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A TREATISE

PATHOLOGY OF THE URINE,
ETC.
CHAPTER 1.

GENERAL CHARACTERS OF URINE.

PHYSICAL CHARACTERS OF URINE.

" Tre urine which has just been voided by a healthy indi-
vidual is a clear fluid, of yellow colour, of the temperature
of the body, of an odour which is peculiar to it, and is there-
fore termed urinous ; it has a saline taste, with an admixture
of some bitterness, 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 he observed settling towards the bottom of the
vessel. This cloud consists of the mucus and epithelium of
the urinary passages.

Clearness and Turbidity of Urine.

Turbidity of urine depends upon the admixture of solid
and insoluble substances. The floceulent, small cloud of
healthy mucus may be distinguished from other matters b
its being easily diffused by agitation, and by its insolubility
in nitric acid. So great a turbidity or thickness of the whole
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 considered 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
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2 TINTS OF URINE,

assistance in the inguiry into the seat and caunse of the disor-
der, of which the turbid condition is a symptom.

In considering a specimen of urine with regard to its
tygbidity, great care must be taken in ascertaining whether
it was passed in a turbid state, or whether the turbidity and
sediment supervened after its emission, or after a lengthened

period of rest. The prognosis of many cases is determined-

by this circumstance, an accurate knowledge of which, not
always easily to be acquired, is therefore of practical impor-
tance.

We must guard against considering simple clearness of the
urine as a sign that there is nothing wrong in that fluid.
Many abnormal substances, the products of disease, are
found in clear urine, and many pathological alterations in
the quantities of the normal ingredients occur in a limpid
fluad.

At the end of this volume are given some tables for dis-
covering the nature of urinary deposits by chemiecal 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 iz due to a cer-
tain amount of colouring matters, which enter into the com-
position of that fluid. Though great progress has of late
been made in the analysis of these bodies, and many valuable
facts have been ascertained with relation to them, yet their
nature is not so well defined as is desirable. For observation
at the bedside gives ample proof that the colour of urine is
frequently an exponent of the nature and amount of func-
tional disturbance, and indicates to the physician the direc-
tion in which his further examimation should proceed.

Starting from the fact that the mormal colouring ingre-
dients of urine are capable of generating a series of tints,
varying, according to the degree of dilution, from a nearly
colourless water-like, throungh the common pale amber,
with an admixture of red, to red, reddish-brown, and up to
deep brown ; and, assuming as the standard scale of colours
the table of Vogel, which is affixed to this volume, we have
at once gained a basis which will secure uniformity of ob-
servation and description on this subject. Supposing, then,
the different tints enumerated to be due to different degrees
of dilution of the normal colouring matter, whether in

[l
e ——— e,



TINTS OF URINE. a3

the urine of a patient or in that of a healthy person, then
the colour is designated as of a normal character, its degree
only being ranged amongst the pathological facts, These
degrees of cﬂlour as applied to the determination of the
amount of cn]ﬁuring matter present, will be treated of in
the chapter on Urematine. Here it may suffice to indi-

- cate 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 urine varies from nearly colourless, throngh a faint
greenish tint, up to straw-yellow. It is the urine of early
infancy, and is 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 ansmic conditions, and then contains a
small amount of urea, and of solids generally. In diabetes,
however, the pale colour does not admit of any conelusion
as to the amount of solids generally. Practically the general
rule holds good, that as long as a paticat secretes this de-
scription of urine, he is not affected by any severe illness of a
febrile and acute nature. (Vogel.)

Amber-coloured wrine s the common urine of health. Its
occurrence excludes all diseases of which either the pale or
the very highly coloured urine is a usnal 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 1s well to bear in mind
that it may be produced in four different ways. 1. Either the
person voiding such urine has taken very little liguid, and in
that case the whole amount of concentrated urine will be very
small. 2. Or the water of the blood haa been evaporated by
the skin in the form of perspiration. 3. The third way in
which a concentrated highly coloured urmi:' may be produced
in healthy individuals, is by the ingestion into the blood of a
large amount or an excess of nutntive mtrogenous matter. It
is therefore of frequent occurrence with those who partake of
sumptuous dinners, and who, like old Father Noah, “have a
dislike to water, because all sinful men and beasts were
drowned in it.”” 4. The fourth mode of formation of this
deseription of urine is 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 tempe-
rature of the body or the state of the pulse, cannot always
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be exclusively relied upon as exponents of the intensity of the
febrile process. It need scarcely be mentioned that several
of the cirecumstances enumerated may combine in producing
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 kidney ; the water may be discharged by kidneys,
lungs, and skin.

Of the tinis of uwrine due to abnormal substances, those will
be first mentioned which are strietly accidental, viz., produced
by introduction into the stomach of articles of food, or beve-
rages, 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 unadulterated roasted berry is taken evenin moderate
quantity. The colouring matters of several drugs, such as
the chimaphila or pyrola, hsematoxylum, 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 (G. Bird). The error
can be at once detected by the addition of liquor ammonize,
which converts the dark orange into a crimson colour. Vogel
recommends the addition to the urine of mineral acids in
cases where the presence of the pigments of either rhubarb
or senna is probable or suspected. The acids change the
brownish or dark-red colour into a bright yellow; while
urematine, if changed at all, is rather darkened by their
influence,

Black or blackish wrine has several times been observed
after the internal use of ecreosofe, and the inunction of tar
over the whole surface of the body. A fuller account of this
phenomenon will be found under Carbolic Acid.

The second class of abnormal tints of the urine comprises
the pathological ones. The scale of tints is from lemon-
yellow on the one hand, and deep blue on the other, through
all varieties of yellowish-green, apple-green, brownish-green,
red (blood colour), through brown, brownish-black, up to
black of ink. The lemon-yellow colonr, sometimes met with
in cholera, or in spinal disease, is due to the presence of an
excess of wroranthine, with deficiency of uriematine (Heller's
urophzine).

The blue colour may be due to cyanurine (uroglaucine),
which is sometimes the product of the decomposition of
uroxanthine in the ammoniacal decomposition of the urine
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in the bladder, and has been observed in cystitis and Bright’s
disease. Another produce of the decomposition of uroxan-
thine is wrrkodine—a red substance. When uroxanthine is
oceurring together with wroglaucine, or any other blue pig-
ment, it forms a greenish, apple- or grass-green, or if urrfio-
dine prevail, violet solution, with a varety of modifications,
caused by the admixture, in various proportions, of normal
colouring matter or urematine,

The effects of purpurine (G. Bird; uroérythrine, Heller),
a pathological product, which frequently indicates the presence
of serious pathological conditions, are a red, rosy, or pink
colour of any sediment of uric acid, urate of ammonia, or
urate of soda that may occur in the fluid. The urates seem
to have a particular affinity for it. Purpurine in a blue or
lemon-yellow urine would produce the same changes of colour
as urrhodine.

The sediments stained with purpurine, and the sediments
which the blue pigments usually form with part of their sub-
stance, 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 the colowring principles of bile. 1 have, however,
seen bilious urine voided by a gentleman of seventy-six, when
suffering under one of his frequent attacks of the passage of
gall-stones, which was of the red colour of Vogel’s table. On
other occasions of the kind his urine would be of greenish-
brown colour; but then he was jaundiced, which he was
not with the red urine.

Dark wrine of a brownish, or brown porter-like colour,
sometimes like ink, more rarely of a blackish-gray colour, is
the result of severe pathological action in the body, and indi-
cates a rapid disintegration of the red blood-corpuscles, the
result of which is the appearance in the urine of an abnormal
pigment, or perhaps several pigments at one time. Some-
times the pigment of dark or black urine is coagulable, thus
indicating its being dissolved Aematine.

In the following table I have arranged the different tints
of urine in the succession from light to dark. The cause of
the colour, its shortest test, the concomitant characters of the
urine, and the general pat]m]u‘m,al indications, have been
entered in separate columns of the table, whic-h may there-
fore be useful as a guide to the ready physical and chemical
distinction of the substances and conditions causing the
various colours,
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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 throngh the whole course
of an analysis.

The odour 18 due to the presence of a series of volatile
acids, which may be obtained by distillation of large quantities
of urine, In this way Stideler succeeded in proving the pre-
sence in the urine of man and amimals of phenylic (or ear-
bolic), taurylic, damalurie, and damolic acid. The common
modifications of the smell of urine are probably due to the
preponderance of one or several of these acids.

Several articles of daily consumption, as coffee, onions, and
garlic, communicate to the urine their peculiar odour.
Asparagus gives it ﬂpecu]mr odour, which is not exactly the
odour of the stem when it stands hot on our plate. Oil of
turpentine, when taken internally, or breathed in any guan-
tity, communicates to the urine a violet odour. The odorife-
rous principles of saffron and cubebs may easily be
distingnished, when they have been taken internally.

Taste of Urine,

The taste of urine is a mixture of the tastes of its consti-
tuents, of which two, however, characterise it—urea and
chloride of sodium—the one imparting a bitterish cooling
flavour, the other its saline taste. The phosphatic alkalies
are of a cooling, weak saline taste, and so far resemble
the chloride of sodium. The odorons acids develop their
flavour on the tongue to great advantage. 'To taste urine is
more a matter of curiosity than of scientific value, as it re-
veals no fact from which a conclusion might be drawn. 1
only record it in compliance with the usage of authors. The
discovery of diabetes mellitus was formerly made by tasting
only. This the reader should consider before he smiles at my
speaking of the taste of urine. In diabetes the taste of the

urine i8 SWEET.

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
been ascertained that the neutral or alkaline condition is due
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not so much to the absolute absence of the acid, as to its
neutralization 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, or a
disease per se.

It is most probable that the acid reaction is due to the
presence of acid salts, such as the phosphates and sulphates
of potash and soda, the acid urates and hippurates, and acci-
dentally to free organic acids, such as the oxalie, malie, and
tartaric (Buchheim, Wahler), and their acid salts.

Regarding the physiological processes which produce the
ordinary acid reaction much remains to be determined h
observation. Dr. Bence Jones' has made it probable that
the amount of acidity in the urine stands in an inverse pro-
portion to the amount of acid secreted by the stomach during
digestion. In his analyses the quantity ‘of free acid has been
calculated for 1000 parts of urine, and not for the urine
secreted in a given time. It is for this reason that Vogel
objects to relying upon the conclusions drawn therefrom. The
quantities of free acid discharged per hour in every hour of
the twenty-four ought to be the standard round which to
rally such examinations. As the result of his own researches,
and those of others working under his guidance, Vogel ascer-
tained that the highest amount of acid discharged with the
urine per hour occurred during the nig]lt the lowest in the
forenoon, and the medium amount in the afternoon, being
after the dinner of the operators,

The degree of acidity of healthy and pathological urine can
be determined by an easy volumetrical process, of which the
details are given in a subsequent chapter.

The neutral state or alkalinity of the urine is the conse-
quence 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 decom-
position of urea. This conversion is sometimes effected
within an hour after emission (G. Bird). It must be con-
sidered as an essentially morbid feature, because normal urine,
though it almost always becomes alkaline during its decom-
pnsztmn, }'et does not do so within the first tw enty-four hours
after its emission.

But the alkaline decomposition of even healthy urine may

1 * Animal Chemistry,” London, 1850, p 41
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be favoured by certain circumstances requiring the most
scrupulous attention of the practitioner, the negleet of which
will make him liable to grave mistakes. Urine which is
already in a state of alkaline decomposition, when added
even in small quantity to healthy urine, will, like 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 ecircumstances which may make the acid
urine alkaline in a shorter period than usual. Such are the
presence of mucus and pus, which undoubtedly 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. I have found that de-
canting the clear fluid from the settled cloud of mucus serves
the same purpose,

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 deposits, 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 guantity
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 super-
vened after emission, it is the product of the decomposition
of urea into ammonia and carbonic acid. To undergo this
conversion, one equivalent of urea combines with two equiva-
lents of water, and then separates into two equivalents of
carbonate of ammonia ; thus:

e '-_...___\_U____.__.__..-'
I equiv. of urea. 2 equiv. of carbonate of ammonia.

Having now ascertained the causes of alkaline changes
occurring in the urine after emission, we are the better pre-
pared to appreciate the processes hy which the urine may
become alkaline before emission.  We have already remarked
that this may he effected by volatile or hy fixed alkalies; and
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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 ammonia 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 uremia, and some other diseases, or when taken inter-
nally as a medicine, carbonate of ammonia may be discharged
from the blood by the kidneys. Carbonate of ammonia re-
stores the blue colour to reddened litmus paper,' but, as it
evaporates on drying, its neutralizing influence disappears 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. Both descriptions of alkaline
urine effervesce with acids, and froth or lather when con-
taining 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 pre-
venting 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 Dr, Snow ? are quite conclusive. About half a

! The requirements for fesf-paper are a thin layer of colour, on a thick,
substantial, pure, non-bibulous paper. Bibulous test-paper is bad, because it
contains too large an amouunt of colour, and hence is not delicate for weak
solutions.

The colour of what may be called neutral litmus is violet. It indicates acidity
by becoming more or quite red, and alkalinity by becoming intensely blue.
Vogel prepares it by exposing a watery infusion of litmus to the influence of the
air, until the commencing acid fermentation of the fluid has imparted to it the
violet hue. With this tincture he stains strongly sized paper, and dries it in the
shade.

The article now commonly sold for neutral test-paper is, however, not violet,
but red, becoming of a lighter red under the influence of acid, and blue under
that of alkali. This paper is very good for testing for alkali; but does not
generally indicate weak acids. It is well known in optics, how difficult it is to
distinguish between the different gradations of one and the same tint, if they are
lying near together: e. g., to say that one red is more or less red than another.
But the slightest hue of blue beside red is easily distinguished To redden the
paper, however slightly, beyond the violet, spoils its delicacy for acids ; on the
other hand, the perfectly red paper is the most delicate for alkalies.

However desirable it may be to have one paper indicate either acidity or
alkalinity, the attempts to make a neutral paper remind ove of the popular
saying, that it is impossible to make the state-coach serve the purposes of a
privy, without making it inconvenient for both destinations.

2 Some Remarks on Alkalescent Urine and Phosphatic Caleuli, * Losdon
Medical Gazette,” Nov. 20, 1846.
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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 dropped into a glass jar below, at the rate
of about twelve 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
vessels were kept near the fire at the temperature of 100°
F. (37-7° C.) At the end of six or eight hours, when the
urine had all dropped into the lower vessel, it 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 decomposed 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. It generally became quite fetid in two or three
days, at all events highly alkalescent, and remained so as
long as the experiment was continued; it was always fresh
and acid in the upper vessel, provided this was washed out
occasionally ; and was always decomposed i the lower one,
although the urine, except a small fraction of it, was of the
same age in both.

Among the causes which may prevent the complete empty-
ing of the bladder, and produce alkaline, ¢. e.,, ammoniacal
urine, foreign bodies in the bladder claim our attention.
“One of the symptoms of their presence is the occasional
sudden stoppage of the stream of urine before the bladder is
emptied ; in addition to this, it is evident that the bladder
can seldom contract around a foreign body so exactly as
completely to expel all the urine; and, morcover, caleuli,
and nearly all other foreign bodies which gain admittance to
the bladder, are porous, and contain urine imprisoned in their
pores ; accordingly, it is a general law, with extremely few
exceptions, that foreign bodies in the bladder become incrusted
with the earthy phosphates.” (Snow.) A catheter, which is
left in the urethra and bladder for some days, has soon the
effect of foreign bodies, and makes the urine ammoniacal and
phosphatic, by allowing a small quantity of urine to remain
in the bladder. Enlargement of the prostate and stricture
of the urethra act in a similar way. Ammoniacal urine is
the almost invariable result of weakness, partial or total
paralysis of the bladder, more strictly of the detrusor urinwe,
such as occurs in paraplegia and spinal diseases and injuries, in
the decrepitude of extreme old age, and comatose conditions
in the course of certain diseases, such as typhus. (Simon.)

It is probable that the inflamed condition of the mucous
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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 eutis, cansing excoriations and extensive sore-
ness, how much more liable must the mucous membrane of
the bladder be to similar affections! The alkaline urine
causes positive uleeration on the mucous membrane in cases
of extroversion of the bladder, on the enlarged uterus in cases
of prolapse,—mnothing is then more natural, than that the
offended surface of the cavity of the bladder should, for its
protection, first pour out a large gquantity of mucus, and
when the cause continue for a length of time, pass into a
state of chronic inflammation, with croupy uxudatmns at-
tended by great misery.

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 caleulus not attended by ammoniacal urine are 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 considerable size.

We must here mention two more conditions in which
the partial retention of urine may cause ammoniacal urine
and its consequences. The one 18 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 pmt retaining another. In one such case, 1
could frequently observe the urine become ammoniacal fifty
hours after the beginning of the paroxysm. The researches
of Drs. Righy and Sutherland show, that this condition is
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 water by
means of a syringe and double canula. In all cases where
the operation has been carried out properly, the urine imme-
diately loses its ammoniacal condition, and in most cases is
clear and acid, thus proving the correctness of the above
views by demonstration,

In many cases of acute total retention, the urine does not
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become ammoniacal, but becoming concentrated by the ab-
sorption of water, remains acid, but forms deposits of various
kinds. These cases have ewdently 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 triple phns]}hatu:: and phosphate of lime.
The smell, and the presence of the crystals of ammonio-
phosphate of magnesia, easily distinguish it from urine which
is only turbid by alkalinity from fixed alkali, and contains a
pTE{!lplt&tL of phosphate of lime, or plmsphatﬂ of lime and
magnesia. Urine which is alkaline from the presence of
bicarbonates (after Vichy water) is mostly clear, the earthy
phosphates being soluble in the second equivaleut of carbonic
acid, which easily separates from the carbonate.

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
neutralize the free acid of the urine, then the latter exerts no
influence upon any test-paper; itis 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 volatile alkalies in
the urine is always p'ithnlﬂgmal the alkalinity from fixed
alkalies on the other hand, though it may be, and in many
cases is of a morhd natuln, OCCUrs More frequentlj' within
the range of perfect health. Certain deseriptions of vegetable
food, such as apples, lemon-juice, and a series of acid fruits,
make the urine alkaline in a very short time. Dr. Bence
Jones found that 120 grains of the dry tartrate of potash,
dissolved in four ounces of water, made the urine alkaline
after thirty-five minutes. The alkalinity had rhs'l.ppem ed
after two hours. A gentleman ate an apple for experiment,
and found his urine alkaline in less than an hour. The
acetates, tartrates, citrates, and malates, in fact the salts of
many of the organic acids, are, by the Dwdmmg influence of
the chemistry of the ]J(}d‘ﬁ", {:ﬂnverted into the carbonates of
their respcctm& 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 always
alkaline.

In man this deseription of alkalinity, which may occur for
hours or days, or at a certain time after meals, is of no
practical lmpnrf:ance It becomes so, however, when it is the
consequence of the use, as medmmea of the caustm alkalies,
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soda and potash,' and of the earths, magnesia and lime, or
their carbonates. This artificial 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
anemic conditions. Of the reason of the alkaline reaction in
these cases we can as yet give no satisfactory account. But
it seems probable that the depression of the organism in
these cases, accompanied as it is by faulty nutrition of the
muscular and nervous systems, does not allow of the accom-
plishment of that chemical process, by the completion of
which, in health, acid combinations are discharged from the
tissues and blood. It is in this direction that we may have
to search for the truth. Meantime, we may safely adopt the
empirical, but highly practical doetrine of Rademacher,? which
Vogel® himself adopts, admitting its merit; namely, that a
constantly alkaline (and let me add, constantly pale) urine
requires the employment of tonics, particularly iron.

The continuance of the alkalinity of urine from any cause,
but particularly from alkaline fermentation and the mal-
administration of fixed alkalies, for any length of time, is to
be considered a serious matter. For the phosphates of mag-
nesia and lime, 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 afterwards frequently a matter of
great difliculty to remove.

Table showing the Substances which cause the Reaction of
Urine expelled from the Bladder.

A. Acip Reacrion : imparting a permanently red colour to

litmus paper. Common in health: due to—
. Free acids.

E‘ ?‘;’;?.T acids, and their acid salts, when taken in large and re-
'.l'" Tartlaﬁn peated doses. (Buchheim.)
¢. Free acid (nature unknown).
£. Phenylic acid
Z. Taurylic acid

n. Damalurie acid
% Damolie acid

questionable,

1 See © Fatty Tumours : action of Liquor Potassw.” Letter from Dr. Thudichum,
¢ British Medical Journal,” Aug. 15, 1857, p. 702.

* + Rechtfertigung der verstandesrechten Erfahrungsheillehre,” 2d ed., vol. ii,
p- 211, ef seq.

