome, forming a
a bulky precipitate, while the urechrome which remains in solu-
tion contains silver in solution. This solution is yellow, but
much brighter than before the treatment with silver oxyde ; it
is freed from silver by hydrothion, and the filtrate evaporated to
dryness on the water-bath. Pure urochrome now remains in the
form of an amorphous yellow solid matter. In this operation
the quantity of silver oxyde employed must be ecarefully pro-
portioned to the quantity of chlorine and xanthine-like body to
be removed, and beyond this only a slight excess must be used ;
any great excess of silver oxyde would leave hardly any uro
chrome in solution, and cause the operation to fail.

Physical and Chemical Properties of Urochrome.

On evaporation of a pure and neutral solution of urochrome
it remains in the form of yellow crusts. They are, however, not
entirely resoluble in water.

It is easily soluble with a purely yellow colour in water, least
in alcohol, more in ether, very dilute mineral acids, and alkalies.

Its watery solution, on standing, even when precluded from
contact with air, assumes a darker ecclour, verging towards red,
and becomes red at last. It next becomes turbid, and deposits
flakes of resinous matter. This decompesition is effected more
quickly by the agency of heat.

When a yellow, somewhat acid, watery solution of urochrome,
such as can be obtained without the employment of oxyde of
gilver, is evaporated in the open air on the water-bath, it
becomes covered with a red film of resinous matter. The fluid,
on cooling, becomes turbid; but ultimately is cleared up by the
deposition of more resin, which was dissolved in the hot fluid.

The same acid watery solution, evaporated in a refort in a
current of hydrogen, is decomposed. Resin is formed, which 1s
dissolved in the acid liquid with a red colour; but falls down on

‘!
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cooling in the form of flakes. These under the microscope are
seen to be composed of red non-crystalline granules. A highly
acid, clear, colourless, stinking distillate, passes into the receiver.
The ultimate residue in the retort is syrupy, and remains so
when repeatedly treated with water to remove resin, and redis-
tilled in the hydrogen current.

Acids effect a similar transformation by mere contact, immedi-
ately by boiling. Hydrochloric acid immediately precipitates
resin by boiling ; but retains in solution much resin, of which the
greater part is precipitated by the addition of water. Dilute nmitric
acid also effects this decomposition ; but the solution cannot be
concentrated, as can the hydrochlorie acid solution. The hydro-
chloric acid solution, after evaporation of most acid and neutral-
isation of residue, does not yield the reaction for sugar with an
alkaline solution of copper. Boiled with caustic potash and a
little oxide of lead in solution, urochrome apparently undergoes
no change ; no sulphide of lead is deposited.

From its watery solution urochrome is precipitated by nitrate
of silver as a gelatinons mass, entirely soluble in nitric aeid;
neutral acetate of lead throws down a white and flaky precipi-
tate ; basic acetate of lead, a bay or yellow coloured flaky pre-
cipitate. Acetate of mercury produces a yellow fawn precipitate.
Precipitation by this reagent is complete from neutral solutions.
Nitrate of mercury produces a white precipitate ; which, after
boiling, becomes pale flesh-coloured; it is entirely soluble in
nitric acid. The supernatant fluid assumes a pink colour.

Decompositions of Urochiomie.
Uromelanine, Uropittine, Omicholine, Omicholic Acid.

When an acid watery solution of urochrome, or a mixture of
urochrome and a quantity of mineral acid, is boiled for a suffi-
cient length of time, the fluid assumes a dark red or brown colour,
and drops of resin are seen in it. On the addition of water, or on
cooling and standing, it deposits red or brown flocks, which can
be worked into a lump by kneading with a glass rod, and removed.
By repeating the boiling of the mother-liquid some more resin
can be obtained ; but the subsequent portions show already, by
their black colour, that they are not so pure as the first portions.

When this resin is allowed to stand under water, or kneaded
with a glass rod, a brown powder separates from it, which is
evidently mechanically mixed with it. (Uromelanine.) This
powder also remains undissolved when the resin is extracted
with aleohol. Boiling alcohol dissolves a little of this brown
powder, and deposits it again on cooling. If, therefore, the resin
1s dissolved in boiling aleohol and filtered hot, the solution has
to be filtered a second time after standing for twenty-four hours.
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The alcoholic solution of the resin thus obtained is of a ruby-
red colour. The addition of water causes at first an opacity in
it ; soon, however, the greater part of the resin is deposited in
the form of reddish-brown flocks. If the alcoholic solution is
evaporated to a high state of concentration and poured into cold
water, the resin is deposited in a granular form. If the coloured
liquid is now filtered off, and the granules are agitated in hot
water, they again coalesce into the original soft red resin. On
drying and standing, the resin becomes hard and brittle. In hot
water, it becomes adhesive, like tar, and dissolves a little. It
has a peculiar powerful smell, which is evidently the basis of the
smell of castoreum. Heated on platinum, it fuses; and under
boiling emits a powerful and disagreeable colour. It next burns
with a strongly lighting flame, and is ultimately entirely con-
sumed. It consists mainly of three distinet substances, two of
which are permanently fluid resinous substances, soluble in and
extracted by ether, omicholine and omicholic acid ; while a third
is a permanent solid body, wropiftine, exhibiting resinous qualities
under certain conditions. Sometimes small quantities of inter-
mediate products (wrorubine, meta-uropittine, paramelanine) are
mixed with and separated from the foregoing products, which are
the main and invariable products of the decomposition of uro-
chrome.

Mode of Obtaining Uropittine and Uromelanine from Urine

directly.

The mixture of resin and black matter can be obtained from
urine in the following manner :—

(x) Frowm Fresh Urine—A quantity of prepared extract of
urine is put into a capacious beaker, and mixed with concen-
trated sulphuric acid, added, drop by drop, while the fluid is
being agitated. After filtration from a slight precipitate, the
fluid is diluted with water and distilled in a capacious retort.
When the fluid has been reduced to one-half, the black resin
will be seen adhering to the sides of the glass and to the pla-
tinum, which it is well to put into the retort to prevent bumping.
The boiling is now interrupted, and the fluid allowed to cool.
Fluid and resin ave separated by decantation or filtration. The
particles of resin are united by fusion in hot water. They are
then washed, dried, and the resin is extracted from the black
matter by solution in alcohol.

(b) From Putrid Urine—Putrid urine is treated with a little
lime in powder, or sawdust, and filtered. The dark brown fil-
trate is evaporated in an open dish over the free fire. Although
it soon assumes a strongly acid reaction, nothing but ammonia
passes away. All froth which rises during the evaporalion is
carefully skimmed off. When black particles begin to appear on

=
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the surface it is allowed to cool, filtered, put into a retort, mixed
with dilute sulphuric acid, and distilled. A mixture of hydro-
chloric, benzoic, acetic, and another acid passes over, together
with a stinking matter, which deposits in flakes when the distil-
late is left to stand. The residue in the retort soon deposits the
resin as a soft tar on the surface of the fluid, the sides of the ves-
sel, and the platinum, put into the fluid for safe boiling. The
resin is separated mechanically and by the filter, washed, and
separated into its consfituents by alcohol. The uropittine and
uromelanine thus obtained present the same essential properties
as those obtained from fresh urine.

The mixed resin obtained from putrid urine has some peculi-
arities by which it is distinguished from the resin obtained from
fresh urine.

It has the smell of asphaltum when fresh, mixed with that of
castoreumn. Its taste is slightly bitter, and highly nauseous. It
does not dissolve in the saliva to any great extent.

The black matter, after separation from the resin by alcohol,
and purification by precipitation from potash, falls down as a
bulky deposit, but shrinks on drying. It ultimately becomes
hard, black, and shining, and breaks like asphalte. It differs,
therefore, in its physical appearance, from the uromelanine
obtained from fresh urine,

The resin, or uropittine, from putrid urine is also peculiar in
this, that it is much darker than the resin from fresh urine, and
contains some benzoic acid, which is never present in the resin
from fresh urine. From this it can be separated by precipitating
its alkaline solution by acid in hot water, collecting the resin by
kneading, and decanting the liquor, which contains the benzoic
acid and some resin in solution.

Volatile Oil, Acetic, and Formic Acid—The distillate obtained
in the foregoing chemolysis is acid, and of a disagreeable odour,
It is neutralised with carbonate of soda, and evaporated to
a smaller bulk. When it is observed to evolve a strong urinous
smell the evaporation is interrupted. It is now extracted with
repeated quantities of ether; the ether is distilled off, and
leaves an essential ol as a residue ; this has a powerful peculiar
odour, a yellowish colour, and on mixing with water becomes
milky ; on being heated with nitrate of mercury it gives a purple
reaction, and does not change the solution of silver even on boil-
ing. It consequently contains no phenol or cresol, and is evi-
dently an oil of a peculiar kind. It may be termed the volatile
oil of urine.

The neutralised solution from which the oil has been extracted
contains large quantities of acefic and formic aeid in combination
with the base employed. These acids will be treated of in a
separate chapter. It is at present impossible to say whether
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they are present in the fresh urine, or formed by the chemolysis
from more complicated bodies, notably from urochrome. But it
1s necessary in this place to assure the reader that these substances
are formed massively, so that in a larger operation I have obtained
many ounces of uromelanine in a pure state, and many ounces
of acetate and formiate of lead and baryta, from which the pure
acids were separated by the processes to be deseribed.

Synopsis of the Products of the Chemolysis of Urine,
A. Fired Coloured Products of Decomposition by Sulphuric Acid.

. Uromelanine : . Insoluble in aleohol.
inaciuble i ether, Uropittine ; . Soluble, sparingly, in alcohol.
all soluble in U A Q T
i rorubine 3 . Soluble, easily, in alcohol.
Metanropittine . . Soluble in alcohol.
Soluble in ether | Omicholine : . Insoluble in ammonia.
and alcohol. { Omicholic acid . . Boluble in ammonia.

B. Volatile Products of Decomposiftion by Sulphuric Acid.

Boluble in ether ; : . Essential oil.
As sodinm zalts insoluble in Acetic acid,
ether Formic acid.

Chemieal and Physical Character of Uromelanine.

Uromelanine is insoluble in water; very little soluble in
alcohol, but imparts to this agent a dark red colour, in the cold,
while it is in its bulky condition, but when contracted and pul-
verulent, boiling is necessary to colour the aleohol. It is very
easily soluble in dilute caustic alkalies, ammonia and potash,
and precipitated by any acid. From its solution in the smallest
quantity of ammonia it is completely precipitated by most
soluble salts of the earths and the metals. The ammoniacal
solution of nitrate of silver produces no precipitate in the
ammonia solution of uromelanine, but the precipitate appears on
the addition of acetic acid. Uromelanine, whether prepared
from fresh or putrid urine, is slightly soluble in acetic acid, more
in hot than in cold; and from this solution nitrate of mercury
precipitates a red matter. On dry distillation it gives out white
fumes, which condense to an oil, but no sublimate of any kind
is obtained. The fumes or oil are neutral, bleaching rather than
changing, like acid or alkali, the colour of litmus. They give no
aniline reaction, but with nitrate of mereury they give an ex-
quisite red reaction and precipitate. A very voluminous dense
charcoal of the bulk of the original particles remains.

Uromelanine dissolves in nitric acid with a dark red-brown
colour. Red vapours are evolved on boiling, but the reaction is
not violent even with much acid. After long boiling the solu-
tion is yellowish-red. Addition of water produces a fawn pre-

e
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cipitate which is entirely soluble in alcohol, and with ammonia
and baryum chloride gives a voluminous yellow precipitate,
When the nitric acid is evaporated two matters are left, one
soluble in alcohol the other insoluble. The solution gives the
red reaction with nitrate of mercury.

Concentrated fuming sulphuric acid easily dissolves urome-
lanine, forming a red or purple solution. Immediate addition of
water precipitates all coloured matter, and the liquid is white
and clear. But when the concentrated mixture is allowed to
stand over night, water precipitates a coloured portion ; another
coloured portion remains dissolved., Carbonate of baryum preci-
piltates all coloured matter on.boiling, and the filtrate is again
white.

Recently precipitated uromelanine suspended in water and
subjected to the action of chlorine yields a brownish substance,
soluble in boiling aleohol. While the spirit is being heated,
some of the substance melts to a brown resin, which dissolves by
continned heating with new aleohol. The solutions added to-
gether yield on cooling yellowish-red amorphous flakes, These
flakes are not again entirely soluble in aleohol, probably because
the chloro-compound undergoes a change during the heating
with the alcohol and subsequently. This supposition was con-
firmed by the results of elementary analysis.

Flementary Composition of Uromela nine,

From many analyses of four different large preparations, and
from the two-thirds basic silver salt Ur: Ag = 3 : 5 to be de-
seribed, and from the harmony in the proportion of all the salts,
it follows that uromelanine is C,;H,.N.O,,.

Theory of atoms. Per cents, Found mean.
C : . 432 58-93 5721
7 586 5774
G L0 o 13-36 12-88
e 160 21-85 24-17
733 100-00 10000

Compounds of Uromelanine.

In the following I give a synopsis of the compounds of urome-
lanine with bases which I have produced. The numbers on the
left under Ur show the number of molecules of uromelanine, the
numbers under the symbol of each base the number of atoms of
each base or metal contained in the compound. All compounds
obtained have been analysed ; all are here described, and none

have been omitted.
P
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Synopsis of Uromelanates Produced—

Stlver Salts, |
Ag Ag found. | Ur

Caleium Salls,

Ur Tt Ca Ca found.
1 1 1338 percent. | 5 2 203 per cent.
2 3 1856 | 4 3 435
3 D 2045 2 3 i s
Buaryum Salts. |~ Zine Salts.
Ur B Ba found. | Ur Zn Zn found.
] i 720 percent. | 3 1 2:82 per cent.
2 1 o0h [ n 2 354
4 3 1328 2 1 442
Lead Salt.
Ur Ph Pb found.
3 2 15°70 per cent.

Novinel or Neuwtral Uromelanine Silver, Ur: Ag = 1: 1.—A
neutral ammoniacal solution of wromelanine was prepared by
evaporating a dilute solution of the substance in ammonia water
to dryness on the water-bath, and extracting the salt which had
remained soluble from the uromelanine which had become in-
soluble by the loss of ammonia by means of water. This dark
brown solution was precipitated by silver nitrate, the precipitate
contracted by heating in the fluid, washed by decantation, then
on the filter, and dried in the steam-closet. The compound had
the composition expressed by the formula C, ;H,,AgN. 0, ; it was
therefore Ur + Ag—H,0, or an atem of water had left upon the
substitution of an atum of hyvdrogen by one of silver.

Theory of atoms, Per cents. Mean found.
e . 432 52:55 5241
e o 486 515
S 98 11:92 1247
O, . . lad oS
AR e | 2108 1313 1338

822

Half-Basic Silver Uromelanate, Ur : Ag=2 : 3.—Uromelanine
was dissolved in a minimum of ammonia, and the solution
digested with an excess of uromelanine which remained undis-
solved. The solution was now boiled for a long time; as on
cooling a slight deposit ensued the solution was filtered. It was
then precipitated with silver nitrate, washed and dried at 100°
to 105°. It yielded 18-57 per cent. of Ag, and contained, there-
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fore, exactly two Ur upon three silver. Or it consists of one
atom of neutral and one of basic salt.

2 uromelanine — 3H =1 463 {U1'+Ag

Bl e e A

3 silv 324~ LU { g
ilver 2 T4 i

1,787

Two-thirds Basic Silver Uromelanate, Ur : Ag=3 : 5—Some
uromelanine was dissolved in concentrated ammonia water, and
after having been boiled down to one-half was precipitated with
silver nitrate. The filtrate and first washing water were colour-
less, but the later washings became progressively darker. These
dark filtrates, however, contained no trace of silver. The pre-
paration contained 20-1 per cent. of Ag. It was therefore clear
that the ammonia could not be sufficiently removed from a
uromelanine solution by boiling down to one-half. A third of
the same solution was treated with BaCl, and yielded the
neutral baryum compound, as if the solution had been strongly
alkaline. A second preparation was therefore made as follows :—
The uromelanine was dissolved in ammonia and the solution was
evaporated, not as in the first preparation only to one-half, but
to dryness. The residue easily dissolved in water, leaving but
an insignificant quantity of insoluble matter behind. This cir-
cumstance pointed to the presence of enclosed alkaline salt.
The filtered fluid was treated with silver nitrate, and the floccu-
lent precipitate washed on a filter. The first filtrate was colour-
less, the subsequent washings slightly wluured Its analysis
led to the following data :—

Pentarqyric Trivromelanine.

Atomic weights. Required in 100, Found mean.
R T T 47-40 46-90
B o 124 453 477
g . o 540 19-75 1977
A 1075 10-36
i 430 17 57 18:20
2,734 100-00 100-00
This result by the following formula 2, f35:3’4ﬂ+'3 —733

leads to the atomic weight of uromelanine as also determined by
other analyses. But this silver salt is the firmest basis for that
theory, as it is very definite, and has been analysed repeatedly
regarding its four directly determinable elements. The means
found correspond in a remarkable manner with the requirements
of theory.
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Half-Acid Baryuwm Uromelanate, Ur : Ba=5 : 2.—Ur was
dissolved in excess of concentrated ammonia, and precipitated
by BaCl,. It was washed during more than a week with
nearly 100 portions of water, before it became steady and the
filtrates were free from Ba.

Theory of atoms. In 100. Found.
Gl B wdiIED 5489 52:96
AR 1 536 55
Iofas . 490 12-44 11-88
Ol st s a0
Ba; . . 274 696 72

3,935

Neutral Baryum Uromelanate, Ur: Ba = 2 : 1.—A dilute
strongly alkaline solution of uromelanine was treated with
baryum chloride, the precipitate washed with water and dried.
A second preparation was made from the same specimen by
boiling its strongly alkaline solution down to one-half, and then
precipitating it by BaCl,., During washing the coloured
filtrates became darker, and the Ba ceased to be contained in
them, before uromelanine. The precipitate was washed with
aleohol, dried, and analysed.

Theory of atoms. In 100, Mean found.
Gy oo A B 53-06
&4 84 024
N = iS00 1224 113
G s 1330 i
Ba . . 137 855 834
1,601

Tribarytic Tetrauromelanine, Ur : Ba = 4 : 3.—The preci-
pitation of this baryum salt has to be effected in a solution
containing a minimum of ammonia, otherwise the gelatinous
precipitate retains ammonia longer than the excess of chloride
of baryum, and the alkali then decomposes a small quantity of
the combination, so that the filtrates which at first are colourless
become darker as the washing proceeds. The first washing is
therefore best effected with water containing a little chloride of
baryum, and ultimately the washing i1s completed with aleohol.
The compound consists of one molecule of basic and one mole-
cule of neutral uromelanate.
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Ur Ba
Ur Ba . :
- — B = e PR
Ur Ba i
e
4 x 733 = 2,932 — 6 = 2926
+ 3 Ba = 411

Molecular weight of compound = 3,337

This theory derives great support from the constitution of a
calcium compound to be deseribed lower down.

Half-Acid Calcivm Uromelanate, Ur : Ca=5 : 2.—The am-
moniacal solution was made neutral by digesting it with excess
of uromelanine, and after filtration boiling it, and filtering again
from a little deposit which had formed. Ur 733 x 5 = 3,665 4+
2Ca = 80 — 4H = 3,741 requires 2'13 per cent. Ca, found 2'03
per cent. Ca.

Tricaleic Tetrauwromelanine,  Ur : Ca = 4 : 3.—In the pre-
paration of this salt the same precautions have to be observed
which have already been mentioned under uromelanine baryum.
It has to be washed with water containing chloride of calcium,
and ultimately the excess of chloride has to be removed by
alcohol. The compound is exactly analogous to the tribarytic
tetrauromelanine, and its formula is

Ur 5.
Ur } a.))
Ur 1Ca = C, . H,4CaN,.0,, = Mol. W. 3,046.
Ur } Ca ,

Tricaleic Divromelanine, or Hyperbasic Calcium Uromelanate,
Ur: Ca=2 : 3—The strongly alkaline solution was precipi-
tated with CaCl, and dried at 100°,

1,466 — 6 4+ 120 = 1,580, requires in 100° Ca 759, found
mean 7-33.

Ca
U 1 al
U; {g:} = L?zHau{-’aaNuOEU'

Acid Zine Uromelanate, or Monozine Triwromelanine, Ur :
Zn=3 : 1.—A quantity of Ur was dissolved in ammonia and
made neutral by boiling for 1} hours. The vapour then did not
give any fumes with the HC] glass rod. Sulphate of zinc was
employed for the precipitation. Analysis yielded 282 per cent.
Zn, which leads to the following theory :—
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9,197
65

e

1 mol. of compound = 2,262 requiring 2:87 per cent Zn.

3 Ur — 2H
1Zn

I

Ur 7
Ur = (e HygrZn N O,
Ur

Normal Zine Uromelanate, Ur: Zn = 2 ; 1.—Some urome-
lanine was dissolved in concentrated ammonia, and after having
been boiled to drive off the excess of amonia, was precipitated
with zinc sulphate. The filtrate and first washing water were
colourless, but by progressive washing the water became darker.
As these filtrates contained no zine, the washing was arrested and
the compound dried. The zinc was determined as oxyde by
combustion, and found to amount to 442 per cent. Zn, This
leads to the formula C,,H.,ZnN,,0,,M.W. = 1,529,

The solution employed in this experiment was one-third of a
solution, the other third of which yielded the second preparation
of normal or neutral baryum uromelanate, which contained
803 Ba. The last third of the solution by treatment with silver
nitrate yielded not a normal but a two-thirds basic silver salt, or
pentargyric triuromelanine with 20-11 per cent. of Ag or a trifle
in excess of the theory.

Hualf-Aeid Uromelanate of Zine, Ur: Zn = 5 : 2—A prepara-
tion was made by adding ZnS0O, to a filtrate from uromelanate
of ammonia which during evaporation had lost ammonia, and
deposited a portion of its uromelanine in scales. Another pre-
paration was obtained by treating the mother-liquors from
urochrome preparation with lime, ultimately with ZnCl, to
separate kreatinine. The kreatinine chloride of zine deposit was
washed, and then dissolved in boiling water. A gelatinous
brown precipitate remained undlsscﬂved, and was found to be
uromelanine zine by analysis. The molecular weight of this
salt is 2 Zn=130 + 5 Ur — 4 H = 3,661, total = 3,791. This
requires 3-42 per cent. Zn. Found 3:54 per cent.

It may be considered as a compound of two molecules of
neutral zine uromelanate and one molecule of uromelanine.
Thus :

TTEI.I } Zn
Ur = one molecule of dizincic penta-uromelanine.
Ui }Zn
Ur

Hualf-Basic Uromelanate of Lead, Ur : Pb = 3 : 2.— A solution
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of uromelanine from fresh urine in ammonia was made, so neutral
that some uromelanine remained undissolved. To the clear
filtrate neutral acetate of lead was added, The precipitation was
perfect, the filtrate colourless. The precipitate was washed until
the filtrates were free from lead.

Molecular weight of this compound :—

3Ur —4H+2Pb

et
733 x3 —4 <4414 = 2609. M. W.
Pb required in 100 = 1586.
,, found i — LR
Url py,
Ur } = one molecule of diplumbic triuromelanine.
Ur Pb

The Origin and Physiological and Pathological Significance of
Uromelanine,

Uromelanine is not as such contained in urine, buy; is a pro-
duct of the decomposition by putrefaction, or the influence of
sulphuric acid and time, or sulphuric acid and heat of another
substance contained in it. This original substance is urochrome,
the colouring matter. When urochrome splits up into its con-
stituents under the influence of putrefaction it does not
immediately yield uromelanine, but a less oxydised substance of
light yellow colour, which on exposure to oxygen quickly
becomes brown; and during evaporation of the putrid urine,
while exposed to air, assumes a perfectly black colour, and is in
part precipitated.

The “ melanine,” which some Prague observers extracted from
the urine of patients suffering from melanotic cancer, is nothing
else than the uromelanine which can be obtained from all urine.
But as they assert to have obtained the same substance from the
tumours themselves, a remarkable inquiry is opened.

In his analysis of the pigment of the choroidea, Scherer had
found results which it is interesting to compare with those
yielded by uromelanine :(—

Melanine of the Eye. Ur. Theory of Ur.
; . 5828 5721 5893

H ¢ Wb bid . 586

PEL L AT 13-88 13-36

@i 30 122008 L e

The composition of melanine is, therefore, very similar to that
of Ur. as found, and more so to that calculated from its com-
pounds.
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Rosow, however, at a later period found in the pigment of the
choroidea, Heintz in pigment from melanotic tumour—

Pigment of Choroidea. Melanine of Tumonur.

Gl . 040 B . 0344
L0 I 4l H . . 402
N . . 101 1 ST
[0 e . 80 0 . vodd
Ash . 06

As Rosow did not analyse a pure preparation, we cannot
attribute the same value to his analyses as to those of Scherer,

Uromelanine has an atomic weight of 733. There are but
very few organic substances which attain so high a number of
carbon atoms as 36, and still fewer which combine with that
number, besides hydrogen and oxygen, seven atoms of nitrogen.
Uromelanine is a very stable body compared to any compound
of similar atomic pretensions, and combines readily in a great
variety of proportions with very different bases. Its derivates of
a substitutive or otherwise metamorphic quality promise to be
very great in number, and invite the chemist to attentive study.
But by far the greatest interest attaches to uromelanine as
an animal matter, and particularly as that animal product
which amongst all decomposition products of excretory sub-
stances of the animal economy occupies by its atomic weight
and complicated constitution the highest place. It affords an
imperturbable basis for the operations which animal chemistry
will have to undertake in order to determine the nature, com-
position, and atomic weight of the colouring matter of urine.
This latter must necessarily have a higher atomic weight than
733, and possess a constitution of singular complication and
variety as regards the nuclei or radicals contained in it. Then
if our ideas about the nature of excretory substances are correct
in their application to urochrome no less than to uric acid, we
are driven to the assumption that as uric acid is a derivate of
albumen, so urochrome is a derivate of a constituent of the
blood of much higher atomic complication than albumen, and as
such we could claim only one material, namely, the most charac-
teristic ingredient of the blood corpuscles, or hematocrystalline,
the crystallisable compound which may be split up into an
albuminous body and into hematine. ~We thus may obtain,
probably, a new means of estimating the effects of the febrile
process upon the organ of oxygenation, the blood-disk, or its
ally, the myochrome or red colouring matter of the muscles,
But we also obtain by a direct process of reasoning a new
insight into the chemical processes of life altogether. If
uromelanine is of atomic weight 733, its precursor urochrome
could not be a derivate of albumen with atomic weight 1,612, or
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of fibrine with atomic weight 2,200, but would have to be derived
from a compound of much higher chemical constitution. This
could not be hematine, but solely hematoerystalline, to which we
now begin to attribute the importance of being a chemical com-
pound of about 13,000 atormc weight. Hitherto we had been
taught that the animal was not a chemical machine with a
synthetical tendency. It was believed to receive all its materials,
its albumen, caseine, cerebral substances, in a ready-made con-
dition from the plant; no doubt it organised them in the shape
of tissues, but it was believed incapable of chemical synthesis of
a high order. We shall now have to change these views com-
pletely. The highest atomic weight produced in the plant is
about 2,200, the highest atomic weight produced in the animal
is about 13,000. The complication of the material of the most
developed chemical machine of the animal is six times greater
than the most complicated material produced in the vegetable
economy.

On the Quantity of Uromelanine Obtained by Chemolysis from
Novmal Urine.

Experiment 1.—The urine of a healthy man excreted during
24 hours (10" o’clock p.m. of Nov. 1 to 10 p.M. of Nov. 2), total
quantity 2270 c.c., was evaporated rapidly over the free fire to a
bulk of one-fifth, or 450 c.c.,and after cooling and filtering, 5 c.c.
of concentrated sulphuric acid were added. The mixture was
allowed to stand in a warm place. Its colour became red, and
no uric acid was deposited. On cooling it became turbid and
deposited granules. These redissolved on warming, and thus
repeatedly, by no means could crystals be obtained, and the
matter could not be filtered, as it penetrated the filtering paper
to a great extent. It was consequently evaporated on the steam-
bath, allowed to stand for four days, and then 30 c.c. of sulphuric
acid were added, and the mixture boiled in a flask attached to a
condenser. After about 60 c.c. of distillate had been obtained
the mixture deposited the products of urochrome. It was now
diluted with its own bulk of warm water, and 22 ce. of H,S0,
were again added, and redistillation commenced. After one
hour’s boiling another 10 c.c. of acid and a large quantity of
water were added. A considerable precipitate formed, as on the
first addition of water after boiling. On reheating a great froth
rose, which had to be carefully managed until the particles
which formed it had again coalesced by heat. The froth became
more dangerous after every addition of water. This fluid was
allowed to cool in a dilute state. Next day the precipitate was
collected on a weighed filter and dried. The uromelanine,
uropittine, and omicholine weighed ‘7165 grammes. The filtrate
was again distilled down to the lowest point, and 10 c.c.
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more acid added. A slight reaction ensued. The addition of
the mixture to much water produced no immediate precipitate ;
but on standing a second deposit formed, which was filtered off.

The washed precipitate as weighed above was extracted with
alcohol, and the residue collected on a weighed filter. The
uromelanine obtained weighed 4273 grammes.

It was ascertained during this process that there would be
some unavoidable loss, and consequently some inaccuracy if
each day’s product were treated separately. The products of all
the following experiments were therefore first weighed by them-
selves, and afterwards united to those of the first, and extracted
together.

Experiment 2.—Urine from 10 pM. of November 2 to same
hour of November 3, 1830 c.c. The experimental man had taken
little food that day. The urine was mixed with 5 c.c. of H,SO,
and allowed to stand in an open dish during five days. Much
decomposition took place, and therefore 62 c.c. more acid and a
quantity of water were added, and the mixture distilled. This
was repeated ; ultimately water was added, and the mixture
allowed to stand. It was then filtered and washed. The
urochrome products weighed 4504 grammes. A trace was left
on the paper.