3 Loe. cit., p. 177.
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b. Aecid salls.
a. Phosphates
. Sulphates
I- Urates (acid)
. Hippurates
c. Neutral sali with acid reaction.

a. Chloride of ammonium (questionable).

of alkalies.

B. NEvutraL or ALKALINE REactioN: oceurring in health
occasionally, more frequently in disease : due to—

a. Fived alkali, imparting a permanently blue eolour to red litmus paper.

a. Carbonates of the alkalies, potash and soda, derived from the salts
of organic acids—acetates, citrates, tartrates, malates, lactates,
&c.; or introduced directly, e. g., in mineral waters of Vichy,
Aix-la-Chapelle.

/3. Carbonates of the earths, lime and magnesia.

y. Pus, blood, and serum.

b. Volatile alkali—ammonia ; carbonate of ammonia, from decomposition of
urea, heing a result of—

a. Uremia (questionable).

B. Retention of urine, caused by weakness, or paralysis of bladder,
or by obstruction to discharge of urine, as from enlarged prostate :
the ferment being mucus, or a retained portion of the already
fermented urine.

y. Decomposition of urea, under the influence of a continued discharge
of fixed alkalies by the urine.

¢. Deficiency of phosphorie and sulphurie acids, in alkalinity or neutrality
of pale urine, occurring in anemic conditions.

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 oceur 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
formation. 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
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like milk, and was brought to me as milk. When only a
small quantity was passed, the milk-like 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 urate of
ammonia. 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 colie, only after twelve hours.

In these three cases the temperature could not have been the
only influence exerted upon the urine, because in each case
the urine must have heen of the temperature of the air long
before the deposit fell, and in the first case the deposit fell
before the urine was of the temperature of the (warmed)
room.

In some few cases the urine may become alkaline during
the process of cooling (vide p. 9).

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 oxa-
late of lime are most common. Most other deposits are due
to the decomposition of urine, and of the urates in some cases.

i



CHAPTER 11.

QUANTITY OF URINE AND INGREDIENTS.

MODES OF COLLECTING THE URINE.

To collect urine is not an easy task, and requires great
attention. The requirements are to collect the whole of the
urine without losing any portion, and to collect it in such a
manner as to preserve its purity. It is essential to keep all
vessels used for the purpose scerupulously elean, 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 the urine from the admixture of dirt and rubbish
falling from the patient’s bed. In many diseases it is de-
sirable to collect in separate vessels the several portions of
urine passed at different times of the day and night. Several
small pots will best suit this purpose.

In hospitals and other public institutions a very convenient
form of glass is in use. The glass consists of a flat hody
which easily lies on its bottom, a turned-up narrow neck,
and a mouth fitted to the requirements of the sex. For men
it is therefore funnel-shaped ; for women the funnel is made
ellipsoidal, so as to receive the vulva.

If the urinals described were combined with a pan of a
suitable construction, the urine might be collected in a most
easy manner. The pan requires only to have such a gap in
its front border and wall as will admit the neck of the urinal
standing in front of it. In men, the penis will lie easily in
the neck of the urinal; and if women take the trouble of
sitting a little closely on the oval funnel of the urinal, not a
drop of urine ean possibly be lost.
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These glasses should be graduated upon at least 50 c.e.
every division, of which there ought to be 40, equal to a
measure on the whole of 2000 e.c. Graduation upon single
fiuid ounces up to fifty or sixty serves the same purpose.
The physician on coming to the bedside would then be
enabled to inform himself by a glance of the total quantity
of urine collected ; and, if none were lost, of the whole bulk
discharged.

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 much 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 very
great. Any one of my readers will easily find them out by
trial npon himself ; with women and children they are still
greater. Unless a special apparatus be employed, a certain
loss at every motion is nearly unavoidable. To empty the
bladder when the rectum is pressing is difficult, and fre-
quently impossible, or interferes with the function of the
bowel, and then becomes injurious to health. But the quan-
tities so lost are very small indeed when compared with the
total collected by all available means, and may safely be
made up for by an estimate.

The matter becomes more embarrassing in cases of severe
illness, 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 unconseious, or paralysed state will
retain or pass unconsciously 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. Allow-
ing 20 per cent. for error in the estimate, the known quanti-
ties will reduce this error to 10 or 5 for the whole amount
in the worst cases.

In this manner the practical man may obtain the nearest
possible approach to truthful observation. Unless, however,
all the cautions are employed, we would strongly recommend
that too nice conclusions should not be based upon such
incomplete observations, though they even give to the think-
ing 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.
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TOTAL QUANTITY OF URINE DISCHARGED IN 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. It is the neglect of this

int which makes all analyses useless which are calculated
upon thousand parts of urine, regardless of the time in which
it was passed. Hence we must, though with regret, exclude
from consideration, by this sweeping objection, the vast
number of analyses made and published till within a period
of three or four years ago. And not only on this ground are
these analyses excluded, but the want of accuracy in the
methods makes them so much lost labour. Some authors,
though perfectly well aware that in all cases where any ap-
proach to accuracy in the determination of the specific
gravity is requiréd, an average sample from the urine passed
in twenty-four hours into the same vessel must be selected,
—have yet formed no settled idea of the necessity of Inow-
ing the whole amount of urine discharged during the twenty-
four hours. It could have been only by losing sight of this
point that thev recommended the determination of the
average dcnmt;,r 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 what use is
it to know density at all, if from the density we cannot cal-
culate 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

ortions of the twenty-four hours as convenient. But
it should always be expressed in a value calculated upon the
twenty-four h-:mrﬁ, 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 aceuracy is desirable, in
high graduated cy linders of a capacity varying from 500 c.c.
to 2000 c.c, or from 10 to 50 fluid ounces. The large
eylinders have marks for every 10 c.c., and a practised eye
will easily estimate one fourth of a division ; it is, therefore,
possible to determine the entire quantity to within 25 c.c.
in a very short time. The small evlinders, which are to serve
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for measuring the guantities of urine of a shorter period,
say one hour, should be divided into single cubic centimetres,
or into fluid drachms.

Both descriptions of eylinders must be provided with lips
for pouring out their contents. Their upper borders must be

ound in an horizontal plane, so that a glass dise, with the
assistance of a little tallow, will make an air- and water-tight
cover, and prevent all loss by evaporation. The foot of the
cjr].i.nder must be ground so correctly that the vessel may be
perfectly perpendicular when standing on a horizontal plane.
If the latter is not at hand, a tripod or disc with elevating
screws and two spirit levels will be the easy means of placing
the cylinders in a perfectly horizontal position. These tripods
are easily obtained, as they are now commonly used in pho-
tography.

If it is desirable to know the weight of a certain bulk of
urine, it is only necessary to multiply the number of cubic
centimetres found by measure into the figure expressing
the specific gravity ; the result will give the quantity in
grammes, thus—

1000 c.c. x 1"025 (spec. gr.) = 1025 grammes.
250 c.c. x 1021 2 =2565'26 ,,

QUANTITY OF URINE DISCHARGED IN HEALTH.

In valuing the physiological effects of the variations of the
discharge of urine, the fact 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.

I have considered it useful to add some observations on
the total quantity of urine discharged by healthy individuals,
to the observations already existing. They were made upon
two individuals ; the one, 4, a man tmrutv eight vears of
age, and weighing 70 kilogrammes ; the uther, B, a man
twenty-eight years of age, and weighing 72 kilogrammes,
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Among the influences which determine the gquantity of
urine, many are inherent in the mode of life, others are
entirely independent of any act of the individual. Of the
former are the quantity and quality of food and drink, and
the amount of perspiration 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 or 70 c.c. to 300, 600,
700 c.c. (from 2 to 10 or 20 fl. 0z.) and more. I recollect
that, when at College, I used to bet with one of my fellow-
youngsters as to which of us could drink the largest quantity
of water within the hour, from two to three in the afternoon,
having taken dinner between twelve and one. At first I beat
him, drinking four litres. The quantity of urine discharged
was of course correspondingly great, and certainly not less
than two litres per hour. After a week my opponent beat
me hollow, drinking six litres during the appointed hour.

I recollect a student who drank fifteen half litres of weak
beer within the hours from eight to eleven at night, an entire
half litre at a time, and felt nothing the worse for it. A patient
at one of the German spas used to take sixteen half-pint glasses
of weak saline water between the hours from six to eight in
the morning. In both cases the quantity of urine discharged
within the next hour amounted to about one half of the
quantity of fluid consumed during that hour, and in all cases
the excess of fluid seemed to be discharged within two hours
and a half after the last ingestion.

The quantities of water consumed by patients in some
hydropathic establishments are something extraordinary. It
is the same in many English and Continental spas, where
patients make it their avocation to drink warm and cold
water. A discharge of urine up to 1000 c.e. (35 fl. oz.) per
hour is there of common oceurrence after drinking.

Abstinence from drink, on the other hand, diminishes the
secretion of urine; but this diminution is not exactly in
inverse proportion to the inerease by drink. The urine does
not sink below a certain quantity, even in cases of total ab-
stinence from food and drink. With a dry diet the urine
may, as observed by Mosler on four males of from twenty to
twenty-five years of age, sink from the medium of 860 c.c.
(3 fl. 0z.) per hour under their ordinary diet to 370 c.c.
(10 fl. oz.)

The temperature of the atmosphere, the amount of moisture
diffused in it, and its tension as expressed by the barometer,
are influences over which the individual has only partial con-
trol. The amount of moisture, therefore, which is exhaled
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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
mndividual, such as exercise, rest, sleep, and so on—is partly
determined by atmospherie influences.

Certain regular variations in the hourly quantity of urine
are produced by the cosmic influences of day and might.
During the sleep of night only 580 c.c. (15 fl. dr.) of urine
per hour are excreted ; in the morning the medium is 690 c.c.
(18 fl. dr.) ; after dinner, if taken early, or after luncheon,
the amount of urine becomes largest—77-0 c.c. (24 fl. 0z.),
and sinks again in the evening to 730 c.c. (19 fl. dr.),
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 these
facts. 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 excre-
tory 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 a host of other articles of diuretic property. This
transferred nervous and direct stimulus may be brought to
bear upon the kidneys at any hour 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 qua.ntltv of
urine.

To recapitulate : the physiological quantity of urine is de-
pendent, on the one hand, upon the amount of water intro-
duced into the blood, or abstracted from it by other exeretory
organs ; and, on the other hand, upon the exeretory activity
of the kidneys in its widest sense, as we have already
stated.

QUANTITY OF URINE DISCHARGED IN DISEASE.

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

In the previous remarks we have seen the maximum, me-
dium, 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 indi-
vidual would be likely to discharge during health. The only
caution necessary is to allow a sufficient margin for aceidental
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 ohjective 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 guantity of urine for twenty-
four hours as 1300 c.c. (42 fl. 0z.) This individual has become
ill, and we now ascertain that his urine for twenty-four
hours only amounts to 400 c.c. (13 fl. 0z.) 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
one third its ordinary medium. Experience teaches us the
consequences likely to follow the condition of the system,
of which this lessened quantity of urine is a 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 c.e. (8034 or 96} fl. 0z.), in a patient who in health
would discharge from 1600 to 1700 c.c. (514 to 55 fl. 0z.), is
an evident excess, which, if not traceable to any special acci-
dental 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.

We will presently show to the reader the use of observing
these variations in every case; but science requires that we
should observe everything offered to our senses by a case,
even should we not see the immediate use of it.

It is a fact, derived from general experience, and which
may be verified any and every day, that the quantity of the
urine is diminished in all acute febrile diseases, viz., in
exanthemata and zymotic diseases, in low gastric fevers and
typhus, in rheumatic fevers, in all inflammatory diseases, such
as pneumonia, pleuritis, and bronchitis, and in the inflam-
matory fevers of tropical climates or miasmatic regions.
In all these diseases, and m many morve, a constant dimi-
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nution of the quantity of urine is accompanied by, and
therefore pathognomonic of, a constant increase in the intensity
of the disorder. When the quantity of urine remains very low
(below 800 e.c., 25% fl. oz., per day) for any length of time,
then we may conclude that the intensity of the disease has not
abated. A constant increase in the gquantity of the urine,
however, is a favorable symptom, and shows that the patient
has passed the acme, and that the diseased action is abating
(vide Vogel, loc. cit,, p. 226). During the period of con-
valescence the gquantity of urine becomes normal, or exceeds in
some cases the normal quantity,

Professor Vogel observed the following case, illustrative of
these points. It is the more interesting, as the normal quantity
of the urine discharged by the patient during health had been
measured for a certain period just before he became ill. He
was an attendant in the hospital, and became the subject of
typhus fever. During the first three days of the illness, the
total quantity of urine in twenty-four hours, amounting to
1800 c.c. (58 fl. 0z.) during health, fell gradually to 200 c.c.
63 fl. 0z.) : 1t rose during the next five days regularly up to
the normal 1800 c.e. (58 fl. oz.), exceeded the amount soon
up to 2200 c.c. (70§ fl. 0z.), and then returned gradually to
the nsual average quantity.

When a disease, acute or chronic, takes a fatal 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 exhaustion of the material of the component parts
of the hc}:i_f,' In cases, however, the fatal termination of
which is due to a more sudden interference with the powers
of the nervous system, or with the mechanical action of the
lungs and heart, the quantity of the urine is not usually
very much diminished.

The quantily 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 disorderis not the kidney itself, a therapeutical indication
for the administration of dinreties,

The quantity of the wrine is materially increased in those
diseases which we commonly term diabetes. In these cases,
hunevr—:r, as in cases of diseased kidneys, it is necessary to
give particular attention to the quahty of the urine at
the same time, when the distinetions between hydruria,
diabetes insipidus, and diabetes mellitus will hnmnw

prominent.
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S0LIDS AND WATER—SPECIFIC GRAVITY.

The direct way of determining the amount of solids con-
tained in a given qufmtltv of urine is by the evaporation of
the water. This is 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 with the urine to be “dried any hody capable of
freely absorbing water, such as sulphuric 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 np, under the
influence of which the urine will rapidly get dry. When
nearly dry, the residue may be mixed with a weighed quantity
(1 to 2 grammes, 15 to 30 grains) of finely ground spongy
platinum. This makes the drying considerably easier.

The vessel in which the urine is exposzed 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
rendered air-tight by greasing them and applying a glass
dise. This caution 1s required in order to prevent the residue
from absorbing water from the air, on being transferred from
the receiver to the scales for nghmg The weight is now
determined in the closed box of the chemical scales, the air
surrounding which is kept dry by the presence of sulp]luric
acid and chloride of calcium. 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 in-
fluence, the covered vessel is again weighed ; and if it have
lost nnthing 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 stationa

This process is one of extreme difficulty and great eupense of
time ; but it is the only one which gives accurate absolute
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 vola-
tilized in the form of ammonia and carbonic acid. This
objection is so well founded, that if the products of evapora-
tion are caught in a cooler, it will almost always be possible
to find traces of ammonia in the condensed distillate by the
delicate test I shall describe under Ammonia. This am-
monia, of course, must not be confounded with the ammonia
proper of the urine. By always keeping the urine acid
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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. However,
where no air-pump is at hand, and where ordinary results
only are required, the method now to be described is still of
considerable nse.

The operator pours about 12 or 15 grammes (or 4 to 5
drachms) of urine by weight or measure into a poreelain
or platinum capsule, which, with a well-closing cover, has
been counterpoised beforchand. It is then fitted into the
ring of the water bath, so that the greater part of its outer
surface is 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. The
best vessel for a water bath is a semi-globe of copper,
with handles, and with rings on the top to fit every size
of evaporating dish, and with an opening for replenishing the
supply of water. Another water-bath is that which com-
bines the advantages of the one just deseribed with those of
an air-bath warmed by water. The top is provided with four
holes, admitting as many evaporating dishes or capsules of
different sizes. Any hole not used is closed by its cover.
The warm air-bath at the front has two compartments, a door,
with a rosette for admitting air if required, a ventilator at
the top for carrying away the moisture, and an opening, into
which a thermometer may be fixed with a cork, if it be
desired to keep the temperature at a certain point.

When the urine has evaporated to an apparently dry
residne, the capsule must be transferred to an air-bath,—a
round box of copper, with double walls and a lid on its upper
surface. The substances to be dried are placed upon a sieve of
perforated copper, which is placed in the interior of the box in
such a manner as to prevent any heat conducted by the metal,
particularly the hottom, from reaching the substances. Thus
they can only he affected by the hot air, the temperature of
which is ascertained by a thermometer, placed with its bulb
inside the box, and surrounded outside by a glass tube, in
order to prevent the small column of mercury from being
affected by any external currents of air,

The capsule being in the air bath, the air is now heated with
a spirit- or gas-lamp, under the box, to 230° F. (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 sulphurie acid, in the apparatus in which it is
carried to the seales. This apparatus is a strong cylindrical
glass with ground edges, containing about an inch in depth
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of strong sulphuric acid. Over this, the capsule is placed
upon a tripod made of strong lead wire. The glass is closed
by a glass dise, with the assistance of a little tallow.

After the weight of the capsule and contents has been
ascertained, it is again exposed to the temperature of 230° F,
(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
evaporated, 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 (1) taken
for evaporation stands to residue (r) found, in the same pro-
portion as the total quantity of urine (U) discharged in twenty-
four hours stands to the (R) solids dissolved i it.

U
doghe s = W i hBﬂﬂEE‘=-ﬂ—r=R.
For example, let the quantity of urine experimented on be
10 grammes, the quantity of solid residue in it 0-23 grammes,
the total quantity of urine discharged 1000 grammes, then

0-23 x 1000
10

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 guantity, may be ascertained by finding the specific
gravity ; for the specific gravity of any watery solution is
higher than pure water in proportion to the amount of solids
dissolved, the solids in solution giving up their own individual
specific gravity, and influencing the specific weight of the
solution by their absolute weight only. This is proved hy
the fact already mentioned ; namely, that the absolute weight
of a given bulk of urine may be found by multiplying the
bulk, as expressed in cubie centimetres, by the figure express-
ing the specific gravity (p. 20).

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. For this purpose any phial of con-
venient 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
(certainly not, as some fancy, because the air, when in-
cluded, can escape by the capillary tube, which it could not,

(1]

=23 grammes,
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from its great adhesion; but because no air is ever inclosed,
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 larger and
better kinds of pycnometers are, moreover, provided with a
thermometer, the bulb of which lies in the body of the stopper,
and the tube in the elongation.

The weight of the pyenometer, and of the water required to
fill it, being each ascertained, are written upon the glass with
a diamond. The weight of the urine required to fill the pyeno-
meter is then ascertained. Then the weight of water : weight
of urine : : speeific gravity of water: specific gravity of urine.
Or, the specific gravity of water being 1,

weight of urine
weight of water

= spee. grav. of urine.

Ez. A pyenometer held 50 grammes of water, and 521
erammes of urine.

512

e 1:024 spec. grav. of urine ;
or gl = Gl'E - 1. »
512
= E = ]. ﬁﬂ"'l'.

Another and more econvenient 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 glass ball is used, the loss of which, when weighed in
water, is known, and inseribed on it with a diamond. It is
then weighed while immersed in urine, and its loss, as com-
pared with its 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.?

Exr. A glass ball lost 500 grammes when weighed in water,
and 51°2 when weighed in urine.

51-2
e =102,

Though the two methods last deseribed do not require so
much time and weighing as the first two methods, still they

' Bird and Brooke, * Nat. Philes.” p. 193, § 378.
3
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are sufficiently tronblesome to exclude them from universal
application, The only method of ascertaining the specifie
gravity of urine for the practical purposes of diagnosis and
prognosis at the bedside, 1s the use of the gr awmnter, or areo-
meter, which, when destined to be used for the urine only,
should be called urogravimeter, but has been wrongly styled
urinometer. The mode of action of this instrument dcpc:ncls
upon the fact of solids of a given weight sinking deeper in
light than in heavy fluids.

“The urogravimeters are made of various materials, generally
glass or metal, each of which have their peculiar advantages,
which have not yet been combined in any material. Metal is
most durable ; but by frequent use and drying it loses a little
of its weight This does not so much apply to instruments
made of solid gold or platinum, and well polished and hard-
ened, as to a manufacture now frequently sold, the material
of which is brass with a gilt surface. This electro-gilt layer
is rubbed off in a very short time; and of course the instro-
ment becomes incorrect, and requires to be sent to the gilder.
Whoever uses such an instrument must frequently try its
accuracy by immersing it in distilled water, in which it
will sink to zero when correct, and not so deep when incorreet.

Instruments made of glass 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
60° and 80° F. (15-5° and 26:6 C.) Ackland.

The graﬂmeter just deseribed only admits of a reading in
half divisions ; and if the instrument is small, these divisions
come S0 near mgether that it is sometimes 1mpnsmhle to say
which division is the proper level of the fluid. In order,
therefore, to obtain more accuracy, by having more divisions
between the points of @ and 4, or O and 30, it is advisable
to divide the scale upon two gravimeters, of which the one
may range from 0 to 18, the other from 18 to 30 or 38, 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 a division.