Faperiment 3.—U rme of November 3 to 4 900 cc. Eva-
porated, filtered, and 5 c.c. of HCl added. Remained light
coloured, but depasil.ed some urochrome products. 70 c.c.
H_SO, added and boiled for three hours. Precipitated with
water and deposit collected on weighed filter. Urochrome pro-
ducts = 744 grammes.

Experiment 4—Urine of November 4 to 5. 24 hours 1293
c.c. Evaporated 5 ce of HCl added, and allowed to stand
some days. 70 ce. of H, S0, were added and the mixture
boiled. =~ The washed and dried precipitate of wurochrome
products weighed 5055 grammes.

Eaxperiment 5—Urine of November 5 to 6. 24 hours, 2080
e.c. Evaporated, filtered, and after standing by itself 7 days
decanted from erystals 70 ce. H,SO, added and distilled.
Urochrome products on filter = 6610 grammes,

Experiment 6—Urine of November 6 to 7. 1160 cec. (and
420 c.c. lost with a broken bottle). Evaporated and filtered.
Boiled with 33 c.e. of H,S0, 17 c.c. more acid added to concen-
trated fluid, which effervesced with carbonic acid from the
destroyed urea. On the addition of water much precipitate
ensued, and the fluid seemed less coloured than when much
acid was added. The urochrome products weighed=-3475
(calculated addition for loss 420 c.c. of urine=-1258 grm. of
products).

Experiment 7.—November 7 to 8, 1840 c.e. Had been evapo-
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rated to dryness and crystallisation, redissolved in little water,
and filtered clear; remained clear on standing many days. 34
e.c. of H,80, added and boiled. Urochrome decomposed appa-
rently 1ery easll_', Then 12 e.c. more acid and a large quantity
of water were added. Urochrome products = 5870 grm.

Experiment 8.—November 8 to 9, 1610 ce. Evaporated,
filtered, 35 c.c. H,;SO, added and distilled for one hour; let
stand for twent}-tom lmurs, 22 ce. H,S0, and much water
added, distilled to concentration. Urochrome products = 7895
arm.

& Experiment 9.—November 9 to 10, 1280 c.c. (and estimated
loss of 400 c.c.). Evaporated, filtered, stood two weeks, 50 c.c.

H,S0, added, and boiled twice. Urochrome products = 3730
grm.  Calculated products for loss 400 =-1165 grm. Total
excretion 4895 grm.

Experiment 10.—November 10 to 11, 1470 c.c. evaporated.
Was partially ammoniacal, 40 c.c. of H,SO, added and twice
hmled Urochrome prnducts = 4110 grm.

ment 11.—November 11 to 12, 1680 c.c. Evaporated
and fltered. Has stood long and become thoroughly ammo-
niacal. The urochrome, however, did not seem to be decom-
posed yet, as on addition of H,80, only frothing and no precipi-
tate ensued. Added 50 cc. of acid and boiled for 11 hour.
Total products = 2340 grm.

The following is a tabular summary of the above experi-
ments :—

Omicho- |
No. of C.C. in Total : Uropit- line an
Experiment. 24 Hours. Products, Dironielamine. t.inrz:*. Dminhn];u
Acid,
o —ld e = L = "
1 2270 7165 427 2892
2 1833 4504 2572 ‘19332
3 900 7440 4251 3189
4 1293 5055 -2888 2167
o 208(0) 6610 3777 2833
6 1580% 4733 2704 2029
7 1840 BET0 ‘3354 2516
8 1610 7885 ‘4511 3384
9 1680+ 48495 2797 2008
10 1470 4110 2348 ‘1762
11 | 1680 2340 1337 1003
Total of days| 18,236 60617 34812 2-5805
Meanperday| 1657 | 5510 3164 2346

* Note to Experiment 6, loss of 420 c.c. added.
+ Note to Experiment 9, estimated loss of 400 c.c. added.
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More than half a grm. of urochrome products is therefore
obtained from the average daily urine of a healthy man, and of
these "551 grm. four seventh parts, i.e, 3164 grm. are urome-

lanine, the remaining 2346 are uropittine, omicholine, and

omicholic acid.

Special Identification of the Uremelanine Obtained in these
Frperiments. '

The uromelanine obtained as above was dissolved in dilute
ammonia and evaporated slowly on the water-bath to dryness.
On addition of water much uromelanine remained in the pseudo-
crystalline insoluble form, another portion dissolved. This
solution was precipitated with silver nitrate, and dried at 110°
to 120° during two days until constant. -6564 grm. after
careful combustion left 0830 grm. Ag, or 1264 per cent.
C,;H,,AgN, Oy requires 1313 per cent. Ag. This proves the
product to have been very pure uromelanine.

Fxperiment 12.—The whole amount of urine passed in
twenty-four hours, amounting to 2072 c.c., was evaporated
to a syrupy consistency, and then some dilute sulphuric acid
added to it. After twenty-four homrs’ standing the precipitate
was separated, and found to consist of uric and hippurie acid,
coloured brown by a little colouring matter. The filtrate was
mixed with a little more sulphuriec acid and distilled on the
sand-bath. The first portion of distillaie had a penetrating
odour, and was yellow ; over night it became darker. The Jater
distillates were almost colourless, and remained unaltered. The
fluid in the retort was filtered from the formed deposit, the
latter washed, and extracted with alecohol. What remained
insoluble, uromelanine, was dried at 105° and found to amount
to 007315 grm. The alcoholic extract, containing omicholine,
omicholic acid, and uropittine, after evaporation of the alcohol,
amounted to 0-3472 grm,

It is remarkable that the quantity of uromelanine obtained
from a day’s urine is about equal to that of the uric acid excreted
on an average under similar conditions,

Uromelanine, &e., in a Case of Tropical Fever.

A gentleman, a coffee planter from the south of India, was
obliged by unceasing attacks of fever to return to England. He
arrived emaciated, with a yellow coloured skin peculiar to the
subjects of tropical fever. His tongue was much furred; the
liver was so greatly enlarged that the probability of its containing
an abscess had been suggested. The urine was of a deep red
colour, and deposited urates. The urine from two days was
subjected to the chemolytic process described in the foregoing.

-
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During beiling of the products in aleohol a small quantity was
lost by bumping, the quantities found by weight are therefore
only approximatively correct.

Uromelanine found, : . 02915 grammes.
or per 24 hours, . . 0-14575
Uropittine and omicholine, . 01242 i
or per 24 hours, : . 00621 ;

The products soluble in aleohol stand therefore to the urome-
lanine in the same relation of quantity as in the healthy urine.
The total quantity of products was certainly less than from
healthy urine, although the actual amount cannot, owing to the
accidental loss, be accurately stated.

This urine yielded no uric acid whatever, and the filtrate from
the uromelanine was unusually dark, as if it contained an
abnormal colouring matter in solution.

Note on the Effeet of Todine upon the Mother-Liguors of the
Chemolytic Products.

When iodine dissolved in iodide was added to the acid liquids
obtained as above, representing 11 days’ urine, a copious pre-
cipitate ensued. The iodine was added until no further reaction
ensued. The precipitate was viscous. Washed and dried it
weighed 85 grammes, being 77 grammes for every single day.
This compound has yet to be examined.

FParamelanine,

As in spectroscopic analysis of inorganie matters, light shoots
up here and there for an instant, marking the presence of a
minute amount of some matter or other, so in general analysis a
few collateral products are met with, which indicate their own ex-
istence, but at the same time a genetic coherence of the matters
under investigation. While uromelanine preserves no remin-
iscence in its optical characters of the hematine to which it has
such particular similarity by its stability and high atomic weight,
there is accompanying it a small amount of a substance, which,
when treated with sulphuric acid, yields a spectrum similar to
that of cruentine,

This body I term paramelanine. It was obtained in the fol-
lowing manner :—Uromelanine, after separation from the products
soluble in aleohol, was dissolved in potash and reprecipitated
by sulphuric acid. It was washed with water, lastly with
alcohol. These aleoholic solutions had stood a long time and
deposited a black matter. This was found to have become in-
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soluble in ammonia. Dissolved in concentrated sulphuric acid
it showed a spectrum with two bands.

AaB C D Eb F G HH'
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Spectrum of Sulphate of Paramelanine.

The two bands are therefore of the same breadth as those of
cruentine sulphate, but they are situated more towards the
violet. On addition of water the solution remains clear, and the
dilute liquor retains the bands. But the ammoniacal solution
exhibits no bands, and thus differs greatly from that of cruentine.

Omicholine and Omicholie Aeid.

Mode of Obtaining.—The resinous matter obtained by filtration
from the acid mother-liquor may be dried, and extracted at once
with ether to obtain these substances. Uromelanine and uropit-
tine remain insoluble in ether; uropittine is then extracted by
means of alcohol. This succession is probably preferable to the
one employed in the following process .—

The mixture of substances which alcohol extracts from the
chemolytic products of urochrome (which are insoluble in the acid
mother-liquor and in water) is evaporated to a small bulk, and
then poured into water. The precipitate is collected on a filter
and washed until all traces of impurities have disappeared from
the filtrates. The matteris now allowed to dry spontaneously, or
in vacuo over sulphuric acid (not by heat, as the matter fuses
and penetrates into or through the paper), and then In a
flask extracted with ether. This operation is very difficult, as the
matter cannot be powdered; and in the ether immediately seftles
in the form of smeary hard lumps. However, after weeks of
continued extraction all resinous matter has passed into the ether,
and a pulverulent matter, wropittine (perhaps urorubine), and
some uromelanine, remain undissolved. The ethereal solution is
of a bright port-wine red colour, and peculiar, independently of
the ether, penetrating odour. When the ether is allowed to
evaporate spontaneously, or distilled off, a red syrup remains,
which may become hard, but never shows any signs of cr}rstal—
lisation. It was this body which I had described as omicholic
acid in the Hastings Prize Essay. The following will show that
it is a mixture of two closely related bodies, which can, however,
be separated to some extent, though imperfectly.

Mode of Sepavating Omicholine from Owicholic Aeid.—The
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resin is treated with concentrated liquor ammonie and warmed.
A portion dissolves, while another portion settles as a thick
brown oily liquid, The alkaline solution is decanted and
allowed to stand when it will deposit more of the oily matter,
(This portion is rejected, as being probably a mixture of omicho-
line and omicholic acid, which it 1s impossible entirely to sepa-
rate). When the alkaline solution in a covered wvessel does not
deposit any more oily matter, it is considered free from omi-
choline, and to contain only omicholic acid dissolved with am-
monia, and some uropittine. The deposit is omicholine.

Purifieation of Omicholic Aeid.—To the watery ammonia solu-
tion some BaCl,,is given, which precipitates most of the uropittine,
and any trace of uromelanine which may be present. (The baryumn
salt in one case gave 20 per cent. Ba.) The filtrate is acidified with
hydrochloric acid, which precipitates all omicholic acid as resin.
It is washed with cold water. If no uropittine be discovered by
testing, sulphuric acid is added to the ammonia solution. In
this case a precipifate ensues, but much omicholic acid remains
in solution. On evaporation of the acid liquid it is deposited
in drops. All omicholic acid is easily taken up by ether from
the acid watery liquid or mixture.

Purification of Omdcholine.—The deposited omicholine is
mostly free from uropittine and uromelanine, which easily
dissolve in the watery ammonia; but it must be well washed
with water, and a trace of acid, before it is pure.

Ultimate Purification of Omicholine and Omicholie Aeid —
Each of these bodies is dissolved in absolute alcohol, and to this
solution six volumes of absolute ether are added. Any precipitate
is impurity, either uropittine or other matter. When the mixture
remains clear the matter dissolved in it, provided it has been
treated as above stated, must be considered as pure as in the
present state of our knowledge it can be obtained.

Chemical Properties of Omicholine—1It is semi-fluid to resinous,
becoming harder by keeping. It has a red colour and strong
peculiar odour. It is little soluble, or insoluble in concentrated
caustic ammonia, and does not combine with baryum salts. It
is soluble in caustic potash, and again precipitated by sulphuric
acid. It is a little soluble in cold water on standing, a little more
soluble in boiling water, with a yellow colour; the solution
becomes turbid on cooling. The cold watery solution becomes
turbid on addition of a little sulphuric acid; on heating it clears
up again. The watery solution, hot or cold, gives a precipitate
with (1) sulphuric acid and iodine dissolved in iodide; (2) with
mercury oxyde nitrate, yellow-white ; (3) with the same and sub-
nitrite or nitrite of suboxyde, a red reaction like tyrosine. All
watery solutions are strongly fluorescent. Silver nitrate gives
no immediate precipitate in the hot saturated watery solution,
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but on standing a precipitate is formed. Its spectral pheno-
mena are most remarkable. The ether solution is of a ruby-red
colour, but fluoresces green in the cone of the sunlight. In the
spectroscope it shows an absorption band in green. Near to it
in green there is a shading,
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Spectrum of Omicholine,

The red and yellow are very brilliant ; the rest of the spectrum
after green has a violet hue, without any blue.

Physical and Chemical Properties of Omicholic Acid—This
acid is of a red colour, resinous, fusing when heated, and giving
out the aromatic strong odour reminding of castoreum. Itis little
soluble in water, more in ether, best in absolute alcohol. It dis-
solves in concentrated watery ammonia, and more easily in
caustic potash. The ether solution, which is ruby-red, shows an
absorption band in green.

AaBC D Eb R G HH'
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Spectrum of Omicholie Acid.

The blue part of the spectrum is coloured violet, green shaded.
Omicholie acid in chloroform has the same spectrum ; but as the
solution can be obtained more concentrated than the ether solu-
tion, the violet, blue, and nearly the whole of the green part of
the spectrum are cut off entirely immediately to the right of the
absorption band. The ammoniacal solution of omicholic acid
has no bands in the spectrum. Omicholic acid 1s red, and fluo-
resces green in the sunlight cone, or that of the electrical lamp,
but its phenomena differ slightly from those of omicholine.

o iy T g i =
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Elementary Composition of several Specimens of Omicholine and
Omicholic Acid.

Owmicholine, I. a.

oZmo oZEa ozZma Qe

czEa

Im 100,
6467
10-04

3-20
2209

Quotient by At. W,
53891
10-0400
0-2285
1:3806

Formula C, H, ,NO, .

Omicholic Acid, I. b.

In 100,
6365
814
4-67
2354

Quot. by At. W.
5304
8140
0-333
1471

Formula C,;H,,NO, .

Omicholine, 1T, a.

Tw 100,
6964
10-14
368
16:54
For

Quot. by At. W,
58033
10-1400
0-2628
1:0337

nula C,,H,NO, ..

Omicholiec Acid, I1. D.

In 100.
63-17
758
489
24-36

Quot. by At. W.
5264
7-580
0-349
1:522

Formula C,;H, NO,.

Owmicholine, 111, a.

In 100,
66-20
814
355
2211

Quot. by;At. W,
5516
8140
0253
1-384

Formula = C,,H,,NO,.

Quotient by N = 1.
235
439
1-
604

Quot. by N = 1.
1592
2444
I.
4-41

Quot. by N = 1.
22+
a8'5
1-
39

Quot. by N = 1.
1508
2171

1«
4-36

Quot. by N = 1.
21-80
5 Pl L |
1..
546

Q
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Omicholie Aeid, ITT, b,

In 100. Quot. by At. W. Quot. by N.
B . 6489 04075 1470
Ha . 8335 8:3350 22-66
N . 515 0-3678 1-:00
BT . 2163 13518 267

Formula C,,H,,NO,.

The preparation III. @ and IIL & had been boiled with sul-
phuric acid in the urinary extract, while I. @, I. b, and II. «, II. ,
had been obtained by the influence of sulphuric acid upon the
urine extract without boiling.

Synopsis of Formule of Omicholine and Omicholic Aeid according
to Preparations.

{ L C, H, NO,

I. &. . C,sHa NO,

II. a. CeeH s NO,

II. &. C,;H,,NO,

111. a. Co.H ,NO,

{III, b, C,;HNO,
Synopsis and Mean of Formule of Omacholine.

I o C,,H NO,

II. a. C,,EH_EE_}‘D

IIT. a. CoeH . NO,

Mean formula of

omicholine . | CpnllysNOs

Synopsis and Mean of Formulee of Omicholic Acid,

I b. C,H, NO,
11 b. - O, H,NO,
I11. . C,, H,,NO,

Mean formula of }

omicholic acid CpsHzNO,

These bodies are evidently well-defined different entities, al-
though they have not yet been obtained in a pure state. They differ
from each other, but cannot yet perhaps be absolutely separated
from each other. Onthe other hand, they have so many proper-
ties in common, that the one may pnsmh];r be derived from the
other, or that both may have a common origin. Their molecular
“emht has not yet been determined, as no compound appeared
definite enough for that purpose.

The 1mpurt&nce of these bodies in pathology may be inferred
from the fact that they are capable of forming in the human
body in ecertain forms of kidney disease. The breath and the
exhalation of the skin in such cases smell strongly of omicholine
and omicholic acid. Their nauseous and emetic properties, al-

B
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ready observed by Proust, may perhaps contribute to the ex-
planation of that peculiar vomiting which occurs in cases of
chronic kidney disease, in which dropsy and cedema have natu-
rally, or by the constant use of the Turkish baths, ceased to be
factors of the pathic process,

Those who would study these matters further should extract
the materials from several thousand gallons of urine in order to
obtain quantity sufficient for all purposes. The quantity of
omicholine and omicholic acid which can be obtained from lesser
quantities of urine is indeed not small ; but of the mixed resin
obtained so much is lost in the various processes of purification,
that what remains is the lesser porticn, and insufficient for that
varied analysation and testing which uncrystallisable and un-
combinable substances more than any others require,

Uropittine, Metauropittine, Urorubine.

When the mixture of substances obtained by chemolysis with
sulphuric acid from extract of urine is extracted with ether,
omicholic acid, and omicholine pass into solution. Alcohol next
extracts from the part insoluble in ether a considerable quantity
of what I have termed uropittine, mixed with a small quantity
of matters very similar to it in chemical properties, but differing
slightly in composition, and which may be termed mefauropittine
and wrorubine. 1 have not yet effected a separation of these
substances, but give in the following the results of some experi-
ments in that direction, and the results of some analyses of the
free substance as well as of some of its combinations,

I have endeavoured to free uropittine from matters soluble in
water by pouring the concentrated alcohol solution (filtered from
some uromelanine, which when freshly formed is a little more
soluble in aleohol than after it has been isolated for some time)
in water; it is thereby precipitated, and the uropittine may be
collected on a filter and washed ; much matter, however, is lost
in the mother-liquor,

I have examined and analysed either in the free or combined
state the following preparations :—

I. This specimen of uropittine was dissolved in ammonia and
the alkaline solution treated with barytic chloride. The ensuning
precipitate was washed and dried at 110°. It contained 2021
per cent. Ba.

A portion of the ammoniacal solution was evaporated to dry-
ness, Of the residue a small part only dissolved in water, the
greater part remained undissolved. Silver nitrate was added,
and the mixture boiled. The precipitate was washed on the
filter until the filtrates were free from silver and colourless. The
dry compound contained 21-39 per cent. Ag. and 12-27 per cent. N.

I1. This substance was precipitated by ether from the solution
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in absolute alechol of the mixed urinary resins. It was dried |
at 100°, and did not become soft. 4
Synopsis of Analyses.

1. 2. 3. 4. Mean.

g . 6030 b0 O 60-10
629 704 6-66
10044 10-50 10-47
22-77

10000

ITI. Uropittine precipitated by ether was dissolved in am-
monia, and to the solution some more uropittine was added in
order to ensure its neutrality; thereupon it was precipitated hﬂ
silver mitrate. After having been boiled, a proceeding whiec
seemed necessary to cause the immensely voluminous precipitate
to contract, it was collected on a filter. Tt appeared of a dark
areen colour, while the mother-liquor was slightly yellow. The
washing liquors were of a darker colour than the mother-liquor,
and fluoresced strongly.

H
N
0

Synopsts of Analyses.
1. e 3. 4. Mean.
= : 3652 ... 36-52
o . : G09S 3:99
Ag . e DRI T AR TR s 3871
: . e LD 6-04
B : 13:84
10000

Another quantity of the same preparation precipitated by
ether from the alcoholic solution of mixed resins was dissolved
in ammonia, and precipitated by hydrochloric acid. It was then
again dissolved in a few drops of ammonia, and the solution
made as neutral as possible by digesting it with an undissolved
excess of uropittine. The filtered solution was precipitated by
silver nitrate, and the precipitated silver uropittate was collected
on a filter and washed. The mother-liquor and the filtrates were
colourless. The precipitate was dried at 110°,

Synopsis of Analyses.
1. 2. 3. 4, 5. Mean.
0,8 ST He N s WER 3795
I8 : L R SRR 4-29
Ag . L e 35-49
N : 6:59 639 649
O 15-78

—_—

100-00
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These data show that the silver-salt must not be boiled, as
unlike uromelanine, it is decomposed by heat.

It was attempted to produce a baryum salt from a portion of
this specimen. TIts solution in ammonia was precipitated by
barytic chloride. The mother-liquor after filtration was dark
coloured, but the washing water became constantly lighter, until
it appeared only slightly yellowish at last. Although 0-5 grm.
of uropittine had been dissolved, only 0°1605 grm. of baryum
salt were obtained. It contained 7-10 per cent. Ba. Uropittine
baryum is therefore very soluble in water.

IV. It was attempted to produce a neutral solution of this
preparation by evaporation of its ammonia solution. The
addition of CaCl, produced a compound which contained mean
1'78 per cent. Ca and 12'16 per cent. N,

V. This specimen was dissolved in a slight excess of ammonia,
precipitated by BaCl,, and dried at 110°. It contained 21'77
per cent Ba,

Another portion of the same specimen was dissolved in
ammonia, and the solution evaporated to dryness. Of the
residue only a small part dissolved in water, the rest remained
insoluble. Silver nitrate was added and the mixture boiled.
The precipitate was washed upon the filter until the filtrates
were colourless and free from silver. Dried at 110° the com-
pound gave 27-14 per cent. of Ag.

VI. Another specimen of uropittine had been precipitated by
ether from an alecholic solution. It was dissolved in ammonia,
evaporated and precipitated by silver nitrate. The washed pre-
cipitate, which had not been heated, was dried in vacuo over
sulphuric acid, light being carefully excluded. It formed a
glistening, blackish-violet-brown mass, and contained 27-0 per
cent. of Ag,

VII. The uropittine described in the Hastings Prize Essay
had yielded on analysis the

Mean in 100 parts. Quot. by At, W, Quot. by N=1.
e BRI 4604 e
. 2 DBy 5570 . 644
i [ER . 1210 0-864 1
L . 2708 1:687 1-8562

Metauropittine,

This body resembles uropittine in composition, but differs by
being more easily soluble in alcohol. It does not fuse in heat.
After extraction of matters soluble in ether alcohol easily dis-
solved this matter. It was precipitated by water, washed and
dried at 100° C. It was much less in quantity than urorubine,
to be described below.

Mean of analyses:—C=>54'5; H=6-25.
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Urorubine.

It had been separated from the uropittine described and ana-
lysed in the Hastings Prize Essay. It was easily soluble in cold
absolute alcohol, and stood for three months in it to deposit body
less soluble (Uropittine). It had then been precipitated by water,
filtered and dried in vacuo. It was very hygroscopic, and after
drying at 100°, when it did not fuse, always gained from two to
three milligrammes under the dryer. After three days of drying
the last weighing was assumed as practically correct.

Three combustions agreeing well together gave means—
C=6527 per cent.; H=6'86 per cent.; N=11'46 per cent.
The body contains more carbon than either uromelanine or
uropittine.

It is evident that from these data no formula or theory of
uropittine ean be constructed. The body is nevertheless ap-
parently very definite, and produced not in small quantity, as I
have obtained several hundred grammes of it in the course of my
operations. It is probably oxydisable, and changes many of its
properties on keeping. Thus it has a distinet spectrum (absorp-
tion in green) when freshly obtained, but on keeping loses all
specific absorption.

I look upon these and like analyses as merely tentative. When
the same process applied to the same preparation yields the same
compound, this constitutes a symptom in favour of the supposition
that the compound is definite, 7.c., in atomic proportions. By
producing a great many such compounds under varying condi-
tions, those which conform to atomic laws are easily found out
by their repetition. If instances remain isolated, their accidental
and non-specific nature 1s proved. [ consider this proceeding
one of the few which in the present state of our knowledge of
these matters can be applied for the obtaining of the precise in-
formation which is so urgently required.

.
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CHAPTER XIX.
ACETIC AND FORMIC ACID.

PRELIMINARY NOTES,

ProusT was the first to obtain acetic acid, or as he
termed it “vinegar,” by the decomposition of extract of
urine. It was subsequently again obtained by Liebig from
putrid urine, and believed by him to be a product of decom-
position of the colouring matters. He did not obtain it from
fresh urine, and believed that the other products of the chemo-
lysis of urochrome, the pitchy resins first described by Proust,
could not be obtained from fresh urine, but were products of
putrefaction. In a previous chapter I have enumerated the pro-
ducts of the chemolysis of urochrome, and amongst the volatile
products I have stated the principal ones to be acetic, formic,
and small quantities of higher acids. Formic acid had been
repeatedly found to be an ingredient of human urine, but it had
been declared an accidental product of the intentional ingestion
into the stomach of certain substances which by decomposition in
the economy yielded that acid. Moreover, its presence had only
been assumed on the basis of a few reactions which did not
exclude phenol (which yielded similar reactions), it had not been
found to be accompanied by acetic acid, which made the state-
ment open to objection, and it had never been identified by its
cardinal tests.

Modes of Obtaining Formic and Acetic Acid from Urine,

These methods were first described by me in the Hastings Prize
Essay, and may here be quoted :—
(a.) From Fresh Urine—The urine is evaporated over the free
fire to one-tenth, and filtered from the phosphates, urates, and
um. It is then slowly evaporated on the sand-bath until a
pellicle of urates forms. After cooling and filtering, it is evapo-
rated on the water-bath to a syrup, and allowed to cool slowly
with the water-bath, to effect a good crystallisation of chloride of
sodium, urea, and other salts. The decanted syrup, if necessary,
mixed with a little water, is treated with calcined magnesia,
until alkaline, and until a filtered sample, treated with acetic
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acid and chloride of iron, does not give any immediate precipitate.
The extract is then filtered, put into a capacious beaker,
and mixed with concentrated sulphuric acid, added, drop by
drop, while the fluid is being agitated. A little uromelanine
and some gypsum are precipitated in flocks. After filtration
the fluid is diluted with water, and distilled in a capacious
retort. When the fluid has been reduced to one half, the
black resin will be seen adhering to the sides of the glass
and to the platinum, which it i1s well to put into the retort to
prevent bumping. The boiling is now interrupted, and the
fluid allowed to cool. Fluid and resin are separated by decanta-
tion or filtration. The particles of resin are united by fusion
in hot water. They are then washed, dried, and the resin is
extracted from the black matter by solution in aleohol. The
distillates, containing the volatile acids, are treated as stated
lower down.

(8.) From Putrid Urine—Putrid urine is treated with a little
lime in powder, or sawdust, and filtered. The dark brown filtrate
is evaporated in an open dish over the free fire. Alfthough it
soon assumes a strongly acid reaction, nothing but ammonia
passes away. All froth which rises during the evaporation is
carefully skimmed off. When black particles-begin to appear
on the surface it is allowed to cool, filtered, put into a retort,
mixed with dilute sulphurie acid, and distilled. A mixture of
hydrochlorie, benzoie, acetic, and another acid passes over, to-
gether with a stinking matter, which deposits in flakes when the
distillate is left to stand. The residue in the retort soon deposits
the resin as a soft tar on the surface of the fluid, the sides of the
vessel, and the platinum, put into the fluid for safe boiling, The
resin is separated mechanically and by the filter, washed, and
separated into its constituents by alcohol. The uropittine and
uromelanine thus obtained present the same essential properties
as those obtained from fresh urine,

Treatment of the Distillates—Any solid benzoic acid (which
occurs only in distillates from putrid urine, the distillates from
fresh urine have all benzoic acid in solution) is filtered off. The
fluid is then neutralised with powdery sodium carbonate and
concentrated on steam. When it becomes red and emits a
powerful aromatic odour, it is allowed to cool and extracted with
ether as long as this reagent extracts any of the essential volatile
oil which yields the tyrosine reaction with mercuric nitrate on
boiling. The solution of salts is then further concentrated to
near crystallisation, and decomposed with an excess of sulphurie
acid. The benzoic acid collects as a thick magma on the top of
the fluid, and is filtered off. The liquid is mixed with water and
distilled. The distillate is now already much purer, and is again
neutralised, &e., and distilled once more. A pure solution of acids
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is now obtained which yields the reaction of both formic and
acetic acid, and smells of butyric and caproic acid as well. Boiled
with lead carbonate they yield lead salts, which erystallise some-
times, particularly with the help of a little ether, at other times
remain as a colourless, transparent, thick and solid, yet somewhat
viscid mass. By no means, however varied, could pure crystals
be obtained frﬂm the watery solution.

Eatraction of Neuwtral Lead Acetate by means of Alcohol—
The watery solution of the first deposit from water was poured
into alcohol. The mixture after standing some days deposited a
large bulk of fine acicular erystals. They were isolated and
allowed to drain on paper. When dry they contained (161 of
moisture and) water of crystallisation, as follows :—

(1) 25725 grm. dried at 130° fused, and frothed up, and
smelled faintly of vinegar. After many days’ drying they lost
04052 grm. of aq., leaving 21573 grm. of dry salt. Conse-
quently the total loss was 1581 per cent., from which deduct
the theoretical loss of 3H,0 = 142 per cent., leaves a slight
excess of moisture, as stated.

(2.) 21573 grm. of the dry salt were treated with H,S0,, and

then cautiously heated to redness, acid being once more added
during an interval of the ignition. There remained 2:005 PbSO,,
while theory would require 2:0102. The dry salt therefore
contains 6366 per cent. of Pb, ¢e, the theoretical quantity
required by neutral acetate.
- Eatraction of Half-Basic Lead Acetate from the Mixture of
Lead Salts, (2(CHgPbO,) + PbO).—This salt has hitherto
been obtained in chemical inquiries concerning acetic acid: ()
by heating the neutral salt to 280°, and keeping it at that tem-
perature until the fused salt sets again; (b) by digesting the
watery solution of two molecules of the neutral salt with one
molecule of powdered lead oxide free from carbonic acid,
until solution has taken place, and evaporating. The salt has
an alkaline reaction. In the present research, however, this salt
was obtained as follows :—The acetic acid (containing formic)
was treated with lead earbonate and boiling until saturated, and
the filtrate evaporated. At a certain point it crystallised entirely.
After resolution a small amount of salt erystallised first, and was
separated and purified by recrystallisation. The saturated solu-
tion was now poured into a large amount of alcohol. Crystals
deposited over night which were short prismatic needles- of
glassy lustre, and on analysis gave the following results :—At
190° they lost a trifling amount of moisture, and remained con-
stant ; they were consequently anhydrous.

(1), ‘86983 grm. on combustion left 654 grm. of resi-
due, being lead oxyde = ‘434 grm. equal to 4028 PbO, and
‘22 metallic lead, total Pb = 6228 grm. or 71'60 per cent. (2),
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1-1805 grm, left -8766 grm. residue, being 5456 PbO, equal to
5064 Pb, and ‘331 Pb, total Pb = ‘8374 or 7093 per cent.

Mean of these analyses = 7126 per cent. Pb.

Required by the above formula 71-37 per cent,

Schindler obtained a hydrated crystallised salt of this com-
pound, which contained two atoms of water. He poured the
saturated watery solution into an equal or double amount of
alcohol (strength not stated), when the salt was deposited in
pearly scales. At 90° they lost 2 per cent. of water, fused, and
on cooling formed a colourless gum. This when heated further
was transformed into a white mass, losing more water, These
forms of pearly scales, colourless gum, and white mass were also
obtained by heating the solution of the salt from urine on the
water-bath and letting stand.

The circumstance that the crystals in the foregoing experiment
were anhydrous, admits of explanation by the fact that a large
volume of strong alcohol was employed in their separation.
They moreover admit of no theory if considered to have con-
tained any formiate.

But the #hird and fourth crystallisations were evident mixtures
of neutral acetate and formiate ; the latter crystallised in little
opaque granular groups, while the acetate crystallised in
brilliant crystals. The third ecrystallisation contained little,
the fourth much formiate. The jfifth crystallisation had a
remarkably homogeneous appearance, and was analysed.

(1.) 1-1230 grm.yielded 1:1050 grm. PbSO, = 67-22 per cent.Ph.

(2.) 12915 grm, yielded 1-280 grm. PbSO, = 6767 per cent. Pb,

Mean = 6744 per cent. Pb.

Ina mixture yielding the half-basic salt, the quarter-basic
eould also be formed, which requires 7695 per cent. Pb. But
the fact that the third and fourth crystallisations contained
increasing quantities of formiate, made it probable that the
fifth also contained formiate, although in appearance it was
quite homogeneous. This was indeed established by a special
examination, which yielded the reduction tests, and in one ex-
periment with sulphurie acid so much carbonic acid and carbonic
oxyde was obtained, that the conclusion was unavoidable that the
mixture of crystals contained at least one-half by weight of
formiate. In the sixth erystallisation, which also appeared quite
uniform, the following relations were found :—

41580 grm. yielded 41240 PbSO, equal to 6774 per
cent. Pb.

Consequently the lead had increased a little; the salt con-
tained a little more formiate, which requires 696 per cent. Pb;
but even at the end no pure formiate could be obtained. The
last mother-liquors contained small quantities of acid with less
than the proportion of lead in acetate. In short, in this instance
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the process of fractional crystallisation failed entirely in yielding
any pure product after the preponderance of acetate had ceased,
and even the employment of alcohol did not effect that neat
separation of formiate (insoluble) from acetate (soluble in alcohol)
which is advised in handbooks as if it were a fact; for the
acetate was found to hold the formiate in solution, even in
aleohol, or to fall with it from the more concentrated solution.

Baryum Salts of the Volatile Aeids from Urine—The lead
salts having failed to afford the means of a neat separation of the
acids, a new quantity of the acids was prepared and transformed
into baryum salts by boiling with baryum carbonate. The solu-
tion was evaporated, and when in a syrupy state was put aside
for erystallisation. Crystalline crusts were slowly deposited
and removed. These first crystals were not analysed, but the
next crystals (2d crystals) were perfectly colourless and homo-
geneous, and were analysed.

(1.) -3258 grm. gave ‘2992 grm. BaSO, equal to 5399 per
cent. Ba.

(2.) 3998 grm. gave 03680 grm. BaSO,, equal to 5412 per
cent. Ba. \

Theory for acetate, 5372 per cent. Ba. Mean found, 54'05.
This crystallisation, therefore, consisted of pure acetate. It
yielded all cardinal reactions of acetic acid with precision, and
was free from formic.

The mother-liquor now was allowed to stand, and formed a
crust on its surface. Underneath that crust large beauntiful
crystals of rhombohedrie shape, the obtuse corners cut off by a
hemitropic (round prineipal axis) rhombohedron of greater
elongation, were formed. They were of glass-like lustre and
transparency. Some were detached entire and analysed
separately.

(1.) ‘7712 grm. lost at 110° ‘1010 grm. aq. or 13:09 per cent.
From this it might have been supposed that the erystals were a
new hydrate of baryum acetate, of the formula C,H,BaO, + H,0,
At. W. 291, requiring 12-37 per cent, of aq., but

(2.) The 6702 of dry salt yielded 6362 grm. BaSO, equal to
‘3736 Ba or 5574 per cent. The theory of the acetate requires
5372 per cent. The dihydrated baryum acetate should by direct
combustion, without previous drying, yield 47-:07 per cent. Ba,
but

(3.) "7878 grm. (which frothed up on heating suddenly) left
66 BaSO,, equal to 49-25 per cent. Ba.

The crystals therefore contain, both in the anhydrous and
dihydrated state, 2 per cent. Ba more than corresponds to
acetate. = The ordinary monohydrate of baryum acetate,
C,HBaO, + H,0O, contains 659 per cent. aq., and 50-18 per
cent. Ba. It was therefore probable that these crystals were
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not acetate, or not acetate only, and on examination it was found
that they contained a considerable amount of formiate. The
amount can be appreciated by putting the figures for Ba in
acetate, crystals and formiate side by side.

Acetate requires Crystals contain Formiate requires
Ba 5372 per cent. Ba 55:74 per cent. Ba 60-35 per cent.

The erystals correspond to a mixture of nine molecules of acetate
with four of formiate, which requires 5576 per cent. Ba. The
form and stoechiometric relation of the water are probably an
imitation of a new baryum acetate dihydrate. ey show that
barywin acetate and barywn formiate are isomorphous, and cannot
be separated from each other by erystallisation in miztures in
which the atoms of formiate vise to wmore than one-third of the
amount of the acetate. The same was of course the case with the
lead salts. Neither by distillation, nor by crystallisation of lead
salts with and without alcohol, nor by erystallisation of baryum
salts, have I as yet obtained any pure formiate, although this
salt is present in large quantity ; but of the prevalent acetates
pure crystallisations were obtained. I am therefore unable to
determine directly the actual amount of formiates obtained as
compared to acetates, but indirectly such determination may of
course hereafter be made by destroying the formic acid and
distilling the remaining acetic. I estimate that upon five parts
of acetic acid the urine yielded one part of formic.

Determination of the Acetic and Formic Acid contained in the
Daily Urine of a Man.

The total urine from eleven sunccessive days of a healthy
man was concentrated and distilled with H,S0, A
quantity of acid distillate was obtained, neutralised with
sodium carbonate and evaporated. The concentrated solu-
tion was again decomposed with H,S0,, and the benzoic acid
separated. The liquid was again distilled ‘and the distillate boiled
with lead carbonate. A quantity of salt was obtained which
refused to erystallise, lost acetic acid during evaporation, and
became at last partially insoluble in water. From a portion
dibasic acetate crystallised. The whole was decomposed and the
‘amount of lead determined as sulphate. This weighed 8-007
grm., corresponding to 547 grm. of metallic Pb. This corre-
sponds to 8:59 grm. of lead acetate from urine of eleven days,
equal to an excretion of 3-12 grm. in eleven days, or 0-288 grm.
per day. I abstain from correcting the data for formic acid on
account of what has been stated; its daily amount may be
ronghly estimated at 005 grm.
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On the Conditions in which Acetic and, Formic Acid may be
contained in Urine,

As these acids can only be obtained from urine by
processes and agents which effect evident decompositions,
such as those of wurochrome, it is fair to allow that the
volatile acids also may, like benzoic acid, be products of the
cleavage of more complicated substances. But it is impossible
at present to say what the substances are, and whether the acids
are not simply present in combination with some base or other.
The latter view might indeed be held if the relative significance
could be attributed to the following reaction of urine, which I
observed several years ago, and mquu'ed into at some length.

Fresh urine is treated with some milk of lime and hltered
1t 1s then treated with ferrie chloride as long as a precipitate is
thereby produced, and a slight excess of ferric chloride is added.
The filtrate from the ferric precipitate will be found to have a
deep red colour, similar to that which ferrie salts produce in for-
miates, acetates, benzoates, succinates, sulphocyanides, and other
salts. The reaction has lately been asecribed to sulphocyanide,
but for this I have sought without success. I find now that it
is yielded also by kryptophanates. Now the urine contains am-
monia, which would form with ferric chloride some basic salt,
and this also might produce the reaction ; the distillate from fresh
urine, indeed, shows the reaction beautifully with a drop of
ferric chloride. It is therefore quite impossible at present to
say whether this reaction is due to any organic acid, much less
to which of those which are now all (succinic acid is also alleged
by Meissner to be constantly present in urine) shown to be con-
tained in urine.

When urine or its extract is mixed with a m::rderate quantity
of sulphuric acid and boiled a very peculiar state of things en-
sues, which is not generally understood. The ingredients are
not in the presence of sulphuric acid, as it were, at all, but in
that of a very slight chemolytic influence only, a kind of contact
action. The sulphuric acid is at once enveloped by the attrac-
tion of urea, and as long as urea is present no sulphate is formed,
except that of ammonia, even on boiling. Although some
hippuric acid is decomposed in the extract of urine, and benzoic
acid iz given out, yet much hippuric acid remains in solution
unchanged, and crystallises after the extract has been boiled for
hours, If the hippurie acid had been in presence of free sul-
phuric or hydrochloric acid it must have been decomposed en-
tirely by half an hour’s boiling. To the same preserving influ-
ence of urea is due the fact that in the distillates obtained
during the decomposition of urochrome according to my method,
which yields the acetic and formic acid, no hydrochloric acid 1s
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ever found. Such acid is only evolved by the addition of a
great excess of sulphuric acid to extract of urine, and its effect
and advent are unmistakably evident in the fluid. The mizture
becomes black, and loses entirely its previously red colour. It
deposits black charred matter, which differs greatly from
uromelanine and the resinous urochrome products. From such
- charred urine no uromelanine and no pure products of any kind
can be obtained. Now these particular conditions, more than any-
thing else, incline me to the opinion that the acetic and formic
acid are pmduratb of chemolysis of higher organic bodies, and not
merely acids set free from salts by sulphurie acids. The;f escape
simultaneously with the carbonic acid gas which is evolved from
the urea, and cause a continuous slight effervescence in the
fluid. The sulphuric acid does not decompose the kryptophanic
acid in the extract any more than the hippurie, 7., only a por-
tion of it, and that certainly a small one. But when free hydro-
chloric acid appears the kryptophanic acid disappears, forming,
in fact, the great bulk of the black matters in which such de-
composing extract of urine abounds. These peculiar reactions
must be carefully borne in mind by every one who would
successfully study or comprehend these decompositions.



CHAPTER XX.

KRYPTOPHANIC ACID, C,H,NO,.

INTRODUCTION.

THis acid was discovered and first described by me in the
Appendix to the “ Twelfth Report of the Medical Officer of the
Privy Council,” 1869, p. 280, and * Journal of the Chemical
Society,” 23 (1870), 116. It is the principal one of the bodies
which constitute the complexity of matters formerly called  ex-
tractives;” and which, as I have found, can be almost completely
removed from urine by precipitation with ferric chloride. For
a short notice of former researches on the free acid and the
extractive matters of the urine, see paragraph 19, p. 292 of the
Appendix quoted above. All these attempts, without exception,
remained without a single tangible result as far as the extractive
acids are concerned.

Mode of Isolating Kryptophanic Aecid from fresh Human Urine
by Lume and Alcohol.

The urine is made alkaline by means of milk of lime, filtered
and evaporated. After a while gypsum is deposited and is
removed by filtration. The filtrate is subsequently acidified
with acetic acid and evaporated to crystallisation, whereby a
cake of salt is deposited. After being allowed to stand for some
time the mother-liquor (which now forms a syrup) is filtered
from this salt cake, and is now ready for treatment with alcohol,

One volume of this syrup is mixed with four volumes of 95
per cent. alcohol, or with five volumes of 90 per cent. alcohol,
and shaken in a stoppered bottle, whereupon a voluminous, flaky,
adhesive precipitate is formed, and speedily settles down to the
bottom of the fluid. The liquor is decanted off, the precipitate
shaken with some fresh strong alcohol, and the alcohol again
decanted. The bottle and precipitate are now slightly warmed,
when the latter gives out much alcohol. The precipitate,
which consists mainly of impure kryptophanate of calcium, is
next dissolved in a small quantity of water, and the solution
filtered through a calico bag, with the aid of pressure. (It is
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inconvenient to employ a paper filter, inasmuch as the insoluble
impurities have a great tendency to clog the filter) The solu-
tion is again precipitated by means of strong aleohol, and the
precipitate is collected in a calico bag and freed from alcohol by
pressure. It is now devoid of the soluble urinary ingredients,
and by repeating the solution in water and precipitation by
alcohol several times, almost pure kryptophanate may be
obtained. But it is preferable to adopt one or other of the fol-
lowing processes of purification :—

Purification by Lead Acetate Process.

The crude caleium and sodium salts just deseribed are dis-
solved in water, and then mixed with a large excess of nearly
saturated aqueous solution of lead acetate. The mixture is
shaken in a stoppered bottle and then filtered. The filtrate runs
through nearly or entirely colourless, while the precipitate
which remains on the filter is dark coloured and voluminous.
It is washed with the solution of lead acetate, and the washings
are added to the rest of the filtrate.

To the filtrate, which consists of lead kryptophanate dissolved
in lead acetate, a quantity of alcohol of 95 per cent. is next
added. About one volume of filtrate is taken to five or six
volumes of aleohol. Dy this addition of alecohol to the lead
solution, there is determined an abundant precipitation of per-
fectly white lead kryptophanate. This precipitate 1s separated
from the mother-liquor by filtration, and is washed successively
with alcohol, water, alcohol, and lastly with ether. Finally it is
dried in vacuo, during which process it assumes a slichtly yel-
lowish colour on the surface. The precipitate may also simply
be washed with water, to remove lead acetate, the basic krypto-
phanate being also insoluble in water as well as in alcohol. By
decomposition with the exact amount of sulphuric acid required,
the free acid is obtained, and best transformed into baryum salt
by baryta water in excess and a current of carbonic acid. The
baryum salt is precipitated by alcohol, redissolved in water, and
again treated with lead acetate in excess. The filtrate with
aleohol yields pure white kryptophanate.

Purification by Copper Acetate.

To the solution of erude kryptophanates an excess of copper
acetate is added, whereupon a voluminous dirty-green precipitate
is thrown down, and a greenish-blue solution is produced. The
precipitate having been “Temoved by filtration, five or six volumes
of 95 per cent. alcohol are added to the ﬁltmte and cause the
production of a voluminous greenish-blue ﬂ&k}? precipitate of
copper kryptophanate, This is filtered, washed with alcohol,
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and dried in vacuo over H,SO,. In order to get the copper salt
free from lime and soda salts, it is essential to employ such an
excess of copper acetate as will leave the motherfliquor blue
after all the precipitate has been separated from it. Prior to
the drying of the precipitate the copper kryptophanate is
soluble in water ; subsequently to the drying it is insoluble in
water,

From the copper salt the free kryptophanic acid may be
obtained by decomposing with sulphuretted hydrogen.

From the lead salt the acid is best prepared by the employ-
ment of dilute sulphuric acid.

Mode of Obtaining Kryptophanic Acid from Urinary Extracts
after the Removal of all Producls of Decomposition by
Sulphurie Aeid.

Extract of urine is decomposed in the manner described for
the isolation of acetic and formic acid (pp. 247 and 248). To
the filtrate from the mixed resinous matters, which of course
contains a large quantity of ammonium sulphate, an excess of
milk of lime is added. It is filtered through a cloth and boiled
to drive out all ammonia. It is then acidified with acetic acid,
evaporated to erystallisation, and filtered, and to the filtrate
alcohol is added, and the subsequent stages of the process are the
same as has already been described. The precipitate contains
much more potassium chloride than that from fresh urine, and
requires special care to be purified from this by one or other of
the above processes. It also contfains iron, which follows the
acid into nearly all its preparations. This is best removed by
adding to the solution, freed from caleium by ammonia and
ammonium carbonate, a sufficient amount of ammonium sulphide,
and filtering immediately. By evaporation the alkali and sul-
phide are removed, and the solution of the ammonium-salt is
ready for the application of lead-acetate.

Mode of Obtaining Kryptophanic Acid from Urine without the
intervention of Heat.

The dilute free acid and its acid salts are little affected by heat
and air, but the neutral and alkaline solutions (especially when
they are impure) become dark under the influence of these
agents. It is therefore desirable to be in possession of a method
of extraction which shall not involve exposure to the action
of heat. In the following process these objections are
avoided :— :

The filtered fresh urine is treated with lead acetate as long as
this reagent gives a precipitate. Experience shows that to
every litre of the fresh urine of healthy men, about 40 cec.

R
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of an aqueous solution of lead acetate saturated at 9:5° C.
may be added, and that the precipitate will consist mainly of
phosphate and sulphate of lead, there being only traces of organic
matter in the precipitate. (From a litre of average urine 62
grm. of mixed lead salts were obtained.) To the filtrate a little
ammonia is added and a little acetate of lead, so as to obtain a
copious precipitate. This precipitate is collected in a calico bag,
pressed, washed with water, pressed again, and then decomposed
with sulphuric acid in slight excess. It is yellow, and gives a
spectrum with a broad absorption band at the beginning
of blue. The filtrate is treated with baryum carbonate and a
little baryta water. The solution of baryum kryptophanate
is now mixed with five volumes of nearly absolute aleohol,
whereupon the kryptophanate is precipitated, the urochrome
remaining in solution. The baryum kryptophanate is dissolved
in water, and again precipitated with lead acetate ; the precipitate,
after ﬁlt.l ation, is digested with a sufficiency of s.':l,tumted solution
of dead acetate and the solution filtered. The filtrate is treated
with five volumes of nearly absolute alcohol, whereupon lead
kryptophanate falls down in white flakes, which should be washed
with aleohol, a little water, alcohol again, lastly with ether, and
dried in vacuo,

Chemical Properties of Kryptophanic Aeid.

It is a transparent, amorphous, gummy solid, very nearly or
perhaps entirely colourless. It is soluble in water in all pro-
portions. It is less soluble in aleohol, and still less so in ether,
It has a freely acid taste, and decomposes alkaline and earthy
carbonates with effervescence, forming solutions of the corre-
sponding salts.

The agueous solution of the free acid is precipitated by lead
acetate, which gives a copious thick white precipitate. It is
precipitated by mercury acetate, also by silver nitrate, the pre-
cipitate in the latter case being slight.

Merecuric chloride (corrosive sublimate) does not precipitate the
free acid. Copper acetate likewise gives no precipitate.

The lead precipitate is redissolved by excess of lead
acefate.

Solutions in water of the alkaline and earthy salts of kryto-
phanic acid are precipitated by excess of strong alcohol. These
precipitates darken a little on being heated and fuse, but ulti-
mately become dry and brittle and admit of being powdered, in
which state they are endowed with great stability.

Boiled with a great excess of alkaline copper solution they
reduce it to suboxide, which at first is in solution, but sub-
sequently if the air be excluded is deposited on further contrac-
tion. The alkaline solution fluoresces blue. The agqueous solu-
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tions of the alkaline and earthy kryptophanates are precipitated
byv—

JrLesuzl acetate, which throws down & copious white precipitate
soluble in excess of the acetate.

Mercury acetate, which gives a white precipitate.

Mercury nitrate, which gives a voluminous white precipitate.

Silver nitrate, which gives a white voluminous precipitate.

The circumstance of kryptophanic acid giving a precipitate
with mercury nitrate affects the common urea [lel;m mination by
Liebig's method. Probably an error of from 5 to 10 per cent. on
the urea is occasioned by the kryptophanic acid present in the
urine, '

Todine dissolved by an iodide, on being added to a solution of
kryptophanic acid or of a k1}rptaphauate produces immediately
a precipitate of an iodo-kryptophanic acid wherein one or more
atoms of hydrogen have been replaced by iodine. The liquid
confains hydriodic acid.

If the solution of the kryptophanic acid be too dilute, there is
no precipitate, but only a change of colour indicative of reaction.
Thus, on the addition of tincture of iodine to fresh urine there is
first of all a precipitate of iodine, just as if the tincture had been
poured into water, but very soon the iodine is redissolved, being
consumed in attacking the kryptophanic acid. Some few years
ago a lively discussion took place in France relative to this sub-
ject.

Bromine added to kryptophauic acid or to its salts dissolved
in water produces immediately a fawn or light-brown precipitate,
being a brominated acid analogous to the iodine compound just
referred to.

The kryptophanates on being heated emit acid fumes, but
no urinary smell like that given out on heating omicholine is
emitted. A residue of charcoal is left which is rather difficult
to burn.

Kryptophanic acid prevents the precipitation of ferric oxyde
in alkaline solutions. Like oxalic acid it holds in solution
prusgian blue in presence of free hydrochloric acid.

An ammoniacal solution of silver nitrate becomes immediately
very dark on the addition of ammonium kryptophanate. On
heating it becomes black (red on dilution), and deposits metallic
silver as a black powder.

Nitrate of silver and excess of nitric acid, added to a solution
of kryptophanie acid containing urea (to urine with little uro-
chrome and much kryptophanic acid, such as is discharged in
vertain conditions of the brain, intermittent spasmodic disease) is
reduced on standing, and the glass is covered with a silver
mirror,
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Absorption of Oxygen by crude Kryptophanie Acid in Alkaline
Solution,

A quantity of crude kryptophanate of caleium was dissolved
in 20 c.c. of water, and enclosed over mercury with 47 c.c. of air,
and 14 c.c. of strong solution of caustic potash added. After
the lapse of three weeks the 47 c.c. of air had diminished to 38
c.c., so that 9 c.c. of oxygen had been absorbed, equal to 191
per cent. of the air employed.

When highly purified, neither kryptophanic acid nor its
baryta salt with excess of baryta absorb pure oxygen enclosed
with it over mercury.

Kryptophanate of Lead, C.H.PDNO,,

The crude kryptophanate of calcinm which has been already
described, was mixed with excess of a saturated solution of lead
acetate, and filtered from the preeipitate. The filtrate was
mixed with 5 vols. of 95 per cent. aleohol ; the precipitate of
kryptopbanate, a white flaky mass thereby produced, was washed
with aleohol, water, and again with aleohol, and lastly with ether.
It was then dried in vacuo over H,SO,.. During the washing and
drying it darkened a little in colour, and ultimately became pale
yellow. When quite dry it was found to have shrunk very much.

Analysis (dried in vacuo) :—

(1.) 0-3996 grm. with H,SO, and ignited, yielded 0-3104 grm.
PbSO,, equal to 53:07 per cent. of Pb. The formule C;H,PbNO,
+ Aq. requires P'b per cent.= 5362,

The salt further dried at 105° C, lost water, and then furnished
the following results :—

Caleulated. Found.
- A " r e fe— -
Atoms. Per Cents, 1. 2, 3. 4
a0 60 16-30 1569
¢ i) 2 L 1-90 1-89
Pb 207 56:25 5572 AR i

N .14 380 2-89
O .| &0 21-75

368 10000

Buasic Lead Kryplophanate,

When the neutral salt is washed with water for a long time it

loses one-third of its acid, and there remains behind a salt having
the composition 2(C,,H,,Pb,N,0,,)PbO.
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Theory. Found.
A ' S

2. 4.

]

240 1416 1
AUARDH 1-65
. 1035 61-06 61-2 6061

K bS
e

o &

56
336

b2
(=T ) e s ]

oA

1695

Note—Analyses 1 and 2 on the same preparation. Analysis
3 on sample prepared in another operation.

Kryptophanate of Copper (with Alcohol).

This salt was prepared by adding a great excess of copper
acetate to a solution of the crude kryptophanate of calcium,
filtering and precipitating the filtrate with alcohol, washing with
aleohol, drying in the steam oven, powdering, and finally drying
in vacuo. Prepared in this way, the salt is a compound of
alcohol with the copper salt.

Found.
.

(i N
i 1 2, 3. 4. 5.
Carbon . . 2895 29°53
Hydrogen . . 462 467
Copper 24-20 2467 2418

The analyses lead to either 2(C,H,CuNO,) + C,H,O or 2(C;
H,CuNO,) +C,H,0 + H,0.

Kryptophanate of Copper (without Alcohol).

When the foregoing salt is exposed to moist air, and then dried
in vacuo, it loses alcohol, and at the same time changes in colour,
becoming very dark green. Analysed in that state, it yielded
results corresponding with the formula C,;H,CuNO,,

Calenlated. ¥ Found.
A e ¥ - n
1. it 3. 4.
o .60 26-72 2709
ried - R 312
Cu . 635 28:29 2750 2882
W Vi 6-24 635
50. . 80 2563

2245 10000
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Dry Distillation of Copper Salt.—825 grm. of this salt was
subjected to dry distillation, and yielded first water, which was
removed from the receiver. Then on heating more strongly a
heavy white vapour came over, which was alkaline, smelled of
cyanides and of tobacco, and crystallised in white erystals on
cooling. It was perhaps cyanide and cyanate of ammonia. It
effervesced with platinum tetrachloride, giving a crystalline salt.
A dark red oil also distilled over, and this when mixed with
HCI and PtCl, reduced the platinum to the metallic state and
gave a useless black solution. The oil was more soluble in ether
than the crystals, so that a separation could be effected thereby.

Kiryptophanate of Magnesiuwm.

Free acid prepared by the exact decomposition of the wet
kryptophante of lead by means of an equivalent of dilute sul-
phuric acid, and which contained no sulphuric acid, was mixed
with an excess of magnesia, filtered, and the filtrate evaporated
on the water-bath. The salt formed a mass like treacle, which,
however, after loss of the excess of water, dried up into a brittle

mass admitting of powdering. It was powdered and dried at
110° to 120° C.

Calculated. Found.
(i iz o i T .
1. Fil 3. 4.
10 C : 120 2956
14 H : 14
2 Mg . 48 1183 11ds L8115
2N : 28 6:90 666
100 . 160
et e SR
406

Dried at from 140° to 160° it lost an atom of water, and became
C, o H,Mg,N, Oy + Ag.

Theory. Found.
e r—*“—""“—ﬂ-—w
1. i
30.93 C al-01
412 H 4-78
1237 Mg s 5D

Caleium Kryptophanates,

Some free acid was made by decomposing lead salt with an equi-
valent of dilute H,SO, (a little baryta water was added, to remove
a slight excess of sulphuric acid). An excess of milk of lime,
prepared from lime which had been washed, was added to the
acid, and the mixture boiled and filtered. To the filtrate about
an equal volume of strong alcohol was added, and a precipitate
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obtained. This was dried in the water-bath, further dried at
110%, and analysed (Anal. 1, 2, 3). The filtrate was evaporated to
dryness, and the lime-salt powdered and dried at 135° (Anal. 4).

Theory. Found,
— A = . 4
1. 2. 3. 4.
ks o 120 3288 3314
13H . 13
FEE . B0 1643 | 1485 1492 ... 1695
2N . 28 i
920 . 14
365

When kryptophanic acid is boiled with excess of milk of
lime, there 1s produced a salt containing § of Ca to 1 of acid.
This salt has considerable stability, but appears to be very slowly
attacked by the CO, of the air. If, however, the salt be dried
up and then powdered, one-third of the calcium passes into car-
bonate, and the dibasic salt C H, ,CaN,0, is produced (just
as in the case of Ba salt).

Kryptophanate of Baryimn,

The magnesium salt was precipitated boiling with slight ex-
cess of hydrate of baryum, filtered and evaporated nearly to dry-
ness in the water-bath ; refiltered, and the filtrate dried in the
water-bath. It formed a perfectly translucent red-brown varnish,
Dried at 110°,

Analysis:—

(1.) 445 grm, gave ‘338 grm. BaSO,, equal to 44'66 per cent.
Ba. C, H,Ba,N,0,, + Aq. requires 44'52 per cent. Ba.

This salt took up CO, of the air, and formed a deposit of
BaCO,  The solution on evaporation to dryness left a residue,
which, dried at 110°, contained 3628 per cent. Ba.

It would also seem that there is a baryta salt of the formula
G:mHuBﬂ'g' Niﬂw

Metamorphosis of Bavyum Kryptophanate into an Acid Salt by
Boiling with Water,

155 grm. of copper kryptophanate (containing a certain quan-
tity of alcohol) was decomposed with hydrothion and filtered.
The filtrate was boiled for a long time with BaCO, and some
BaH,0,, and gave off some ammonia. It was subsequently
filtered. The precipitate on the filter contained much carbonate,
and probably and apparently no organic product of decomposi-
tion. The filtrate was mixed with a large quantity of 98 per
cent. alcohol, whereupon a pale yellowish-white baryum salt was
precipitated. This salt was washed with alcohol of 98 per cent.
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(the wash alcohol was strongly alkaline) dissolved in water, and
the aqueous solution boiled. Thereupon ammonia was again
evolved and abundance of baryum carbonate precipitated. This
was removed by filtration, the filtrate evaporated to dryness at
110° and powdered. 1t formed a gummy mass, offering no diffi-
culty to comminution, The total amount of baryum salt ob-
tained was 4377 grnw.
The analyses lead to the formula C,,H,, BaN,O,.