There are two sources of error, arising out of the use
of these instruments, which must be corrected before
determining the amount of solids after the reading from the
gravimeter. The first source of error is in the instrument
itself, and consists in the division of the scale into egual parts.
This of course goes upon the assumption that the strata of
the fluid in which the gravimeter is immersed are also of
equal density. But.as the density increases with the depth
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from the surface, the graduations of the scale ought to be
corrected upon the different densities of the respective
columns of urine. This may be done in every case by caleu-
lation, but much better by using a gravimeter, the scale
of which has been graduated with reference to compen-
sation, by the machine of Mr. Ackland, invented for that
purpose.

The second source of error is the varable temperature of
the urine, the gravimeters in general use being graduated
for water and urine at a temperature of 60° F. (15-5° C.)
It is therefore necessary in any case to determine the tem-
perature of the urine by the aid of a thermometer; and if
it is not at 60° F. (15:5°C.), to bring it artificially to this,
or to correct the reading of the gravimeter by a compensating
calculation based upon the temperature found. For this
purpose the following table of Mr. Ackland may be referred to.!

A Table: for reducing the indicalions at a higher temperature

a glass gravimeler le the standard temperature,
60° . (15:5° C.)

No. to be | Addition |
Temperatore, |added to the|| Temperature. | tio
Ear. SHPPU'SE the Lll.dm:lhun.i indication,
urinometer to float In | g | ¢ el

urine of 73° tempera- | 60 | 1555| 00 | 73 | 2278 | 120

ture at 21. On refer- || 61 | 1611 08 | 74 | 23-33 | 130
ring 6 ae Op- Il 63 | 17-22| 24 || 76 | 24-44| 1-50
posite 73° will be| 64 | 17-78| 32 | 77 | 25:00| 1-60
found 1:20, which is EE ' }g‘gg .- fg g-’é-;-’; e
- A . r & a

to bc_at]dﬂiﬂ to the in- | &v | Jo.q4| .60 |l 80| 2667| 1-90
dication 21, making | 68 | 2000{ 70 | 81| 2722] 200
the true specific gra- | 69 | 20:55| -80 | 82 | 27-78| 210
vity = 1022:2 70 | 21'11 00 83 | 28-33| 220

y ' 71 | 21-67| 100 | 81 | 2898 230
| 72 | 22-22| 111 || 85 | 2944 | 240

From the specific gravity so found, the quantity of solid
matters present in the urine is caleulated with the aid of a
formula, which must be ascertained from the results of the
more accurate methods we have deseribed.  Among the many
formulee 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.
! Dr. G. Bird, loc. eit., p. 46.
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Formula : d x 2 = & (total of solids in 1000 parts) ; or

Rule : To find the amount of solids in any given bulk
of urine, double the last two fizures of the number expressing
the specific gravity : the product shows the number of parts
of solids contained 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 1038, the range of the
second gravimeter, is that of Dr. Christison.? It is: dx2:33
=x. Itis the same as that adopted by Dr. Day® and Dr.
Hzser, 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 for-
mula are embodied in the following table :

Salids Solids Solids
SP- 8% | in 1000 parts. || P B™ |in 2000 parts. || P~ €™ | in 1000 parts.
1018 4194 1026 60-58 1024 7922
1019 44-27 I 1027 6G2-91 1035 B1:55
1020 46°60 1028 G524 1036 £3-88
1021 48:93 1029 6757 | 1037 86-21
1022 5126 1030 6990 || 1038 8854
1023 2309 1031 7223 1039 o0-87
1024 6502 1032 74-56 1040 03-20
1025 8825 1033 7689 |

Having in this way found the number of parts of solids in
any thousand parts, grains or grammes of urine, we may
easily calculate the whole amount of solids secreted with the
urine in twenty-four hours, if we have ascertained the quan-
tity so secreted. And as it is necessary to know the weight
of the whole bulk of urine for finding the weight of the total
of solids contained in it, the weight 1s first ascertained from
the specific gravity, by multiplying the figure expressive of
the bulk by the figure expressive of the specific gravity. By
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.

! Vogel, loc. cit., p. 229,

? * Library of Practical Medicine,” London, 1840, vol. iv, p. 248,
* *The Lancet,’ 1844, p. 370.
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and the real quantity may amount to one fifth, or even one
fourth (Vogel), of the sohds actually contained. Tt is there-
fore 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 slight fluctuations in the
specific gravity, and the amount of solids calculated there-
from, 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 and 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 perfectly 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 discharges 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.

This uncertainty in the results obtained by the gravi-
metrical method is most likely partly the consequence of the
fact that the various constituents of the solid residue of the
urine do not always stand in the same proportion to each
other. There is also the error to which the calenlation of
the temperature makes us liable; further, the error arising
from the different densities of the different strata of fluid, as
already stated ; further, the diffienlty of making the scale of
the gravimeter sufficiently long to allow of an accurate read-
ing of the level of the urine, which may assume different
curves as the different densities of the urine determine a
eveater or less adhesion to the sides of the vessel and to the
stem of the gravimeter. What with having to employ two
gravimeters, to compensate and caleulate for temperature,
and dms:ty from depth, and being after all subject to inac-
curate reading and the varying proportions of the solids in
urine—errors which in the aggregate amount to a difference
from reality of from omne tenth to one fourth,—1 must say,
that 1 think the trouble of the methods with the balance and
air-pump nearly equalled, and yet the result of a hundred
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gravimetrical analyses is scientifically and practically not
worth one accurate analysis,

The reader is now in possession of the facts which will
enable him to attribute its proper value to the gravimetrical
method of determining the amount of solids in the urine.
The following observations are recorded in tabular order as
being the best of their class:

MEm~. . WoMEN.
Average quantity i
Dbsarvers. of urine in twenty.] Average density. Cmantity. Density.
four hours,
Min. | Med. | Max. | Min, | Med, | Max.|| Min. | Med. | Max. | Min. | Med. | Max.
0z. | oe | oz o,
Pl'ﬂllt W ® - 3-'} {ﬂ — i luﬂu — —_— — —— — — -
G- Birﬂ- " - - e m— — — 1020 — —_— = R [e— — —
Becquerel . .| — 43 | — | — (1'0189) — || — | 47 | — | — | 10151 —
— i >
Routh, eighteen mean 1017
observations .| 20 | 35 | 50 | — | 1-021

According to the older estimates, the kidneys seemed to
exerete from 600 to 700 grains of solids in twenty-four hours
(mean 650, Dr. G. Bird). However, all the late authors
coineide in making 1020 the average specific gravity of urine,
and if of this urine from 1400 to 1600 grammes (49 to 56
fl. 0z.) are discharged during twenty-four hours, the gravi-
metrical method gives a mean amount of solids of from 55 to
66 grammes, or 850 to 1020 grains for twenty-four hours.

100 kilogrammes of individual discharge on an average
4:1 grammes of solids per hour, 100 centimetres discharge
1'5 grammes (Vogel).

For the generality of diseases the gravimetry of urine gives
very meagre results as yet, but there can be no doubt in the
abstract that an accurate knowledge of the whole amount of
solids would be of high practical value in every case of ill-
ness. 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

uantities, the activity of the seereting organs themselves—
all these factors are summed up in the total quantity of solids
contained in the urine. It is natural then that in disease
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generally, where little solid food is being laken, the amount of
solids sinks from the daily 60 to 50 and 40 grammes (600 grains),
and even then is made up less of the produce of the destrne-
tion 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 fat partly during his illness, as the proverb says, like a
badger during the winter. The consequences are clear—
emaciation.

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 dif-
ferent 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 chemistry of the body i1s actively
employed in renewing the material of the organs and recti-
fying their functions. To this rule diabetes mellitus alone
forms an exception, where a rise in the amount of solids
indicates an exacerbation of the disease ; and, in this respect,
diabetes forms the transition from chronie to acute disease,
in which, on the whole, a rise in the amount of solids in the
urine during the acme is an unfavorable symptom, indicating
an excessive disintegration of the tissues and juices of the
body, which must necessarily lead to exhaustion of the ma-
terial substrata of hife. Under all circumstances, a constant
and gradual decrease of the amount of solids is as unfa-
vorable a symptom as the deecrease of the total quantity of
urine discharged, because it indicates the decay of life, and
a probable fatal termination of the case.

The indications of the solids bhecome 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 accompanied 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 ansemia in the
individual, always provided that disease of the kidney be not
present. In the latter case, a small amount of solids indi-
cates the retention of urea, which may probably end in
ursemia.

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,
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of anemia with hysterical symptoms, are accompanied by
this description of urine. 1t is the essential symptom of a
decided improvement in many cases of hydreemia and dropsy,
and when 1t occurs in a patient with no particular cause to
account for it, it has properly been termed Aydiruria. Of this
disease Professor Vogel ohserved a very decided, and therefore
illustrative case. A man, thirty-five years of age, of a power-
ful frame, and suffering from rheumatism of the neck, dis-
charged a quantity of urine, amounting to 2983 c.c. (104 fl. 0z.)
per day in the mean of twenty-four days. But its specific
gravity was very low, varying between 1005 and 1012;
and the average quantity of solids discharged per day
accordingly only amounted to 42 grammes (630 grains).
This case was therefore clearly one of hydruria. The patient
did not seem to suffer under this excessive discharge
of flud.

‘When the amount of solids becomes larger, but still re-
mains below the standard of health, and the amount of water
1s 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, diarrheea, and fever of essential or symptomatic
nature, of which this condition of urine is a regular symp-
tom. .

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 classes of diabetes, the wear of the body is con-
siderable, 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 artificially produced in animals, has
been favoured with more attention of late than diabetes in-
sipidus, a disease with which perhaps many difficult cases of
hysterical aneemiaand intractableailmentswill havetobeclassed
hereafter. If the total quantity of urine amounts to more than
3000 c.c. (105 fl. oz.) per day, and if the specific gravity
shows an excessive amount of solids, ranging from the normal
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60 grammes (926 grains) up to 180 grammes (2006 grains),
or even more, giving on an average about 80 grammes
(1234 grains) per day, we may then with perfect safety
ascribe the excessive destruction of the constituents of the
body to this excesssive secretion, and place to its account a
number of symptoms usually following in its train, such as
the pale looks and the headache of anmmia, vertigo, the
tenderness of certain dorsal vertebrse on pressure, and spasms
in the muscles of the neck, such as were observed by Vogel
in a marked case of this description.

- We have now considered in its 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 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 dis-
charge that drastic purgatives are of service in disease of the
kidneys. The skin will eliminate urea in cholera in such
guantities that it may be collected by washing and crystalli-
zation, 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 compen-
sate 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 vicarious dis-
charges. 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 expendi-
ture of the body, and thereby not only to foresee the pro-
bable result, but also to be in possession of the indication
for part of our treatment. DBut in this direction so much
remains to be ascertained by fact, that it would be dangerous
to the practical tendency of these pages to mix up prospec-
tive speculation with the real advantages to be derived from
observation of the amount of solids discharged in the urine,
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liquor amnii by Wéhler,! but is certainly present in excep-
tional cases only, as T have shown in an essay to which the
Faculty of Medicine of the University of Heidelberg awarded
a prize medal.

I must not overlook some observations said to be made of
the ocenrrence of urea in milk, in blister-serum, in the per-
spiration of persons with diseased kidneys, and in the copious
evacuations from the intestines of such patients, produced by
the action of elaterium.

If we had been favoured by the authors of these statements
with the particulars of the process adopted for obtaining the
urea, and of the proofs that the substances obtained were
reallv urea and nothing else, there would be no diificulty
either in admitting these observations, or rejecting them npon
the basis of analytical criticism. But at present they are
mere assertions, the correctness of which can in no way be
controlled. The greatest chemists do not allow themselves to
throw assertions upon their readers, without giving the whole
of their analytical proofs. The more we must demand similar
and even more stringent proofs of men, who, whatever their
professional standing, must acknowledge themselves more
liable to error than a Berzelius, a Graham, or a Liebig. One
fact will show the necessity of this caution. It goes the
round through all the handbooks and encyclopzdias of all
nations, that Marchand found urea in the blood of the cow or
calf. Theindiseriminate authors do not inquire how he found
it. On referring to the original article,” or Gmelin’s * Hand-
buch,” we find that Marchand concluded upon the presence
of urea from the crystallization in octahedra of the chloride
of sodium. We now know that that occurrence by no means
justifies us in the assumption even of the merest trace of
urea, and, consequently, the assertion that Marchand found
urea in the blood of the calf i1s devoad of foundation. We
could not have corrected this error, had Marchand been
credited with his statement upon the mere value of his name
as a chemist.

History.—Urea, in an impure state, was first obtained from
urine in 1773, by Rouelle, jun., who called it extractum
saponaceum urine. 1t was first obtained pure by Fourcroy
and Vauquelin in 1799. Its chemical composition was
doubtful, even after its decomposition to ammonia and eyanic
acid had been proved. In consequence of this discovery, a
successful attempt was made by Liebig to produce urea
artificially ; and we are now in possession of several methods

1 ¢ Ann. d. Chem. und Pharm.,” Iviii, p. 98.
* Erdmann's ‘ Journal,” 1838, p. 500.
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whereby it may be produced in any quantity, and more pure
than it can be obtained from urine, without much difficulty.

As pure urea is a necessary instrument for preparing the
test-fluids by which the chlorides and urea of the urine are
determined guantitatively, it may be of use to the reader to
have the mode of artificially making urea deseribed in this

lace.

¥ 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-gray mass which remains
with cold water; add to the filtered liquid 204 parts of dry
sulphate of ammonia; let it stand, in order that the sulphate
of soda may crystallize ; separate the crystals from the solu-
tion containing urea; evaporate the latter to dryness, and
extract with alcnhol which leaves the rest of the sulphates
undissolved, and, on evaporation, gives perfectly pure and
white urea.

Two new methods for the artificial preparation of urea, by
Natanson and Regnault, have been described.!

Urea is formed by evaporating a mixture of cyanie acid
and ammonia (H,;N+HO+C,NO)=(C,HN,0,). It is a
product of the decomposition, by oxydizing agents, such as
peroxide of lead, of uric acid; and, by another process, of
creatine ; and the regularity with which this transformation
is effected has established the opinion that urea is contained
in urie acid, as it were, in a preformed condition, or that urie
acid is cmly a preparatory state of urea.

Physical properties.—Of the physical properties of urea, its
Jform of erystallization deserves our attention for a moment.
The crystals of artificial urea, or of urea obtained from urine b
the process of purification to be described, are known well
enough as white silky needles, or white transparent prisms,
square on section, striated, and of a silky lustre. One or two
inclined planes form the ends of the prisms.? Much more per-
feet erystals, however, than are obtained by any of these modes,
are occasionally produced by the simple spontaneous evapora-
tion of a drop of urine on an object-glass.

The urine of fever-patients, which has a high specific
gravlty, and contains a very small proportion of inorganie
salts, is very suitable for this experiment. The rapid forma-
tion of the pr1sms and their combinations, and their soluhility
in water, glycerine, and preserving solutmna ensures the

' ¢ The Lancet,’ July 26, 1856, p. 144.

? Vide Dr. L. Beale, * The Micros. in Clin, Med., p- 264, fig. 215. Punke,
* Atlas d. phys. Chemie,’ taf. ii, fig. 4. See also P']:m:l fig. 1.
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diagnosis. They polarize with a weak blue colour, which is
much like the glare of the sea in moonlight.

Urea crystallizes in quadratic prisms, from a solution in
water with a rectangular terminal plane, from a solution in
alcohol with octahedral planes. The long four-sided prism
becomes 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. These relations must be borne in mind
when examining erystallizing solutions under the microscope
with a view to diagnose urea. On the object-glass, one of
the planes, by coming in contact with the surface, is pre-
eminently large, and its two adjoining planes are very much
narrower, thus showing that the crystal was prevented from
growing in the direction of the glass. A secondary plane
may in this way become larger than its diagonal one, and one
or more primary planes may be prevented from obtaining the
size of their correlatives,

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 vegetable pigments. It is
soluble in its own weight of water of 15° C., in five parts of
alcohol, of 0-816 specific gravity, at the ordinary temperature
of the air, and in its own weight of boiling aleohol. It is
almost insoluble in ether, and quite insoluble in oil of turpen-
tine.

Decompositions,—Urea may be decomposed by the influence
of heat, acids, alkalies, salts, putrid animal matter, and yeast.
When exposed to a temperature of 120° C. (248° F.) it fuses,
but the temperature being raised a few degrees, ammonia and
carbonate of ammonia are evolved, leaving ammeline, an
amorphous white matter, then cyanate of ammonia, eyanuric
acid and its derivatives, until at last the residue chars, and
on raising the temperature to red heat, burns without leaving
any residue.

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

C,H,N,0,+2NO, = 2C0,+ 4N +4HO.

The same decomposition is produced by a solution in nitrie
acid of the nitride of the suboxyde of mercury. This decom-
position is employed in the quantitative analysis of Millon.
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Urea, when fused with potash, or treated with concentrated
sulphuric acid, is transformed into carbonie acid and ammonia.
C,H,N,0,+2HO = 2C0O,+2NH,,.

The quantitative analysis of Heintz and of Ragsky is based

upon this influence of sulphuric acid upon urea.

The same decomposition of urea may be produced 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. (288° F.), will decom-
pose in this manner; and if a sufficient amount of hydrate of
baryta be present in the tube, the decomposition at a tempe-
rature of gom 210° C. (410° F.) to 240° C. (468° F.) 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 quan-
tity of urea present in the fluid before the experiment. This
18 the process employed in the method of Bunsen.

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
(vide alkaline urine, p. 11), 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. (122° F.), will
evolve ammonia. Below 50° C. (122° F.), 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 liguor sodze chlorinate,
evolves the whole of the urea in the form of nitrogen, car-
bonic acid, and water. As the carbonic acid is immediately
absorbed, nitrogen only is left, the bulk of which, on measuring,
is a ready means of determining the amount of urea of which
it was a part. (Method of E. W. Davey.)

A mixture of urea and nitrate of silver in solution is on
evaporation transformed intonitrate of ammoniaandecrystalline
cyanate of silver. This experiment is the reverze of the process
by which urea is produced artificially. Its formula is thus:

CEH.;N:_?G:! -+ Ag(}, ND;,:= NHJGJ NDE + Agﬂ: CFD

Combinations of Urea.

Urea enters into combination with several bases, acids,
and salts. Of these compounds, those are of great impor-
tance which, by being insoluble in water and watery
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anlut_iqns, enable us to transform dissolved urea into a
precipitate, and thereby determine its quantity.
Urea and protovyde of mercury)—a. With two equivalents

+
of protoxyde of mercury. U+2HgO.—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 dis-
solved ; an excess of the oxyde of mercury is in the fluid
o1 'uflually changed into a white or yellowish-white powder ;
the filtrate from the latter,after the elapseof 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 equivalents of protoxyde of mercury. U
+3Hg0.—On adding to a solution of urea, caustic potash,
and then a solution of bichloride of mercury, with a re-
newed addition of potash ley, so that the finid 1s always kept
alkaline, a thick, gelatinous, snowy-white precipitate is ob-
tained, which, when perfectly 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 evolu-
tion of light, water, carbonate of ammonia, and metallic
mercury. The puwder is soluble without effervescence in
hydrocyanic and hydrochlorie acid; in the latter solution
alkalies produce a whitish-yellow precipitate.

c. With four equivalents of protowxyde of mercury. f]-{-
4 HgO.—If, instead of a solution of bichloride of mercury, a
solution of nitrate of protoxyde of mercury is precipitated by
an alkaline solution of urea, a white and less voluminouns
precipitate is obtained, which in boiling water shrinks to a
sandy powder.

Urea and chioride of sodium. ﬁ +NaCl+2HO.—This
salt erystallizes in elino-rhombic prisms of great lustr 8 when
a mixture of solutions of urea and chlnrlde of sodium is eva-
porated. The same salt is obtained in large coloured
crystals on evaporation of human urine. (Strecker.)

+
Urea and nitric acid. U+ NO,—If we mix a concentrated
solution of urea, or urine concentrated by evaporation, with
an excess of colourless nitrie acid, the mixture will imme-
diately crystallize into an almost solid mase of white shining
scales or plates (yellow from urine) of nitrate of urea. This

1 Liebig, * Aun. d. Chem. und Pharm.,” Ixxx, p. 123; Ixxxi, p. 128; Ixxxii,
n. 232; IXxxv, p. 189,
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crystallization may be completed or accelerated by exposing
the mixture to the influence of cold—by putting it into ice
or a freezing mixture.

Nitrate of urea crystallizes in the rhombic system. If a
pure crystallization be obtained, the rhombie prisms may be
seen to perfection. Neubauer! says that on letting pure
nitric acid combine with urea under the mieroscope, flat
rhombic octahedra are formed at first, which, by apposition
of erystalline matter, become converted into rhombic plates.
This metamorphosis, however, most improbable in itself
for crystallographiecal reasons, has not been observed by me,
or by any other writer on the subject as far as I know. The
rhombic prisms are either flat, single, and primary, or com-
binations of several prisms ; like those of pure urea, becoming
hexagonal, and ultimately thin plates. (See Plate 1.)

The nitrate obtained from urine directly, almost always
crystallizes 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
crystallizations of pure urea: the plates only show the pris-
matic character a little more.

The ecrystals obtained from urine are pressed between
bibulous paper, until the paper is no longer stained. They
may then be washed on a filter with some water containing
a little mitric acid, in which they are not very soluble, and
may then be pressed a second time. They are then almost
white, and of a silky gloss, or satin-like lustre, resembling
mother-of-pearl,

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 284° F. 140° C. it decomposes,
carbonic acid, suboxyde of nitrogen, urea, and nitrate of
ammonia being produced.

-+ =

Urea and oxalic acid. U+0. (2C,H,N,0,, C,H,0, Ger-
hardt.)—Oxalic acid has a stronger affinity for urea than
nitric acid, so that when it is added to a solution of the ni-
trate, oxalate of urea will be formed, which not being very
soluble in water containing nitric acid, is precipitated.
Oxalate of urea crystallizes in rhombic prisms and rhom-
bic plates,? some varieties of which are very much like the pris-
matic plates of nitrate of urea. But frequently the oxalate has

' Loc. cit., p. 7. He refers to Funke's  Atlas," taf. ii, fig. 5; but there only
prisms, and not a single octahedron, are to be seen, 3

? Vide Dr. Beale, ‘The Microscope,’ p. 264, fig. 214. O. Funke, * Atlas,’
taf. ii, fig. 6. Bowman, ‘ Med. Chemistry,’ p. 5, fig. 1.

4
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more tendeney to produce crystals in which the axes are
of a more equal length; these erystals, though smaller in
outline, have then more body. (See Plate 1.) To the naked
eye a precipitate of the oxalate of urea appears as a white
erystalline mass of plates. This salt is soluble in 23 parts
of water of a temperature of 59° F. (15° C.), but is soluble
in a much smaller quantity of boiling water.

Urea and nifrate of mercury.'—On adding to a solution of
urca a solution of nitrate of mercury, a white flocculent pre-
cipitate is immediately produced, which contains urea, oxyde
of mercury, and nitric acid. According to the proportion in
which both solutions are mixed, and the amount of free acid
contained in the solution of mercury, one of three com-
pounds or a mixture of three compounds is produced, which
are distinguished from each other by containing different
quantities of the protoxyde of mereury.

These three different combinations have the following cha-
racters in common : On combustion with oxyde of copper they
develop a mixture of gases, in which nitrogen and carbonie
acid are present in the proportion of three volumes of thé one
to two volumes of the other. This is the same proportion as
in the nitrate of urea. On removing the oxyde of mercur
by sulphuretted hydrogen, there remains in the fluid after
filtration from the precipitate, pure nitrate of urea, which
erystallizes to the last drop. These combinations, therefore,
only differ from each other by a varying amount of protoxyde
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 nitric acid gives now a yellowish precipi-
tate with potash. The formulw of these three combinations
it

+
4. NO, U+4Hgo
4
B. NO, U+2HgO
. NO, U+3HgO

From these formule, and the manner in which they are
decomposed by sulphuretted hydrogen, sulphuret of mercury
being precipitated and nitrate of urea going into solution,
we may consider these bodies to be combinations of one

' Justus Liebig, * Ueher eine nene Metnode zur Bestimmung von Kochsalz

und Harnstoff im Harn," Heidelb., 1853. ¢ Annal. d. Chem. und Pharm.,” Ixxxv,
p. 294.
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equivalent of nitrate of urea, with four, two, and three equiva-
lents of the protoxyde of mercury respectively. The first of
these combinations is produced in the quantitative analysis of
urea in the urine.

Diagnosis of Urea in Urine and other Animal Fluids.

To demonstrate the presence of urea urine, the fol-
lowing modified method of Liebig! should be adopted: A
quantity of urine should be mixed with about half its volume
of a solution of bharyta (consisting of two volumes of satu-
rated solution of baryta or baryta water, and one volume of
a saturated solution of nitrate of baryta), or a quantity of
that solution sufficient to precipitate the phosphoric and sul-
phuric acids. The fluid is then filtered from the precipitate,
neutralized with nitric acid, and evaporated to dryness on the
water bath; the residue is extracted with alcohol ; the alco-
holic extract is again evaporated, and exhausted a second
time with absolute aleohol. This last solution contains the
urea very pure, so that it erystallizes out in colourless needles.
This process may be employed for producing urea directly
from urine without precipitating it by either nitric or oxalic
acid, and may serve as a mode of finding the quantity of
urea in any fluid, particularly when the apparatus and test-
fluids of the Centigrade analysis should happen not to be at
hand.

The presence of albumen in urine requires a modifica-
tion of this process. It is mot advisable to remove the
albumen by boiling, with the addition perhaps of some drops
of acetic acid, in cases where accuracy 1s desired. For albu-
men, on passing from its dissolved into an insoluble condition,
incloses into 1ts substance a certain amount of urea, which
cannot afterwards be separated from it without great loss of
time and trouble. This fact must always be horne in mind
in analysing fluids containing a small amount or only a trace
of urea; as in that case the whole of the urea may adhere
to the coagula of albumen, and the flmd may appear to have
contained no urea at all ; or urine may in this way be made
to appear to contain a smaller amount of urea than it
actually does. To avoid erroneous conclusions, therefore,
albuminous urine, after precipitation with the solution of
baryta, should be extracted with absolute aleohol, which,
having a stronger affinity for urea than albumen has, takes

! Loe. cit., p. 23.
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the former into solution in the same moment as it renders
the albumen insoluble. The aleoholic extract may then be
evaporated to the bulk of the urine employed, and the amount
of urea determined by means of the mercurial test-fluid; or
it may be evaporated to dryness, the residue extracted a
second time, when, on a second evaporation, the whole of
the urea will be obtained in a crystalline state ready for
weighing.

It is mainly owing to the oversight of this fact that urea
has not been found either in blood or in the juice of flesh
by many observers, since it is always present in both.

Liebig’s Method of ascertaining the Absolute Quantity of
Urea in Urine!

This mode of ascertaining the quantity of urea dissolved
in urine 1s equal in accuracy to any hitherto in use, but has
the great advantage over them of requiring much less time
for its execution, and no particular ability on the part of the
operator—two circumstances which pre-eminently qualify it
as a means for the diagnosis of certain pathological
conditions of the system. It is based upon the property
of urea to be precipitated by the addition of nitrate of
mercury, in combination with one equivalent of nitrie acid
and four equivalents of the oxyde of mercury, three equiva-
lents of nitric acid remaining free in solution.

On gradually adding to a dilute solution of urea a dilute
solution of nitrate of mercury, and neutralizing the free acid
of the mixture from time to time, by the addition of some
bharyta 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 he 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
hasic nitrate of mercury, or carbonate of mercury. If
the fluid is now filtered, i1t does not any longer contain any
appreciable quantity of urea; the whole of the urea has been
precipitated. The precipitate is composed of one equivalent
of urea and four equivalents of oxyde of mercury. By mix-
ing solutions of urea and nitrate of mercury, both of known
strength, we can easily convince ourselves that precipitation

! Liebig, loe. cit., p. 19.
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of the yellow oxyde or carbonate 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 solu-
tion of mercury, in which there are contained seventy-seven
parts of the oxyde of mercury. This amounts to four equiva-
lents of the oxyde for one equivalent 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 white on the addition of carbonate of
soda. But 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 erystalline. One
may now easily recognise the six-sided plates of the combi-
nation of urea with one atom of nitric acid and three atoms
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 precipitated yellow by
the same alkalies. In the acid fluid the combination, con-
taining four atoms of the oxyde of mercury and one of nitric
acid, is reduced to a combination containing less oxyde, be-
;:lal}sgie a part of the oxyde is redissolved by the free acid of the

uid.

In order to recognise whether an amount of the solution
of the nitrate of mercury sufficient to produce the combina-
tion of urea with four atoms of the oxyde of mercury has
been added, the neutralization 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 pro-
duced, then we have added a sufficient amount, or rather a
little more than sufficient, of the mercurial solution to pre-
cipitate the whole of the urea. It requires 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 de-
scribed, 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 guantity of urea in fluids containing an
unknown amount of urea. From the volume of the mer-
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curial solution used in this way, the amount of urea present
may then be calculated ; a consumption of half the volume
gshows half the amount of urea, of twice the volume double
the quantity of urea, to be contained in the fluid.

The results obtained by this analysis are equal in accuracy
to those obtained by the methods of Bunsen and Ragsky ;
but these latter methods, though giving excellent results, are
not available for practical purposes, on account of the time
and attention required to carry out the operations. If it be
required to make many analyses of urea at one and the same
time, the method of Bunsen may not take more time than
that of Liebig above described, though the operator must be
expert at weighing, and not lose much time with the scales,
or this one proceeding will take as much time as the whole
of the titre analysis. As the analysis of Bunsen is not only
absolutely correct, but also a beautiful conception, I have
lower down given it in full ; that of Ragsky being, though
good, not easy of application, is omitted.

Preparation of the Solution of Mercury for precipitating Urea
Jrom 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, 201'75 c.c. of solution would be obtained, being
175 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 contained in 10 c.c. of the solution just deseribed,
namely, 200 milligrammes of urea; one cubic centimetre,
therefore, of the mercunrial solution must correspond with 10
milligrammes of urea. To this end, the solution of mercury
must contain an amount of oxyde sufficient to produce, with
10 milligrammes of urea, the nitrate containing four equiva-
lents 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 distinetly yellow-coloured pre-
cipitate.

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

The simplest mode of obtaining the test-fluid is by dis-
solving in a beaker-glass one part of pure metallic quicksilver
in five parts of nitrie acid of 1425 specifie gravity, and fre-
quently adding a little nitric acid, keeping the mixture at a

entle heat, until the evolution of vapours of nitrous acid

as 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 7140 grammes of mercury. This is
the case, if 100 grammes of mercury, after transformation
into the nitrate of the protoxyde, are dissolved in so much
water that the bulk of the solution amounts to exactly 1400
d.c:

If we unse for the preparation of the protoxyde the crystal-
lized 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 protoxyde obtained is of unknown strength. The
gquantity -:mfy protoxyde 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 prot-
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 protoxyde 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 decomposing
the precipitated sulphate of protoxyde of mercury by a cur-
rent of sulphuretted hydrogen.

A third proceeding, which dispenses with scales, is the
following :

Episode : Mode of ascertaining the amount of protoxyde of
mercury contained in a solution of nitrate of mercury.—
On mixing a solution of the nitrate of protoxyde of mer-

with a solution of phosphate of soda, a white flocculent
precipitate of phosphate of protoxyde of mercury is imme-
diately produced, which, on being allowed to stand in the
liquid, rapidly becomes crystalline.
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Asolution of corrosivesublimate may, however, be mixed with
the alkaline phosphate, without any turbidity !:-emg produced.

If to the mixture of the two first-mentioned salts we add
a solution of chloride of sodium, hefore the precipitate has
had time to become erystalline, the latter immediately decom-
poses with the chloride of sodinm, corrosive sublimate and
phosphate of soda being produced; the precipitate dis-
appears, and the fluid becomes perfectly clear.

This test is the basis of the following method, by which
the amount of protoxyde of mercury contained in a solution of
the nitrate may be ascertained with tolerable accuracy. One
equivalent of phosphate of mercury requires for its redis-
solution one equivalent 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 phos-
phate of mercury, we also know the amount of protoxyde
contained in the solution of the mitrate.

As the equivalent of the chloride of sodium is only about
one half of that of the protoxyde of mercury, a slight error
in the addition of the chloride of sodium will be doubled in
the calculation of the mercury. This analysis is therefore
not so accurate as its reverse, the determination of chlonde
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
sodinm 1s first pr{*pnrcd by pouring water over pure, trans-
parent rock salt in coarse pieces, and letting it stand for
solution at a temperature of from 54° to 75 50 T, (12:2 to
23-9°C.) 1If the mixture be frequently shaken it will, after
the elapse of twenty-four hours, be perfectly saturatcﬂ and
in every case will contain an invariable amount of salt,
viz., 3184 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 ; . 5668 c.c.

Whereby we obtain of dilute solution e
of chloride of sodium i 5868 c.c.

Which in all contain 6368 milligrammes of chloride of sodium,
viz., the amount contained in 20 c.c. of the saturated solu-
tion. In 10 c.c. of this dilute solution there are consequently
contained 108:52 milligrammes of chloride of sodium, corre-
sponding to 200 milligrammes of protoxyde of mercury (1 c.c.
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dilute solution=20 milligrammes of protoxyde of mercury).
This caleulation is based upon the equivalents of protoxyde of
mercury= 108, and chloride of sodium =58-6, which stand to
each other in the same proportion as 200 of the oxyde to
108-52 of chloride of sodium.

Mode of ascertaining amount of protoxyde, &c. (continued).
—In order to determine with some degree of accuracy the
amount of oxyde contained in a solution of the nitrate, the
latter must not be too concentrated, 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 milli-
grammes of protoxyde of mercury.

The following preliminary experiment is therefore made,
for the purpose of ascertaining the concentration: 100 e.c.
of the solution of chloride of sodium are mixed with 4:0 e.c.
of a solution of phosphate of soda (the officinal salt) satu-
rated at the ordinary temperature. To this mixture the
mercurial solution is now poured from a burette, until a
precipitate is formed which does not disappear on shaking
the fluid. Let us suppose that we have used for that pur-
pose 24 c.e. of the mercurial solution; they accordingly
contain 200 milligrammes of oxyde; 10 c.c. of the solution
therefore contain more than 800 milligrammes, when the
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 e.c.
into a beaker, add 4-0 c.e. of the above-mentioned solution
of phosphate of soda, and pour from a burette the graduated
or standard solution of chloride of sodium into this mix-
ture, which is kept in constant agitation, until at last the
white precipitate, which is formed on addition of the phos-
phate to the mercurial solution, is entirely redissolved.

Theaddition to the mercurial fluid of thesolution of phosphate
of soda 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 crys-
talline, 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 soda, the mixture no longer
reddens litmus. If it has, however, an acid reaction, the
mercurial solution must, previously to the testing, have a
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part of its acidity neutralized by the addition of a few drops
of a solution of carhonate of soda, until basic salt begins to
be precipitated, which may be redissolved by a drop or two
of dilute 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 guantity of solution of chloride of sodium
added to a given bulk of the mercurial solution, the more
oxyde this solution will appear to contain. The error, conse-
quently, which we have just pointed out,increases the apparent
real amount of oxyde contained 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 generally very slight. If
the proceeding be reversed by pouring the mercurial solution
into a mixture of the solution of chloride of sodium and the
alkaline phosphate, a slight excess of the mercurial solution
must always be added, for the purpose of producing the pre-
cipitate, 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.

These analyses become still more correct, if we combine
both methods, and proceed in the following manner :

(Method 1.) We measure 10 e.c. of the solution of mercury
into a beaker, add from 3 to 4 c.c. of the solution of phosphate
of soda, 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 preci-
pitate has disappeared. Let us suppose that we have used
for that purpose 125 ec.c. of the solution of chloride of
sodinm, we now—

(Method I1.) Measure 12'5 c.c. of the same solution of
chloride of sodium into a beaker, add from 3 to 4 c.c. of the
phosphate of soda, and pour into this mixture from a burette
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 10°25 c.c., then its
real strength is—There have been used for

I. 100 c.c. of the mere. sol. 12°5 e.c. sol. of chl. of sod.

I1I. 1025 e.c. ditto. 125 e.c. ditto.
20:25 ec.c. mere. sol. 250 c.c. sol. of chl. of sod.

As every c.c.of the graduated solution of chloride of sodium
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indicates 20 milligrammes of oxyde of mercury, it follows
that the 25 c.c. used indicate 20x25 = 500 milligrammes
of oxyde, which are contained in 2025 ec.c. of mercurial
solution.

In this manner has been ascertained the amount of oxyde
contained in the solution (diluted with three volumes of
water). 1 will now proceed to give the deseription of the other
proceedings 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 concentration required for urea. The correctness of this
dilution must be checked before its application for deter-
mining the amount of urea in urine, by means of the solution
of pure urea mentioned above, which, in 10 e.c., contains 200
milligrammes of urea.

In diluting the concentrated mercurial solution, it is ad-
visable not to add the whole bulk of water, which by caleu-
lation has been found necessary, all at once. 1t 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 :

We take 100 c.c. of the concentrated solution or syrup,
dilute it with five or ten times its bulk of water, according to
its concentration, and in 100 c.c. of this dilute solution we
itlﬁpmximntely ascertain the amount of oxyde by means of

e phosphate of soda and the graduated solution of chloride
of sodium,

Let us suppose that, for 100 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 10°0 c.c. of the concentrated solution, there ought to
be used 385 c.e. of the graduated solution of chloride of
sodium (corresponding to 772 milligrammes of oxyde of mer-
cury). We have, however, in reality used 5 x 185 = 925 c.c.
of the graduated solution. If for 10-0 c.c. of the concentrated
mercurial solution there are required 92°5 c.c. of the graduated
solution of chloride of sodium, 4'16 c.c. of the former will
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emctlfy be necessary to neutralize 38'5 c.c. of the latter, If
therefore

416 vol, of the concentrated merc. solut. are mixed with
584 vol. of water, we obtain

1000 vol. of a dilute solution,

10:0 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. Itis
better to allow a margin. We now measure 10 c.c. of the
graduated solution of urea into a heaker, add from a burette
the solution, which has been diluted to not quite the calen-
lated strength, until a drop of the mixture, when brought
into contact with a drop of a solution of carbonate of soda
on a glass plate or a watch-glass, gives a distinet yellow reac-
tion. In case we have used for that purpose 19-25 c.c. of the
solution of mercury,

of the latter,

We now add, upon every . . 192:56 e.c.
Water to the amount of : 75 e

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
distinctly, the solution of mercury may be used for ascer-
taining 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 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 gra-
duated 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 deflec-
tion, the amount of which must be carefully impressed upon
the memory.

e
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Analysis of Urea in Urine. Special Proceedings.

We first prepare a mixtureof twovolumesof baryta water,and
one volume of a solution of nitrate of baryta, both saturated at
the ordinary temperature. Of this alkaline fluid, one volume is
mixed with twovolumes of urine. For this purpose a small glass
cylinder of a capacity of about 15 e.c., or any other conve-
nient size, may be used. This eylinder is ground round the
edge, so as to admit of being closed hermetically by a plate
of glass. It is then twice filled with urine to overflowing, the
excess being each time removed by covering it with the glass
plate. The same cylinder is afterwards once filled in the same
manner 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 neutralizing, add
from a burette the graduated solution of the nitrate of prot-
oxyde of mercury, keeping the mixture agitated all the time,
and test the mixture as soon as we perceive that no further
precipitate is formed, and that the fluid does no longer be-
come thick on the addition of the mereurial solution. For
this purpose we take with a glass rod a drop out of the mix-
ture, and add it to a drop of a solution of carbonate of soda,
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 distinet yellow colour on being added to the drop of solution
of earbonate of soda.

We now read on the scale of the burette the number of
cubic centimetres of the mercurial solution used ; and from
this is ascertained, by the simplest caleulation, the amount of
urea contained in 10 ec.c. of urine, and hence in the total
quantity discharged in twenty-four hours.

Modification of this method required by an excess of wrea 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
solution of urea require for precipitating the whole of the urea,
and for the production of the test indicative of the com-
pletion of the precipitation, 30 c.c. of mercurial solution. We
thus obtain 45 c.c. of a mixture in which on the whole there
are 30 times 52 = 156 milligrammes of free protoxyde of
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mercury ; every cubie centimetre therefore contains 3-47
milligrammes of protoxyde of mercury.

If the 15 c.c. of solution of urea contain 4 per cent. of
urea, and we add 60 c.c. of the mereurial solution, a mixture
a,mnuntinu to 75c.c. is produced, in which there are contained
312 mﬂhgl ammes of the oxyde of mercury, viz., 4'16 milli-

mmes in every cubic centimetre, being an excess of 0°69
milligrammes of protoxyde in every cubic centimetre ahove
what is required to produce the original colour.