Calculated. Found.
et sz r = 3
1. 2. 3.
10 C . 1200 2709 26-84
14 H . 14 316 387
Ba . 137 3093 3175
2N ] 6:32 5904

90 . 144 32-50

443 100

The reaction bv which this salt is produced is the loss of
baryum oxyde, thus :—
C, H, Ba N O,
+C; H; Ba N O,

UID H 14 g;’ N 2310

=0CyH,, Ba N,0,

This salt gave a white precipitate with AgNO,, soluble in
HNO, It gave a white precipitate with lead acetate, soluble
in acetic acid. It gave no reaction with copper acetate, zinc
chloride, or calcium chloride. With mercuric chloride it gave a
white precipitate, soluble in HNO, ; with mercuric nitrate the
same ; with mercurous nitrate a precipitate which, apparently
white at first, became quickly dark. The solid baryum salt,
moistened with strong H,50,, appeared to give a double
sulphate of baryum and kryptophanate,

Kryptophanates of Cobalt.

A solution of kryptophanic acid (some of the same sample as
that employed for magnesium salts) was treated with cobalt
carbonate; effervescence ensued both in the cold, and more on
boiling. A red solution was obtained and precipitated by 2
volumes of alcohol of 94 per cent. A pale pink precipitate
ensued which was filtered off. On drying in the steam-bath it
shrunk, then fused like the calcium and other salts, and soaked
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the paper like fat (of this the greater portion dissolved in warm
water, with red colour as before). It ultimately became hard,
was white rose coloured in the interior of the lumps. Powdered
and dried at 100° to 110°,

Determination of Cobalt— 0834 grm. burned and reduced in
H atmosphere gave ‘014 grm. or 1678 per cent. Co. The
formula C, ;H,;CoN,O,, (At. W, = 3288) requires 1536 per
cent. Co.

The formula C, H,,CoN, 'E}.J requires 16°19 per cent. Co.

Solutéon in Alcohol.—Woas of a rose red colour, and on evapo-
ration in platinum dish became indigo blue wherever it
dried, and was ultimately a deep blue hard mass. It was dis-
solved in water and became red again, filtered from slight pre-
cipitate and again evaporated. Dried at 110°, On heating, it
swelled up greatly, gave out a stinking gas, and left a residue of
cobalt and carbon. This had to be treated with nitric acid to
deflagrate all carbon, after which the cobalt was reduced in H
atmosphere.

Determination of Cobalt—2897 grm. left after the before-
mentioned treatment ‘08 grm. Co or 277 per cent. Co. The
formula C, H,,Co,N,0,, (At. W. 489°6) requires 26-7 per cent.

C,oH;5Co,N,0, requires 279 per cent,

Silver Salis,

When a golution of a tetrabasic kryptophanate, as, for instance,
the magnesium salt, C, H, Mg, N,O,,, is mixed with a solution of
silver nitrate, there is produced a dark grey precipitate, which
either has not a definite composition or else suffers decomposition
spontaneously or on washing. The following determinations of
silver in different specimens of the precipitate will serve to il-
lustrate the inconstancy of its composition after having been
washed and dried :—

Percentage of silver.

Precipitate a , : : 172
Do. b : ; : 6008
DL : . : 56-56

Precipitate « was prepared by using a very small proportion of
silver nitrate to precipitate the magnesium kryptophanate. It
was washed, dried in the steam-bath, and finally dried at 100°
to 110°,

Precipitate b was washed six times with a small quantity of
water and dried in vacuo.

Precipitate ¢ was very little washed, and then pressed and
dried in vacuo for several days.

Thus it appears that by dint of washing decomposition of the
silver salt is effected, so as to give a salt richer in silver than
the original precipitate.
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Precipitate ¢, which may be regarded as the least altered
specimen of the precipitated silver salt, roughly approximates in
composition to the formula C, H, ,Ag N0+ 2 Aq., correspond-
ing with the magnesium salt from which 1t was formed. The
following are the details of its preparation and analysis .—

3 grm. of silver nitrate were dissolved in water and pre-
cipitated with 8 c.c. of very concentrated solution of tetrabasic
magnesium kryptophanate. The dark-coloured precipitate, after
slight washing, pressing, and drying in wvacuo for several days,
weighed 1-603 grm.

The formula C,,H,,Ag, N,0,, + 2 Aq. requires

Caleulated, Found.
—_— == ——
10 C 120 152 13:08
18 H 18
4 A 432 547 56:56
2N 28
120 192
790

(It will be understood that the insufficiency of the washing
would occasion the carbon to be too low, and the ignited residue
to be too high for the real quantity of silver.)

The interpretation which is to be put on the data given by
this examination of the silver salt appears to be the following :—
The tetrabasic silver salt is very perishable, and breaks up into
tribasic silver salt and silver oxide. By washing, tribasic silver
salt 1s more or less perfectly dissolved out, and silver oxide ac-
cordingly accumulates in the precipitate.

The stable silver salt of kryptophanic acid appears to be the
tribasic salt, and is formed by double decomposition, when either
a dibasic or a tribasic kryptophanate is added to a solution of
silver nitrate. It is white, and appears to be rather soluble in
water.

a. Some silver salt obtained by double decomposition between
dibasic caleium salt and silver nitrate was washed and dried in
vacuo. ‘1110 grm. gave ‘0570 grm. of metallic silver, or 51°35
per cent. Ag.

b. Some silver salt prepared from dibasic barynm salt and
silver nitrate, and dried in vacuo, gave 52-80 per cent. Ag.

e. Another quantity of silver salt made from a specimen of
calcium kryptophanate, believed to be the tribasic salt, had the
following history :— :

Calcium kryptophanate, obtained from fresh urine by lime
and alcohol process, Puriﬁed twice by resolution in water and
precipitation by alcohol, was boiled with animal charcoal to de-
colorise it, and then mixed with silver nitrate as long as a preci-
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pitate was produced. The precipitate, white at first, became
slightly coloured grey. It was washed, ultimately boiled with
alcohol, dried at 100° to 110°, At 130° it became brownish on
surface,

Calculated. Found.
e s %
¢ — i, oo e LR U2 3 4 5.
10 C i [ ] O T 2 SR S i 1 L
15 H 13 LRl R o 249
3 Ag 324 153 51-:5.3523[}&31 5535‘3‘8
2N 28 O A i e o7
90 144
629

Theoretical Considerations vespecting Kryptophanic Aetd.

Kryptophanic acid is supposed in some of the foregoing para-
graphs to be a dibasic acid of the formula C;H,NO,. Butit is
evident that it may be considered as tetrabasic, and to have the

formula C, H,;N,O,. In that case the metallic salts will have
the gener formula - —

G, Hyy MY, N, O

Lramples : Lead salt Gl H. Phy N, O
Do. hydrated C,oH,, 1 112 N U o + 2 Aq.
Basic 2 (C, dHH Pl: N, {}m) PhU

Copper salt C, H Cu, N, 05,

Do. with alcohol Cm HH Cu, N g 0y + G;H,O.
Magnesium salt C,, H,, Mg, N 0,, + Aq
Do. dihydrate C,, H,, Mg, N (}m + 2 Aq.
Baryum salt G, H,; Ba; N2 0,, + Aq.
Do. tribasic s bt N

Do. acid C,, H;, Ba N, {J
Calcium salt Cyo Hyy ca'y N, U .
Do. acid C, H, Ca, N, 'D
Cobalt salt acid Gm IIH CoN, O
Do. basic Cyo Hyz Co, N D .

Silver salt C,, Hy; Ag, Ng Dg,



CHAPTER XX
CARBONIC ACID, CO,

HISTORY AND LITERATURE.

Proust (“Ann. Chim.” 36 (1800), 260) observed that the froth
which gathers on urine when it 1s evaporated contains a mixture
of carbonic acid gas and air. Most chemists, however, doubted
that this acid was contained in the urine as such, but believed
it to be a product of the decomposition of urea by heat. A.
Vogel (““ Schweigger's Journ.” 11 (1814), 401), therefum to test
the assertion of Proust, placed one litre of urine in a bottle of
two litres capacity, and closed the bottle with a cork, from
which a bent tube led to a small eylinder filled with lime water.
This apparatus was placed under the bell-jar of an air-pump,
and the air gradually exhausted. As the air from the flask
passed through the lime water it caused a white precipitate in
this agent; the evolution of gas continued for about two hours.
The urine in the bottle forms a great froth, and care must be
taken not to let any particle of froth rise into the lime water.
On destroying the vacuum, lime water will of course rise into
the urine, The quantity of lime water and carbonate formed
thus lost may be limited by letting the bent tube dip only very
little into the lime water.

Occurrence and Chemical Characters.

Carbonic acid is the principal product of the perfect combus-
tion of carbon and carbonaceous substances. It is therefore the
main product of the process of oxydation carried on in all animal
bodies, and is exhaled from them by means of the lungs. In
urine, as in other animal fluids, the blood excepted, there is only
such a quantity of carbonic acid present as corresponds to the
power of absorption of its water. Carbonic anhydride is a
coercible gas of considerable chemical affinity for bases. It
gives a white precipitate in lime water, which is again dissolved
by an excess of the carbonic acid. Acetate of lead produces in
very dilute solution of the gas in water a white turbidity. The
gas is completely absorbed by caustic potash in solution, or even
by caustic potashin solid pieces, when there is sufficient oppor-
tunity for contact.
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Mode of Determining the Quantity of Carbonic Anhydride
eontained in Urine by Volume.

Whenever small quantities of carbonic anhydride have to be
estimated, it is best to treat them volumetrically. In the case
of the carbonic anhydride in urine, the following proceeding will
be found most efficacious and secure:—A two-necked Wolfl’s
bottie is connected with a graduated pipette containing the
urine, and provided at its lower end with a glass stopper. The
second neck of the Wolff's bottle is connected with a second
two-necked Wolff’s bottle containing some cotton-wool. This is
connected with a Sprengel’s mercurial pump, the delivery tube
of which can be made to communicate with a gas-measuring
tube filled with mercury. When the apparatus has been
exhausted by the action of the pump, a measured quantity of
the urine to be tested is allowed to flow from the pipette into
the first Wolff’s bottle. This urine will immediately begin to
froth, and on the application to the bottle of some warm water
to boil. The froth will pass into the second bottle, and be
retained and destroyed there. The earbonie acid will pass into
the gas-measuring tube, with which the delivery tube of the
pump has been connected after the vacuum was obtained and
before the urine was allowed to flow into the first bottle. The
gas ultimately collected over the mercury is measured with the
usual observations of air-pressure and temperature. It is next
treated with some caustic potash, and the amount of gas absorbed
is again ascertained with the precautions mentioned. From the
volume absorbed the weight of the carbonic acid and its pro-

portion to the weight or volume of the urine employed are
caleunlated.

Mode of Estimating the Quantity of Carbonic Acid contained in
Urine by Weight.

From a measured quantity of urine the carbonic acld 18
evolved by warmth and diminished air pressure, and caught in
baryta water. This is the principle of the analysis ; the follow-
ing are the particulars :—100 c.c. of urine are put into a strong
flask, closed by a cork, which is pierced by two glass tubes.
One tube dips into the urine, and above the cork is drawn out
into a long point, and closed by the blowpipe. The second tube
begins with the cork, has a double bend, and is connected with
a second, but empty bnttle out of which a second doubly bent
tube leads to a third flask half full of clear baryta water.
Several bottles with baryta water may yet be attached. To the
last one the air-pump is fixed. The whole apparatus being made
air-tight, the flask containing the urine is placed in the water-
bath, and its temperature raised to 60°, after which the air is
cently pumped out of the apparatus. The urine soon begins to
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boil, and distils partly into the empty bottle, and the solution of
baryta in the several bottles becomes turbid from carbonate of
baryum. After the lapse of about half an hour or more, the thin
point of the first tube is broken off, and air is gently drawn
through the apparatus. The carbonate of baryum is afterwards
separated by filtration, washed, and dissolved in hydrochloric
acid ; the solution is precipitated by sulphuric acid; and from
the weight of sulphate of baryum thus obtained the amount of
carbonic acid is calculated.

Phlysiological and Pathological Indications.

From the observations of Planer (“ Zeitschr. d. Gesellsch. d.
Aerzte Wiens,” 1859, p. 465) and Ewald (“ Archiv. f Anat, u.
Physiol. von du Bois-Reymond und Reichert,” 1873, p. 1), it ap-
pears that the urine excreted by persons under the influence of the
febrile process contains more carbonic acid than the urine of the
same persons at a period during which they are free from fever,
Cases of recurrent enteric fever and pneumonia were examined.
The carbonic acid rises and falls in a manner parallel with the
rising and falling of the excretion of urea. A part of the car-
bonic acid contained in the urine is probably derived from the
blood, another directly from the tissues surrounding the walls of
the bladder (Strassburg, Pfliiger's “ Archiv.” 3).




CHAPTER XXII.

CHLORINE AND CHLORIDES OF SODIUM AND
POTASSIUM.

INTRODUCTION,

A pHYSIOLOGICAL law makes these substances the common
accompaniments or ingredients of our food. Salt is a necessary
to man and animal, and nature finds means and ways to supply
it to both. Like oxygen, these salts are found everywhere.
Their solubility in water equals the diffusibility of oxygen ;
they are carried from the sea by wind, rain, and clouds over
larse tracts of country, and thus they penetrate the masses.
There is probably no kind of water on the globe which does not
contain them, and consequently they pervade vegetable and
animal structures. Of all waters, sea and mineral water con-
tain the greatest abundance of them. They occur, moreover,
in a solid erystalline state, mostly imbedded in layers of gypsum.,
Of the mineral rock salt we have to make an important use in
the quantitative analysis of the chlorides of the urine ; for no salt
being so pure as rock salt, a solution of it in water serves as the
basis for the preparation of all the tests which are required for
the volumetrical method.

CurLorine or SopruM, NaCl

Physical and Chemical Properties.

Chloride of sodium ecrystallises in the cubic system. The
cleavage of rock salt leads to a cube, and erystallisations of salt
from pure solutions always assume this form. If, however,
certain organic substances are mixed with the solution, the
crystallisation will ensue in the form of the regular octahedron.
Chloride of sodium, therefore, when crystallising out of the urine
or other animal fluids, always appears in octahedra. The latter
are best obtained by evaporating a large amount of (one day's)
urine to a thin syrupy consistence, and letting it stand over night.
The crystals will be found in the sediment on decanting the
supernatant fluid.

Chloride of sodium dissolves in water of from 12° to 24°
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invariably at the rate of 31'84 parts in 100 parts of the saturated
solution. For procuring the latter clear rock salt is best used
as already described under Urea.

In solutions of chloride of sodium, nitrate of silver produces a
white precipitate, which is insoluble in nitric and hydrochloric
acids. We make use of this test for removing chlorides from
the urine when we wish to ascertain accurately the amount of
urea by the volumetrical method. In the same solutions the
nitrate of the suboxyde of mercury produces a precipitate of
calomel (subchloride of mercury).

If a concentrated solution of chloride of sodium is mixed with
a similar solution of nitrate of oxyde of mercury, nitrate of
sodium and bichloride of mercury (corrosive sublimate) are
formed, the latier transforming the fluid into a white magma of
erystals. The same juxtaposition takes place in dilute solutions,
with the difference, however, that the fluid remains clear, because
the sublimate is kept in solution. In solutions which contain
chloride of sodium and urea at the same time, no precipitation
of urea by nitrate of oxyde of mercury will take place as long
as any chloride of sodium is yet present untransformed into
nitre and corrosive sublimate. Upon this test is based a volun-
metrical determination of the quantity of chlorine.

Diagiosis of Chlorine in Urine.

Some urine is mixed with strong nitric acid, and an excess of
nitrate of silver added. A voluminous precipitate ensues, which
by agitation and warming collects in a curd-like clot. The
supernatant fluid is now decanted, and the precipitate boiled
with a fresh quantity of nitric acid to dissolve some impurity;
it is again washed with water by decantation, and dissolved in
strong caustic ammonia. Excess of nitric acid added to this
solution reproduces the white precipitate, which is chloride of
silver. By fusing this precipitate in a porcelain crucible and
weighing it, an accurate determination of chlorine is obtained.
Chlorine may be obtained from urine or from chlorides obtained
from it by crystallisation by heating them with some peroxyde of
manganese and sulphuric acid, By heating a concentrated
specimen of urine with a large excess of sulphuric acid chlorine
is obtained as hydrochlorie acid in a distillate, which also con-
tains formic and acetic acid and a volatile oil. The hydrochlorie
acid passes last. The more detailed deseription of this process
will be found under the chapter relating to urochrome and to
acetic and formic acid.

Mode of Obtaining Chlovide of Sodiwm from Urine.

The urine is evaporated to one-eighth and filtered. The fil-
trate is evaporated on the water-bath to a thin syrup and
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allowed to cool gradually. After twenty-four hours erystals will
be found deposited, which, if they are few in a fluid extract, may
be chloride of sodium only in octahedra; but if the crystallisa-
tion takes place from a more concentrated extract, the crystals
deposited 1n hard crusts are a mixture of chloride of sodium
with a compound of chloride of sodium and urea. With these
phosphate of sodium and phosphate of sodium and ammonium
are always mixed when the extract was very concentrated or
was cooled down very slowly.

From the erystals so obtained after draining, pressing between
bibulous paper in a press or vice, redissolving in water and boil-
ing with animal charcoal, chloride of sodiuin may be obtained by
fractional crystallisation. It is, however, easier to calcine the
salt as it comes from the press, to destroy urea and colouring
matter, and to crystallise the filtered solution of the residue,
when pure chloride of sodium erystallises first, and phosphate of
sodium and any potassinm salts remain in the mother-liquor.

Chloride of Potassivm, K.

The potassic chloride in urine being present in smaller quan-
tity than the sodic salt, and crystallising in the same cubic form
cannot easily be obtained by direct crystallisation. It may,
however, be precipitated from the coneentrated urine by adding
to this a quantity of alcohol, and after removal of any precipitate
by filtration, a sufficiency of platinic chloride. The crystals of
potassic chloride platinic chloride, which form on standing, may
be recrystallised from hot water, decomposed by a dull red
heat, and then the potassic chloride may be extracted from the
platinum by water and crystallised.

Method of Determining the Quantity of Chlovine in Urine by
means of Nitrate of Oxyde of Meveury.

From the analysis of urea we are already acquainted with the
fact that nitrate of oxyde of mercury produces a copious white
precipitate in a solution of urea. This precipitate is not pro-
duced with corrosive sublimate.

On mixing a chloride of any of the alkali metals with nitrate
of oxyde of mercury, a transmutation of the two salts into corro-
sive sublimate and a nitrate of the alkaline base takes place.
We have already seen the result of this process as regards
chloride of sodium.

If a solution of urea i8 mixed with some chloride of sodium,
and a dilute solution of nitrate of oxyde of mercury is then
added in small portions, a white turbidity occurs on the spot
where the two fluids mix with each other; but this turbidity
immediately disappears " the fluid is shaken a little, and the
latter remains as clear and transparent as before the addition of

= 8
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the mnitrate; without the chloride of sodium it would have
remained permanently thick. On the addition of the nitrate
being continued, the precipitate will disappear until the whole
of the chloride has been transformed into corrosive sublimate.
Beyond this limit a single drop of the mercurial solution pro-
duces a permanent turbidity of the fluid.

From this it is evident that, if we know the amount of mer-
eury contained in the solution of the nitrate of the oxyde of
mereury, which has been added to the solution of urea contain-
ing an unknown amount of chloride of sodium, until the per-
manent turbidity was produced, the amount of chlorine, or
chloride of sodium, contained in that solution may be also
known. One atom of mercury of the mercurial solution con-
sumed, exactly corresponds to one atom of chlorine or chloride
of sodium,

On the contrary, if the amount of chloride of sodium con-
tained in the solution of urea be known, and the amount of
mercury coutained in the mercurial solution be unknown, it is
easy to calculate the amount of mercury contained in the
mercurial solution used.

This proceeding for ascertaining the amount of chloride of
sodium is particularly applicable to the urine, because the addi-
tion of urea is here not required. It may, of course, be used
with advantage for ascertaining the amount of chlorine con-
tained in brine or sea-water, and, generally speaking, in all
cases where a large number of analyses have to be made in the
shortest possible time. If, however, the amount of chlorine in
fluids not being urine is to be determined, the proceeding has to
undergo some modification.

I have already described the simplest modes of obtaining
solutions of the nitrate of the oxyde of mercury. Care must be
taken not to use the common mercury of commerce, because it
always contains lead and bismuth, which render the analysis of
chloride of sodium uncertain. If either lead or bismuth be
present in a solution of mercury, it will, on the latter being
mixed with a solution of urea containing chloride of sodium,
immediately cause a white turbidity or opalescence, which makes
it impossible to see distinctly the point at which the combination
of urea and oxyde of mercury begins to be precipitated.

If, therefore, it is the intention of the operator to use the
common mercury of commerce, it will be best for him to trans-
form it into crystallised protonitrate or nitrate of suboxyde of
mercury, by boiling an excess of the metal in dilute nitric acid,
concentrating and cooling the solution. The erystals of this
salt are then separated from the mother-liquor, which contains
the foreign metals; they are washed with dilute nitric acid,
afterwards with a little water, by which process a part is trans-
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formed into basic salt. If the commercial nitrate of the suboxyde
be used, this process of washing must always be gone through,
because the manufacturers simply remove the crystals from the
mother-liquor without washing them. Small pieces of the
crystallised salt should not be used at all, because the yellowish
mother-liguor adheres to them with such pertinacity, that it is
difficult to remove it by washing without dissolving the greater
part of the salt also.

The crystals of nitrate of suboxyde of mercury are now dis-
solved in nitric acid, and heated until the evolution of vapours
of nitrous acid has entn‘el}r ceased, and a drop of the solution is
no longer precipitated by chloride of sodium. The solution,
after evaporation on the water-bath to a syrupy consistence, is
diluted with ten times its own volume of water. If, after the
lapse of twenty-four hours, any basic salt of the protoxyde has
been precipitated, it may be removed by filtration.

In order to make this solution serviceable for the quantitative
analysis of chloride of sodium it must be graduated, so as to
contain a definite amount of nitrate of oxyde of mercury in a
given volume. This may be effected in two ways. It is either
graduated directly by means of a solution of chloride of sodium
of known strength, or, after the amount of oxyde it contains has
been determined, it may be diluted with as much water as is
necessary, in order to make one cubic centimetre of this dilute
mercurial solution indicate exactly 10 milligrammes of chloride
of sodium. For both proceedings a solution of chloride of sodium
1s required, containing a known amount of this salt. The pre-
paration of the standard saturated solution has already been
described. Of this saturated solution we take with a pipette,
observing the usual caution, 20 c.c,, and add 2984 c.c. of water,
whereby we obtain 3184 c.c. of dilute solution of chloride of
sodium, containing in all 2 x 3184 milligrammes of chloride of
sodinm-; 10 c.c. of this solution contain, therefore, 200 milli-
grammes of chloride of sodium.

Preparation of Mercurial Solution Graduated for Chloride of
Sodium.—Ten cubic centimetres are measured by means of a
small pipette delivering exactly that amount of fluid after having
been filled up to the mark on the narrow tube. These 10 c.c.
are poured into a small beaker; to this are added 3 c.c. of a
solution of urea, containing in 100 c.c. 4 grammes of urea, in
1 c.c. therefore 40 milligrammes of urea. For measuring this
latter solution a narrow test-tube is very serviceable, when
marked with a file at the point to which it will be filled by any
3 c.c. of fluid.

The dilute solution of mercury to be graduated is now filled
into a dropping glass or burette, and from this, and after noting
down the level, it is added in drops to the solution of chloride
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of sodinm containing urea, which is kept in a rotatory motion.
The formation of a distinct and permanent precipitate indicates
the completion of the test. An opalescence of the fluid must
not be mistaken for the precipitate of urea and protoxyde of
mercury. It is caused by a trace of foreign metal; it may
easily be recognised as not proceeding from the completion of
the test by the circumstance, that after its appearance the tur-
bidity is not increased by the addition of a few more drops of
the mercurial solution. If the precipitate has been caused by
the compound of urea, every additional drop of the mercurial
fluid produces an increase of the precipitate, and therefore makes
the fluid thicker than it was before.

In graduating these fluids, I generally take the following pre-
caution :—-I measure 10 c.c. of waler into a beaker, add 3 c.c. of
the solution of urea, and then one or two drops of the mer-
curial solution to be graduated. The amount of precipitate
thus produced shows the limit to which the addition of mercurial
solution to the fluid containing a known amount of chloride of
sodium must be carried, in order to be safe against the error from
the opalescence of the mixture.

Suppose that there have been used for the produetion of the
precipitate, in 10 e.c. of the solution of chloride of sodium, 78
c.c. of the mercurial fluid, the latter is too concentrated to admit
of accurate graduation; it is therefore diluted with its equal
volume of water, and then tested a second time. Suppose that
there have now been used, for 10 c.c. of the solution of chloride
of sodium mixed with urea, 155 c.e. of the mercurial solution for
the production of a permanent precipitate, then we add, to every
155 volumes of this mereurial solution, 45 volumes of water,
whereby we obtain 200 volumes of a mercurial solution, of
which 200 c.c. exactly indicate 200 milligrammes of chloride of
sodium, or one cubic centimetre 10 milligrammes of chloride of
sodium.

If, in the first test, we use 2-7 c.c. for 10 cc. of solution of
chloride of sodium, we then add five or six times the amount
of water to it. The mercurial solution, which is to be gra-
duated, must not be too different in concentration from the fluid
required for the test, and which we are desirous of producing.

We finally ascertain the correctness of the measurements by
an experiment. The degree of permanent precipitate produced
by the addition of 20 c.c. to 10 c.c. of the solution of chloride of
sodium and urea, must be borne in mind when performing the
actual analysis for practical purposes. The only source of error
connected with this quantitative analysis of chloride of sodium,
is that an excess of the mercurial solution may be added, so that
the precipitate is formed in excess ; or that too little of the solu-
tion may be added, so that the turbidity is insufficient. But a

-
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little practice, and the caution recommended above will soon
teach us how to avoid this error.

The test-fluid, the preparation of which has just been de-
seribed, is calculated for those cases in which, besides chlorides,
there are no other salts, and no excess of urea in solution, It
is liable to lead to a small error, when used for the determina-
tion of chloride of sodium in the urine, which makes its
apparent amount in urine smaller than in reality it is. This
error 1s occasioned by the earlier appearance of the critical
precipitate at the completion of the test, in cases where much
urea and other salts are present, because the precipitate is less
soluble in the more concentrated fluids. A deposit of nitrate
of urea and protoxyde of mercury is of course not formed in the
fluid, before the latter is saturated with the former. The mer-
curial solution always contains free nitric acid, which dissolves
more of the nitrate of urea and protoxyde of mercury than
water, and the latter more than a solution of nitrate of urea.

But as urine generally contains more urea than has been
added to the solution of chloride of sodium for the purpose of
its graduation, this urea takes a part of the free nitric acid of
the mercurial solution, forming nitrate of urea, which dimin-
ishes the solubility of the precipitate in the fluid. As the
precipitate in that case appears earlier, less test-fluid is used
for producing the critical test. This error may be completely
avoided by adding to the 10 c.c. of solution of chloride of
sodium, to which 3 ce. of the solution of urea have been
added, 5 ce. of a solution of sulphate of sodium, saturated
?it _ghe ordinary temperature of the air, and then graduating the

uid.,

Nitrate of oxyde of mercury, when added to a solution of
sulphate of sodium, produces a yellow pulverulent precipitate
of turpeth mineral. If the sulphate of sodium contain chloride
of sodium, the addition of the nitrate of oxyde of mercury
will not form a precipitate of turpethum before the whole of
the chloride of sodium has been transformed into sublimate,
and the addition of the sulphate of soedium modifies the experi-
ment only in one way, namely, by the combination of the
free acid of the mercurial solution with the sulphate of sodium
an aecid salt is formed, which has the same effect as an excess of
urea.

On adding urea, and afterwards nitrate of oxyde of mercury,
to a solution of sulphate of sodium which does not contain any
chloride of sodium, and may be tolerable dilute, the mixture
becomes a gelatinous magma of a snowy-white combination,
which contains sulphuric acid, urea, and oxyde of mercury,
and is a little less soluble in water than the corresponding
nitrate,
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The Flwid applied to the Urine—Special Proceedings.—
Before the fluid can be applied to the urine, it is necessary to
remove the phosphoric acid from the latter. This is done by the
solution of baryta in the manner described in the analysis for
urea. The fluid filtered from the precipitate is alkaline from an
excess of baryta. This alkaline reaction must be removed by
the addition of nitric acid. The correctness of the analyses to
be made mainly depends upon the caution not to add more
nitric acid to the filtered liquid from the baryta precipitate
than is just necessary to produce a faint acid reaction. For
this reason it is advisable te acidulate the whole filtered liquid
before taking any part from it by means of dilute nitric acid ;
an excess of one drop of acid in 100 c.c. of fluid is of no con-
sequence, while it would interfere with the accuracy of the
analysis when added to the smaller quantity used for analysis.

For the test we take 15 c.c. of the acidulated fluid, corresponding
to 10 c.c. of urine. This is done by means of a small pipette which
exactly delivers 15 c.c. when filled to the mark in the narrow
tube. The measured quantity is delivered into a small beaker,
and being kept in a rotary motion the mercurial solution is made
to flow into 1t. After the turbidity has appeared, the amount
of test-fluid used is read off the scale of the burette ; every cubic
centimetre used corresponds to 10 milligrammes of chloride of
sodium,

The presence of chloride of sodium in the urine requires some
modifications of the analysis for urea, which has already been
described in the paragraph relating thereto. There it has been
stated that, for very accurate analysis, the removal of the
chlorine from the urine before the addition of the fluid gradu-
ated for urea became essential, and a graduated solution of
nitrate of silver to be used for that purpose was described.
In this case the analysis of chloride of sodium, by means of the
mercurial solution, serves to indicate exactly the amount of
solution of silver (graduated for the same amount of chloride of
sodium as the mercurial solution) which has to be added
to the urine for precipitating the whole of the chlorine contained
in 1t.