It has been shown by careful experiment that, in ana-
lysing 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 illustra-
tion, 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 graduated for—for ex-
ample, if more than 300 c.c. of the mercurial solution are
used for 15 e.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 soda. 1If, 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
indieation is obtained.

Muodification required by the urea 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 c.c. of urine not 15 c.c.
only, but 15°3 e.c., which would unduly inerease the apparent
amount of urea. Mo avoid this error in working with dilute
urine, we must, for every 5 c.c. of mercurial solution which
have beennsged less than 30 e.c., subtract 0'1 e¢.e. from the sum
of cubie centimetres actually used. If therefore for 15 e.c.
of urine 250 c.e. of mercurial solution have been used, the
real amount of urea being 249 milligrammes, is expressed by
24:9 c.c. of mercurial solution.

Modification required by the presence in urine of chloride of so-
dinin.—A series of experiments has shown that, when the chlo-
ride 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
soda will produce a distinet yellow precipitate of protoxyde

i i
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of 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 15 to 2-5 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
80 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 fluetuations.

As we shall see more particularly in treating of the deter-
mination of chloride of sodium by means of the nitrate of
protoxyde of mercury, a solution of urea containing chloride
of sodinm is not precipitated until all the chloride of sodium
present is decomposed, and corrosive sublimate is formed. In
a solution of 200 milligrammes of urea and 100 milligrammes
of chloride of sodium in 10 c.c. of water, to which 20 c.c. of
the mercurial solution have been added, the excess of the
mercury, which otherwise would have given the yellow reac-
tion on addition of carbonate of soda, is not present in the
form of nitrate, but of corrosive sublimate; by the for-
mation and presence of which, it is evident, the change in the
test 1s caused. Instead of 3-46 milligrammes of oxyde of
mereury 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 soda, and
on then mixing the same solution of sublimate with a drop of
nitrie acid, and then adding it in drops to a solution of car-
bonate of soda, 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. 1In this condition,
the excess of corrosive sublimate exists in the mixture of
the solutions of urea and of mercury, the greater part of
the mnitric acid of which iz in a free and uncombined
state.

This free nitrie acid converts part of the carbonate of soda
into the bicarbonate, which does not precipitate corrosive sub-
limate. 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 quantity of
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carbonic acid set free is not sufficient to totally prevent the
precipitation of protoxyde of mercury, and a brownish-yellow
precipitate is produced. This appears to be the reason why
the presence of a certain amount of chloride of sodium de-
fers the indication of the complete precipitation of urea, and
why a further inerease in the amount of chloride of sodium
ilﬂes not interfere with the test after having reached a certain
weight.

In operating upon urine containing from 1 to 1-5 per cent.
of chloride of sodium, the number of milligrammes of urea
contained in 100 ¢.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 sodium varies
in the urine of different individuals. There is only a slight
error in the absolute quantity of wurea, 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 quantity of
urea in urine, the chlorine must be removed from the urine,
and the chloride of sodium converted into the nitrate of soda.
This is done by the agency of a graduated solution of nitrate
of silver. 11:601 grammes of fused nitrate of silver are dis-
solved in water, and diluted until the volume of the fluad
amounts to 400 ¢.c. One cubic centimetre of this solution
contains 2901 milligrammes of nitrate of silver, correspond-
ing to 10 milligrammes 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 kitchen salt. If, therefore, to 10 c.c. of urine
we had to add 125 c.c. of the mercurial solution just alluded
to, for producing the turbidity indicating that all the chloride
of sodium is converted, then 12'5 ec.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



UREA. G5
urine, we have used 17'5 of the mercurial solution graduated
for kitchen salt. We now measure with a pipette

30:0 e.e. of the same urine, add
350 ec.c. of the solution of silver,

650 e.c.

and throw the mixture on a filter.

Of the filtered lignid we now take for the test of urea
always one half of the number of cubic centimetres of the
mixed fluid, viz., 32:5 e.c., in which there are contained 10c.c.
of urine, less phosphates and chlorides. These are now mixed
with the mercurial solution graduated for urea ; and the quan-
tity of the latter is thus ascertained, regard being always had
to the dilution in consequence of the addition of the solution
of silver.

Modification required by the urine containing ammonia.—
For common urine, one volume of solution of baryta to two vol-
umes of urine is generally sufficient for precipitating the whole
of the phosphoricand sulphuric acid present,and leaving a small
amount of barytain solution. If, however, the urine becomes
alkaline from the presence of an alkaline carbonate, which
most commonly is carbonate of ammonia, from the decompo-
sition of urea, one volume of solution of baryta to two volumes
of urine 1= 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, 175 c.e. of the filtered flmd, corre-
sponding to 10 e.e. 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 influenee of the decomposition of urea will in many
cases not prevent the same results from being obtamed in
putrid urine as were arrived at in the same urine when fresh.
Two or three days’ standing will generally make no differ-
ence ; but after that, the analysis with the mercurial fluid
eannot any longer be depended upon.

If exact analyses of ammoniacal urine be required, we may
either fix the carbonic acid, and transform the urea preseﬁt
into the same acid and ammonia by subjecting a quantity of
urine to Bunsen’s analysis; or we must determine the am-
monia 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.

0
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For the analysis of urea in this kind of urine, it is not
precipitated with the mixture of solution of baryta, but with
baryta water only. From the filtered fluid a portion is taken
corresponding to 10 c.c. of urine, and heated in a water bath,
until ammonia is no longer evolved. This expulsion of am-
monia 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 am-
monia. In the fluid thus freed of ammonia, urea is deter-
mined by the mercurial fluid.

In another portion of the urine the ammonia has to be
determined by one of the ordinary alkalimetrical methods.
The most convenient test is dilute sulphurie acid, which may
be procured by mixing 16:333 grammes of pure hydrated
sulphuric acid with as much water as will raise the whole of
the mixture to 500 e¢.c., or 1000 half c.c. Of this sulphurie
acid 05 c.c. exactly saturate 566 milligrammes of ammonia,
being the quantity produced by the decomposition of 10
milligrammes of urea. Every cubic centimetre of sulphurie
acid, therefore, used for neutralizing the ammonia of urine,
corresponds to 20 milligrammes of urea originally contained
in the urine.

The analysis becomes more accurate if we subjeet a known
guantity of urine (after treatment with baryta) to distillation,
collect the product in a receiver containing a known volume
of the graduated sulphurie acid, which must be more than
sufficient for neutralizing the whole amount of ammonia that

asses over. The quantity of free acid left is then determined
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 re-
quire 150 c.c. of the graduated solution of ammonia for
neutralizing the acid, then a quantity of ammonia has passed
over by distillation which has neutralized 40 — 15 =25 c.c.
of the graduated sulphuric acid, and represents 250 milli-
grammes of urea.

Modification required by the presence in wrine of certain
nilrogenized matters not being wurea.— Besides urea some
other bodies are precipitated by the solution of nitrate
of protoxyde of mercury. One of them is allanfoine, as
has been shown by Dr. Limpricht.) It has been stated by
Professor Stiideler that he found allantoine in the urine of

! * Annal. d. Chem, und Pharm.,’ 1853, October, p. 99.
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dogs labouring under difficulties of respiration. Allan-
toine is present in the urine of the sucking calf; but it has
never as yet been found either in the normal or patholo-
gical 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 even by such a chemist as Wohler.! We
may therefore be quite safe that our analyses will not easily
be made inaccurate by the presence of that body.

There are, however, some nitrogenized matters, forming an
insoluble precipitate with the nitrate of mercury, which are
of more frequent occurrence, particularly in the urine of
patients, Kletzinsky,? in his comparative experiments on
the value of different methods for determining the quantity
of urea, found that there is a substance present in urine,
which, b}r its property of being precipitated by a solution of
sugar of lead, manifests itself as different from urea, and yet
18 prem;}ltated 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. Professor Vogel® 1s of opinion that the error
in some cases might amount to 20 per cent. of the urea
present.

This error must be avoided by the following proceeding :

Of a solution of sugar of lead, acidulated with a few drops
of acetic acid, a sufficient quantity is added to urine to pre-
cipitate the whole of these nitrogenized matters. Some of
them are nearly related to the colouring matter of urine,
which is itself precipitated by acetate of lead. Any excess
of the solution of lead must be removed by a current of
sulphuretted hydrogen. After filtering, the urine may be

used for the test for urea, due allowance being made for the
dilution.

Bunsen’s method of ascertaining the absolute quantity of
urea in urine.*—I have alrcady stated the principle of this
accurate method. Its advantages are, that it may be used

' ¢ Annal. d. Chem. und Pharm.,' Bd. 65, pp. 340—341.
? Heller's * Archiv,” 1853, p. 252
1 Loe. cit., p. 244.

¢ ¢ Annal. d. Chem, und Pharm.,’ Bd. 65, p. 375.
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for any description of urine, without requiring either cor-
rection or modification, as neither urie, hippurie, or henzoie
acid, nor sugar, albumen, colouring or other nitrogenous
matters, exert any influence over the results.

Thirty or forty grammes of urine are weighed or measured
into a balloon; from 8 to 10 grammes of a very concen-
trated solution of chloride of barium mixed with a little
ammonia are added ; the balloon is closed with a cork, and
the mixture is well shaken. After it has stood until the pre-
cipitate has settled to the bottom, the mixture is filtered
through a filter of known weight on a funnel, the tube of
which is drawn to a long, thin point. Of the clear fluid, 25
to 30 grammes are allowed to run into a strong glass tube,
closed at one end, and containing about 3 grammes of

solid, chemically pure chloride of bartum. The weight of the .

tube and contents is determined before filling. Thc walls of
this tube round the upper aperture must be kept quite dry.
The weight of the urine filled into the tube is then ascer-
tained, after which the tube is closed by the blowpipe, 1"
or 14" above the level of the fluid. The tube so closed is
now put into an oil bath, and for three or four hours ex-
posed to a temperature of from 428° to 468° F. (220" to
242° C.) After the tube has again cooled, it is opened by
means of a file and live charcoal ; the erystals of earbonate
of baryta are placed on a filter, washed carefully with water
which is free of carbonie acid, and, after drying, are weighed.
One part of carbonate of baryta corresponds to 0-4041
of urea.

The precipitate formed on mixing the urine with the am-
moniacal solution of chloride of barium, and which remained
on the filter, is then also washed, dried at 212°F. (100° C.), and
weighed. 'The weight of this precipitate, subtracted from the
weight of the urine and solution of chloride of barium, gives
the total weight of the fluid, of which we have put from 25
to 30 grammes into the glass tube. From the urea found
in the latter, that contained in the whole or any amount of
urine may be calculated.

It is shorter to precipitate the phosphates and sulphates
with the mixture of solutions of baryta water (two volumes)
and nitrate of baryta (one volume), as described for Liebig’s
method. Of the %rltr-rcd fluid a known quantity by measure,
say 25°0 c.c., is poured into the tube. The precipitate on the
filter is left out of the question, and thereby a great deal of
trouble in washing and weighing is saved. The analysis cer-
tainly is thereby made less accurate, but so trifling is the
error, that it may safely be allowed to pass.
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Dr. Davey’s method of determining the amount of wrea in
urine.'—This method is founded on the fact that urea is very
readily decomposed by the hypochlorites of soda, potash,
or lime, and its constituent nitrogen is evolved in the gaseous
state. From the quantity of gas evolved the amount of urea
1s estimated.

A strong glass tube, about twelve or fourteen inches long,
closed at one end, and its open extremity ground smooth, and
having the bore not larger than the thumb conveniently can
cover, holding from two to three eubie inches, each divided into
tenthsand hundredths by graduation on the glass, is filled more
than a third full of mercury, to which afterwards a measured
quantity of urine to be examined is poured, which may be from
a quarter of a drachm to a drachm or upwards, according to
the capacity of the tube; then holding the tube in one hand
near its open extremity, and having the thumb in readiness
to cover the aperture, the operator fills it completely full with
a solution of the hypochlorite of soda (taking care not to
overtflow the tube), and then instantly covers the opening
tightly with the thumb, and having rapidly inverted the tube
onee or twice, to mix the urine with the hypochlorite, he
finally opens the tube under a saturated solution of ecommon
salt in water, contained in a steady cup or small mortar. The
mercury then flows out, and the solution of salt takes its
place, and the mixture of urine and hypochlorite being lighter
than the solution of salt, will remain 1 the upper part of the
tube, and will therefore be prevented from descending and
mixing with the fluid in the cup. A rapid disengagement of
minute globules of gas soon takes place in the mixture in
the upper part of the tube, and the gas is there retained and
collected. The tube is then left in the upright position till
there is no further appearance of minute globules of gas
being formed, the time being dependent on the strength of
the hypochlorite and the quantity of urea present; but the
decomposition is gmuam]l{ completed in from three to four
hours ; it may, however, be left much longer, even for a day
if convenient, and having set the experiment going, it re-

uires no further attention; and when the decomposition is com-
pleted, itis only necessary to read the quantity of gas produced
off the scale on the tube. In cases where great accuracy is
required, due attention must be paid to the temperature and
atmospheric pressure, and certain corrections made if these
should deviate from the usual standards of comparison, at
the time of reading off the volume of the gas; but in

! ‘Philosophical Magazine,” June, 1854, p, 385; also * Dublin Hospital
Gazette,” June 1, 18554,
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most cases sufficiently near approximations to accuracy
may be obtained without reference to those particulars,

From a number of experiments, Dr. Davey has ascertained
that the quantity of gas evolved from different amounts of
urea, treated in the way just described, very closely approxi-
mates to the quantity of nitrogen gas which should be fur-
nished from the urea by caleulation. Thus, the fifth part of
a grain of urea should furnish by caleulation 0-3098 parts of
a cubie inch of nitrogen gas at 60° F.° (15:5" C) and 30" bax. ;
the same quantity of urea treated as deseribed furnished in one
experiment 03001, and in another 0-3069 parts of a cubie
inch of gas at the same temperature and pressure; which
shows that the caleculated quantity of nitrogen differs from
the amount of nitrogen gas obtained by only a few thou-
sandths of a cubic inch.

If the relation that exists between a certain quantity of
urea and nitrogen be known, we can, from the quantity of gas
evolved in any case, easily ealculate the amount of urea pre-
sent by the simple process of rule of three. Thus the fifth
part of a grain, or 02 of a grain of urea, gives by calculation
0-3098 parts of a cubic inch of nitrogen gas. Then 03098 :
the volume of gas found : : 0°2 : the required quantity of urea;
or, multiplying the first and third terms by 5, we have 1-549
cubic inches of gas representing one grain of urea, which is
a simpler proportion.

Comparative experiments, which Dr. Davey made with his
method and that of Liebig, seemed to agree very closely. In
each of the following experiments one fllid ounce of
urine yielded the respective guantities of urea in grains.

Liebig’s. Davey’s.
1. 3680 . : 3712
2. 5328 : . 5472
3. 4976 : : 4976

In the first and second experiments with Liebig’s test, the
quantity of common salt present in the urine was taken into
account, as it inereases the apparent quantity of urea in the
urine. In the third, this was not taken into consideration,
and the quantity of urea was compared with the mean of two
results obtained by Dr. Davey’s method.

The hypochlorite of soda is preferable to that of potash as
a decomposing agent, because the soda salt is an article of
the pharmacopeeia under the name “sode chlorinate liquor,”
and therefore can be easily procured ; whereas the potash salt,
not being used in medicine, would require to be specially
made for the purpose. The hypochlorite of lime is not so
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effectual, and has the disadvantage of soiling the sides of
the graduated tube by the carbonate of lime formed in the
reaction.

In reference to the quantity of hypochlorite of soda to be
employed, it should always be used in excess. About five or
six times the volume of the urine employed will be found
generally to be quite sufficient, and ensure there heing an
excess of the hypochlorite. The amount required may be
easily determined also by direct experiment, by adding to a
certain guantity of urine to be examined in a glass, a mea-
sured quantity of the hypochlorite, and leaving it for a short
time till the evolution of gas is nearly over; then if, on the
addition of more of the hypochlorite, the effervescence is re-
newed, it shows that there was not enough of the decomposing
liquor first employed, and more must be added from time to
time till no further evolution of gasis produced, and the quan-
tity of hypochlorite used to arrive at this point indicates the
amount necessary. One grain of urea requires somewhere
about half a fluid ounce of the ordinary sodwe chlorinate
liquor for its complete decomposition. The amount of mer-
cury employed should, as a general rule, be never less than
the volume of gas produced ; for if the volume of gas evolved
be more than that of the mercury used, it will be more than
that of the solution of salt, and therefore some of the mix-
ture of urine and hypochlorite will be forced out of the tube
before it is completely decomposed, and consequently some
of the gas will be lost; so that, if this occur, we must re-
peat the experiment, using either a larger quantity of mercury,
if our tube will allow, or diminishing the quantity of urine
employed.

It might be supposed, on first sight, that this method
would be liable to the following source of error, viz., that
some of the gas would be evolved and lost during the pouring
in of the hypochlorite; but this is not the case, as several
seconds elapse before there is any apparent reaction or evo-
lution of gas on mixing the hypochlorite with the urine, and
there is therefore full time to perform the experiment without
any loss of the gas. Dr. Davey has also ascertained that the
acid reaction of the urine does not affect his method. But
there are some slight sources of error connected with it, the
principal one being, that ammonia, if it exist in the urine,
gives rise to nitrogen gas, and therefore increases the apparent
amount of urea: but the same objection holds equally in
Liebig’s and Ragsky’s methods, the two most accurate at
present known. Uric acid also is similarly affected by the
hypochlorite; but it and ammonia ordinanly oecur in such
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small proportion in urine, that the error produced from these
substances would be but trifling, and is partly corrected by
taking the calenlated quantity of nitrogen, which is, as has
been shown, something more than that obtained from a cer-
tain quantity of urea by direct experiment.

In cases where ammonia or uric acid oceur in more than
ordinary quantity, these substances must be separated by the
usual means employed before having recourse to this method.
This object would be effected by gently heating the urine
with a certain guantity of baryta water as long as the odour
of ammonia is disengaged, and then filtering the solution
(see p. 66).

Another source of error is that, if a solution of the hypo-
chlorite of soda alone, or standing over mercury, be exposed
to the light for several days, it will very gradually evolve a
minute quantity of oxygen, which shows that in determining
urea we should not allow the experiment to go on for too long
a time; but, if left for a day, or even two, it will scarcely
make any appreciable effect on the guantity of gas evolved
in testing for urea.

The reaction which appears to take place in the process
seems to be the following: The hypochlorite of soda aecting
on the urea gives rise to the formation of carbonic acid,
water, and chloride of sodium, together with the evolution of
nitrogen gas. Thus

C,HN,0, + 3(CLO. NaO) = 2C02+4HO+3CI Na+2N.
T —_—
Urea. Hypochlorite of soda.

The nitrogen is evolved, and the carbonie acid is absorbed
by some of the hypochlorite of soda in excess, which absorhs
carbonic acid very quickly without evolving any other gas;
and Dr. Davey failed in several experiments to detect the
smallest portion of carbonic acid in the gas produced by acting
on urea, though he always noticed the presence of a very
minute quantity of oxygen in the nitrogen gas.

Dr. Davey has also ascertained that several of the sub-
stances found in urine during disease, as, for example, sugar,
albumen, biliary and excess of urinary colouring matter,
produce scarcely any effect on the results obtained by this
method.

We here give the literature of other methods for ascer-
taining the quantity of urea in urine :

Lecanu, ‘ Journal de Pharm.,” vol. xvii, p. 6561.—In the
form of nitrate.
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Heintz, ¢ Poggend. Ann.,” vol. Ixvi, p. 114.; vol. lxviii, p.
393 ; Ragsky, ¢ Annal. d. Chem. und Pharm.,” vol. liv, p. 20.—
In the form of (sulphate of) ammonia.

Millon, * Compt. rend.,” vol. xxvi, p. 119.—In the form of
carbonie acid and nitrogen.

Draper, € Journ. of Pract. Chem.,” vol. Ix, p. 381.

Physiological quantity of Urea.

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, caleulated upon
one hour, gives 1'25 to 1'66 grammes. This average must of
course vary a little acecording to the size of the individual ;
and in the individual it must be dependent on accidental cir-
cumstances, which will sometimes change it, and in rare in-
stances 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 kilo-
grammes, or units of measure of length of body, say centi-
metres. But many experiments will be requisite before
such a basis can with safety be given.