Daily Average Amovwnt of Chlorine Discharged duiing Health.

The chlorine in urine is in combination with sodium and po-
tassium. The reader is specially cautioned not to confound figures
expressing the amount of chlorine with those expressing the
amount of chloride of sodium, or potassinm.

Observations of the daily average amount of chlorine discharged

by persons of different sexes and ages were made by Bischoff. His
results are as follows :—
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Chlorine in Grammes.
Adult man, living well, discharged 87

Woman, 43 years of age, " 55
GGirl, 18 years, ; Ll 45
Boy of 16 years, . i (Al 53
Boy of 3 years, i e 08

Hegar published a series of observations made upon eight
students at the University of Giessen. The daily average of
chlorine discharged he found to vary in different individuals, and
to fluctuate between 74 and 139 grm. This gives for one indi-
vidual of that elass a daily average of 10 grm. of chlorine, and
calenlated for one hour it gives 0.44 girm. of chlorine. For the
average of adult persons, however, the medium amount of chlorire
discharged during twenty-four hours i1s not quite so high, and for
the majority of adult individuals we may assume 6 to 8 grm. as
the average of chlorine discharged during twenty-four hours,
which, ealculaled for one hour, gives 0-25 to 0-33 grm. of chlorine.
The figures given by Bischoff show some relative quantities in
women and children.

That the amount of chlovine dischavged during fwenty-four
howrs varies in different individuals, undoubtedly depends mainly
upon the fact that unequal amounts of chloride of sodium and
potasssium are ingested with the food by different persons.
Sailors, who have lived on salt rations for the greater part of
their life spent afloat, will discharge an extraordinary amount of
chlorine in their urine, because the ordinary food of our kitchens
is insipid to them without the addition of an amount of salt that
would make any ordinary person ill. Such men may be seen
dipping sweet cake into salt, and this inelination generally lasts
for the remainder of their life on land. Common life shows how
different are the tastes of individuals relative to the amount of
salt in their food, and leads us to expect the differences which
indeed we find.

The amount of chlorine discharged by an individual varies on
different days, aceording to and corresponding with the amount of
chlovide of sodium and potassium taken with his food. When
Falck ate strongly salt food on three successive days, he dis-
charged the following respective amounts of chlorine, namely,
6:0, 78, and 10-3 grm. during twenty-four hours. But when he
partook of food containing no addition of salt, he discharged 2-5,
16, and 0'9 grm. of chlorine on the three respective days suc-
ceeding the experiment. Vogel observed the amount of chlorine
discharged per hour by several individuals who had taken com-
mon salt in doses mot sufficiently large to purge them. In all,
the amount of chlorine discharged per hour was increased, and
rose from 04 grm. to 10, nay, even 18 grm. In some, the
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chlorine which had passed into the blood was discharged again
by the urine rapidly and in large quantities; while in others the
discharge lasted longer, and the quantities for equal times were
smaller.

The largest amount of chlorine per howr is secreted a few hours
after the largest meal of the day, the smallest amount is invariably
secreted during the night (sleep). In eight individuals examined
by Hegar the average amount of chlorine discharged per hour
was, in the afternoon, 0°57; in the night, 0-28; in the forenoon,
048 grm, In one and the same person the average amount of
chlorine per hour would vary between 0-20 as minimum and 1'32
grm. as maximum per hour, so that the maximum was more than
six times as large as the minimum. From this we must conclude
that the secretory activity of the kidneys, as regards chlorine, is
diminished during rest and sleep. Though the blood be rich in
chlorine taken with the food in the evening, yet the lowest
amount of chlorine i3 discharged during the night. Menfal and
bodily activity, on the other hand, will increase the secretory activity
Jor cllovine of the kidneys at any time during the day or night.
This 1s particularly striking in the morning. For, though a per-
son after a supper containing plenty of salt may secrete a very
small amount of chlorine during the sleep of the night following,
and for breakfast may take food containing no addition of salt, or
no food at all, or only a tumbler-full of water, yet the amount of
chlorine discharged during the hours of the forenocon, when the
mind and body are most active, and when the nutritive changes
of the body are being rapidly effected, will be double the amount
of that during the night. It will of course rise still more, if food
containing an addition of salt be taken. The amouant of chlorine
discharged after a substantial English breakfast, with meat and
eggs, is therefore considerably larger than that discharged after
the Continental café aw lait, or the coffee and hot rolls of the
German student. Hegar found that a person who used to be
given to mental labour discharged more chlorine per hour of the
night (047 grm.) than during the same time in the morning, when
the quantity was only 044 grm. Vogel observed frequently an
instantaneous increase in the amount of chlorine secreted by the
urine under the influence of increased mental and bodily labour.
We have already seen that the same causes exert a similar in-
fluence upon the total quantity of urine discharged, and upon the
amount of urea secreted with it. There can be no doubt that
most of the ingredients of the urine share this fate, as we have
seen or shall see more particularly under the history of the single
substances. Vogel states, moreover, that by the ingestion into
the system of large quantities of water, which stimulate the
kidneys, not only the amount of urine and urea, but also of
chlorine is increased. After the stimulus has ceased, there fol-
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lows a period of relaxation; during which the activity of the
kidneys becomes lessened, and less chlorine than usual is
excreted. A person whose hourly secretion of chlorine during
the night was 0-13 grm., drank four pints of water in the evening.
The hourly amount of chlorine rose to (-60 for several hours,
fell then to 0-12 grm., and somewhat later to 0'10 grm. In the
morning, however, though no breakfast had been taken, the amount
of chlorine was raised to 0-51 grm. by horse exercise. Another
person drank four pints of water in the afternoon after dinner,
whereby the hourly amount of chlorine towards and during the
evening rose to 1'89 grm.; during the night it amounted to 0-57
grm., being (19 in excess of the usual average. On the next
morning the same individual drank again two pints of water ; but,
notwithstanding this, the hourly amount of chlorine remained
below the normal average during the entire day, amounting only
to 0°42 grm., sinking in the night following as low as to 0-014,
rising a little on the second morming to 022 grm., and falling
again to 018 grm., notwithstanding the person had eaten a piece
of bread and butter with much salt.

Upon the basis of the above facts we are now enabled to explain
the opinion of Barral, who by a series of very accurate analyses,
the substance of which was first presented to the French Academy,
and subsequently published in a separate form, came to the con-
clusion that chloride of sodium increased the elimination of the
nitrogenised ingredients of the urine. In some of his experiments
Barral determined the whole amount of chlorine taken with the
food, and, on the other hand, the chlorine and urea excreted. If
such a series of analyses were now to be performed by the more
accurate methods, there can be no doubt that they would lead to
important evidence regarding the causes and influences determin-
ing and modifying the amount of chlorine excreted by the kidneys,
particularly if the faeces and other excreta were also taken into
consideration. There i3 one way, however, in which chloride of
sodium indirectly increases the discharge of urine and its ingre-
dients; namely, by causing thirst when taken in any quantity ;
the water which is drank in consequence, acting as a stimulant
of the kidneys, carries away, not only the salt, but also organic
ingredients in solution.

Chiorine of the Urine in Disease.

Since Redtenbacher drew attention to the fact of the absence
of the chlorides from the urine discharged by patients in certain
stages of pneumonia, and to the diminution of these salts in
other stages of that disease, many researches have been made in
that direction. Though at first they were mainly directed to-
wards pneumonia, of which disease exclusively the absence of
the chlorides was for some time thought to be a peculiar feature,
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yet the extension of the investigations to other diseases showed
soon that the bearing of the chlorides in all acute diseases was
so very much the same, that the idea of its being a peculiarity
of pneumonia had to be abandoned.

In all acute febrile diseases the amount of chlorine discharged in
the wrine sinks rapidly to a minimuwm, say one-hundredth part of
the quantity normal to the individual, until at last, in certain
cases, it disappears entively for a short tvme. When the diseased
action is abating, the amount of the chlorides rises during conval-
escence, sometimes above the normal average. We have already
seen that the total quantity of urine has a similar relation to the
stages of acute febrile diseases. Urea, on the other hand,
though rising at first in amount inversely to the sinking of the
amount of chlorine, afterwards sinks below the healthy average,
and during convalescence rises parallel with the amount of
chlorine.

In the case of a man suffering from severe pleuro-pneumonia,
Vogel found the chlorine ginking rapidly to 06 grm. in twenty-
four hours on the third day of the disease, to 03 grm. on the
fourth, on the fifth to almost 0. From this day the diseased
action abated, and the appetite improved, when, together with
these improvements, the amount of chlorine discharged rose to
the normal average, as the following figures show :—0-4, 1-8, 2-6,
55, 90 grm.  From this time the amount of chlorine fluctuated
a little, and sometimes exceeded the normal average. It was on
the respective days 10°7, 135, 9-7, 119, 159, 108 grm.

The same course has been established by the observations of
Beale. He found that the chloride of sodium was totally absent
from the urine of pneumonic patients at the period of complete
hepatisation of the lung, and that it reappeared after the resolu-
tion of the inflammation. The fact that the sputa of pneumonic
patients contain a very large guantity of the chlorides, must
probably be explained by their being in part extravasations and
exudations from the blood, which we now know always retains
a certain amount of the chlorides. These exudations may either
have been deposited at the time when the blood yet possessed
an excess of chlorine, or they may have appeared after the
chlorine had ceased to be discharged in the wurine in appreci-
able quantities. However, that may ultimately be decided by
analysis; what I desire to point out is, that the absence of the
chlorides in the urine does not necessarily involve the absence
of chlorine from exudations. For the latter are products of
diseased action derived directly from stagnant blood, and cer-
tainly not subject to the specific laws of secretion. The pre-
sence of chlorine in sputa, therefore, at a time when it is absent
from the urine, is not sufficient proof of a determination of the
chloride towards the inflamed lung; a proposition which, more-
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over, loses all probability from the partial or total disappearance
from the urine of the chloride in all acute diseases. We may
mention bronchitis, typhus, rheumatic fever, pyamia, pleuritis,
as diseases in which this diminution of the chlorides has been
observed. We have seen the influence which different quanti-
ties of chlorine taken with the food exert upon the amount of
chlorine discharged by the urine during health. It is therefore
easy to believe that the diet of patients has the greatest influ-
ence upon the amount of chlorine in pathological urine; and
that the chlorine is diminished or absent because these patients
take little or no food, and what they take generally contains no
salt. One important point, however, must not be lost sight of,
namely, that urine containing no appreciable trace of chlorine is
secreted from blood containing a certain amount of it, from which
it follows that the composition of the blood is such as not to
allow any further removal of chlorine, or that the kidneys have
lost their secretory activity as regards chlorine, as well as with
reference to water.

The analysis of the amount of chlorine in the urine of patients
may, therefore, afford an insight into the degree of the patholo-
oical action taking place in the body. A continuous decrease of
chlorine in the urine is an indication of the growing severity of
the disease, the intensity of which will be greatest when the
chlorine in the urine falls to a minimum, say 05 grm., or
disappears altogether. This may be the combined effect of an
entire loss of appetite, copious serous diarrhcea, or other serous
exudations, of secretions such as perspirations, and of the want
of secreting power of the kidneys. A rise in the amount of
chlorine, on the other hand, indicates a steady abatement of the
acuteness of the disease, and is a good measure of the returning
appetite and improved digestive powers of the patient,

In chronic diseases the excretion of chlorine is generally
diminished, correspondingly with the low state of nutrition and
moderate appetite of the patients of that class. To this rule,
however, diabetes insipidus makes an exception—a disease,
during the entire or partial course of which a eonsiderable ex-
cess of chlorine is discharged, parallel to the inecreased amount of
other solids. In a case of that description Vogel found the
amount of chlorine discharged by the urine so much increased for
a period, that on one day it was 200 grm. in weight. The same
observer found that dropsical patients, when under the influence
of diuretics, discharged an increased amount of chlorine, which
evidently had passed into the tissues and cavities dissolved in
the exudations and transudations. One of these patients dis-
charged 33°0 grm. of chlorine (equal to 55'0 grm. of chloride of
sodium), 280 grm., and 21 grm. of chlorine, on three successive
days, without having taken any more salt than usual with his
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food. In these and other chronic cases the amount of chlorine
in the urine is a measure of the digestive powers of the patient.
A quantity of chlorine, amounting to from 6 to 10 grm. for
twenty-four hours, may lead us to infer a good digestion; a
quantity of chlorine, however, below 5 grm. for the same time,
shows impaired nutrition, provided that the decrease have not
been preceded by a diet containing little or no chlorine, or by
any of the causes which have been above enumerated, as dimin-
ishing the amount of chlorine in the blood, such as serous
diarrhcea, exudations, and perspirations. An increase in the
amount of chlorine, when not caused by an excessive ingestion
with the food, is indicative of diabetes insipidus. In dropsical
and hydremic conditions an increase of the amount of chlorine
is a favourable symptom.



CHAPTER XXIII.
SULPHURIC ACID AND SULPHATES,

e ——

INTRODTUCTION.

SULPHURIC acid occurs in the urine in combination partly with
alkalies, potassium, and sodium, partly with lime, as gypsum. It
has frequently been maintained (first by Proust) that there was
a small quantity of sulphur present in urine in such a form that
it escaped precipitation by baryum, and as it was mostly obtained
by oxydising the residue of urine with nitrie, it came to be called
unoxydised sulphur. From the researches of Baumann, which
I have quoted under the chapters on indigogen, pyrocatechin,
and phenol-producing bodies, it is probable, indeed, in the case of
the body last mentioned it seems proved, that, at all events in
the urine of horses, a certain guantity of sulphur may be present,
not indeed in an unoxydised form, but in a form of organic com-
bination of sulphuric acid, whereby this latter acid loses its
individual reactive power with baryta, and assumes characters in
which its former individuality disappears completely. If any such
compounds are present in human urine under ordinary circum-
stances, they are very small in quantity, as any determination of
the quantities of the unprecipitable sulphur in various specimens
of urine to be given below will show. There is, however,
nothing improbable in the hypothesis that the sulphuric acid of
taurocholic acid or taurine, in the moment when it is set free
from these compounds, should be recombined with other matters,
in the same manner as the glykokoll from the glykocholic acid is
combined with a variety of matters.

But even the hypothesis of localising the formation of these
organic sulphuric acid compounds, and of the glykokoll com-
pounds in the space of hepatic action, is perhaps too narrow,
particularly as Baumann seems to have found that all that is
required for the formation of some at least of the sulphuric acid
compounds seems to be the presence in the organism of a suitable
sulphate and a suitable organic matter.

Mode of Obtaining Sulphates and Sulphurie Aeid from Urine.

The sulphates of alkalies and earths can be obtained from urine
by evaporation and crystallisation. Gypsum is thus easily
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obtained, but sulphate of sodium requires much management
and the aid of cold weather. Sulphuric acid can be isolated by
precipitants, such as baryum salts; these may then be trans-
formed into alkaline sulphates by fusion with alkaline carbonate;
from the solution of these latter the sulphuric acid may be
precipitated by lead salts, and the pure lead sulphate may be
decomposed by hydrothion. The evaporated solution will leave
the sulphuric acid in a pure state.

Mode of Obtaining the Organically Combined Sulphric
Aeid and Sulphur from Urine.

‘When all the precipitable sulphuric acid has been removed by
baryum salts, first in alkaline, next in acid solution, the clear
filtrate is treated while hot with a current of pure chlorine gas.
The organic matter is mostly destroyed, and the sulphuric acid
which 1s set free causes a new precipitate of barytic sulphate with
the excess of baryum present from the first operation. Another
mode consists in evaporating the urine from which the preci-
pitable sulphuric acid has been removed to dryness, destroying
its organic matter with pure nitre, redissolving the fused mass in
water and acidifying, when the newly-formed sulphuric acid
will remain as a white precipitate combined with some of the
excess of baryum contained in the mass. In all these operations
the greatest caution is needed to effect a perfect clarification and
filtration of all liquids by warming them, letting them stand, and
passing them through the densest Swedish filtering paper obtain-
able. All reagents must be tested for sulphurie acid with great
care, and in quantities such as are employed for the operations
themselves. Without such precautions the unwary inquirer is
likely to be led to snares and delusions.

Mode of Determining the Quantity of Precipituble Sulphuric Acid
Present in Urine.

Experience has convinced me that the volumetrical determina-
tion of sulphuric acid in urine by baryum salts is an unsafe pro-
ceeding, as there is no striking reaction known by which the
addition of volumetric fluid to the urine to be tested can be
limited with certainty.

The best and safest method of determining sulphuric acid is
by precipitation and weighing. 100 c.c., or any measured quantity
of filtered urine, are acidulated with some hydrochloric acid, and,
by the addition of chloride of baryum in excess, the whole
amount of sulphuric acid is precipitated. The preeipitate is then
boiled for some minutes in the acid fluid, filtered, washed, and
exposed to a red heat, the filter being incinerated separately on
the cover of the platinum crucible or in a spiral of platinum
wire,
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To prevent the formation of sulphide of baryum by the reduc-
ing influence of any animal matter which may have been inti-
mately mixed with the precipitate, it is advisable to add a little
nitric acid to the sulphate in the crucible, after it has got cool
from the first heating. It is then again heated for a ahm't time,
and, after cooling, may now be weighed.

The formula of the product is BaSO,, and it contains 5879
per cent. Ba.

Quantity of Precipitable Sulphwric Aecid Discharged by Healthy
Persons during Twenty-Four Hours.

The average amount of sulphuric acid discharged during
twenty-four hours by healthy young men fluctuates between
1'5 and 25 grm. Vogel and Gruner have made some direct
observations of the quantities of sulphuric acid secreted during
every single hour of the day, and have found the average of
one hour to be 0.09 grm,

The average for every single hour of the forenoon they found
006 grm., for one hour of the afterncon 01 grm., for one hour
of the night -07 grm. From this it appears that the largest
amount per howr of sulphuric acid is discharged a few hours after
the principal meal of the doy. The gquantity then begins fo de-
erease, and continues so with every howr up to the principal meal
of the next day, after which  again rises.

In some individuals the discharge of sulphurie acid is effected
more rapidly than in others, in whom the total average for the
twenty four hours is spread more equally over that time. The
former may have an hourly average varying between 0317 grm.
and 0°016 grm., or between 0 165 ¢ grm. and so small a quantity
that it cannot be determined.

Physiological Origin of the Precipitalle Sulplurie Aeid.

Though the analysis of food has shown that a certain amount
of sulphuric acid in the form of sulphates is being taken daily,
yet this is not sufficient to account for the whole amount dis-
charged by the urine. This excess of sulphuric acid over the
amount ingested as such is undoubtedly due to the oxydation in
the body of the sulphur which, as we know, enters into the con-
stitution of albuminous substances. As the greater part of our
albumen is taken in the form of meat, it is a reasonable supposi-
tion that the greater part of the sulphuric acid in the urine of
well-living people is due to the oxydation of the sulphur con-
tained in the meat they eat. Inaccordance with this it has been
found that, under a diet consisting principally of meat, the
amount of sulphuric acid d:scharged in the urine may be double
or three times the amount of the ordinary average. On the other
hand, a purely vegetable diet has been found to make the amount



288 SULPHURIC ACID AND SULPHATES.

of sulphuric acid sink considerably below the average under
ordinary mixed diet. Lehmann, while living on ordinary mixed
food, found 7026 grm. of sulphuric acid in the urine of twenty-
four hours. But when, during twelve successive days, he con-
fined himself to animal food exclusively, the sulphuric acid rose
to 10-399 grm. per day. Under an exclusively vegetable diet it
fell to 5-846 grm. for twenty-four hours. These quantities are
very high, and, like other observations of Lehmann’s upon him-
self, do not permit any conclusion as to the average quantities
secreted by other persons, But in itself the experiment is as
conclusive as the following ones :—Vogel examined the urine of
a person whose ordinary average for twenty-four hours was 202
grm. of sulphuric acid. That person took a large supper of
meat prinicipally, in consequence of which the discharge of sul-
phuric acid by the urine rose to -5 grm. per hour between mid-
night and nine o'clock next morning ; the ordinary average per
hour for that time of the day having been 0-1. During the
subsequent twenty-four hours the amount of sulphurie acid rose
to 73 grm., being more than three times the ordinary average of
202 grm. 1t was observed by Vogel that the rise and fall of
the amount of sulphuric acid in the urine of several other per-
sons was mainly dependent upon the amount of sulphur taken
with their albuminous food ; and that when farinaceous food,
containing only a small amount of gluten, such as bread and
butter, riue_. and similar food, was taken, the amount of sulphuric
acid in the urine fell. The same observation was made by Clare,
in a series of experiments which he performed upon himself.
During three days he lived on meat only, and at the end of those
three days he had discharged the respective amounts of sulphuric
acid as follows :—On the first day, 2:094 grm.; on the second
day, 5130 grm.; on the third day, 3-868 grm. He then during
two days ate common mixed diet, and discharged on the fourth
day of the experiment, 5-592 grm. ; and on the “fifth, 2262 grm

of sulphuric acid. The next three days he restricted himself to
vegetable diet, and discharged on the sixth day of the experi-
ment, 2:262 grm.; on the seventh, 1-394 grm; on the eighth,
1022 grm. On the ninth and tenth day he again took his
ordinary diet, and secreted 1'979 and 2:859 grm. of sulphuric
acid on each day respectively.

These data exhibit quite clearly that the influence of the meat
diet showed itself on the second day of the experiment only, in
which point the observation differs from that of Vogel, in which
the rise in the quantity of sulphuric acid took place already
during the night and on the morning following the meat supper.
Huwever, this later appearance of the increase is compensated for
by its lasting so much longer, that the urine of the fourth day,
being the first of the ordinary mixed diet, is yet under the

L
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influence of the meat diet of the previous day, the first day of
vegetable diet is yet under the influence of the previous day of
mixed diet, and the diminution of the sulphuric acid by the
vegetable diet lasts yet over the whole ninth day, when ordinary
diet was already taken.

Such are the cirenmstances on which the amount of sulphuric
acid in the urine ordinarily depends. There may, however, be
accidental causes which increase the sulphuric acid, and as such
must be assigned the internal use of sulphur, sulphurets, sul-
phuric acid, and sulphates.

The internal use of sulphur has been found by Irause to
increase the amount of sulphuric acid in the urine,

It was observed by Boecker and Clare that large doses of red
sulphuret of antimony caused a rise in the amount of sulphuric
acid in the urine.

The action of the sulphuretted mineral waters, which 1is
generally asecribed to the formation of sulphuric acid in the
body, forms an interesting subject for inquiry in this direction.

As to sulphuric acid, it was observed by Vogel that it in-
creased in the urine of a patient who had taken it for the cure
of haemoptisis from 12 to 3:0 and 3:28 grammes,

Gruner made some observations regarding the influence of
sulphates, and found that sulphate of sodium, when taken in-
ternally, caused a considerable increase in the amount of sul-
phuric acid in the urine. In one experiment the hourly quantity
rose from 0°049 grm. to 0-122, 0-176, 0-145, and 0220 grm. In
another experiment the rise was equally well marked, namely,
from 0041 grm. to 0-138, 0122, and 0164 grm. The time
required by the organism to discharge the excess of sulphuric
acid varied in different experiments.

The influences which different physiological conditions of the
body may have upon the amount of sulphuric acid in the urine
it has not yet been possible to ascertain. We do not know
whether the organism requires a certain amount of the sulphates,
below which secretion cannot be carried on, or whether sulphates
may be retained and accumulated in the economy. According
to some experiments of Clare and Gruner, the influences of rest
and activity, and of the ingestion of large quantities of water
into the stomach, did not appear materially to affect the amount
of sulphuric acid in the urine. The prolonged use of sulphates
in so-called digestive doses is decidedly weakening, and this
depressing action may be due to an accumulation of the salts in
the system. When to this it is added that sulphate of sodium in
larger doses is an emetic and sulphate of potassium a poison, the
question, after the significance of the variations of sulphurie
acid and sulphates in the urine, becomes one of sufficient im-
portance to fix the attention of future inquirers,

L
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Quantity of Precipitable Sulphuric Aeid in Disease,

The observations hitherto made on this point have not yielded
any very decided result. Vogel found sulphuric acid consider-
ably diminished in most acute febrile diseases. As patients
suffering from these diseases take little food, and that little
mostly of a vegetable nature, the diminution is partly accounted
for. The same observer found, howewver, exceptions to his
general rule in three patients affected with viclent pneumonia,
In these cases the amount of sulphuric acid discharged was con-
siderably above the normal average. The first patient, who was
treated with large doses of digitalis, secreted the following quan-
tities of sulphuric acid on nine respective days:—2-4, 3-1, 29,
57, 43, 18, 11, 16, 27 grm. Of the two other cases, which
took a rapidly fatal turn, the first showed the amount of sul-
phuric acid to be 29 and 14 grm. on two respective days, the
other on the day of decease, 4'4 grm. On contrasting these figures
with those obtained in cases where the amount of sulphuric acid
i1s less, the difference becomes very striking. In a man with
diphtheritis buecalis Vogel found only 0'5 grm. of sulphuric aeid
for the day. In a patient with febrile catarrh it was 0-29 and
0.38 grm. A man affected with pleuritis secreted 063 grm. A
girl suffering from rheumatic fever discharged 0-8 grm. at the
height of the disease, another with erysipelas of the face 0-48 grm,

In chronic diseases Vogel found the amount of sulphuric acid
to be variable, but mostly below the normal average; and it re-
mained so in cases where the secretion of chlorides could be
vastly increased by administering diureties, as in cases of dropsy.
An increase in the amount of sulphuric acid discharged by
patients affected with chronic disease could only be observed
after the ingestion into the stomach of sulphurie acid and sul-
phates, and in diabetic patients after a liberal meal of meat.

Thus a patient labouring under icterus secreted 14 grm. of
sulphuric acid ; a case of rheumatism of the neck gave 1-11; a
case of emphysema of the lungs, 1-2 grm. A case of amenorrheea
showed 0'5; of fluor albus, 0°7; of habitual hypermenorrheea,
097 and 1'1 grm. A dropsical patient who, under the influence
of diuretics, secreted 33 grm. of chlorine during -twenty-four
hours, discharged only 1 grm. of sulphuric acid during the same
time; and on the day following, with 28 grm. of chlorine, only
05 grm. of sulphuric acid. A patient who took sulphuric acid
internally, secreted more than 3'0 grm. of it during twenty-four
hours, and a patient affected with diabetes insipidus discharged
22 grm.

Pathological Indications.

If there can be no doubt about the origin of sulphuric acid,
the determination of its quantity in the urine must be useful
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for determining the amount of disintegration of albuminous
matters in the system, in cases where the ingestion of sulphur in
any form or combination is very low or altogether suspended.
The amount of sulphuric acid would then, perhaps, correspond
in a certain degree with the amount of urea, supposing their
inclination to pass the kidneys to be equally great. But upon
this point there are yet doubts. Where we find both urea and
sulphuric acid in increased quantities, we may be sure that it is
due to the oxydation of a large quantity of animal matter intro-
duced into the stomach, to animal or meat diet. A considerable
diminution of the quantity of sulphuric acid, on the other hand,
indicates that the patient has been taking little or no animal
food, little or no vegetable food, or no food at all. Of course,
all these features may be constant or accidental. A sudden rise
in the amount of sulphuric acid, but of short duration, would,
under all circumstances, have to be referred to the ingestion of
sulphur in some of its combinations, organic or inorganic.

The relations of sulphuric acid to the processes of the animal
economy are by no means simple. Introduced in an organic
combination, sulphur becomes oxydized, and in the form of the
acid has to join a base. It would, of course, deprive another
base of its acid by the right of the stronger. The neutral phos-
phates are thus most_probably deprived of some part of their base.

Sulphuric acid or sulphates are not present in the juices of
flesh, as was first ascertained by Berzelius, and afterwards con-
firmed by Liebig. For the precipitate which baryta causes in
the juice is, in many cases, entirely soluble in nitric acid; and
if a precipitate of sulphate of baryum remain undissolved, its
quantity is so small that it cannot be determined by analysis,
even from so large a quantity of flesh as that of an entire fowl
or an entire fox.

The use of beef-tea and extract of meat, which increases the
secretion of phosphates and chlorides, particularly of potassium,
will not directly influence the secretion of sulphates by the urine.
The production of sulphuric acid then being apparently confined
to the blood, it becomes a question of high importance whether the
action of the kidneys does not in part consist in the final oxyda-
tion, or that stage of disintegration of albuminous matter in
which sulphur, in the form of sulphuric acid, leaves the organic
combination, joins a base, and appears in the urine.

Albumen contains 1'6 per cent. of sulphur and 04 per cent.
of phosphorus. White of eggs contains more sulphur than albu-
men from blood. Casein contains 0-84 per cent. of sulphur.
We may trust soon to know all intermediate stages of matter
from albumen down to urea and sulphuric acid, when the ana-
lysis of these substances in the urine will be of still greater value
than even at present we anticipate.
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In hor ses the ingestion of sulphate also increases the quantity
in the urine. Thus in the urine of a horse which on account of
colic has been treated with magnesia sulphate, hyposulphite of
soda and some aromatics, a deposit of erystallised gypsum was
observed by Feser and Friedberger (“Zeitschr. f. Pract. Veteri-
niaewissensch.” Bern, 2 (1874), Nr. 1 and 2, and ¢bid. 3 (1875),
p. 11). Here the gypsum was deposited spontaneously from
probably acid urine. When to urine of horses, which have had
a quantity of sulphate given to them, acetic acid is added, until
all carbonate of lime is decomposed and the urine is acid,
gypsum in crystals is deposited.



CHAPTER XXLV.

HYPOSULPHUROUS ACID, 8,0,, AND SULPHUROUS
ACID, SO,

HISTORY AND LITERATURE.

SCHONBEIN (“Journ. f. Pract. Chem.” 92 (1864), 166) dis-
covered that when normal human urine is treated with amalga-
mated zine and sulphurie acid, it evolves hydrothion with the
excess of hydrogen produced by the reaction. The same re-
action was studied by Sertoli (“Rendic. d. Istitut. Fisiolog. di
Pavia,” 1869) upon the urine of men, horses, and dogs, and in-
terpreted as belonging to a body which is precipitable by neutral
lead acetate, solnble in ammonia, alcohol, and ether, and on being
heated to 100° with dilute acids, decomposes, one of its products
being hydrothion. These reactions seemed to point to either
sulphurous, hyposulphurous, or sulphocyanic acid. Of these
hyposulphurous was actually discovered in the urine of dogs and
cats by Schmiedeberg (“ Archiv. d. Heilk.” 1867, p. 422), and the
observation was afterwards confirmed by Meissner (“ Zeitchr f.
Ration. Med.” 31 (1868}, 322),

Mode of Discovering the Presence of Hyposulphurous Acid in
: Urine.

The urine is mixed with hydrochloric acid and allowed to
stand in a cold place. If it contains hyposulphurous acid, a
precipitate of sulphur in a state of fine division will settle, along
with some colouring matter and uric acid. This finely-divided
sulphur is very soluble, even in alcohol and ether, and must
therefore not be washed too much with these agents. It may be
dried on a filter and extracted with disulphide of carbon, pre-
viously distilled to prove its purity. On evaporation it will leave
the sulphur. This is easily recognised by its colour, fusion, and
combustion with a blue flame evolving the odour of sulphurous
acid, After the decomposition of the hyposulphurous, the urine
contains sulphurous acid in solution. The reactions of both
acids may therefore be considered together,
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Leactions of Hyposulphurous Aeid.

It does not exist in the free state, and cannot be distilled.
The solutions of its salts give white precipitates with plumbie,
mercuric, and argentic salts, which become quickly yellow,
brown, and black, particularly on warming, forming sulphides.
Stannous chloride yields a brown, mercurous nitrate immediately
a black precipitate. Hypochlorite of sodium or chlorine trans-
form the entire amount of sulphur into sulphuric acid, already at
the ordinary temperature. Many of these reactions are at times
observed in operations upon human urine in a more or less
marked manner.

Reactions of Sulphurous Aeid. .

Sulphurous acid can be distilled unchanged, and is recognis-
able by its odour. Its neuntral salts with alkalies are soluble in
water, those of other bases insoluble, but soluble in excess of
sulphurous or hydrochlorie acid. They are easily transformed
into sulphates by heating with concentrated nitric acid, by
chlorine, hypochlorous acid, or 1odine, no sulphur being preci-
pitated. Baric chloride produces a white pulverulent precipitate
in sulphites, which is insoluble in water, but soluble in hydro-
chloric acid. If hypochlorite of sodium, or chlorate of potas-
sium, or iodine, is added to this solution, sulphate of baryum is
immediately deposited. Plumbic acetate precipitates white sul-
phite, easily soluble in dilute nitric acid. Argentic nitrate
oives a white precipitate which on boiling blackens, yielding
metal and sulphuric acid. Mercurous, nitrate gives a grey pre-
cipitate of metallic mercury. Metallic zine and hydrochloric
acid reduce sulphurous acid to hydrothion, which can be shown
to be formed by its blackening lead paper.

Mode of Oblaining Hyposulphite of Barywm from Urine of
Dogs or Cats.—Schmiedeberg treated the urine of these animals
with milk of lime and nitrate of caleium ; removed the lime from
the filtrate by carbonic acid, neutralised the filtrate with acetic
or nitric acid, and precipitated by basic plumbic acetate. The
plumbic precipitate he decomposed with ammonic carbonate, de-
colorised the solution with animal charcoal, heated it with a
sufficiency of caustic baryta to expel all ammonia, precipitated
any excess of baryta by carbonic acid, and evaporated the
filtrate to crystallisation.

Meissner treated the urine with baryta water in excess, evapo-
rated the filtrate, precipitated it with aleohol, and extracted the
precipitate with boiling water. On evaporating the solution and
allowing it to cool he obtained hyposulphite of baryum in
erystals, This account is, however, extremely doubtful, as no
means were employed to separate the mass of urinary salts from
the hyposulphite.
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Mode of Estimating the Quantity of Sulphur which is Present
in Urine in a Form not Sulphuric Acid.

That there was a small quantity of sulphur present in human
urine, which could not be precipitated from the acidified liquid
by BaCl was first shown by Ronalds (“ Phil. Trans” 1847,
p. 461). This inquirer determined the precipitable sulphfiric
acid on the one, and the acid obtainable by oxydation of the
residue of urine with nitre on the other hand, and found the
amount of sulphur not being sulphuric acid, and which he
supposes to have been in organic combination, to have been the
following in 5 men in 24 hours each :—(1.) 4639 grains; (2.)
3:715 gr.: (3.) 4998 gr.; (4.) 3:866 gr.; (5.) 3-247 gl Griffiths
6 Med, Gaz.” March 1848) found 40 gr. of sulphur of this kind
in the urine of a healthy man, which contained 36 grains of
sulphuric acid. When he took some aulphm mtmmlly, he
passed T6 grains of sulphuric acid, and 7 to 8 grains of sulphur
in the other form. After the publmatmn of Sertoli, Liobisch
(“Ber. Wien, Akad.” 63 (1871, Marz.) ii.) also estimated the
amount of sulphuric acid and of sulphur in the unknown form
contained in four specimens of urine. As a preliminary, he
removed uric acid by precipitation with acid, which seems a
hazardous proceeding, considering his object. He then precipi-
tated the sulphuric acid with Baf_‘,'l in one portion directly, and
in another portion after treatment with potassic chlorate, until
chlorine was developed. The difference of sulphuric acid thus
obtained from equal quantities of urine gave him the measure
for the amount of sulphur not present as sulphuric acid. He
found in four experiments with 100 c.c. of urine each, the follow-
ing quantities of SO,, which was precipitable only after l:n:yda,-
tion:—(1.) 0-011 grm.; (2.) 0012 grm.; (3.) 0:009 grm.; (4.)
0°00:3 grm. He took the mean from his first three ubsewﬂtmns,
without saying why he omitted the fourth, as 00104, and
assuming a healthy man to excrete 1500 c.c. of urine per day,
calculated the amount of sulphur contained in it, in the non-pre-
cipitable form, to be represented by 0156 grm. SO,

Already, before 1870, I had made a great number of determi-
nations of the quantity of this vauet} of sulphur contained in
healthy urine, and in the urine from typhus patients. I re-
moved the sulphuric acid from the urine, partly in alkaline
solution, with the baryta mixture employed in Liebig’s urea
estimation, partly in acid solution; and I then oxydised the
non-precipitated sulphur by chlorine gas conducted into the hot
mixture, During this operation the urine frequently became
orange, then red, next pale, lastly colourless. On heating the
white turbidity which had formed became deposited, and was
found to be baryum sulphate. The heating must be carried out



296 HYPOSULPHUROUS AND SULPHUROUS ACID.

cautiously, as little explosions of chloride of nitrogen are apt to
oceur. In most experiments the product remained flaky for some
time, probably from free sulphur (which, in the case of the
decomposition of hyposulphites, is always flaky and soft). It is
not certain whether all the sulphur is oxydised in this process,
or whether some may not escape while the fluid is being treated
with chlorine.

The following estimations were made for purposes of com-
parison :—

Wuantitative Ervpertmment.—Total urine of 24 hours. 1080 c.c.
It was divided in three parts of 360 c.c. each (A), (B), (C), which
were treated as follows :—

(A) was treated with chlorine gas, precipitated by BaCl,, to get
total H,SO,, from sulphate and unknown sulphur compounds,
It amounted to 20270 arm.

(B) was treated with HCI precipitated with BaCl,, which gave
precipitate (a). The filtrate was heated with Cl, and gave precipi-
tate (&).

() =1'9880 grm. BaSO,,

Total, 21810 .,

(C) was treated with Liebig’s baryta solution. The washed pre-
pitate was extracted with HCI, to separate phosphate. The in-
soluble part was («), and the solution treated with Cl gave (b).

() =1-8480 grm, BaSO,,
(b)=0-2060

rJ.1UtH-1,, 2-{.}54[-} LF *3

Total sulphur in the unknown form in 1080 c.c.=007128
grm., assuming minimum of 3 x 0-1730 grm. sulphate. If 100
grm, dry albumen contain 1'6 grm. 8, then 007128 grm. S
represent 444 grm, dry albumen,

Faperiments wpon Urine, mived with Suiphuric Aeid, by which
Sulphurous Aeid is Obtained in the Distillates.

Urine (500 c.c.) was mixed with one-eighth of its weight of
concentrated sulphurie acid and distilled. It was evident ‘from
the change of colour that this acid effected a much greater
chemolytic action than the acids, oxalic and phosphoric, employed
in some former experiments,

The first 50 c.c. of distillate which passed over contained
neither sulphuric nor sulphurous acid. The subsequent dis-
tillates all contained sulphurous acid. For the identification of
this acid three reactions were relied upon.
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1. Nitric acid and baryum chloride quickly gave a deposit of
baryum sulphate. The latter was analysed by fusion in potash,
and subsequent determination of the baryum and sulphuric
acid.

2. Iodate of potassium, hydrochlorie acid, and starch solution,
all dilute, produced an almost immediate blue precipitale of fodide
of starch, due to the reduction of the iodic acid by the sul-

hurous.

3. Metallic zine (previously proved to be free from sulphur)
and hydrochloric acid when added to the distillate produced an
immediate evolution of sulphuretted hydrogen, which coloured
lead paper black.

These tests are diagnostic of sulphurous acid; sulphocyanic
acid, which also yields these tests, being excluded by the absence
of the colour reaction with ferric chloride ; other tests were, how-
ever, also tried, and all gave affirmative evidence.

Sulphurous Acid in the Distillates from Extracts of Urine.

The extracts of urine described under the chapters on uro-
chrome and its products, were decomposed with concentrated
sulphuric acid and subjected to distillation. These distillates
always contained considerable quantities of acetic and formic acid
(12th Rep. of the Med. Officer of the Privy Council, 1870 ; Ap-
pendix Nr. 12, p. 274), besides benzoic acid, and an oil. The
baryum salt of acetic and formic acid were purified by crystalli-
sation. The mother-liquors regularly contained a guantity of
sulphurous acid, easily identified by nitric acid and boiling, or by
iodic acid and starch, or by zinc and hydrochloric acid. The
distillates never contained any sulphuretted hydrogen, no prussic
acid, and no sulphocyanic acid. But they always coutained some
nitrous acid. In the baryta salts the reaction for sulphurous
acid was soon lost, and iodic acid failed to give any reaction with
starch. But now potassic iodide with starch and sulphurie acid
gave a blue reaction. I preserve a quantity of 53 grm. of baryum
salt, every pinch of which now gives this reaction for nitrous
acid, as formerly it gave that for sulphurous acid. Therefore
both Lehmann and Bence Jones seem to have been correct in
part in their controversy, Bence Jones by maintaining the
presence of nitrous acid in these distillates, Lehmann that of
sulphurous acid ; but each was somewhat in error, Bence Jones
by overlooking the sulphun}uﬂ acid, Lehmann b}' denying the
nitrous,



CHAPTER XXV.

J'YDROTHION, H,S, AND HYDRO-SULPHOCYANIC
ACID, CNSH.

INTRODUCTION,

HyprotHION has been found in urine under different circum-
stances, the most common being a state of decomposition engen-
dered in the urine by disease of the bladder or neighbouring
organs. In these cases the urine is mostly alkaline. Neubauer,
however, observed the case of a man who was gouty and para-
lysed in both legs, and discharged periodically urine which was
feebly acid, light yellow, formed a sediment, and blackened
immediately a piece of paper soaked with lead acetate held
above it.

The volatility, the smell, and the power to blacken lead paper
characterise hydrosulphuric acid sufficiently. The determination
of its quantity can be effected by expelling it by heat, and
passing it through arsenious acid, and weighing the yellow sul-
phide formed.

Treviranus found that saliva gave a red coloration with ferric
chloride. That this was due to hydro-sulphocyanic acid was dis-
covered by Tiedemann and Gmelin(*Die Verdauung,” ete. 1(1826),
22). They believed it to be present as potassium or sodium
compound. Leared (“ Proceed. Royal Soc.” 16 (1870), 18) then
discovered a number of reactions upon blood and urine, from
which he concluded that these liquids normally contained sul-
phocyanides. This view, as regards the urine, has lately been
supported by Gscheidlen (PHliiger’s “Archiv.” 14 (1876), 401).
He removed the sulphates and phosphates by baryta, evaporated
the filtrate to a syrup, extracted with alcohol, evaporated the
aleohol, dissolved the residue in water, decolorised the solu-
tion with a little animal charcoal, and added ferrie chloride to
the filtrate. The intensely red colour produced indicated
sulphocyanide. He obtained this result not only with human
urine, but also with the urine of horses, horned cattle, dogs, cats,
and rabbits.

He next concentrated urine, removed sulphates and phosphates
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by baryta, and distilled the filtrate with phosphoric acid. The
distillate was received over lead earbonate, which became black
from hydrothion. The lead was extracted with water and
aleohol, both boiling, and the insoluble residue was treated with
sodic ecarbonate, to decompose any insoluble sulphocyanide of
lead. The filtrate was evaporated to dryness, extracted with
alcohol, and the residue, after evaporation of the alcohol, was
strongly reddened by ferric chloride. Extracts thus made all
yield hydrothion, with zine and hydrochloric acid, and thus
afford some further information on the reaction discovered by
Schonbein, and studied further by Sertoli and Libisch, as stated
in the previous chapter. The body which yields hydrothion is
soluble in alcohol ; the part insoluble in aleohol no longer
vields hydrothion. The alkaline sulphocyanides are soluble
in alcohol.

An aleoholie extract thus made from fourteen litres of human
urine was treated with milk of lime, and thereby somewhat
decolorised. The filtrate was again evaporated, and extracted a
second time with aleohol. This was evaporated, and the residue
dissolved in water. This solution was divided in forty equal
parts, each part was mixed with neutral lead acetate in neces-
sary quantity, and immediately filtered. The filtrates were
united and warmed in the water-bath. After a short time they
deposited a slightly yellow erystalline heavy powder, which was
boiled with distilled water (!), dried, and weighed. It amounted
to 0-1381 grm. It was placed into a small beaker and warmed
with nitric acid on the water-bath, and yielded 0-1221 grmn. lead
sulphate dried at 100°. This quantity corresponds to 0373 grm.
lead sulphocyanide. These quantitative proportions seem the
only proof which Gscheidlen gives of the first precipitate having
been sulphocyanide at all. The cardinal proof of the presence of
the nitrogen is wanting,

Voit (“ Zeitschr. f. Biolog.” 1 (1865), 127, 129, and 149} found
a body in urine which contained nitrogen, gave a compound
with mercuric nitrate which was easily decomposed ; and when
heated in a silver dish with either lime water or caustic potash,
covered the silver with a black layer of sulphide, and evolved
ammonia. All these reactions are exhibited by sulphocyanides.
The mercuric nitrate can be used to separate the body from
urine. The precipitate (as obtained in Liebig’s urea determi-
nation) is decomposed with hydrothion, the filtrate neutralised
with soda, evaporated to dryness and extracted with alcohol,
The residue from this extract dissolved in a little water gives the
red test with ferrie chloride. Gscheidlen estimated the amount
of sulphocyanic acid in human urine to be about 0:0225 grm. in
one litre, equal to 0-0314 sodie, or 0:0376 potassic sulphocyanide.
The estimate was made by comparing the ferric colorations of the
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specimens of urine with coloured sulphoeyanide of iron solution
of known strength. The largest proportion of sulphocyanogen
seems to occur in the urine some hours after the principal meal
of the day. Gscheidlen aseribes this to the salivary function.
When in a dog he diverted all the saliva, by cutting the ducts
and inserting canule, sulphocyanogen no longer appeared in the
urine. The pancreatic secretion and the chyle contain, according
to Lehmann (* Zoochemie,” 1858, p. 79 and 221), no sulpho-
cyanide, and are not coloured red by ferric chloride. 1 have dis-
proved all statements of Gscheidlen in a paper published in
Piliiger’s ©“ Archiv.” while this sheet was going through the press.

Note on Sulphocyanide of Lead.—Gscheidlen has relied on
the statement of handbooks that plumbic sulphocyanide was in-
soluble in cold water, and assumed that it was also insoluble in,
and not changed by hot. All these and other data concerning
this salt to be found in text-books are incorrect. Plumbie
sulphocyanide is white, not yellow ; it i1s little soluble in cold,
more soluble in boiling water, and deposits from this on cooling,
in splendid white crystals; it is therefore not the fact that by
boiling with water it is decomposed into an unknown yellow or
insoluble salt, and an acid liquid of obscure properties. The
warm solution of pure plumbic sulphocyanide in water, with
sulphuric acid and ferric chloride, gives the red test ; if also gives
a blue reaction with potassic iodate, sulphuric acid and starch, a
reaction, and hitherto believed to be diagnostic of sulphurous
acid.

LPhystological Considerations Sugqested by the Different Forms in
which Sulplwr appears in the Urine.

The sulphur compounds besides sulphuric aeid, in salts or
organic combinations which have as yet been found in urine,
whether of man or animals, are :—Hyposulphurous and sulphur-
ous acid ; sulphoeyanic acid (alleged by Gscheidlen and Leared,
not found by Gorup-Besanez and myself); hydrothion; taurocholic
acid ; taurine; cystine ; tauro-carbamic acid. Of these only the
three first acids and eystine evolve hydrothion with HCI and zine,
the other substances do not. From this circumstance Kiilz
draws the conclusion, that as hyposulphurous acid and eystine
have not been found in human urine, while according to him
sulphocyanic acid can be easily proved to be present, the develop-
ment of H,S by HCl and Zn, must be due to the presence of
sulphoeyanic acid. ;

The bearing of taurine when introduced into the stomach of
men and animals with ordinary food has been examined by
E. Salkowsky (“Ber. Deutsch. Chem.” G. v. Heft 13). In men
the taurine is excreted by the kidneys as tauro-carbamie acid,

C,H NSO, an acid, the potassium salt of which can be produced
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by allowing a mixture of taurine and potassic cyanate first to
deliquesce and then to crystallise, by then decomposing the
salt with sulphuric acid and crystallising the acid from alcohol ;
as much as 15 grms. consumed in three days were almost com-
pletely recovered from the urine in this shape. DBut when
the taurine is given to rabbits with other food, only one quarter
remains unattacked, and reappears in the urine as taurine; a
second quarter of the sulphur appears in the urine as hyposul-
phurous acid, and about half the sulphur appears as sulphuric
acid. By injecting the necessary quantities of taurine solution
into the stomach of rabbits, the average amount of sulphuric
acid present in their urine could be increased to four and
five fold. As rabbits die under the influence of this treatment
continued for some time, it is possible that they perish partly
from the removal of such quantities of alkali as are required by
the excessive amount of acid formed, The details of the proceed-
ings regarding taurine E. Salkowsky has given in Virchow’s
“ Archiv.” 58, 460. The presence of hyposulphurous acid he
determined as follows :—The urine was precipitated with milk of
lime ; filtered, neutralised with carbonic acid gas, filtered again,
and precipitated with basic lead acetate. The precipitate was
used for finding the hyposulphurous acid, the filtrate for the
taurine. From the lead precipitate the hyposulphurous acid
was isolated by the process of Schmiedeberg; or the urine of
rabbits was mixed with hydrochloric acid, which caused the
liquid to show an opalescence at first, and then the sulphur
coalesced and was deposited. The solution and deposit yielded
to chloroform all the sulphur which was obtained in erystals
from the solvent. The sulphurous acid formed at the same
time he isolated by distilling the urine with sulphuric acid. The
condensing tube always exhibited a dew of sulphur, and the
distillate always contained sulphurous acid, if the rabbit had
digested taurine ; normal rabbit’s urine never showed any trace
of either. Salkowsky supposes that all sulphur present in
rabbit's urine which is not there as sulphuric is present as
hyposulphurous acid, and proposes to caleulate the difference
between fully oxydised precipitable and not fully oxydised sul-
phur, obtainable as sulphuric acid by fusion with nitre, as hypo-
sulphurous only. The results obtained by Baumann make this
proposal inadmissible, while the results of E. Salkowsky show
that Baumann’s assumption that all non-precipitable sulphur is
present in the form of the organic compounds adduced by him
is also inadmissible. And ultimately E. Salkowsky comes in
conflict with himself, when he says in one place that all not
fully oxydised sulphur in rabbit's urine is present as hyposul-
phurous acid ; in another place, that normal rabbit’s urine never
shows any hyposulphurous acid; and in a third, that the urine
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of rabbits fed upon potatoes contains regularly, besides sulphuric
acid, another sulphurised organic body, containing “ neutral ” sul-
phur to the amount of 1 out of 5 parts contained in the urine.

When dogs are made to consume taurine with their food, no
hyposulphurous acid is formed as in the rabbit, but the taurine
15 excreted partly or entirely as tauro-carbamic acid.

From researches, which are in progress in my laboratory while
this sheet is passing through the press, it appears that the
problematical sulphur compound contained in urine 1s an
alkaloid, which yields all the reactions in connection with sul-
phur alluded to in the foregoing, and on decomposition by

chemolytic agents, furnishes free sulphur and sulphurous acid.




CHAPTER XXVI
PHOSPHORIC ACID AND PHOSPHATES,

OCCURRENCE.

PuosPHORUS occurs in organised beings only in one form, that
of so-called ortho-phosphoric acid. But this is variously com-
bined, partly with bases, lime, magnesia, potash, soda, or am-
monia, in which salts the phosphoric acid can be found by direct
reagents, partly with organiec compounds, particularly glycerine,
fatty acids, and basic bndles in such a manner that the presence
of the phosphoric acid cannot be recognised by its ordinary
tests before the organic matter has been destroyed. Compounds
of the latter class occur in large quantities in the brain and nerve
marrow, and are also present in the blood, and all liquids and
tissues containing cells, including the male sperma and the pus
of abscesses and wounds. In the urine, however, phosphorus
has as yet been shown to occur in one form only, namely, that
of the oxygen acid combined with the bases above mentioned.

Physical and Chemical Properties.

Phosphoric acid, P,0,3H,0, may be obtained in erystals
forming quadrangular or hexagonal prisms, transparent-like glass,
or as a syrupy liquid. When heated to 160% it begins to lose
water, and at a temperature of 213° is transformed into pyro-
phosphoric acid, P,0,2H,0, or H,P,0;. "When heated still more
it loses another molecule of water, and is then metaphosphoric
acid, P,O.H,0, or HOPO,. When exposed to red heat in an
open platinum dish it first becomes anhydrous, and is then
slowly volatilised. It is easily soluble in water and alcohol, and
its solutions exhibit a strongly acid reaction. Solutions of
albumen, chloride of baryum or calcium, do not cause any preci-
pitate in a solution of phosphoric acid ; the solutions of caustic
baryta, strontia or lime, when added in excess, produce a white
precipitate. Phosphoric acid has great affinity for the basic
oxydes, and forms with them the phosphates, which may contain
in the simple molecule H,PO, one, two, or three atoms of any of
the monodynamic, or in a double molecule, H,P,0,, one, two,
or three atoms of any of the didynamic metals, and so ou, one
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dynamicity of an atom of any metal capable of entering at all
into combination replacing one atom of hydrogen either in the
single or double molecule of the acid.

Decompositions.

Phosphoric acid, when heated with charcoal, is reduced, and
evolves phosphorus, which burns again on coming in contact
with air.  When the heating is carried on in a retort, the mouth
of which dips into water, the phosphorus can be collected, as it
sinks in the water and is not decomposed. Before the discovery
of phosphorus in bones, all phosphorus was made from urinary
salts only, which, owing to the considerable amount of organic
matter present with them, do not require the addition of char-
coal; it was by the simple calcination of urinary salts in
retorts that Kunkel first discovered this remarkable body.

Compounds.

Phosphates of Alkali Metals.—Thosphate with two atoms of
sodium and one of hydrogen, so-called alkaline phosphate,
HNa,PO,, may oceur abnormally in the alkaline urine of chlo-
rosis. Ammonio phosphate of sodium, HNa(NH,)PO,4+4H,0,
may be obtained from urine in erystals. Acid phosphate of
sodium, H,NaPO,, may also be obtained from fresh acid urine
in erystals,

Phosphates of Mixved Alkali and Eoarth Metals.—Of these we
are principally interested in the ammonio phosphate of magne-
sinm, Mg(NH YPO, 4 6H,0, which always forms when magnesic
phosphate meets with ammonia in excess.

Phosphates of Allcaline Eavth Metals—The acid phosphate of cal-
cium, CaHPO,, represents the so-called soluble bone-earth. To this
the acid phosphate of magnesium, MgHPO,, is analogous. Of the
foregoing three classes of salts, the phosphates of the alkalies are
easily soluble in water, the others are scarcely soluble, or alto-
gether insoluble. They all dissolve in mitric or hydrochlorie
acid. The phosphates of the alkaline earths, when newly preci-
pitated, are, moreover, soluble in acetic acid The solution of an
earthy phosphate in an acid, when neutralised with an alkali,
throws down a precipitate of the original phosphate, which is to
a considerable extent soluble in an excess of the alkali if the
latter be concentrated. The insoluble phosphates are, as a rule,
soluble to a certain extent in an excess of a solution of any salt,
from which they have been precipitated by phosphate of sodium;
this solution becomes turbid on heating, and clears again on
cooling.

With the common soluble phosphates, nitrate of silver pro-
duces a yellow precipitate, Ag,PO,, which is soluble in nitric
acid, and in ammonia. Acetate of lead produces a white precipitate
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Pb,P,0,, which is soluble in nitric acid, but insoluble in acetic
acid and in ammonia. If chlorides are present, the precipitate
contains chloride of lead in chemical combination.

Chloride of baryum and chloride of calcium produce white
precipitates with the soluble phosphates, Ba,P,0, and Ca,P,0,,
each, while fresh, readily soluble in hydrochloric, nitrie, or
accetic acid,

When a solution of phosphate of caleium in acetic acid is
allowed to stand some time, the phosphate has a great inclina-
tion to fall down from this solution in a crystalline state, par-
ticularly when the mixture is warmed a little, and when the
phosphate is prevalent. Phosphate of calcium is somewhat
soluble in water containing carbonic acid, and in salts of
ammonium, even when free ammonia is present. From its
solution in acetic acid, or from its solution in hydrochlorie
acid when mixed with acetate of sodium (which is virtually a
solution in acetic acid, because hydrochloric acid, combining
with the sodium, sets acetic acid free, which is now the solvent
for the phosphate of calcium), oxalate of ammonium throws
down the whole amount of calcium as oxalate of calcium.
From its solution in hydrochloric of nitric acid, the entire
amount of calecium may be precipitated by means of sulphuric
acid and alecohol.  These reactions are the bases for the
quantitative determination of calcium in ashes and the earth
of bones.

A mixture of sulphate of magnesium or chloride of magne-
sium, with chloride of ammonium and ammonia, produces a
crystalline precipitate in soluble phosphates, which has the
composition Mg(NH,)PO,+6H,0, is easily soluble in all acids,
somewhat soluble in pure water, and perfectly insoluble in
water containing ammonia, even if a large amount of any salt
of ammonium should be present. This precipitate, after ex-
posure to red heat, is of the composition Mg,P,0,, and is the
qualitative and quantitative test for phosphoric acid (in
absence of arsenic acid) in all combinations which are soluble in
water, the watery solution of which does, however, not become
turbid by admixture of a solution of chloride of ammonium and -
ammonia. In very dilute solutions the precipitate forms onl
slowly. When the solution contains tartaric acid and oxyde of
iron, some tartrate of magnesium and oxyde of iron may easily
he mixed with the precipitate.

Chloride of iron produces in solutions of phosphates a
yellowish-white precipitate, which is soluble in hydrochlorie
acid, in an excess of chloride of iron, in acetate of iron, and in
ammonia. This precipitate is, however, quite insoluble in acetie
acid, and will, for this reason, form even when its solution in
hydrochloric acid is mixed with acetate of sodinm, as already

U
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explained, or when the solution in hydrochloric acid of the phos-
phate of an alkaline earth metal is mixed with a small quantity
of chloride of iron, and with acetatelof sodium. If the solution of
any phosphate in hydrochloric acid, after any excess of the acid
has been neutralised by a little ammonia or carbonate of sodium,
i1s mixed first with acetate of sodium, and then with chloride of
iron in slight excess (which may be recognised by the fluid
assuming a reddish colour), and is then heated to ebullition, a
reddish-brown precipitate 1s obtained, which contains the whole
amount of oxyde of iron and all the phosphoric acid present.
It is filtered hot, and the precipitate and filter are washed
with hot water. This test forms the basis of the method for
removing all phosphoric acid and iron from solutions in which
the quantity of calcium and magnesium and isomorphous metals
has yet to be determined.

On mixing a solution of the nitrate of oxyde of mercury with
a solution of phosphate of sodium, a white flocculent pre-
cipitate of phosphate of oxyde of mercury is immediately
produced, which, on being allowed to stand in the flud,
rapidly becomes erystalline. A solution of corrosive subli-
mate, however, may be mixed with the alkaline phosphate with-
out any turbidity being produced. TIf to a mixture of the two
first-mentioned salts we add a solution of chloride of sodium
before the precipitate has had time to become erystalline, the
latter will immediately decompose with the chloride of sodium,
corrosive sublimate and phosphate of sodium being produced :
the precipitate disappears, and the fluid becomes perfectly clear.

This test is the basis of the method for ascertaining the
amount of oxyde of mercury contained in a solution of its
nitrate.