It would be useless here to enter into any speculation or
theory on the mode and place of formation of urea in the sys-
tem. We leave it undecided whether it is made in the blood,
or blood-corpuscles, or in the museles, however important the
decision of these questions may be. But one great fact is
undoubtedly established ; namely, that as urea is the prin-
cipal product of the metamorphosis in the body of nitrogenized
food, the guantity of urea must stand in a direct relation to
the quantity of food taken; or, if little or no food be taken,
to the amount of nitrogenized component parts of the body
disintegrated in the place of food. In this sense must be
taken the expression that ureais the measure of dissimilation,
if I may be allowed to use this term as the antithesis of assi-
milation. “ Der Harnstoff ist das Maass des Stoffwechsels,”
says Bischoff. And this is so nearly true that (with a slight
modification of the sentence) we may say—the amount of
urea is the measure of the most important part of the change
of matter in the system. The infensity of the change is ex-
pressed by the amount of urea in the urine. More urea is
produced during waking, than during sleep; more during
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bodily and mental exertion, than during an equal period of
inactivity, A large amount of nitrogenized 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 calenlating the discharge of urea with regard to time,
we must take care not to lose sight of the fact that the pro-
duction of a given quantity within a certain time may appear
larger or smaller according to certain circumstances, which
retard or facilitate the secretion of the kidneys. If the
amount of fluid discharged as urine become very small, the
amount of urea discharged in a given time will also be smaller
too, owing no doubt to a part of the urea formed being re-
tained in the system, particularly in the blood and muscles.
If, on the contrary, the kidneys 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 circumstances, 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.

Pathological indications.

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

I will first consider the excess of urea. It is common in
the stadium incrementi up to and over the acme of all acute
febrile diseases, such as typhus! and pneumonia, &e. ; and the
total gquantity of urea discharged in twenty-four hours ma
amount to 50, 60, or 80 grammes (A. Vogel), being double
the amount of that discharged during health. This increase
becomes a more important feature of disease, when the in-
gestion of nitrogenized 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 attendant. As soon,

! Dr. Alfred Vogel, Harnuntersuchungen nach Liebig's neuer Methode. Henle
und Pfeufer, * Zeitschrift fir rationelle Medicin,," Neue Folge, Band i, 1854,
p- 362.  Also the same author’s * Monograph on Typhus.”

For some particulars, sce the review of Dr. Stromeyer's work on Typhus, in
¢ Assoc. Med. Journal,” 1856, p. 46.

e e e e — i i
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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 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. So an exacerbation of phthisis
may be aceompanied 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 75
grains, in 200 fluid drachms of pale, faintly alkaline urine.
This was from a lady suffering from an ovarian tumour, for
which she had been salivated several years ago. The gmwth
of the tumour had been arrested since that time, but an anze-
miated condition of the body had established 11:3&]:[' against
which all treatment was tried in vain.

So low an amount of urea as 75 or 90 grains in twenty-
four hours generally only oceurs towards the fatal end of
diseases, when not only the production of urea is very
limited, but also the exeretory 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 pruclumd in the
system. The excess is then retained in the blood, tissues, and
juices of the body, and causes the cachexia mmmoulv known
as ureemia, which, if it be true that the products of decompo-
sition of urea, namely, ammonia and carbonic acid, are the
materies et causa morbi, had hetter be ealled ammnna&.mia.
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 se-
cretions, excretions, exudations, and effusions, It is the
same with dropsical effusions from other causes: they contain
in solution an amount of urea derived from the hl-:?md hut in
these cases the impairment of the excretory activity of the
kidneys is a a{:cnndary symptom, and scarcely ever causes
that amount of retention of urea which may lead to uremia.
And even then the kidneys may be stimulated by diuretics
or by exercise, or a spontaneous rally of the system may re-
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Pearson, ¢ Philos, Transact.,” 1798. p. 15.

Gay-Lussac, ‘Ann. de Chim., vol. xevi., p. 53.—First
elementary analysis.

Henry, ¢ Mem. of the Lit. and Phil. Soc. of Manchester,’
2d series, vol. ii (1818).

Bérard,  Ann. de Chim. et de Phys.,” vol. cexeii (1817).

Prout, * On the nature and proximate principles of Urine,’
* Medico-Chir. Trans.,” 1817.

Kodweiss, © Poggendorf’s Annal.,” vol. xix, p. 1 (1830).

Mitscherlich, ibid. vol. xxxii. p. 335.

Liebig, © Annalen d. Pharm.,” vol. x, p. 47 (1834).

Chevallier and Lassaigne, © Ann. de Chim. et de Phys.,” vol.
xiii, p. 158.

Wihler and Liebig, © Annal. d. Pharm.,’ vol. xxvi, p. 241 ;
‘Ann. de Chim. et de Phys.,” vol. Ixviii, p. 225 (1838).—
The nature of uric acid and all its derivatives finally es-
tablished.

Occurrence of Uric Acid, and methods of obtaining
il pure.

Urie acid is a constant ingredient in urine, from which it
may be obtained in crystals, and combined with bases, hy
cautious concentration, or by precipitation with an acid. It
constitutes many sediments and urinary ealeuli, and patho-
logically is found in the blood and gouty concretions. It is
found in the urinary exerements of many animals, from the
common snail upwards. The urine of birds chiefly consists
of urates, so that 100 kilogrammes (or parts) of guano may
be made to yield (by Bensch’s method 1) 21 kilogrammes (or
parts) of chemically pure uric acid. The excrements of ser-
pents consist of almost pure urate of ammonia, and therefore
they are the most convenient material for procuring pure urie
acid. These excrements, if in large solid white pieces, command
a price at present of from nine to ten shillings the pound. For
obtaining pure uric acid from them, the following process is
used: The excrements, after being reduced to a powder, are

' ¢ Annal d. Chem. und Pharm.,’ lviii, p. 264. For other methods to obtain
urie acid from calculi, excrements of pigeons, chicken, and even from human
urine, see—

Bittger, * Archiv d. Pharm.,’ ix, p. 132.

Landerer, ‘ Journ. de Pharm.’ (3), xix, p. 439.

Arppe (1853), * Aon. d. Chem. und Pharm.,” Ixxxvii, p. 237.

These methods use borax instead of caustic alkali. Arppe obtained 0-33 per
cent. of pure uric acid from excrements of pigeons. (Gerhardt, loe. cit., p. 546.)

The method of Delffs is much like the one here described, wide * Poggend.
Annal.,” Ixxxi, p. 311. Liebig and Kopp, ¢ Jahreshericht,” 1840, p. 408,
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dissolved by means of heat in a ley of caustic potash or soda
(one part of solid alkali dissolved n ten parts of water), and
boiled until ammonia is no longer evolved. The solution is
now filtered throngh paper, after which a eurrent of carbonic
acid is made to pass through it until the precipitate, which
at first is jelly-like, becomes granular, and sinks to the bottom
of the vessel ; that is, until the fluid has become guite neu-
tral. It is advisable to let the fluid with the precipitate stand
over night. The precipitate is the acid urate of the alkali;
it is put on a filter and washed with cold (iced) water, until
the filtered fluid and water used for washing become turbid.
This is unnecessary when white excrements of snakes, or even
red calculi from man, are employed, as the precipitate is
mostly perfectly white. The salt so obtained is again dis-
solved in the dilute alkaline ley, made boiling hot, and is then
poured into dilute hydrochlorie acid, which must -be more than
sufficient to neutralize all the alkali. Perfectly white and
pure uric acid is hereby precipitated, and, after decanting,
filtering, and washing, is dried. It consists of small scales,
being irregular rhombie plates.

Physical properties of Uric Acid.

Urie acid, when ecrystallizing slowly from a solution,
appears in dendritic crystals, which may sometimes attain
the length of } or 1 inch, and contain 21'5 per cent. = 4 atoms
of water, of which a part is given off at the ordinary tempe-
rature. On adding to the solution of a urate some hydro-
chloric or nitrie acid, uric acid is precipitated as a jelly-like
mass, which is transformed into anhydrous scales by warming
the fluid.

When dry, uric acid is a white, light powder, of a satin
lustre, and consists of small, delicate scales with irregular
outline, the rhombic plate sometimes defined. It is destitute
of taste and smell. It is nearly insoluble in cold water, sparely
goluble in hot. 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 68° F. (20° C.) The watery solution faintly
reddens litmus paper.

Uric acid is a little more soluble in hydrochlorie acid than
in water. Boiling hydrochloric acid dissolves a considerable
quantity of it; it erystallizes partially on cooling, and com-
pletely on evaporation of the acid. In sulphuric acid, uric
acid is soluble without decomposition, and is precipitated from
this solution by the addition of water.
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Uric acid is insoluble in aleohol and ether.

Uric acid is with facility dissolved in a solution of the
common or tribasic phosphate of soda, as also in solutions of
many other salts of the alkalies, particularly in higher tem-
peratures. In these cases uric acid combines with part of the
base, and thereby gives rise to the formation of acid salts,
which impart to the solution an acid reaction. Of these pro-
cesses we shall have to speak when treating of the sediments.

Crystallography.

The most perfect and pure erystals of urie acid that can be
obtained are oblong square plates; and if it were not for the
combinations, the plates themselves would pass as rectangular
and quadratic, but in fact they are rhombic plates with ex-
tremely obtuse angles. A secondary prism may take off the
angles of the primary plate (plate or scale being only another
expression for flat prism, or prism in which only two axes are
developed). When the secondary prism begins to predominate,
we have an hexagonal plate. In this form uric acid is fre-
quently obtained in precipitating it with acetic acid from its
ammoniacal solution. In this form it also erystallizes from
its solution in hydrochloric acid. Plate I, fig. 5 and 6.

In many cases the one pair of oppmitﬁ- 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. To these elementary forms all the ecrystals of urie
acid occurring either in the form of spontaneous deposits in
the urine or as products of a chemical process may be
referred.

Occasionally twin erystals, composed of two rhombie plates
crossing at right angles, or at an angle of 45° are observed.
There is another multiplication of spinous erystals imitating
the square plate, or placed upon the square plate. This
modification is usually large, and frequently obtained from
urine by the addition of nitric acid.

The reader being thus in possession of the regular forms is
enabled to classify all the irregularities usually oceurring in
spontancous deposits. He will at a glance be able to put each
of the forms in figure 1 on Plate II in its proper place.

The common rhombic plates of uric acid deposits, when
formed rather quickly round another substance, such as
granules of urates, present holes in their substance, and irre-
gularities, such as usually attend a hasty formation. The
obtuse angles frequently become rounded off, less frequently
the pointed angles. In both cases the rhombic plates become

i i
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oval. This rounding off of the obtuse angles is characteristic
of the so-called lozenges.

It would be useless to describe all the varicties of erystal-
lization in which urie acid deposits may occur. If the reader
is once acquainted with the types, he will have no difficulty
in classing any deposit that may oceur to him. As yet no
rule has been found according to which one or the other of
the varieties of erystals is formed. Concentration and
temperature of the urine, the relative quantities of its ingre-
dients, particularly the absence or presence of colouring
matter, and its amount, the nature and quantity of the acid
by which uric acid is PI'ELI]_]It&tB{] determine the nature of
the crystallization. It is the same in producing ecrystals
artificially. If the urine be kept in a warm place for that
purpose, the crystals will be the largest that can be obtained
by any means. I have obtained ecrystals one quarter of an
inch in length.

Urie acid has the property of polarizing light. The large
plates obtained artificially polarize only faintly, as they are
invariably covered with a sort of dew. But the more trans-
parent the crystals become, the more beautiful will be the
colours they exhibit under pnlanzed light. Crystals obtained
from urine by acetic acid and from a solution in hydrochlorie
acid are particularly suited for the experiment on polarization.

Metamarphoses of Uric Acid by different agents.

Under the influence of heat, uric acid is decomposed
without being fused. By dry dlstﬂlatlun a sublimate is
obtained, consisting of cyanuric acid, urea, carbonate of
ammonia, and cyanide of ammonium. ‘At the same time a
great deal of hydrocyanic acid eseapes, and some carbon
remains behind, which is porous and contains nitrogen.

Concentrated nitric acid (4 parts of 1-42 specific gravity)
dissolves uric acid (1 part) under effervescence, carbonic acid
and nitrogen being disengaged. The reaction consists in the
formation of alloxan, urea, and nitrous acid ; the latter decom-
posing urea, in the moment of formation, 'into carbonic acid
and nitrogen (vide Urea, p. 46). Alloxan remains in large
colour less rhombic nctahedm, which are tllamtugmtcd under
the influence of air, and are readily soluble in water. The
solution reddens litmus paper, and imparts a purple colour to
the skin.

On dissolving uric acid in dilute nitrie acid, alloxantine is
obtained, which is distinguished by prn(lumnrr a purple
reaction, when ammonia is added to its warm solution.

6
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This colour is due to the formation of murexide, otherwise
known under the name of purpurate of ammonia. This
reaction is diagnostic of uric acid.

On making uric acid and water into a pap and gradually
adding peroxyde of lead, and keeping the mixture near the
boiling point, the lead is transformed into the oxalate of lead,
carbonie acid 1s evolved with effervescence, and the ﬁltered
fluid deposits erystals of allantoine on cooling. The mother-
hguor yields nurea.

This reaction consists in the first instance in the trans-
formation of uric acid into allantoine, carbonate of lead being
formed. Part of the allantoine is further decomposed into
urea and oxalic acid.

C,,H,N,0, + 2HO + 2Pb 0, = C,H,N,0; + 2(PbO, CO,)
l._._._‘_\_'_.___._.-"' i ) 'q_ __,'
Urie acid. Water, Perlnx;ade of Allantoine. Carbonate of lead.
ea

CsHN 0, + 2HO + 2Pb0, = 2(C,H,N,0,) + 2(PbO, C,0,)

- ____..-' e e 4

Allantoine. Water. Peroxyde of Urea Dmlatu of lead.
lead.

e

All substances derived from uric acid may be transmuted
either into urea and oxalic acid, or into urea and mesoxalie
acid. This has led to the assumption of three radicals
in uric acid, of which the one, Cy (cyanogen), is the radical
of urea ; the second one, C, 02 (oxalyl), the radical of oxalic
acid ; and the third, C(} {meﬁmalyl} of mesoxalic acid.

Upon this basis the derivates of urie acid have been grouped
'E:-\' Gerhardt! as follows :

Urie Acid Group.
a. Cyan-mesoxalic acid sub- 4. Cyan-oxalic acid sub-
aToup. group.
Uric acid.
Alloxan, Parabanie aecid.
Dialurie acid | Hydrogenized
Alloxantine Alloxan.
Allantoine.
Mesoxalie acid. Oxalic acid.

Urea.

' Loc. cit., p. 544.
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It will be found useful to have mentioned these relations,
as we shall have to explain several phenomena on their
basis.

Determination of Uric Acid in Urine.'

On adding to the solution of any urate, either hydrochloric,
nitrie, or acetic acid, uric acid is precipitated. If the solution
of the urate is concentrated, the precipitate will fall imme-
diately, and consists of amorphous hydrated uric acid,
becoming erystalline by heat or standing. But if the solution
1= dilute, no immediate precipitate is formed, but crystals of
urie acid form after some (twenty-four to forty-eight) hours
of standing ; and they will be the larger in proportion to the
time required for their formation.

To obtain, therefore, uric acid from urine, itis precipitated
by the addition of an acid, no matter whether the urine is
normal, or contains sugar, albumen, or any of the soluble con-
stituents of blood.? If the urine be normal, and contain no
albumen, nitric acid is best used, and the urine is allowed to
stand in a warm place, a sand-bath, or any warm corner. A
temperature of 98° F. (36-67° C.) has, moreover, the advantage
of not admitting the precipitation of any urates, which are not
easily acted upon by the dilute acid. The erystals formed in
higher temperatures are much larger, and therefore much
easier to be collected, than those produced at the ordinary
temperature. A quantitative analysis, therefore, has better
chances of accuracy in this way. I do not recommend hydro-
chlorie acid for precipitating, because, urie acid being more
soluble in it than in water, the analysis becomes incorrect.
In some instances (for example a case of chronic rheumatism)
I have obtained no definable precipitate by hydrochloric acid
i a sample of the same urine, in which nitrie acid produced
a number of large plates on the surface of the fluid and the
sides of the glass. Moreover, hydrochloric acid favours the
acid fermentation and development of certain descriptions of
confervoid vegetations, which act as veast-cells on the
urates, decomposing them very rapidly. This process is
entirely prevented hy nitric acid. If the urine contain

! Heintz, ‘ Poggend. Ann.," Ixx, p. 122. Lehmann, ‘ Journ. fir Pract. Chem.,’
xxv, p. 17; ‘ Lehrb. der Physiol. Chem.,” 1853, i, p. 197. Demonstration of
Uric Acid, vide E. v. Gorup-Besanez, * Anleit. zur Zoochem. Analyse,” 1854,
24 edit., p. 186.

* Gerhardt, loe cit., p. 548,
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albumen, acetic acid, or the common phosphoric acid, are
best used. The crystallization of urie acid may be said to be
completed when all the crystals are of nearly uniform size.
But as we possess no other indication on this point, the
acidulated fluid must be allowed to stand rather longer, to
make sure of a perfect precipitation. The crystals are col-
ie?ited into a deposit, washed by decanting, and collected on
a filter.

1t has been estimated by Heintz 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 increased by the presence of sugar,
albumen, or the soluble constituents of blood. In all cases
this loss is compensated by a certain amount of red or
brownish colouring matter, which is mechanically but inti-
mately adherent to the particles composing the crystals.
If the urine contain bile, the uric acid erystals may contain
so much colouring matter, that it may be necessary to purify
them of it. This result is best obtained by the following
method of Lehmann :

The urine is evaporated to the consistence of a syrup,
which is extracted with alcohol. The insoluble part 1s treated
with a dilute solution of caustic potash; the solution so
obtained is made boiling hot, and precipitated by acetie acid,
when all the uric acid falls down in a pure state. It is freed
from the adherent impure fluid by washing with water con-
taining some acetic acid. To the weight of the urie acid so
obtained, the above estimated loss must be added. In speak-
ing of quantities it may be as well to mention that, for the
quantitative analysis by precipitation, a measured quantity of
urine of not less than 100 c.c., or better, 150 c.c., is neces-
sary. To this in a beaker are added 5 per cent. of the
ordinary acids. For this method it is moreover, from obvious
reasons, advisable not to use urine of a very low specific
gravity ; but if the latter be less than 1012, to concentrate
the fluid by evaporation on the water-bath to about the normal
average specific gravity. For the method of Lehmann, about
50 c.e. of urine will be sufficient to give tolerable results;
though here, as everywhere, the relative loss diminishes in
proportion to the increase in the quantities operated on.

The precipitate of uric acid obtained by either method,
after being collected on a filter of known weight, and there
onee more washed with water acidulated with acetic acid, is
now dried in the hot-water bath. When dry, it is placed
between two watch-glasses, fitting closely to each other by
ground edges, and held together by brass clips made for that
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purpose. This apparatus is now placed over sulphurie acid
until cool; its weight and that of the filter being known
beforehand, the increase in weight is the weight of the urie
acid on the filter, being the amount of uric acid contained in
the amount of urine employed.

Volumetrical Analysis for Uric Acid.

This analysis has been introduced by Dr. Scholz, of Blank-
enburg-am-Harz, and is deseribed at page 365 of Dr.
Mohr’s treatise.

Urie acid in an aecid solution may be oxydized by a solution
of permanganate of potash just as easily as the salts of the
suboxyde of iron. Urea has no influence upon the perman-
ganate, and cannot be oxydized any further in this manner.
Creatine discolours a solution of permanganate of potash or
chamzleon only after some time and in a higher temperature.
Ureematine has some influence upon chameleon. In order
to find and determine the equivalent of chameleon for urie
acid, the following experiments were made with a solution
of chamaleon, the titre of which was: 1 cubie centimetre of
solution of chamaleon = 0045603 grammes of ammonio-
sulphate of suboxyde of iron. (This salt 1 shall hereafter
‘deseribe under the name of the double salt of 1won.)

I. 0204 grammes of crystallized air-dry uric acid were
dissolved in caustic potash, and the zolution was over-satu-
rated with sulphuric acid. This solution required 239 c.c.
of chamwleon = 10899 grammes of doublesalt of iron.

Doublesalt of iron x 018717 = uric acid.

I1. 0102 grammes of uric acid required 12'1 e.c. of cha-
maeleon = 055179 gramimes of doublesalt of iron.
Doublesalt of iron x 018489 = uric acid.

II1. 0323 grammes of uric acid required 369 c.c. of
chamzleon = 16827 grammes of doublesalt of iron.
Doublesalt of iron x 0-19194 = urie acid.

IV. 0398 grammes of urie acid required 46 c.c. of cha-
meleon = 1'6827 grammes of doublesalt.
Doublesalt of iron x 0°18972 = uric acid.

V. 0278 grammes of uric acid = 321 c.c. of chamsleon
= 14638 grammes of doublesalt.
Doublesalt of iron x 0°18990 = urie acid.

Leaving the second experiment, in which the quantity of
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urie acid employed was too small, the average of the four
other experiments is :

Doublesalt of iron x 018968 = crystallized uric acid.

The equivalent of erystallized uric acid is 186, which divided
by the multiplicator - 18968, gives 980-59 doublesalt of iron.
186 parts of uric acid, therefore, take up as mueh oxygen as
08059 parts of doublesalt of iron. Two equivalents, or 392
parts of the latter, take one equivalent or 8 parts of oxygen,
consequently,

392 : 8 = 98059 : #; x = 200012.

186 parts of uric acid, therefore, take 20012 parts of oxygen,
which is so hittle more than 20, that we can, without hesita-
tion, assume the latter figure as correct. 20 parts are two
and a half equivalents of oxygen, which would be taken by
one equivalent of uric acid, or two equivalents of urie acid
would take five equivalents of oxygen. If from 20 back-
wards we attempt the correction of the empirical figure
(0:18968, we find
186

8 : 20= 35892 : 980, ﬂnd 980 — = (r1897958,
which is very nearly = 019, instead of the empirical value
0-18968, which is also very nearly = 0°19.

Uric acid, in the form of a precipitate, i1s only slowly
oxydized by solution of chamwleon. It is best to dissolve it
in caustic potash, and after dilution to mix it with an excess
of sulphuric acid. In that way uric acid is precipitated so
slowly that it remains in solution during the experiment.

1If 300 c.c. of urine are mixed with 5 c.c. of sulphuric acid,
and allowed to stand for a few days, the uric acid is precipi-
tated. We know already that this precipitate contains
extraneous matters, urematine, which very nearly makes up
for the loss of uric acid, from its imperfect insolubility in the
acidified urine. The following experiments show these diffe-
rent relations quantitatively :

0165 grammes of uric acid were dissolved in 300 c.c. of
water by the aid of some caustic potash, and then precipitated
by means of sulphuric acid and standing in the cold. 200
¢.c. of the fluid were removed from over the precipitate and
tested by means of chamgleon. They required 09 c.c. of
chamzleon, which is equal to 000778 grammes of uric acid.
This indicates that one part of uric acid is soluble in 25,707
parts of the acid fluid.

The precipitate of urie acid obtained was again dissolved
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in ecaustic potash, the solution diluted to 300 c.c., and acidu-
lated by means of 5 c.c. of sulphuric acid. 200 c.c. of the
fluid, supernatant to the precipitate, again required 09 c.c.
of chamaleon. In another experiment, 300 e.c. of the super-
natant fluid saturated 1'4 e.c. of chamwleon. These results
are sufficiently uniform.

In order to ascertain the amount of colouring matter which
1s inclosed in the crystals of a precipitate of urie acid from
urine, 300 c.c. of urine were treated with 5 c.e. of sulphurie
acid, and allowed to stand for twenty-four hours ; the entire de-
posit required 36'3 c.c. of chammleon. An equal quantity of
urine was precipitated by sulphuric acid, the precipitate dis-
solved in caustic potash, diluted to 300 c.c., precipitated with
sulphuric acid, and 200 c.c. of the supernatant fluid were
tested with chamzeleon. Of the latter there were required 2-6
c.c.; the entire 300 c.c. of fluid, therefore, would have required
39 c.c. of chamasleon. If we deduct of this 1'4 e.c., which
were required for 300 c.c. of fluid, from a precipitation of
pure urie acid, there remain 2:5 c.c. of chamzleon for the
matters not being uric acid contained in the first uric acid
precipitate from urine.

The second precipitate of uric acid was yet somewhat
coloured, and, on repetition of the analysis, the chamzleon
indicated foreign matters, not being urie acid, to the value of
1 c.c. of the solution. The supernatant fluid, from a fourth
resolution and precipitation of the same urie acid only required
as much chameleon as the supernatant fluid from pure urie
acid.

The total quantity of matters, not being uric acid, contained
in the uric acid precipitate, amounted to about one tenth part
of the whole. Put against this the loss from the imperfeet
insolubility, the excess becomes so very much reduced, that
it is unnecessary to make any correction of the rough result
found, and we may assume the two errors balancing each other,
as we ]mme done in the analysis of urie acid by weight,

In some cases the amount of foreign matter pmupltﬂte{i
with urie acid may amount to one fifth of the entire precipi-
tate. In this direction further rescarches are necessary.

Salts of Uric Acid—Urates.!

As uric acid is a bibasic acid, there are two different kinds
of urates, the neutral and the amd salts.  Of these, only the
latter occur in urine, one equivalent of base being replm::u& by

' £. Bensch, ‘ Ann. d. Chem. und Pharm.,' liv, p. 189. Allen and Bensch,
ibid., Ixv, p. 181.
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one equivalent of water, according to the following formula.
M = metal.

CWHLN,0, 9 = €, H,MN,0, (Gerhardt).
All urates are either insoluble or only slightly soluble in
water.

Urate of ammonia. C, Hy(NH,)N Oz—This salt is always
produced when uriec acid and ammonia are allowed to act
upon each other. When pure and dry it is a white amor-
phous mass, perfectly soluble in water, one part, however,
requiring for solution 1608 parts of water at 77° F. (25° C.)

Some authors state that urate of ammonia requires 2789
parts of urine for solution, and that the solubility is increased
by the presence of a moderate quantity of saline matter. The
solvent power of urine for urate of ammonia should be equal
to that of pure water. But as no urine is quite free from
urate of ammonia, and the latter cannot be separated without
destroying the character of the former, it is very difficult,
nay impossible, to determine the solvent power of urine for
urate of ammonia, the more so as it is next to impossible, for
practical purposes at least, to separate urate of ammonia from
urate of soda. To saturate urine with urate of ammonia,
and afterwards find the amount dissolved, is as yet an unsafe
proceeding, because various causes may tend to increase the
amount of ammonia found, which would have to be placed
to the account of uric acid.

It may be obtained in small delicate needles by treating
uric acid in boiling water with an exeess of ;meﬂma, or h
dissolving uric al?lcl in a warm =olution of ammonio- phusphate
of soda, “and allowing the crystals to separate by rest. In
the latter case, the needles are united in groups, irregular or
regular, presenting a star-like arrangement round a globule.
The presence of urine prevents this form of crystalli:r.atiuu_
When crystallizing ont of a solution in ammonia, it forms
roundish, oval, or dumb-bell-like masses of a radiated struc-
ture and polarizing. This form is met with in the urine of
birds. When appearing as a precipitate in alkaline (ammo-
niacal) urine, it forms very slender dumb-bells.! This form
I have met with in perfectly black alkaline urine from a child
suffering from dropsy after scarlatina. It was mixed with

! Prout, *On Stomach and Urinary Diseases,” 3d ed., le fig. 4. 1Ibid,, i,
figures of urate of NH;, as it oceurs in the alkaline urine of hemiplegic, or
paraplegic patients. . I'unl::, Atlas,” taf. xiii, figs. 5 and 6.

P PSS ——r.
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rosettes and hexagonal plates of urate of soda, the deposit
being perfectly black after filtration.

Urate of ammonia has, in a few instances of albuminous
urine in dropsy after scarlatina, been observed in the form of
spherules, with erystals of uric acid adhering to their surface.
This appearance is illustrated in fig. 25 of Dr. G. Bird’s work,
1 have succeeded in producing this deposit artificially, A
patient having contracted a severe cold by exposure to rain
and cold in one of our fashionable public gardens, dis-
charged a large amount of perfectly white urate of ammonia
in her urine, which was aeid and of yellow colour. I allowed
the deposit to subside towards the bottom of the vessel, and
after having decanted the supernatant urine, redissolved the
deposit by the application of heat. A concentrated solution
of urate of ammonia in urine being so procured, some hydro-
chlorie acid was added, and the mixture allowed to cool. A
copious precipitate of spherules and granules of urate of
ammonia soon formed, from the surface of most of which
prisms and needles of uric acid began to erystalhze. Under
the continued influence of the acid, however, all the globules
and granules of urate of ammonia were transformed into
crystallized uric acid, the erystallization beginning with the
formation of minute prisms, which gradually became larger
and longer. The round and irregular bodies of urate of
ammonia polarized faintly.

As a general rule, urate of ammonia, when occurring as a
deposit, forms a dark, granular, perfectly amorphous precipi-
tate. (PL. 111, fig. 2.) The granules may adhere to linear
masses, or appear to form sausage-like bodies; the latter
appearance is easily produced by rolling the thin glass cover
of the object a few times to and fro, and has been erroneously
described as a peculiar agglomeration of the urate.

To the naked eye these deposits of urate of ammonia
appear as a subtle powder, varying in colour from absolute
whiteness, throngh rose-colour, pink, brick-red, purple, and
brownish-red. These colours are best observed after the
deposit is collected on a filter.

The colour of urate of ammonia and of urates generally is
caused by the adhesion to its particles of an abnormal colouring
matter, urerythrine, Dr. G. Bird’s purpurine. For this it has
so great an attraction, that it may be used for separating
urerythrine by dissolving, with the assistance of heat, repeated
quantities of urate of ammmli_a, which, on cooling, will pre-
cipitate, carrying the urerythrine with them.

In diseases most commonly met with, the brick-red or
pale fawn-coloured, so-called lateritious sediment is almost
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always mixed with the urate of soda, or uric acid, or
urate of lime and magnesia. When burnt on platinum foil,
there remains a white ash, containing soda and lime ; the for-
mer demonstrated by imparting a yellow colour to the flame
of the blowpipe, the latter by being soluble in acetic acid
and precipitated by oxalic acid.

The chemical characters of this substance are not less
marked than the mieroscopie. It is rarely observed in urine
until after it has cooled, a cirecnmstance which makes it very
difficult to explain how urate of ammonia can possibly form
the nucleus of a concretion, It readily disappears when the
urine is raised to the temperature at which it left the body,
or when the urine is diluted with water. It is soluble m
liquor ammonie and liquor potassse, from which solutions
uric acid is precipitated by the addition of acetic acid. When
the sediment is brought into contact with acetic acid or
hydrochlorie aeid, it is slowly transformed into uric acid erys-
tals, ammonia entering into combination with the acid and
forming a soluble salt. The dry deposit gives with nitrie acid
the characteristic reaction of murexide.

Urate of soda. C,,H;NaN ,Oz—This salt may be obtained
artificially, either by dissolving uric acid in caustic soda, and
precipitating it by a current of carbomic acid, or by mixing
the boiling eaustic solution with bicarbonate of soda. In the
latter case the urate is formed in delicate needle-shaped
crystals. Occurrence: in the urine, dissolved and as sedi-
ment ; in the blood during gout; in the gouty concretions
near the joints.

It is soluble in 123 to 125 parts of boiling water, and re-
quires 1100 to 1200 parts of water of 77° F. (25°C.) The
solution is neuntral, does not absorb carbomic acid; a pre.
cipitate is produced in it by the bicarbonates of the alkalies,
and by the salts of baryta, lead, and silver.

Crystallization.—Urate of soda forms short hexagonal
prisms, or thick six-sided plates, frequently uniting and form-
ing star-like groups:! the two opposite angles of these plates
measure 74° 50, the four angles between these two 142°
35" (Gorup-Besanez, p. 185). In this form it i1z met with
in urine undergoing the process of alkaline fermentation.
The artificial salts, as obtained by the above process, or from
the blood, form needles. If obtained by digesting pure uric
acid in a hot solution of common phosphate of soda, it erys-

! See also Dr. Golding Bird, loe. cit., p. 139, fig. 29. Funke, ° Atlas, taf. iv,
fig. 4.
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tallizes in needles, tufts, stars, spindle-like figures, and
prisms, when it is allowed to separate from the solution on
cooling. But if a solution of urate of soda be allowed to
evaporate apontaneuusl¥, the salt is deposited in simple sphe-
rical masses and granules.

Dr. Golding Bird met with the urate of soda in the urine
of persons labouring under fever, who were treated with car-
honate of soda. It occurred in round, yellowish or white,
opaque masses, furnished with projecting, generally curved
processes.' I have observed the same deposit of an extremely
striking character (Pl II, fig. 3,) in the urine of a child
suffering from petechial typhus, who was not treated with
the carbonate of soda. The details of this case will be given
under the paragraph, Deposits of Urates occurring in the
urinary passages, p. 101. The same deposit ocecasionally
oceurs in the urine of children labouring under measles or
scarlet fever.

Urate of lime. C H,CaN,0;+2Aq—This salt occurs ocea-
sionally in traces and small quantities in the urine, in sedi-
ments, and in coneretions, particularly the gouty tumours
near joints.

It may be obtained artificially, by mixing a solution of
chloride of calcium with a boiling solution of urate of potash
or soda. From this mixture it forms as an amorphous pre-
cipitate. If the urate employed have been a little alkaline,
warty groups of needles are sometimes obtained. It is
sparingly soluble in water, requiring 603 parts of cold and
276 parts of boiling water for solution. Its solubility becomes,
however, increased by the presence of a small amount of
chloride of potassium,

On combustion 1t leaves carbonate of lime, or caustic lime.
On being digested in acetie acid, this salt is destroyed, urie
acid being set free; from the acetate of lime, the base may be
precipitated by oxalate of ammonia.

Differential diagnosis of urates.—As uric acid is readily set
free by stronger acids, its presence is easily enough ascer-
tained. The bases offer little difficulty to analysis, if they
occur separately; but if they are mixed, as is mostly the case,
the analysis becomes very complicated. It is for this reason
that we do not know as vet whether the fixed or the volatile
alkali is more commonly combined with urie acid. The
question being moreover of no great practical importance,
some time will probably clapse before it is finally settled.

! See lis fig. 28,
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Urate of ammonia.

Urate of soda,

Urate of lime,

When heated in a so-
lution of canstic potash
or soda, ammonia is
evolved,

When heated in a so-
lution of caustic potash
no ammonia is evolved,

On combustion it leaves

No ammonia with
potash.

On combustion, leaves
a white ash, which may

No ash is left on|a white ash bhehind, | he alkaline and effer-
combustion, which blues red litmus | vescent. Its solution in
paper, and effervesces | acetic acid is precipitated
with acids (carbonate of | by oxalate of ammonia.
soda). The solution in
acetic acid is not preci-
pitated by oxalic acid.

e ————

If a sediment simply filtered from the urine be taken for
analysis, an ash is always obtained on combustion. For the
epithelia from the kidneys and urinary passages, and the
mucus from the bladder contain alkali and lime ; and as they
are mixed with the deposit, and burnt with it, they are placed
to the account of the uric acid. In all cases, therefore, it is
necessary to redissolve the deposit in the urine by the appli-
cation of heat, and to filter, when all organized particles, with
the mucus and uric acid crystals, will remain on the filter.
On cooling, the deposit will form again, and may now by
filtration be obtained free from admixtures. But colouring
matter, containing iron, still adheres to the urate; and how-
ever small the amount may be, it would leave a residue on
combustion. This colouring matter must therefore be re-
moved by washing the deposit on the filter with boiling aleohol.

If there is more deposit in urine than it will dissolve on
the application of heat, which is sometimes the case where
the deposit has come ready formed from the bladder, it
becomes necessary either to dilute the urine until the deposit
is dissolved, to filter it while hot, and to evaporate again to
the former bulk or to filter the urine eold, and then dissolve
the urates on the filter by the assistance of hot water. This
latter solution may then be kept separate, and on evaporation
will leave the urates in a pure state.

Under all circumstances, the deposits of urates may be
collected on a filter, washed with alcohol, dissolved in boiling
water and filtered ; the filtered liquid after evaporation leaves
the pure urates.

To determine the urates dissolved in urine, the latter must
be evaporated to dryness, and extracted with aleohol; the
residue consists of uric acid, urates, and inorganic salts. The
urates, which form part of the scum of urine while it is

S . e ————— e e e n

P —



URIC ACID. 93

evaporating, appear as spherical masses, with many spicula
protruding from their surfaces. These bodies frequently lie
in a film of phosphate of lime and magnesia. When urine is
evaporating spontaneously, similar forms are frequently seen.
In a concentrated urine from fever, urates formed on spon-
taneous evaporation which exactly resembled the fig. 281 of
Dr. G. Bird’s work. Hot water dissolves the urates and in-
organic salts from the residue obtained after extraction. If
the solution he now concentrated, and cooled down, a part of
the urates will precipitate, after which they may be collected
on a filter, washed, and analysed with regard to their pro-
portions of bases. From the urates in solution with the
morganic salts the uric acid is obtained by the admixture of
another acid, and from the composition of the first portion of
the urates the amount of the bases which were combined
with this uric acid may be calculated.

Awmount of Uric Acid discharged during twenty-four
hours.

Urie acid being a normal, i. e, a constant ingredient of
urine, there is reason to expect that its amount may stand in
a certain proportion to the ingesta and the organic changes.
But mere reflection on the nature of uric acid, on its relations
to urea, uric oxyde, and hypoxanthine, or its occurrence or
absence in certain animals and classes of animals, on the
mode in which its occurrence and amount in animals is in-
fluenced by various conditions, natural or artificial—cannot
slﬂ}pljr the want of direct observation on this point, however
valuable may be the suggestions derived therefrom. The
number of direct observations is very small, as compared with
the number of attempts to supply this want hypothetically by
observations on lower animals. And of the existing observa-
tions a great number are entirely useless, becanse they refer
only to 1000 parts of urine, with no regard to the time in
which it was discharged. Some otherwise valuable analyses
have been executed upon abnormal subjects, as those of
Lehmann upon himself. The only really useful series of
analyses we possess are those of Beequerel® and Neubauer®.
According to the former, the medium amount of uric acid
discharged during twenty-four hours is 0°49 to 056 grammes.
Neubauer obtained the following results in a series of observa-
tions on two healthy individuals—

1 Vide Beale, loc. cit., p. 213.

2 ¢ Séméiotique des Urines,” Paris, 1841, p. 44.
¥ Yogel, loc. cit., p. 249,
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Minimum. | Medium. | Maximum.
Firgl Individual. Grammes Gmmmeslﬁramme&
First series, 5-days. Living usual - .| 002 028 | 061
Second series, 5 days. Ditio, and taking warm {
bath of thirty minutes’| } 0-36 044 | 053

duration, at 82° F. .

Third series, 7 days. Ditto, daily bath, and |
drinking 500 c.e. of ] 5 [ :
Kochbrunnen, Wies. iz =y _ i
bhaden F : ; ]

Second Individual. :
First series, 8 days. Living usual . .| 033 049 067
Second series, 5 days. Living as above (2d ser.) | 046 0-60 0-81
Third series, 8 days. " " (3d ser.) [ 0-31 0-51 067

r o —

Lehmann found that he discharged on an average 1°18
grammes of urie acid during twenty-four hours. As he him-
self supposes this to be an abnormal quantity, we must leave
the observation out of consideration at present, since we are
engaged in determining the normal quantity.

Considering the very limited number of observations,
the following quantities of wurie acid for twenty-four
hours may bhe said to be within the range of perfect
health :

Minimum. Medium.! Maximum.
002 grammes. 05 grammes. 1'0 grammes.

The fluctuations of uric acid in health are therefore more
considerable than those of any other constituent of urine,
not only in the same individual during so short a period as
five days, as shown by Neubauer’s first series of observations
on the first individual, but the averages of different indivi-
duals show considerable variations, for which an ample
allowance must be made, before in any given case the amount
discharged can be said to be abnormal ; viz., below or above
the average. The 118 grammes of Lehmann is clearly ab-
normal, as is also his average amount of urea.? The idio-
syncrasy of this experimenter is most probably a large
appetite.

The relations of urea to uric acid are intimate; their
quantities are in certain proportions. For 35°0 grammes of

' Dr. G. Bird's medium is 81 grains of wric acid during twenty-four hours,
which is very nearly the above medium, which is 7-72 grains.

* Vide Dr. G. Bird, loc. cit.,, p. 7, and Simon's * Beitriige zar Physiol. und
Pathol. Chemie und Microscopie,” Berlin, 1843, B. i, p. 190,
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urea secreted in twenty-four hours, 0'5 grammes of uric acid
are on an average discharged in the same period. Whether
the fluctuations in the quantities of both are parallel or not,
has yet to be ascertained. In disease this seems to be the
case, as will presently be shown.

Pathological changes in the quantity of Uric Acid discharged
during twenty-four hours.