A very accurate test for showing the presence of minute
quantities of phosphoric acid is molybdate of ammonium. The
liquid to be tested is strongly acidified with nitric acid, and then
molybdate of ammonium, previously strongly acidified with nitrie
acid, is added. If phosphoric acid is present in the mixture in
any quantity, an immediate yellow precipitate ensues. If only
traces are present the liquid becomes yellow, Heating in both
cases accelerates the reaction, and rubbing of the walls of the
olass vessel with a glass rod facilitates the deposition of small
amounts of the yellow compound. The yellow compound con-
tains phosphoric acid, ammonia, and about thirty-two molecules
of molybdic acid, so that the reason for having a great excess of
molybdic acid present in the reagent solution is explained by the
composition of the precipitate. If accurately made the precipi-
tate may be used for the determination of either ammonia or
phosphoric acid directly by weighing it and calculating their
quantity, But as the urine contains other alkaloids precipitabl

e i i e
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by phospho-molybdic acid, a precipitate obtained from urine by
this reaction, without previous incineration, might contain slight
impurities, and it is therefore preferable to dissolve 1t in am-
monia, and precipitate the phosphoric acid by magnesia mixture
in the manner to be described lower down.

Volumetric Estimation of Phosphorie Acid in Urine by
means of Urantuwmn Swlts.

When to a hot solution of any soluble phosphate containing
free acetic acid a solution of acetate or nitrate of uranium is
added, a whitish-yellow precipitate of uranium phosphate is
immediately produced. This consists of 1991 per cent. of
P,0, and 8009 per cent. Ur,0,, When the uranium salt is
added in slight excess, or until a filtered portion exhibits a red-
dish-brown colour or precipitate with ferrocyanide of potassium,
all phosphoric acid is precipitated. The precipitate of uranium
phosphate is unchangeable in its fluid, and does not transform
into a basic combination like the phn.'sphate of iron. For this
reason it is perha[_ns a more certain means of determining phos-
phoric acid in urine than the corresponding iron salt formerlyused,

Lrepavation of the Standard Solutions.

() Phosphate of Sodiwm Solution.—Transparent, dry but not
withered, crystals of common phosphate of sodium are powdered,
and 10:085 grm. weighed off ; they are then dissolved in sufficient
water to make up 1 litre; 50 c.c. of this solution contain 0-1 grm.,
B0

{Ea) Acetate of Sodivwm Solution—100 grm. acetate of sodium,
and 50 c.c. of dilute acetic acid are dissolved in sufficient water
to make up 1 litre.

(¢) Solution of Uranium.—A quantity of uranium oxyde, or
of the yellow urano-sodic carbonate is dissolved in acetic acid,
and the strength of the solution ascertained by means of the
phosphate of sodinm solution («). The solution is next to be so
diluted that the application of 1 c.c. indicates the precipitation
of 5 milligrm. of phosphoric acid, or 50 c.c. of the sodium-
phosphate solution are to be exactly precipitated by 20 cec. of
the uraniumn acetate solution, and there is yet to be a slight
excess of uranium solution in the fluid to give the test with
ferrocyanide. To effect this 50 c.c. of the phosphate solution (a)
are mixed with 5 c.c. of the sodium acetate solution (b), and heated
in a water-bath to near boiling. The uranium solution of
unknown strength is now added slowly and cautiously, until a
few drops of the mixture filtered through paper produce a
distinet reddish-brown reaction with solution of ferrocyanide of
potassium on white paper. Supposing that to this point 15 c.c.
of the uranium solution had been used, then the solution would
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yet be too strong, and would have to be diluted with one quarter
of its volume of water in order to be of the required strength,
and thus other degrees in proportion. The standard solution of
uranium should contain 20-3 grm. Ur,0, in each litre.

Application to the Urine.

Determination of the whole amount of phosphoric acid. To
50 c.c. of filtered urine 5 c.c. of the acetate solution (b) are given,
and while the mixture is heated in a water-bath, the uranium
solution is allowed to drop in from a burette. When the preci-
pitate is not visibly increased, the fluid is tested by filtering a
drop or two through a piece of blotting paper, which is eclosely
pressed upon a paper soaked with solution of ferrocyanide. If
no reaction ensues more uranium solution has to be added. As
soon, however, as a reddish-brown reaction appears, the precipi-
tation is complete. Every c.c. of uranium solution used indi-

cates 5 milligrm. of phosphoric acid precipitated.

Separation of Phosphorie Aeid Combined with Earths, from the
Portion Combined with Alkali Metals.

To effect this the operator may dissolve the precipitated phos-
phates of earths in acetic acid, and determine the phosphoric
acid in this solution. He will then deduct the quantity found
in this last operation from the total guantity of phosphoric acid
present in the urine, when the difference will give him the
phosphoric acid in combination with alkalies.

Determanation of Phosphoric Aeid by Precipitation and Welghing
of the Precipitate.

A measured quantity of urine is treated with nitric acid in
excess, and to the mixture molybdate of ammonium is added,
until it produces no further precipitate; the mixture is heated
until it is elear, and all precipitate is deposited as a yellow
powder. This is collected on a filter and washed and dissolved
in ammonia; magnesia mixture is now added, the mixture
stirred, the glass rubbed with the glass rod, and the mixture
allowed to stand over night. The precipitated ammonio-phos-
phate of magnesia is collected, dried, and ignited, and from the

quantity of pyrophosphate obtained that of the phosphoric acid
is calculated.

Quantity of Phosphoric Aeid Discharged by Healthy Persons
during Twenty-Four Hours.

The results of numerous examinations are arranged in the
following table, which gives, after the name of the observer,
the average quantities of acid found in single individuals,
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and the average of all examinations of each cbserver at the
end :—

Breed, average of four individuals, . . 5180 grm. tn:- 3763
Winter, first individual, 3'7; second, 4-2; third,

grm. . average 4 b
Mosler, first sems, 24 second series, 37 in the same

individual, . . average 3'05
Neubauer, first mﬂmduzﬂ, S1; secﬂnd 1 5 . average 235
Aubert, . . : 28
Average amount of I-' ) d:qe.hmgcd l‘n}r an adult male in

twenty-four h:::-urs : . : ; : - 366
Ditto in one hour . ; . . A : . 0-15

According to the observations of Winter, 100 kilogrm. of man
discharge on an average of 027 grm. and 100 centimetres 0-1
erm. of phosphoric acid.

The maximum and minimum amount of phoesphoric acid
discharged by single individuals during twenty-four hours is
subject to considerable variations, as exhibited by the following
observations :—

Maximum,. Minimum,

Neunbauer found in one individual daily 2-16 gr. 1'21 gr.
found in second individual . 488 gr. 2-44 gr,

Mosler ditto : ! . . . 486 gr. 240 g,

The fluctuations in the hourly average are still greater, so that
Vogel found by a series of experiments the maximum fo be
0-216, while the minimum of the same subject only amounted
to 0:085 grm. Both extremes happened on one and the same
day, the whole inquiry extending over ten days.

Through the observations of Winter, Mosler, and Vogel it has
been established that the rise and fall in the hourly amount
of phosphoric acid is a regular one during each twenty-four
hours, the rise invariably taking place soon after the principal
meal of the day, which was taken at noon. The maximum
secretion was observed during the hours of the evening; the
quantity fell during the night, and was at the lowest ebb during
the morning. These fluctuations are well illustrated by the
following table given by Vogel :—

Table showing the Amount of Phosphorie Acid seeveted by jfour
Individuals during one howr of the wight, afternoon, and

Jorenoon.
Individuals. Afternoon. Night, Forenoon.
i 20y 020 015
B D . 0:28 0-21 0-11

Qitin it ity LOGES 0-16 010
e 011 014 0-11
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This table shows that different persons discharge the phos-
phorus taken with their food at different periods after the inges-
tion, some more quickly, others more slowly ; in some the process
is spread over a longer period of time than in others. Thus B.
discharged the greater part of the phosphorus taken with his
dinner soon after it; the secretion of phosphoric acid reached its
climax in the afternoon, and fell during the night and following
morning until the next principal meal. The difference between
the hours before the meal and after it is here greatest. In C.
the climax of the secretion falls more towards the evening, and
there is less difference between afternoon and night. In D. the
maximum hourly average is in the night; and probably his
digestion was much slower than that of the other three persons,
though all four took their dinners at one and the same time,
namely, 1 P.M.

Physiology of Phosphoric Acid in the Urine.

The introduction into the body of phosphorus, either in the
form of the acid, or of phosphates, or in combination with
albuminous substances, such as eggs, brains, &e., gives rise to an
increase of the acid in the urine.

Total abstinence from food, or from food containing phos-
phorus, on the other hand, diminishes the amount of phosphoric
acid in the urine. Total abstinence will, however, not cause the
entire disappearance from the urine of phosphates, as has been
observed with regard to chloride of sodium. This 1s, perhaps,
partly due to the continued oxydation of albuminous substances.
Aubert observed the urine of a person to contain 28 grammes
per day under ordinary circumstances. This person took 31
grammes of phosphate of soda, whereupon the amount of phos-
phoric acid in the urine rose to 4’1 grammes for twenty-four
hours. When abstaining from food, Mosler found phosphoric
acid to sink to half the ordinary quantity ; when he took large
meals of albuminous substances, the amount of the acid became
doubled in consequence.

But the excretion of phosphoric acid is not exclusively de-
pendent upon the quantities introduced. A series of observations
demonstrate that the same influences which govern the exeretion
of chlorine and sulphuric acid are active in the excretion of
phosphoric acid.  Different degrees or morbid changes of the
secretory activity of the kidneys, actual disease of the kidneys,
changes in the mode of disintegration of matter in the organism,
must be looked to as causes of the vamation of the amount
of phosphoric acid. The drinking of large quantities of water
causes an increase in the amount of phosphoric acid beyond the
quantity introduced with the water, which can only be explained
by an increased production in the body of phosphoric acid, by
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changes which make an increased amount of phosphates avail-
able for excretion, and by a stimulated activity of the kidneys.
The organism may at one time contain an excess of phosphorie
acid, at other times the acid may be deficient, it will, however,
be difficult fully to establish these points, until the normal
amount of phosphoric acid contained in all parts of the body and
its changes and variations within the range of perfect health be
known. And then the examinations will have to comprise a
complete analysis of all food, and of all excretions.

Quantity of Phosphoric Acid in the Urine of Disease.

In acute but not very severe diseases the amount of phosphoric
acid in the urine decreases at first most probably in consequence
of the low diet, and afterwards rises again with a more liberal
allowance of food. During convalescence the normal amount is
sometimes exceeded in consequence of an increased quantity of
food.

If the illness, though combined with violent fever, only lasts
a short time, the decrease of the amount of phosphoric acid 1s
sometimes very slight and scarcely }i)el ceptible.

The following data have been collected mainly by Vogel i—

Males—1. A young man, affected by a severe febrile angina
tonsillaris, discharged 2-8 grammes of phosphorie acid on the day
of his reception into the hospital. He had an emetic given to
him, which caused violent vomiting. This was followed by low
diet. On the second day the amount of phosphoric acid had
fallen to 1'7 grm. He now improved, and had quarter diet. The
two following days showed 2:6 and 2:5 grm. of phosphorie aeid
respectively. He now was placed upon half diet; and on the
following day the P,0, rose to 3:2 grm. He recovered, and was
discharged.

2. Pneumonia, not very severe. The patient was discharged
after eight days. The daily amounts of P,0, were 24, 2'5, 2'9.
2+4, and 23 grm.

3. Pneumonia, more severe, During the acme of the disease,
the daily amounts of phosphoric acid were 17, 08, 21, 1-2, 09,
21,19, 11 grm.

4. Pneumonia, similarly severe, 1-6, 14, 2:2, 2-3, 1 I3 g

5. Febrile bronchial catarrh, 1-4, 1°5, 1'7, 1 5 2 8

6. Convalescence from severe pneumonia, 38, 2‘?’, 3*2, 35
grm., 39, 1-8, 2-5, &e.

7. Similar case, 1'9, 56, 28, 15, 3-2, 2'8 grm.

8. Convalescence from severe bronchial catarrh, 4-8 grm.

9. Catarrh of the organs of digestion, with ecxzema and violent
fever. The case took a rapid course, so that the patient was dis-
missed cured after eight days. The amount of P,0, was 2'3,
26, 27, 2:6, 34 grm.
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Females—1. Rheumatic fever, 21, 23, 2-2 grm.

2. Catarrh of the stomach, 1-1, 12 grm.

3. Catarrhal fever, acme of the diaea@e 1'6 grm.

4. Convalescence from typhus, 52 grm.

When the diseases are of a more severe nature, so as to cause
a long abstinence from food, or to take a fatal turn, the decrease
of phosphoric acid in the urine becomes much more considerable.

Thus, a girl with severe febrile catarrh of the lungs discharged,
during the acme of the disease, 0°7, -5 grm. of phosphoric acid ;
during convalescence it rose to 13 and 2-5 grm.

Fatal end of acute tuberculosis of lungs, (4, 04, 0-3, 03, 0-2,
0-1, 0-08 grm. (day of decease).

Gangrene of the lungs, fatal issue, 3-0, 2'5, 220, 0-7 grm.

In some exceptional cases the amount of phosphoric acid dis-
charged during the height of acute diseases may considerably
exceed the amount discharged during health.

A man of middle age suffered from pneumonia, and was treated
with large doses of digitalis, cured and discharged, 43, 5:1, 4'1,
8-4, 7-9, 45, 29, 50 grm

In chronic diseases the excretion of phosphorie acid takes a
very irregular course, and though remaining mostly below the
normal average, may sometimes considerably exceed it. This is
shown by the following cases :—

Number of |
Disease, iDays | Minimum.| Medinm. |Maximum.
Observed.
MavLEs.
Emphysema of langs - - 06 13 2-3
Chronic Bronchorrheea, . : : 8 13 2-7 47
Cancer of the liver . 1 11 16 2-2 26
Subacute rhenmatism of Jmnta : 18 17 2-4 31
Hemiplegia, consequentonapoplexy 3D 10 27 52
Hydraria . 3 44 50 b8
Dropsy, under influence of diuretics
chlorides very much increased . 2 18 e
Femaves,

Diabetes insipidus : : . 14 32 4'8 78
Ascites - - : ; 15 17 30 47
Chronic thenmatism . o o 7 27 33 42
Spinal irritation . 2-1 24 28
Amenorrhoea Sl 2-1 2:2 2-3
Serophulosis - : ! : L 26 35 52
Tuberculosis of lungs . el [ R 15 39
Chronic erysipelas of face . . 11 15 36




CHAPTER XXVIL

AMMONIA, NH,,

HISTORY AND OCCURRENCE.

AMMONIA became originally known as a product of destructive
distillation of animal substances (spirit of heartshorn). It is
practically obtained in the greatest masses as the product of
the physiolysis of animal matters, particularly the urine, but
great quantities also result from the processes for the manu-
facture of gas from coal. The chemolysis of all albuminous
substances yields from three to four per cent. of the dry sub-
stances in the shape of ammonia. Ammonia is contained in air
and water, and in the earth everywhere and all times.

According to Liebig, fresh healthy urine contains only very
small or very doubtful traces of ammonia, and gives no pre-
cipitate with chloride of platinum. The erystals which form
over night in urine mixed with chloride of platinum exhibit
all the properties of the chloride of platinum and potassinm,
And if chloride of platinum and ammonium should be mixed
with them, it 15 uncertain whether these are not due to the
decomposing influence of the chloride of platinum upon the
organic constituents of the urine. Lehmann and Scherer shared
the doubts of Liebig regarding the presence of ammonia as a
normal ingredient in urine. The analysis of Heintz, however,
have proved that ammonia, if not always, is at least very fre-
quently present in urine. 'The researches of Boussingault also
seem to indicate the normal presence of ammonia in the urine.

The best pmnf as yet advanced of the regular presence in the
urine of certain quantities of ammonia seems to be afforded b
the analyses of Neubauer, who adopted the method of Schlosing
for the volumetrical analysis of ammonia in the urine.

Some urinary depc}slts occurring in healthy urine contain
urate of ammonium. The dep031ts are more common in the
urine of disease, and there not always the products of alkaline
decomposition.

Ammonia appears in large quantities in urine as soon as the
urea has commenced to decompose. It then appears as car-
bonate, acetate, benzoate, phosphate, joining sodium on the one,
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magnesium on the other hand, and as urate. While the former salts
are dissolved the latter are deposited, the phosphate of magnesium
and ammonium in the form of crystals, the urate of ammonium
in dumb-bells and globular masses with spinous projections.

Ammonia further appears in every urine as soon as it is
heated or subjected to distillation in a retort. The fluid which
goes over will contain ammonia to the last—a phenomenon
which has been explained by the decomposing influence of the
acid phosphate of sodium upon urea. The phosphate of am-
monium and sodium thus formed has the property of giving off
its ammonia at a temperature of 100° and the acid phosphate
thus left is again and again a generator of ammonia, as long as
any organic substances are left capable of yielding that base.
During the whole period of distillation the urine in the retort
retains a strongly acid reaction.

Lhysical and Chemvical Properties.

A coercible gas, of a powerful pungent smell, strongly attached
to water, and yet easily diffusible from this solution into the air,
ammonia presents highly characteristic features. Volatile at all
temperatures, and driven out of its combinations by fixed alkalies,
again readily combining with acids, it is easily separated frmn
the numerous ingredients of the urine, obtained pure, and its
quantity determined.

In a mixture of perfectly neutral solutions of sulphate of
silver and arsenious acid, the slightest trace of ammonia causes
immediately a delicate but dense yellowish-white precipitate of
arsenite of silver, which is éasily soluble in the slightest excess
of acid. This is the most delicate test for ammonia. Upon this
I have based the following proceeding :—

Demonstration of the Presence of Ammonia in Urine.

The ammonia, which has been liberated from urine by means
of milk of lime, is made to pass in the form of gas into a solu-
tion of sulphate of silver and arsenious acid; the precipitate
ensuing is evidence of its presence.

The precipitate which phospho-molybdic acid gives in urine
acidified with nitric acid (see chapter on Reducine) contains all
the ammonia present in the urine employed. It can be obtained
by distilling the precipitate with caustic baryta solution for a
short time, and collecting the distillate in hydrochloric acid, In
thissolution theammoniacan beestimated by the platinum method.

Determination of the Quantity of Ammonie in Urine by
Volumetrical Analysis.

The method just described may, with slight modifications, be
used for determining the quantity of ammonia thus evolved.
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Into a potash bulb is put a known amount of sulphuric acid of
known strength, and the ammonia evolved from the urine by lime
1s made to pass through it by means of an aspirator. - All am-
monia of the urine will be combined with the sulphuric acid in
the apparatus. The acid, thus combined with the ammonia, is
now put into a beaker, and saturated with a solution of caustic
soda of known strength. The point of neutrality is indicated by
the appearance of a white precipitate of arsenite of silver, when
the solution of sulphate of silver and arsenious aecid has pre-
viously been added to the sulphuric acid, and by the reappearance
of the blue colour when tincture of litmus has been used as the
indicator. The former test is particularly useful when we have
to work with artificial light, which does not permit the distine-
tions between red and blue litmus to be accurately perceived.
From the amount of solution of soda used less than would have
been required for saturating the same bulk of sulphuric acid of
known strength, if no ammonia had been combined with it, the
amount of ammonia is found by calculation.

The following method is based upon the fact that ammonia
evaporates from its watery solution, and, if confined with free
sulphurie acid in a closed space, is entirely absorbed by the aecid.
The rest is done by volumetrical analysis as above,

Preparation of Standard Solution of Sulphuric Acid—Four-
teen grm. of hydrated sulphuric acid are diluted with 200 grm.
of water ; and, after the mixture has cooled down to the ordinary
temperature of the air, the amount of sulphuric acid contained
in every 100 c.c. is determined by means of chloride of
baryum in the usual way. If, for instance, we have found that 10
c.c. of the dilute acid contain 0-505 grm. of sulphuric acid, they
will be exactly neutralised by 0:2146 grm. of ammonia, 1 c.c. of
the dilute acid therefore corresponds to 0-02146 grm. of NH,,.

Preparation of Standard Solution of Cuustic Sode.—A dilute
solution of freshly prepared soda in aleohol is made, and its
strength is determined by finding the quantity required to neu-
tralise 10-0 c.c. of the sulphuric acid just described. To 100 c.c,
of the sulphurie acid, therefore, reddened by tineture of litmus,
or mixed with the solution of sulphate of silver and arsenious
acid, the solution of soda is added from a burette until the point
of nentrality is indicated by the restoration of the blue colour of
litmus, or the appearance of the precipitate of arsenite of silver.
Suppose we have used to this point 300 c.c. of the solution of
soda, then we know that every cubic centimetre of it exactly cor-
responds to 000715 grm. of ammonia ; as the 100 c.c. of sulphurie
acid, which were neutralised by 300 c.c. of soda, correspond to
0-2146 grm. of NH,.

Application of the Fluids—200 c.c. of fresh filtered urine are
putinto a glass or poreelain dish of four inches in diameter, and one
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inch in height. A triangle, made of a glass rod, is now put across
the top of this dish, to support a smaller flat dish containing
100 c.c. of the standard sulphuric acid. This is now placed
under a receiver on a ground glass-plate, closed hermetically by
the aid of tallow. A dinner-plate and some mercury may also
be used for the purpose. When the entire apparatus is thus
completed, 10°0 c.c. of milk of lime are added to the urine in the
lower dish, and the apparatus is quickly closed and put aside.
After the lapse of forty-eight hours the whole of the ammonia
formerly contained in the urine will be found to have been driven
out, and to have been absorbed by the sulphuric acid in the upper
dish. If the sulphuric acid is now neutralised by the standard
solution of soda, so much less of this solution is required as is
equivalent to the amount of ammonia contained in the acid.
Thus, if the 10 c.c. of sulphuric acid (containing 0°505 grm. of
S0;, corresponding to 02146 grm. of NHy;), after exposure to the
vapour of ammonia evolved from the urine under the glass shade,
require only 26 c.c. of the solution of soda instead of the 30 c.c.
for which they are graduated, they have absorbed an amount
of ammonia equivalent to 4 c.c. of the solution of soda, of which
it has been seen that every cubic centimetre corresponded to

0-2146 Vi) : :
‘5T=ﬂ‘{m 715 grm. of NH,. The 20 c.c. of urine, therefore,

evolved or contained 4 x 0:00715=00286 grm. of NH,. 1000
grm. of urine would therefore contain 143 orm. of N:,‘I-{3J and
every other quantity in proportion.

Healthy fresh urine, free from mucus, does not undergo alka-
line decomposition during the first forty-eight hours after being
passed. DBut it is not so with the urine from patients, which
very frequently begins to decompose a few hours after emission.
Such urine, therefore, requires some precautions; the eolouring
and other easily decomposing matters may be removed by means of
a mixture of equal volumes of solutions of basic and of neutral
acetate of lead. Of this mixture 30 c.c. are mixed with an equal
volume of urine, and of the liquid filtered from the precipitate
40 e.c., curreapunding to 20 c.c. of urine, are taken for the analysis
of ammonia. If the operator will take a little more trouble, he
“may control the analysis performed with milk of lime, by putting
urine into a second apparatus without it. If the latter evolve
no ammonia, spontaneous decomposition of the urine has pro-
bably not taken place.

The method of finding the amount of ammonia in urine
by means of chloride of platinum, given by Heintz, requires
much time for its execution, The amount of ammonia found
by Heintz in the urine of twenty-four hours was more than
double the quantity of that found by the above analysis
of Neubauer, a fact which adds to the probability that
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chloride of platinum produces ammonia in urine by decompo-
gition of some of its constituents, not being simple salts of
ammonia. Tidy and Woodman (“ Proc. Royal Soe.” 20 (1872),
362 estimated ammonia in urine, diluted until all colour had
disappeared, by the Nessler test, comparing the tint with the
tint of a solution of ammonia of known strength, according to
the mode applied in water analysis.

Quantity of Ammonie Discharged in the Urine during Twenty-
Fowr Hours by Healthy Individuals.

Neubauer examined the urine of two male individuals of
twenty and thirty-six years of age respectively. The average of
twelve analyses of the urine of the man of twenty years gave
06137 grm. of ammonia for twenty-four hours. The average of
the second subject, as found by the same number of analyses,
was much higher than that of the first, namely, 0:8351 grm. of
ammonia for twenty-four hours. The minimum was 0-3125 ; the
maximum 1'2096 grm. of ammonia each day. Expressing these
facts in round figures, we may say that the average amount of
ammonia excreted by a healthy man is, minimum, 03 ; average,
0-7 ; maximum, 10 grm. '

Ploysiological Origin of Ammonia.

The only reliable knowledge on this point consists in the fol-
lowing facts —The ammonia of the salls of ammonia, when the
latter are taken into the stomach, passes unchanged through the
system and s discharged in the wrine (Neubauer). The subject
of his experiments was the young man of twenty years of age,
whose average discharge of ammonia during one of twelve days
had been ascertained to be 006137 grm. He took now 2 grm. of
chloride of ammonium in a glass of water for five successive
nights ; and in the urine collected for five successive periods of
twenty-four hours, analysis showed an excess of 9957 grm. of
chloride of ammonium over the amount of ammonia previously
ascertained to be the normal average.

It remains to be seen whether caustic ammonia and carbonate
of ammonia are eliminated in a similar manner. It remains also
to be ascertained whether the organism produces any ammonia
under ordinary circumstances, or whether the ammonia in the
urine is simply introduced by our foed and drink, or by the air
which we breathe. Some articles of food are rich in ammonia,
e.g., young vegetables. The smoke of tobacco contains a large
share of ammonia; and any person remaining for any length
of time in a room filled with it must inhale such quantities of
ammonia as must materially increase the ordinary amount in his
urine.
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Pathological I'ndications.

If what some have ventured to bring forward as a defined
feature of certain forms of disease of the kidneys can really be
shown to exist, namely, that the urea retained in the blood may
there undergo decomposition into carbonate of ammonium, and
give rise to the symptoms described as uremia, the pathological
indications of ammonia in the urine would be all-important in
those diseases,. And though quantities of ammonia might be
excreted by the lungs, skin, and bowels, yet the urine would be
that excretion in which the ammonia would be most accessible
to our analysis. However probable such a process, under given
circumstances, may be, actual and direet proof would be re-
quired ; and this we cannot say to have been afforded by the
originators of the theory. We know, on the contrary, that the
test said to be diagnostic of the presence of ammonia in the
breath, the formation of white vapours on contact of the breath
with a glass rod dipped in hydrochloric acid, frequently fails in
cases with the most marked symptoms of ureemia. This would
only show that the ammonia is not exhaled in some cases, but
not that it is not present in the blood causing the uremia.
Anyhow, we must expect further proofs, analyses of the blood
and the excretions, before we can give that importance to
toxaemia, as a cause of various severe affections, which by various
authors has been attributed to it. 1t is the same with putrid or
septic fevers, under those conditions in which the blood is said
to be in a state of dissolution. For all we know, ammonia may
be a product of these pathological processes ; and then we might
expect to find it, in part at least, in the urine.

Tidy and Woodman found the ammonia diminish to about half
the normal quantity (from 0162 grm. in twenty-four hours to
0°081) in acute rheumatic fever, albuminuria, phthisis, and ner-
vous diseases ; in erisypelas, small-pox, typhus and typhoid fever
it fell to one guarter (0°0405). Normal quantities were met with
in cancer, heart diseases, chronic aleoholism, and chorea; an
increased amount was observed in gout and diabetes. In mori-
bund conditions it disappears from the urine almost entirely.
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TRIMETHYLAMINE, C,H,N.

HISTORY AND LITERATURE.

Tuis is one of the substituted ammonias, and was discovered by
A. W. Hofmann (“ Ann. Chem.” 78 (1861),253; 79 (1851), 11).
Its presence in urine was first shown by Dessmﬂnes (“ Ann.
Chem.” 100 (1856), 218); “ Compt. Rend.” 43, 670).

Occurrence.

It is found in living plants, such as the leaves of Chenopo-
diwm vulvaria, and the flowers of Crategus oryacantha, TLike
ammonia, it is a product of the destruction by putrefaction,
pyrodistillation, or chemolysis of many animal substances. 1t is
formed in particularly large quantities under influence of the
processes just named from brain, nerve, and yelk matter, from
the male and female roe of fish, and from bile, owing to the pre-
sence in them of choline or neurine in an ::nrganica.ll;f combined
state, This choline “is trimethyl-oxethyl-ammonium oxyde
or hydrate, and, under the decomposing influences just men-
tioned, easily yields trimethylamine and other produets not yet
isolated. This® explains its presence in the brine from pickled
herrings (Hofmann, “ Ann. Chem.” 83 (1852), 116). It is made
synthetically, by gradually substituting in ammonia one atom of
hydrogen after the other by methyle, and by other methods.

Chemieal Characters.

Trimethylamine is a volatile base, which smells like ammonia
and like sea-fish at the same time. It combines with acids, and
yields crystallised salts. It is not more poisonous than, and in
small doses acts upon animals like, ammonia. Its structure may
be represented by the formula N,CH,,CH, CH,,

Made of Obtaining from Urine.

When large quantities of human urine are distilled, a distillate
is obtained, having a strong smell of ammonia, and also of sea-



320 TRIMETHYLAMINE.

fish,  When a little over-saturated with hydrochloric acid, it
assumes a reddish colour. By crystallisation a large amount of
chloride of ammonium is separated ; the mother-liquor is evapo-
rated to dryness, the residue extracted with alcohol, and the
alcoholic solution is mixed with tetrachloride of platinum. After
several crystallisations, fine crystals of the double salt of tri-
methylamine and tetrachloride of platinum are obtained, contain-
ing 3717 Pt, and 40:22 Cl, and having the formula C.H,,N,CL,,
I't.

Sixty-five litres of fluid, being previously condensed urine,
gave 2200 grm. of chloride of ammonium, and only 17 grm. of
the platinic chloride salt of trimethylamine, corresponding to
only 3°7 grm. of free trimethylamine.
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POTASSIUM AND SODIUM.

HISTORY AND OCCURRENCE.

THE carbonates of these metals, and the chloride of sodium
have been known from time immemorial. But while the use of
common salt as an ingredient of food has been a necessity to
mankind for thousands of years, the very existence of potassium
in the food and bodies and excretions of animals was unknown up
to recent times. Potash was believed to be a product of the life of
the plants, from the ashes of which it was extracted, until Klaproth,
in one of the most luciferous essays, showed that it also occurred
in minerals. From that time chemical analysis traced these
metals more closely through the tissues and juices of plants and
animals, and they were found to possess each a special function
in vital processes, and could not replace each other. It was
ascertalned by Liebig that the salts of potassium predominated
in the musecles to the almost entire exclusion of sodium salts,
whereas they occurred only in very small quantities in the blood,
in which, however, sodium salts prevailed. In the bile of the
higher vertebrates the specific organic acids were found in com-
bination mainly with sodium, while in certain fishes potassium
formed the electro-positive ingredient of bile. The investigation
of the distribution of these metals in the various parts of plants
led to a consideration of their relations in food, and the con-
clusion became obvious that the presence of potassium salts was
an important item in the total of its value, and that their absence
diminished the value of any food almost as much as it decreased

the fertility of any given soil.

Chemical Properties of Potassiwm Salls,

The atomic weight of potassium, K, is 39. Its presence in
small quantities is most easily ascertained by spectrum analysis.
All potassium salts on being heated on a platinum wire in the
flame of a Bunsen’s burner give a spectrum showing a red line in
the least refracted part of the spectrum, a slight continuous
illumination in yellow, green, and blue, and a violet line in

the most refracted part of the spectrum. Spectrum analysis
X
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therefore enables us to ascertain the presence of potassium in
mixtures in which sodium prevails. The violet and red light of
potassium vapour is very evident when its pure salts are heated
in the colourless gas flame, or dissolved in burning spirit, but the
presence of sodium entirely hides them from the eye under these
circumstances. This effect of sodium can be eliminated by look-
ing at the flame through a dark blue glass, or a vessel filled with
a solution of indigo or prussian blue, when, if potassium be
present, the flame presents the violet appearance. When larger
quantities of potassium salts are present they may be recognised
by the combination which they yield with platinum-tetrachloride,
namely, the orange-yellow crystalline precipitate of the com-
position 2(KCIPtCl,. This is somewhat soluble in water, but
insoluble in alcohol ; and whenever it is intended to determine
potassium quantitatively by this test, its solution mixed with
platinum-tetrachloride and some hydrochloric acid is evaporated
to near dryness, and then treated with aleohol, which leaves the
potassium compound undissolved. The potassium salts further
vield a characteristic crystalline precipitate either immediately
or after some time when they are mixed with tartaric acid until
the mixture is strongly acid, and well shaken. This compound
is monopotassic tartrate, formerly termed acid tartrate, or di-
tartrate of potassium, C,H,KO, ; it is soluble in 180 parts of cold
water, but diszolves easily in mineral acids and alkaline fluids.

Chemical Properties of Sodivm Salls.

Atomic weight of Na=23., Sodium salts impart an in-
tensely yellow colour to Bunsen’s flame or burning spirit;
in the spectrum they produce a yellow line in the position
of the line D of Fraunhofer's solar spectrum; and this D
line of the sun is itself due to the reversion of the spectrum
of sodium, that is to say, to an absorption of yellow rays,
emitted from the sun’s solid glowing nucleus, by the less hot
but still incandescent gaseous envelope of the sun, of which
sodium is a principal ingredient. Sodium forms but few in-
soluble combinations, and cannot be quantitatively determined by
transformation into any such compound. It is always deter-
mined as a residue in combination with sulphuric acid.

Mode of Obtaining the Alkalies from Urine.

They may be obtained in a pure state by the process to be re-
lated in the next paragraph, which serves for their quantitative
determination. But they may also be separated first as chlorides,

.phosphates, and sulphates, by evaporation of the urine and

erystallisation, and then separated from their relative acids, or
diagnosed in these combinations themselves. When it is in-
tended to separate the urinary salts by fractional crystallisation,
larze quantities should be treated.




POTASSIUM AND SODIUM. 323

Mode of Determining the Quantity of Potassium and Sodiwm

in the Urine.

The rationale of the analysis is to remove sulphuric and phos-
phoric acid and organic matters, to trausform the alkalies en-
tirely into chlorides, and then to separate them by making one
of them insoluble,

Of a solution of one part of acetate of baryum in 20 parts of
water, made strongly alkaline by means of ammonia, one volume,
say 20 c.c., is mixed with two volumes, 40 c.c., of urine. After
the precipitate has begun to settle, it is separated from the fluid
by filtration. Of the alkaline filtrate, which contains an excess
of baryta, 45 c.c., corresponding to 30 c.c. of urine, are evapo-
rated on the water-bath in a platinum dish, dried, and exposed to
red heat until the carbon is entirely burned. Water is now
added to the ashes until the soluble part is entirely dissolved.
After the addition of some ammonia, carbonate of ammonium is
added, to precipitate all baryum in the form of carbonate. The
fluid is now separated from the insoluble parts and precipitate
by filtration, and the filter is washed carefully. The filtered
fluids are then acidulated by means of hydrochloric acid, evapo-
rated in a platinum ecapsule of known weight, exposed to a
gentle red heat, and weighed. The alkalies, the weight of which
in the form of chlorides has thus been ascertained, are dissolved
in a little water; chloride of platinum is then added in great
excess, the mixture is evaporated nearly to dryness on the water-
bath, and digested for several hours with spirit of 80 per cent.
When the supernatant strata of the mixture indicate by a deep
yellow colour that a sufficient amount of chloride of platinum is
present, and when after frequent stirring of the mixture all
chloride of sodinm and platinum is probably dissolved, the solu-
tion is filtered from the chloride of potassium and platinum, and
the precipitate and filter are well washed with spirit, dried, and
weighed. The weight, less the weight of the filter, is chloride
of potassium and platinum ; 100 parts of the latter correspond
to 30'51 parts of chloride of potassium. By subtracting the
amount of the latter from the amount of the united chlorides,
the rest gives the amount of chloride of sodium. The amount
of chloride of potassium found, gives, by multiplication with
0-6317, the corresponding amount of potash ; and the amount of
chloride of sodium found, multiplied by 0-5302, gives the corre-
sponding amount of soda.

Phystologieal Relations of Potash and Soda.

The facts adduced by Liebig are of so remarkable a nature,
that to follow them out promises to be a source of progress in
practical medicine. The analysis of the urine will always be the
principal means for ascertaining the proportions of these alkalies
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to each other, and to the other ingredients of the juices of the
body. The problem is therefore a physiological one; and the
analysis above detailed should not be considered as a mere exer-
cise in the laboratory.

Many animals take with their food no phosphate of sodium, a
salt indispensable to the integrity of the blood and body. DBut
they take phosphate of potassium and chloride of sodium. In
these animals, however, we find in the blood phosphate of
sodium, and in the muscles chloride of potassium ; neither
of which salts they have taken with their food. From this fact,
and from other experiments in the laboratory, the conclusion is
inevitable, that phosphate of potassium, when mixed with
chloride of sodium, gives a part of its potassium off to some
chlorine, which in its turn parts with some sodiwm. The latter
joins the phosphoric acid, phosphate of sodium being formed.

The relations of the salts of potassium to the muscles are not
as yet understood. But the same physiological law which con-
fines phosphate of sodium to the blood, and makes it indispens-
able there, is, no doubt, active in confining the salts of potassium
to the muscles. To bring about an understanding of these rela-
tions is a problem of experimental physiology.

Distribution of Aecids amongst the Alkaline Metals.

It is certainly very difficult to show in which manner the
various acids and bases contained in the urine neutralise each
other, or are decomposed by each other. But we may obtain
some insight into these relations by the usual process of determin-
ing the total quantities of all acids on the one, and the total
quantities of all bases on the other side, and then allowing
them to be neutralised by each other in the order of their sup-
posed affinity. Another means for attaining the same object con-
sists in evaporating the urine, and ascertaining the manner and
order in which the various combinations erystallise. By this
latter method we obtain the following individual salts of the
alkali metals :—

Sodiwm Chloride, NaCl, At. W, = 58-5.

It erystallises in little eubes from evaporated urine ; they are
frequently so arranged as to form pyramids, and under certain
conditions these pyramids pass into regular octahedra. The
cubes of sodium chloride do not fuse when heated on platinum,
whereas the cubes of potassium chloride fuse easily under these
conditions, When water is digested with sodium chloride at the
ordinary temperature of the air during 24 hours it is found to
contain 31-84 grm. of the chloride in every 100 c.c., and this oe-
ours so invariably that a saturated solution of sodium chloride
may be made the standard and starting-point of important
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analytical processes, as we have shown in the chapter on the
analysis of urea.

Potasstum Chloride, KaCl.,, At. W. = 74-5.

This salt crystallises in cubes, which are fusible on platinum,
and thereby easily distinguished from the sodium cubes. It has
less tendency to form the octahedral crystals than the sodium
salt. It is more hygroscopic than the sodium salt. The solu-
tion when not too dilute gives the orange precipitate with plati-
num tetrachloride already described. The watery solutions of
crystals of the potassium and sodium chloride each give the
reactions for chlorine, namely, a white precipitate with silver
nitrate insoluble in nitric acid, soluble in excess of ammonia: a
white precipitate with the nitrate of mercury suboxyde, which
is insoluble in acids, blackened by ammonia ; their concentrated
solutions, when mixed with nitrate of mercury-oxyde, deposit a
mass of white crystals of mercury dichloride ; but dilute solu-
tions of these reagents effect no visible change, although the
double decomposition continues until the whole of the alkali
metal has become nitrate, and the whole of the mercury
dichloride. This reaction we have described above as the basis
of a particular method for determining chlorine in urine. From
an acid solution of the chlorides the entire amount of chlorine
can be removed by silver, and determined by weighing the
silver chloride. From a neutral solution of the chlorides all
chlorine may be precipitated if a solution of silver nitrate is
added until neutral potassium chromate produces reddish precipi-
tate of silver chromate. This reaction is the basis of a volumetric
determination of chlorine in urine.

Sodiuwm and Potasstum Sulphate.

These salts crystallise from the mother-liquor of the urinary
crystals, particularly by the influence of cold. But they can
also be precipitated by aleohol, in which they are almost
insoluble, while the chlorides are very soluble, and the phos-
phates soluble to some extent in alecohol.

Sodiwm sulphate, Na,80,+ 10 aq., At. W. = 332, crystallises
as Glauber’s salt, in glassy crystals, which wither in the air.
On evaporation of a saturated solution, or by precipitation with
aleohol, it is obtained in anhydrous rhombic octahedra.

Potassium sulphate, X ;SO,, At. W. =174, on the other hand,
erystallises without water in glassy, hard, small crystals, which,
though anhydrous, decrepitate by heat.

The sulphates of potassium and sodium can be completely
transformed into the chlorides by repeatedly subjecting them to
the influence of red heat in the presence of ammonium
chloride,
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Sodivm and Potassium Phosphates.

Sodiwm phosphate, HNa,PO,, occurs in the urine and other
animal fluids, and is obtained by erystallisation with 24 atoms
of water of crystallisation. In that state it corresponds to the
ordinary sodium phosphate of the pharmacopeeas. It forms
classy nbhque rhombic prisms, effloresces in the air, fuses at a
gentle heat, and at 300° Joses 60 per cent. of water; at a red
hea!: it loses the molecule of basic water, 2:49 per ‘cent., and
becomes pyrophosphate, Na,P,0.

The acid sodium phosphate, NaH,PO,, 1s formed in urine
under the influence of the organic ﬂmds which are produced by
the animal process. It crystallises from evaporated urine in
different forms, of which the rhombic prism is the most common.
The crystals contain 2 atoms of water, which they lose at 100°,
At between 190° and 204° they lose one atom of basic water,
and become monohydrated pyrophosphate ; at 204° to 244° they
are transformed into metaphosphate, Nal'O,.

The potassium salt, K,HPO,, corresponding to the ordinaiy
sodium phosphate, cannot be obtained in the crystallised condi-
tion, and is, perhaps mainly for this reason, usually not enume-
rated amongst the ingredients of urine or animal fluids. The
acid salt, KH,PO,, crystallises without water of erystallisation,
and its crystals remain glass-like up to 204°, It is easily
soluble in water, insoluble in spirit, has a strongly acid taste,
and reddens litmus strongly, but the redness disappears on
drying of the paper. 5



CHAPTER XXX.

CALCIUM AND MAGNESIUM.

OCCURREKCE.

CaLciuM and magnesium oceur in the urine in combination with
phosphoric acid, as acid phosphates and as urates, hippurates and
kryptophanates in solution. The phosphates of earth are met
with as deposits in alkaline urine, and as concretions in urinary
caleuli, of which they most frequently constitute the crust, but
sometimes also the entire substance. In the urine of herbivorous
animals caleium and magnesium frequently oceur as carbonates.

Physical and Chemical Properties.

(a.) Of Calcium Phosphate, Ca,P,0,—This, the tribasic salt, is
obtained by dissolving bone-ash in hydrochloric acid, and preci-
pitating by ammonia. The addition of ammonia to urine also
produces this preecipitate, together with ammonio-phosphate of
magnesium. Voluminous gelatinous flakes, which, on drying,
shrink to a white amorphous mass. It is easily soluble in nitric
and hydrochloric acid ; when freshly precipitated, also in acetic
acid. When this solution is allowed to stand some time, the
phosphate has a great inclination to fall down in a erystalline
state, particularly when the mixture is warmed a little, and the
phosphate is prevalent. Freshly precipitated, it also dissolves
largely in concentrated caustic potash. When dissolved in acids
or in the urine, the phosphate contains only one atom of calcium,
two atoms being withdrawn by the dissolving acid,

(b.) Of Magnestum Phosphate.—The addition of caustic potash
to a solution in acid of magnesium phosphate produces the tri-
basic salt, M,P,0,, which at 100° retains five molecules of water.
But when ammonia is added to a solution of magnesium phos-
phate, then erystals of phosphate of magnesinm and ammoninm are
precipitated, Mg,(NH,),P,0,412H,0, or Mg(NH,)PO,+6H,0.
This salt is easily soluble in acids, even acetic, insoluble in
water containing excess of ammonia. It occurs in ammoni-
acal urine as a deposit, is found in the urinary passages in cer-
tain diseases, and encrusts certain urinary caleuli. It is the
principal constituent of the intestinal calculi of horses. It is



328 CALCIUM AND MAGNESIUM.

supposed that while caleinm phosphate is dissolved in urine as
acid salt, CaH,P,0,, the magnesium phosphate is dissolved as
half basie, Mg.;HngD , or MgHPO,. Its nearly neutral solution
becomes turbid by bu?]ing, but clears up again on cooling.

Separation of Phosphate of Calcium and Magnesium from Urine,
and Determination of their Collective Amount.

This is effected by adding to urine some ammonia, until a
strong alkaline reaction is observed. The earthy phosphates
thus precipitated may be collected on a filter, washed, exposed to
read heat and weighed. This residue contains on an average
67 per cent. magnesium pyrophosphate, and 33 per cent. tribasic
calcium phosphate. Or, after collection on the filter, they may be
redissolved in acetic acid, and in this solution the amount of
phosphoric acid, found by the analysis deseribed above, may, by
the known atomic weights, indicate the amount of earths in com-
bination. Or,if the phosphates of the alkalies are to be determined
also, the analysis described in a previous chapter may be used,
by which, in the first instance, the entire amount of phosphoric
acid contained in the urine, and then of phesphoric acid in com-
bination with the alkalies, is determined, the difference corre-
sponding to the amount of phosphoric acid in combination with

the earths,

Modes of Ascertaining the Separate Quantities of Calciuwm and
Muagnesivin in Urine,

All the following methods are preceded by the separation from
urine of both earths by means of ammonia, and by the solution
of the washed precipitate in acetic acid. From the latter solution
the calcinm is always obtained as the oxalate. From this point

the analyses begin to vary.

Determination of the Caleium as Sulphate.

The oxalate of calcium obtained by addition of oxalate of am-
monium to the solution in acetic acid of the precipitate, which
a measured quantity of urine yielded after addition of ammonia,
is exposed to a strong red heat in a platinum capsule. To the
lime thus transformed into carbonate, partly into caustic lime,
some sulphuric acid is added, with great care, in small portions,
by means of an elastic pipette, until an acid reaction 1is
observed. After drying, and a second exposure to red heat,
the calcium is obtained in the form of sulphate, which, by mul-
tiplication with 04118, gives the amount of lime contained in

the sulphate.

o



CALCIUM AND MAGNESIUM. 329

Determination of the Magnesiuin as Pyrophosphate.

The filtered fluid obtained from the oxalate of lime in the
course of the foregoing analysis, is treated with ammonia until
alkaline, whereby the magnesium is precipitated in the form of
Mg (NH,)PO, + 6aq., the so-called triple phosphate, or ammonio-
phosphate of magnesium. As the erystals settle easily to the
bottom of the vessel, this salt may be washed by decantation of
repeated quantities of water, containing some ammonia added to
it. It is then collected in the platinum capsule, and exposed to
red heat. If collected on a filter, the latter, after removal of the
greater bulk of the crystals into the platinum capsule, has to be
burned separately by Bunsen's process. Precipitate and filter,
when united, are then exposed to red and white heat. The triple
phosphate, by losing all its water and ammonia, is thus trans-
formed into pyrophosphate of magnesium of the composition
Mg, P50,

Hempel's Method of Determining the Caletum as Oxalate, by means
of Permanganate of Polassium.

From the solution of the mixed earths in acetic acid the
calcium is precipitated by oxalate of ammonium, collected on a
filter, and, after washing, is dissolved in a few drops of hydro-
chloric acid. To this solution, after warming it a little, a gra-
duated solution of permanganate of potassium is added, so long
as discoloration continues to take place. From the amount of
solution of permanganate of potassium used, the amount of oxalic
acid is found, and from this the amount of calcium originally
combined with phosphoric acid.

Preparation of the Solution of Permanganate of Potassium.

As the solution of permanganate cannot be kept for any
length of time without undergoing changes, its graduation has to
be checked before each analysis. For this purpose, and for the
original graduation, a solution of oxalic acid In water is used,
which in every cubic centimetre contains 10 milligrm. of oxalic
acid. The solution of permanganate of potassium is then gradu-
ated so that 1'0 c.c. will exactly suffice to oxydise 10 milligrm.
of oxalic acid, and to make the signal of the completed oxydation
by the appearance of the red colour.

The solution of oxalic acid is made by dissolving 1 grm. of the
acid, dried at 100° in 100 c.c. of water. Of this solution 10 c.c.
are taken by means of a pipette, and transferred to a beaker.
We now add, from a burette, of the solution of permanganate
which is to be graduated, as much as necessary to produce the
lasting red test. Supposing that 8-3 c.c. have been used for that
purpose, we then add to every 830 c.c. of the solution 170 c.c. of
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water, whereby we obtain 1000 c.c. of solution, of which 10 c.c.
will exactly suffice for oxydising 10 c.c. of the solution of oxalic
acid, containing 100 milligrm. of the acid.

It is, however, less troublesome to merely determine the
quantity of solution of permanganate of potassium required for
oxydising a known amount of oxalic acid, without adjusting its
bulk to that of the solution of the acid.

If, therefore, the above solution be taken as it is, without add-
ing the 170 c.c. of water, then its value would be expressed by
83 c.c. = 100 milligrm. of oxalic acid. The calculation after
the use for real experiment would therefore be 83 c.c. of
standard solution : 100 milligrm. of oxalic acid = n c.c. standard
solution : 2 milligrm. of oxalic acid.

This analysis has been combined by Vogel with the volu-
metrical analysis of phosphoric acid, so that by two analyses the
quantities of phosphoric acid and both earths are determined.
He for that purpose takes the precipitates from two equal gquan-
tities of urine, and determines in the one the entire amount of
phosphoric acid, in the other the amount of calcium as just
described. From the total amount of phosphoric acid the equi-
valent for caleinm is now deducted ; the rest of the acid indicates
the amount of magnesium with which it was combined.

The operator must take care to use a Gay-Lussac’s burette for
the solution of permanganate of potassium, as this fluid is decom-
posed by the cautchoue of Mohr's burette,

Deposits of Earthy Phosphates.

As a rule, deposits of amorphous earthy phosphates with threc
atoms of base can exist only in urine exerting an alkaline reaction
upon test-paper. The presentation of an acid reaction by urine,
therefore, excludes the possibility of the occurrence of these
deposits. There is only one (questionable) case in which a
deposit of an earthy phosphate is compatible with an acid
reaction of the urine, namely, when urine containing little or no
free acid exerts an acid reaction from the presence of chloride of
ammonium. In this case a deposit of phosphate of magnesium
may perhaps exist; for this salt is little or not soluble in
chloride of ammonium. But phosphate of caleium is so soluble
in the latter salt, that it could not exist as a deposit so long as
any acidity of the chloride of ammonium is not neutralised.

The observations which are said to have been made of urine
having an acid reaction, and yet containing a permanent deposit
of phosphates, if they cannot be explained in the way just
detailed, must be considered as fallacious. I have made some
observations, which may serve to explain the manner in which
such statements have arisen, Clear acid urine was allowed to
stand for three hours, when a pellicle of phosphates was observed
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on the surface. Blue test-paper, immersed an inch deep into the
fluid, on being withdrawn had become red. Another piece of
the blue test-paper was now laid flat upon the surface of the
fluid, when no reaction took place. The upper stratum of the
urine had evidently become alkaline under the influence of the
air, while the lower strata had retained their acidity.

Urine may be acid for a short time and yet contain a deposit
of phosphates ; or it may contain a deposit of phosphates for a
short time, and yet remain acid, under the following circum-
stances :—If to acid urine in the bladder a secretion of alkaline
urine be superadded, and the person remain very quiet, the
lower strata of the urine in the bladder may be alkaline, and
contain a deposit, while the upper remain acid. Of course this
may vary according to the different densities of the two secre-
tions. My explanation is based upon a case in which urine was
discharged acid, and yet thick from the presence of phosphates.
But the upper strata of the urine soon became quite clear,
and a little cloud at the bottom of the vessel dissolved on
agitation.

We have already seen that an alkaline reaction of the urine
may be due to various causes, and have distingunished between
alkaline reaction from fixed a]lcahes derived from the blood, and
that which is due to the presence of ammonia from decomposi-
tion of urea. The deposits of earths taking place under the
neutralising influence of both alkalies are identical as regards
phosphate of lime, different as regards phosphate of magnesia.
For the latter is deposited by fixed alkali, as Mg, P,0. 45 aq.,
while in the presence of ammonia it takes up one molecule of this
base and water of crystallisation, and appears as Mg(NH,)PO,+ 6
aq. A deposit containing this latter salt is therefore due to the
presence of ammonia from decomposed urea. If the acid, by
means of which phosphate of caleium is kept in solution in the
urine, be a volatile one, namely, carbonic acid, as was observed
in one case, which will be quoted in another page, the spontane-
ous or intentional evaporation of the acid may cause a deposit of
lime to appear.

Deposits of Phosphate of Liwme.

Physical Characters—Deposits of phosphate of calcium, as
usually oceurring in the urine and mixed with magnesium, are
always white, amorphous, under the microscope appearing in
granules, sometimes of a greenish tinge, which exert a refracting
action upon light. Crystallised deposits of this substance have
also been observed to constitute or be an admixture of some
crystalline sediments.

They have also been produced artificially in urine.

Crystallisation.—Phosphate of calcium may be obtained in a
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crystalline state from its solution in acetic acid. When this
solution is allowed to stand some time, the phosphate has a great
inclination to fall down from it in a crystalline state, particularly
when the mixture is warmed a little, and when the phosphate
is prevalent. By precipitation of phosphate of sodium with
chloride of calcium, an amorphous gelatinous deposit of phos-
phate of calcium is obtained. This after standing some days
becomes transparent, like solution of gum. When a sunbeam is
now allowed to fall on the precipitate, myriads of glistening
erystalline points may be observed disseminated through the
amorphous part of the deposit. Under the microscope these
crystals appear as delicate, thin, clino-rhombiec plates, very much
like the erystals of oxalate of urea.

Chemical Diagnosis of Deposits of Phosphate of Calcium.—The
common occurrence in neufral or alkaline urine is the first point
to be observed. The deposit is insoluble in water, soluble in
weak acids, such as acetic acid, and is again precipitated from
the acid solution in its original form by ammonia. From the
acetic acid solution oxalate of ammonium throws down oxalate
of calcinm. This latter test distinguishes it from the phosphate
of magnesium, with which it is always mixed. TPhosphate of
calcium alone does not easily fuse before the flame of the blow-
pipe.

When diffused in urine, the deposit appears like a dense cloud
of mucous, from which it i1s not easily distinguished, because it
is mostly mixed with it, and resembles it in colour. When it
appears in urine on the application of heat, its resolution on
cooling, or by the addition of an aecid, distinguishes it from
albumen.

Deposits of Ammonto-Phosphate of Magnesiumn.

Physical Characters—Deposits of this substance always occur
in well-defined crystals in ammoniacal urine. No substance
commonly oceurring in the urine, and being insoluble in water,
presents the same glistening glass-like appearance.

Form of Crystallisution.—The triple phosphate crystallises in
the thombic system. The form most commonly met with is the
vertical prism, combined with terminal planes derived from
macro- and brachy-diagonal horizontal prisms. Some of these
forms resemble hippuric acid very much. But there is this
crystallographical distinetion between them, that on erystals of
hippuric acid we frequently observe planes derived from the
rhombiec octahedron, which in triple phosphate are scarcely ever
met with.

Not rarely these crystals have a tendency to cross each other
at regular angles. This is best seen in erystals obtained from
blood. The latter serve to explain other forms observed in the
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urine, namely, the stellee, which are not merely acicular prisms
cohering at one end, but prisms crossed at regular and sym-
metrical intervals. They very much resemble crystals of snow.
These latter, however, being prisms of the hexagonal or rhombo-
hedral system, cross at equal angles (of one sixth of the ciicle
each), while the triple phosphate crystals cross at angles of
which only four are equal, the other two being equal to each
other.

The stellar and foliaceous crystals are not all formed by cross-
ing only, some being appositions of groups of erystals in the pro-
longations of the axes of a central crystal. In this way the most
fanciful forms are obtained.

The crystals of triple phosphate polarise light, and then
appear tinted with prismatic colours. When seen in a sunbeam
reflected through the polarising microscope, they appear fine
objects for studying the phenomena of polarisation.

Chemical Properties—When kept in water the triple phosphate
disintegrates, the surface of the erystals becomes corroded, and
at last there is nothing left but amorphous phosphate of mag-
nesium. This corrosion is prevented by the presence of free
ammonia, which makes them quite insoluble in water, and is
therefore eligible as a preserving fluid for microscopical speci-
mens. When the transparent crystals are exposed to a boiling
heat, they lose water of crystallisation and become opaque.
They are easily soluble in acetic acid, and from this solution
may be obtained again by excess of ammonia.

When heated with a solution of potash, the triple phesphate
is decomposed, the potash combining with the phosphoric acid
and setting free the ammonia and the magnesia. The former
volatilises, and may be detected by the smell, while the magnesia
is precipitated.

Earthy Phosphates in Calculi.

Not quite 10 per cent. of all caleuli have a nucleus of mixed
phiosphates. But these substances enter into the composition of
about 34 per cent. of all calculi, forming either their body, one
or more layers, or the crust. This shows that the presence of
deposits of mixed phosphates in the urine does give rise to the
formation of calculus, but that the presence in the bladder of
other calculi more frequently causes a deposit of phosphates to
be formed around them, in which respect every calenlus is
nothing else than a foreign body.

Prout found the proportion of phosphate of caleium caleuli to
the whole number contained in various museums as 1 to 117.
The proportion of calculi composed of pure triple phosphate was
1 to 126. The relative proportion of the mixed phosphates he
put as 1 to 12. The general proportion of all the caleuli,
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arranged under the heads of the phosphates in different museuins,
he found as 1 to 10. In alternating caleculi, the phosphates suc-
ceeded to uric acid in the proportion of 1 to 9. The ratio in
which the phosphates succeeded to urate of ammonium (and
sodinm) was as 1 to 12; and in which the phosphates succeeded
to the oxalate of caleium was as 1 to 7. On the contrary, three
instances only oceurred in which the urie acid, or urate of am-
monium, succeeded to a phosphate ; and the proportion in which
the oxalate of calcinm succeeded to the phosphates was as 1 to
253 only. The general proportion in which the phosphates sue-
ceeded to the other ingredients was as 1 to 4.

From these facts, Prout deduced the general law that in uri-
nary calculi a decided deposition of the mixed phosphates is not
followed by other depositions.

Caleuli of phosphate of calcium have mostly a smooth surface,
and are composed of concentric layers, which, when the calculus
is broken, separate from each other with great facility, forming
detached crusts. These are almost infusible before the blow-
pipe, requiring for fusion so intense and prolonged a heat, that
few can succeed in fusing them (Bowman). The chemical char-
acters of these calculi are those of phosphate of caleium, as
deseribed above.

Calculi composed entirely of triple phosphate are generally
crystalline, or consisting of aggregated prismatic crystals; they
often contain cavities filled with. large and perfect crystals of
triple phosphate, or have their surface covered with a smaller
variety of them. Specimens of this kind are contained in the
Museum of the College of Surgeons.

Before the blowpipe, the triple phosphate gives off the smell
of ammonia, swells up, gradually becomes grey, and ultimately
fuses.

Caleuli composed of phosphate of caleium and triple phosphate
are commonly called fusible caleuli, from the readiness with
which they fuse before the blowpipe, giving off ammonia and
water, and leaving a mixture of phosphate of calcinm and pyro-
phosphate of magnesium.,

Calewli of Phosphates of Earths arising in the Urinary Bladder
wn Typlaus.

The relaxation of the striated muscles which takes place in
typhus fever frequently causes, particularly in old persons, great
distention of the urinary bladder. This distention is not rarely
overlooked, as there is no impediment to the flow of urine by
abdominal pressure. It is also accompanied with involuntary
passing of the urine, particularly in young persons. In children
I have seen it pass into retention, with deposits forming in the
bladder. It is most frequent amongst men in the later periods
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of life. The retention does not, so long as the urine has the
acid concentrated character of the febrile stage, produce any

- phosphatic deposits ; but during the ansemic state of recovery

ammoniacal decomposition takes place, mucus is secreted, phos-
phates are deposited, and calculi are formed, which increase
rapidly, and if not removed by operation cause kidney disease
and death, The ecaleuli under consideration, four in number,
came from such a case. They had the size of walnuts, were
white,