As a question clearly put is half the answer, we may be
permitted here to 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 rheu-
matism. It is at least questionable whether the retention is
always due to diseased action of the kidney. Any disease,
however, which interferes with the secreting power of the
kidney by changing its structure, such as Bright’s disease,
is certain to cause retention of urie acid in the blood, in pro-
portion to the retention of the other constituents of urine.
(Scarlatina seems to make an exception. 1 have certainly
found that, in some cases of this disease, where uric acid is
frequently present in excess from the beginning, so as to be
precipitated in a cloud by the addition of an acid, the amount
of urie acid does not decrease parallel to the fall of urea,
when, with albuminous urine, dropsy appears ; but it seems
to be the normal amount, nay even more, at a time when the
amount of urea is about half the normal average. Hundreds
of observations will, however, be necessary to establish
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. 1In
both cases, the symptoms accompanying or preceding the
excessive excretion must be our guides in distinguishing be-
tween these conditions.

As a general rule, i. e., one liable to exceptions, it may be
assumed that an excessive production of uric acid accom-
panies an excess in the produchun of urea. In inflammatory
discases, fever, and certain other zymotie diseases, an inereased
amount of uric acid is met with. The observations, however,

! ¢ Med.-Chir. Transact.,” vol. xxx, p. 186.
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require to be reduced to figures, and repeated with special
regard to time.!

The following observations of Becquerel are entitled to
attention, as referring to the total quantities of uric acid
discharged in twenty-four hours:

Healthy urine ( B's average) . . . - 8-1 grains.
Chlorosis, five cases . - : min. 1'8  max. 6:0 grains.
Pulmonary emphysema, ext. dyspnea . . : 49 grains.
Phthisis, tubercles softened . Y X ; : ! 1t

w  three davs before death . - : ' 8 ,
Morbus cordis, with icterns . . . . . 982
Acute hepatitis, with icterus E . ; : 11-18 ,,
Ieterus - . Y - - - . ’ LI
Milk fever . 5 ; a . ; ‘ . 190

Deposits of Uric Acid and Urates.

The physical properties of deposits of urie acid and urates
having been already described, I will now offer a few remarks
on the circumstances and the conditions under which they
occur. As the deposits of urates are much more common
than all other urinary deposits taken together, it is of parti-
cular importance to define their value as a pathological indi-
cation. This I shall attempt at the conclusion of this
paragraph.

Uric acid itself is not soluble in the blood, at least not
more than in water ; it is only so in combination with a base
—ammonia, soda, or lime. Urie acid, when oceurring in the
blood, is always met with as urate of soda or urate of
ammonia. As venous blood is used for the examination (or
mixed blood, if taken by eupping), the urate must have been
an acid one, since the free carbonic acid, at the temperature
of the body or at that of the common air, would not permit
any neutral urate to exist, but would withdraw one equivalent
of base. In venous blood, therefore, the urate must always
be an acid one ; and this is important to bear in mind. Tge
question now arises whether the urate must also be an acid
one in arterial blood ; whether there is a sufficient amount of
carbonic acid still present i arterial blood to keep the urate
acid ; or whether this cause of its acidity no longer exists in
arterial blood, or, if present, is in any way neutralized by
the presence of oxygen. Though it is not exactly ascertained
how much of its carbonic acid the blood loses in its passage
through the lungs, yet the data we possess are quite sufficient

' From the omission of this attention, many of the analyses of Beequerel gnd .

L'Heritier are useless for our purposes.

-

"
.
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to put the question at rest. Magendie! found in 100 grammes
of venous blood 0078 grammes of carbonie acid, in 100 grammes
of arterial blood 0066 grammes of carbonie acid. The blood in
becoming arterial had, therefore, lost only 154 per cent. of
its carbonic acid. Considering the small amount of uric acid
salts which, under normal mrcumstances, is at any time
present in the blood, we are quite justified in the conclusion
that the 0066 grammes of carbonic acid present in 100
grammes of arterial blood are sufficient to keep the urate
acid. If it should be urged that there is some ammonia
in the blood, which might make the urate meutral, I refer
the objector to putrefying urine, in which, nutwithataudiug
a large amount of free ammonia, the urates still remain acid.
The urates, wherever we meet with them, are acid salts, and
from the very property of the neutral urates to he converted
into acid salts by the mere influence of carbonic acid, their
occurrence in the economy is impossible. If, therefore,

Vogel® assumes that neutral urates may occur in the urine
(and, as he believes, by the supervening of an acid in the
urinary passages, may be transformed into acid salts, which
being less soluble form a deposit), he thereby contracts a
theoretical debt, which we are sorry to say he will never be
able to pay.

Granting therefore that uric acid is already formed in the
arterial blood on reaching the kidney; that it can only
remain in solution as a urate, and that an acid one; and
that after having passed the kidneys it still continues to be
an acid urate; where, I ask, are now the difficulties surround-
ing the explanation of the secretion of wuric acid in the
form of urates?

Do we require such theories as that of Dr. Golding Bird,
which begins with an impossibility, and, founded upon an
opinion of Liebig, long since abandoned, is merely made for the
purpose of explaining the acid reaction of urine by the forma-
tion of acid phosphates? But it is best to quote his words,
which, at p. 84 of his fourth edition, are thus printed in italies :

“ Uric acid, at the moment of separation from the blood,
comes in contact with the double phosphate of soda and
ammonia, derived from the food, forms urate of ammonia,
evolving p'lmﬂphﬁrm acld which thus produces the natural
~ acid reaction of urine.’

- Of course, if uric acid itself is insoluble in the blood, and

! Vide Gay-Lussae, ‘Ann. de Chimie et de Physique,” 1844, t. ii. Also,
F. C. Donders, * Physiologie des Menschen,” Deutsch von F. W. Theile, 1856,
vol,/ i, p. 369.

* Loe. cit,, p. 198. Lehmann Las the same opinion.
-
]
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is only kept dissolved as a urate, mostly the urate of soda,
how can it be separated from the blood, except as a urate?
And being secreted as a urate, how can it take ammonia
from the supposed phosphate? I will even go further back
and ask, how could the urie acid, even if it were free, and as
such contained in the blood, remain so, if it were throughout
the whole course of the circulation in contact with the very
phosphate with whose ammonia it is to combine after separa-
tion from the blood? These questions 1 hand over to the
further consideration of the reader. Dr. Bird continues—
“If the whole bulk of the urine be to the urate of ammonia
formed, not less than about 2701 to 1, the secretion will, at
the ordinary temperature of the air, remain clear; but if
the bulk of fluid be less, an amorphous deposit of the urate
will oceur.”

This is the simple expression of the fact, as we meet it
every day, that urates are more soluble in warm than in cold
water or urine. But whether they require about 2701 (Dr.
Bird), or 2789 (Dr. B. Jones), or 1608 times (vide under
urate of ammonia), or even less, namely, only 1100 to 1200
times (vide urate of soda), their amount of water or urine for
solution at a temperature of 77° F. (25°C.) is a matter to be
decided only by direct experiment.

The theory just quoted is incorrect in one more respect;
namely, because it assumes that the common deposits of
urates are made up of urate of ammonia enly, since the fact
is that they mostly are mixtures of the urates of ammoma,
soda, and lime ; the urate of soda having in almost all cases
the decided preponderance.

The conclusion of Dr. G. Bird’s “ probable explanation of
the mode in which uric acid exists in healthy urine,” of
which I have quoted two passages, is a reiteration of the
theory of Liebig on the acid reaction of urine being produced
by the solution of urie acid in the solution of the common or
tribasic phosphate of soda, whereby urate of soda is formed
on the one hand, and an acid phosphate on the other. The
passage runs thus:

“ On the other hand, if an exeess of uric acid be separated
by the kidneys, it will act on the phosphate of soda of the
doublesalt, and hence, on cooling, the urine will deposit a
erystalline sediment of acid sand, very probably mixed with
amorphous urate of ammoma, the latter usually forming a
layer above the crystals, which always sink to the bottom
of the vessel.”

Here again we are met by the difficulty, that uric acid,
being secreted in the soluble form of a urate, cannot act on
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the phosphate of soda in the manner suggested. If the
dction were to take place in the blood, the phosphate could
not remain acid, and therefore could exert no influence on
the urate after secretion. But the most remarkable part of
the matter is, that an explanation has been attempted of a
fact which does not exist. If any one has ever seen uric acid
fall down in any urine on mere cooling, as it does fall down
from its artificial solution in the phosphate, he should not
omit to publish the fact. T for one never have met with it,
nor have any such facts heen brought forward by the origi-
nator and propagator of that theory, nor by any one else, as
far as I am aware. If uric acid is ever formed in that way,
it must redissolve on restoring the temperature of the body to
the urine. Thus Dr. Golding Bird has defeated his own
theory, in unmistakeable words, in § 120, p. 122:

“ Diagnosis of wric acid deposits—When heated in the
urine, the uric acid deposit does not dissolve; the erystals
merely become opaque.! They generally become more dis-
tinet from the solution of the urate of ammonia, which is
frequently mixed with them, and sometimes completely
conceals them from view. Hence the best mode of discovering
this deposit, 1= to warm the urine, when turbid from excess of
urate of ammonia, in a watch-glass ; the acid becomes visible
at the bottom of the glass, as soon as the urate dissolves.”

Thus an imaginary fact, linked to reality by mere analogy
to an artificial chemical process, has been the subject of
explanations, which in improbability were only surpassed by
what they were intended to explain, and which found their
strongest contradiction in the very fact, the misconceived
occurrence of which was the problem to be solved.

Deposits of Urates occurring after emission.

The deposits of mixed urates are =o very common in the
most varied conditions of health and disease, that it would be
an endless and useless labour to name those conditions, The
attempt to define the characters of urine depositing urates
must be futile, because there is almost no deseription of urine
that may not deposit them. Whether acid or alkaline, of
high or of low specific gravity, containing much or little urea
and colouring matter, urine will, under certain eircumstances,
deposit urates. Whether occurring in the system (bladder),
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

I By losing water.— Thudichum.
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temperature. 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 all
circumstances, 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 the urine containing it is, at that temperature, saturated
with them ; and as this may oceur after a dance, after absti-
nence from liguids, or in a fever, this indication in itself
amounts to nothing. 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 con-
sidered with relation to the total quantity of urine and
dissolved urates discharged in twenty-four hours; with this
view we have to distinguish two different cases.

a. If the bulk of the urine for twenty-four 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 1s present. (See the indications of an excess of urie
acid.)

4. If, on the other hand, the urine for twenty-four hours
is below the average, a deposit may possibly be, and in most
cases ig, due to saturation only, T{IB easlest process of ascer-
taining 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. The safest proceeding, however, is to
ascertain the whole amount of uric acid secreted in twenty-
four hours.

If the presence of a deposit of urates be taken as an indi-
cation 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 appearance 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. 7The individual whose
urine has deposited the urates does not drink water enough,
and must drink more, and must drink so much that the urine,
at the ordinary temperature of the air, shall remain clear. Of
course, in some cases this will be neither possible nor advi-
sable; but in most cases of acute and fehrile disease, it should
be a plan of treatment. I have certainly seen it attended by
beneficial results in many cases; I have also observed the
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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 till two or three
o’clock in the morning. 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 howels have been confined. The abdomen is
soft, not tympanitic. The pulse is very violent and hard. The skin is hot,
generally pale, but covered with petechim 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 colonr. The spots do not disappear on pressure. [
gave her a scruple of the syrup of iodide of iron, three times a day. Of a mix-
ture of two ounces of olive oil, half an ounce of castor oil, and six grains of
santouine, she took two teaspoonfuls at once, and one teaspoonful every hour. It
required half the oil to produce a dark, moulded motion.

8th.—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.

9th.—The exanthema stands nicely, and the spots have got larger. The child
is very feverish. The urine passed yesterday is acid, reddish-yellow, contains
much mucus, some epithelial casts from the tubuli of the kidneys, and deposits
a granular sediment of urate of soda. A drop of the urine placed between two
slips of glass soon crystallizes into a mass of beautifully defined crystals of urea.
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 afier 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, contrasted with its soft, nay flabby state, five days ago,
shows distension. Ocular inspection and percussion show the collection of urine
in the bladder, from which nothing had passed since vesterday. 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 (perhaps nine, with the unavoidable loss) 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 stand-
ing, 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 crystallized on standing. The colour then became
deep red. Hydrochloric 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 cyanourine did not therefore
take place, though the reaction was indicative of the presence of an excess of
uroxanthine. The wrine became black and dirty on the admixture of sulphuric
acid. The specific gravity of the urine was 1025.

The deposit was white, and consisted of the urate of soda 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 so large that they could be distinguished with the naked eve; and
under the microscope, bristled with spinous masses. That the spines were urate
of soda 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 erystals 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-
tiued ; and on this day the catheter discharged four ounces of the same de-
seription of urine, with the same amount and quality of sediment as on the
day before.
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On three following days the urine had to be drawn with the eatheter, showing
each time the same characters and the same sediment.

On the 16th, the ehild passed urine spontaneously, still mixed with a deposit ;
but it consisted of granules and dumb-bells only, with short indications 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 erystals of
uric acid. From this time the child recovered Ler strength rapidly ; and, with
the assistance of some quinine and iron, was soon much stronger and better
looking than at any time before her illness.

1 must not omit to state that 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, and shows that a discharge of urate of soda in
the form of sediment is not necessarily connected with the
patient’s taking carbonate of soda, a connection which seems
to have been assumed by Dr. G. Bird.!

The practical considerations on this case are many in
number ; but most important are the guestions on the causes
of the deposit and of the retention. That the deposit is due
to concentration of the urine in the bladder after secretion
from the kidneys cannot be doubted. Urine nearly or per-
fectly 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. Now it is just possible, and

probable, that the spinous hedgehog-like masses so
irritated the mucous membrane of the urethra at the infun-
dibulum as to cause spasmodic contraction of the sphincter.
I have seen strangury caused by the passage of almost micro-
scopical erystals of uric acid, and yet they were ovoid round
bodies.? 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. Those of my readers, huwever‘, who should be
inclined to ignore altogether the nature of the deposit as a
mechanical cause of the irritation producing the spasmodic
retention, I will only remind that the spinous deposit appeared
and disappeared simultaneously with the retention ; and that
a deposit of a much less irritating shape was dmehu.rged before
the retention set in and after it ceased. Undoubtedly, we
must be very cautious in these conclusions, because accurate
observation is so very difficult in these cases. Conscious
of this, I yvet hope that I have taken the common-sense view
of the observation.

' Loe. cit., § 135, p. 138,
? See also Prout, ‘ Stomach and Urinary Diseases,” 3d edit.. 1840, p. 202,
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It may not be out of place here to quote the following
passage from Dr, Prout,! which, referring toactual observations
similar to the one just now related, suggests the probability
that in some cases the urate of soda deposit may close the
urethra by forming a simple plug, and without any spasmodic
action being perceptible,

“ About this period of life (viz., the age of forty) or later,
we occasionally see in certain modifications of gouty con-
stitution 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 difficulty
in passing the urine. Such instances are very rare, and
appear to be associated with organic disease of the k1dneys,
and perhaps other organs.” Of this association, however,
Dr. Prout has not given any proof in observation.

b. The second mode in which deposits of urates may be
produced in the urinary passages is by the urine in the bladder
undergoing alkaline fermentation. The urates in this case
are precipitated in the same manner as in urine putrefying
in the open air or in a carefully stoppered glass bottle. The
urates are less soluble in a solution of carbonate of ammonia
than in fresh acid urine ; urea, therefore, after transformation
into carbonate of ammonia, precipitates part of the urates.
The fixed alkalies, on the other hand, do not interfere with
the solubility of the urates.

Deposits of Uric Acid occurring after emission.

As uric acid cannot be seereted by the kiduney from the
blood in any other form than that of a soluble acid urate, it
must always arrive as such in the pelvis of the kidneys. The
intervention of a stronger acid is now required to separate
uric acid from its base. That the ordinary acidity of the
urine should not be sufficient to effeet this, nature has taken
care to arrange. Whence, therefore, does the acid come
which in urine of average description after some hours or
days of standing produces a precipitate of uric acid? Scherer?
has shown that this acid is the product of a peculiar kind of
decomposition or fermentation of the urine, which he called
the acid fermeniation just because its main feature is the

! Loe. eit., p. 203.
? ¢ Aunal, d. Chemie und Pharmacie,” Band xlii, p. 171.
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Of 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. We
here suppose that no urine can possibly be secreted, which by
itself is so acid as to precipitate uric acid. This substance
would, if that was the case, have to be looked for in the sub-
stance of the kidney, where we scarcely ever find it.

The ecircumstances, therefore, which precipitate urie acid
in the urinary organs, seem to be the flow of an acid urine
over a (mucous) membrane, the secretion of which is in a
condition to act as a ferment of the colouring matter of the
urine. It seems reasonable to suppose that a certain time is
required for this fermentation to set in. The sojourn of the
urine in the bladder seems long enough for the mduction of
this process ; it is more difficult to explain its occurrence in
the kidney, and yet it is just there where uric acid is most
frequently deposited in an insoluble form. 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 the pelvis may not
be quite emptied of its contents, particularly in the erect
position. 1 have even observed that in certain atrophic con-
ditions of the kidneys, accompanied by the formation of uric
acid gravel, the pelvis of the kidneys and sacs of the
infundibula become so wide, as 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 occurs in later life, to which renal coneretions
almost exclusively are proper. In children and young
persons this affection is very rare.

OBsERVATION.—A man, @t. 65, died of cancer of the stomach. He had been
a drunkard during the latter part of his life. 1 made the posf-morfen exami-
nation of his body, and found a hard cancerous tumour involving the larger cur-
vature of the stomach. There were also two large cancerous masses in the
liver, whither the cancer had progressed by means of infesting the clot in the
gastric veins, and in the portal vein. The cancerous juice most probably coagu-
lated 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
contained several drachms of turbid uwrine. In the lowest part of the right
calyx there lay a number of urie acid coneretions, true red gravel. The ureters
were quite pervious. The bladder contained no concretions of any kind. 1
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.
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Crystallized Sediments.

The formation of uric acid deposits in the bladder, by means
of the acid fermentation, is not of very rare occurrence. It
is frequently aseribed, together with the formation of deposits
in the kidneys, to the so-called urie acid diathesis; a term
intended to comprise all diseases which have a tendency
towards the development of a symptom, namely, the precipi-
tation of uric acid. Except this symptom, irr egula.r as it is,
these diseases have, however, nothing in common. In fact, the
term “uric acid diathesis” has been made the lumber-room into
which to throw a number of ill-defined pathological condi-
tions. Urie acid has been made the sinner, where it has
taken a most neutral or passive part only. Not even has the
proof been given that urie acid plays any part in these cases
at all ; not even has the proof heen given that uric acid really
has been in excess in cases where the existence of the deposit
has been taken as a proof of the excess. In fact, the uric acid
diathesis is one of the few survivors of the number of dia-
theses that served bygone generations as the guid pro quo of
an explanation.

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

Osservarion.—Mrs. T—, wt. 75, had undergone great mental anxiety;
and, in econsequence 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 an equal
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 bene-
ficial 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 around the stomach, great flatulency, great want of appetite, prostration of
strength, and headache. The bowels had been kept open by the rhubarb and
ipecacuanha pills taken before meals; they even had been relaxed, a very un-
usual thing with this patient. The alkaline mixture soon restored her to health,
as [ believe. The wric acid crystals were small, with double outline, dark
hrown, and were mixed with very light hexagonal plates of what may have been
urate of soda.

28th.—There was a single discharge of gravel after some heat in the face,
pain in the stomach, and great flatulency. The deposit was most copions.
The crystals were hour-glass shaped and ovoid. [ did not preseribe any medicine
on this occasion, but merely enjoined the patient to empty the bladder
frequently.
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A tonic plan of treatment was now adopted, which comprised quinmne and
iron as the pharmaceutical elements ; cold sponging bath and exercise as the hy-
gienic part ; and rich diet, with a larger amount of spring water taken between
meal-times, as the dietetic régime. As no deposit has occurred since, [ suppose
the treatment was successful,

This case being one where the deposit was formed in the
urinary organs, 18 a good illustration of a certain class of
circumstances under which this may oceur. The danger of
the formation of a concretion is great in these cases. The
best preventive 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 ferment,
and the urine is not allowed time to undergo fermentative de-
composition.

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

Onservation.—Master B—, a fine strong boy, nineteen months old, had
suffered from severe bronchitis during the winter 1855-36, with congestion 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 heginning of May, his mother, then stay-
ing 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 heen 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 14th, 1856, another attack of red sand came on, causing symptoms
similar to those on the first occasion. The urine on passing contained a large
amount 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 rhombic plates of different
angles. The urine was highly concentrated; urea erystallizing 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 him-
self or was restricted, namely, milk diet, taking for three
meals nothing but milk, with bread and butter or bisenits.
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, I do not dare to decide. The deposit, how-
ever, has not reappeared since. 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 one could wish any
child to be. It is possible and probable that the strangury
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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 erystals form the
basis of, or are mixed up with, these globular masses. What
I should like to call “sand,” therefore, would be masses of
urie acid, mostly globular, or irregularly roundish, or oblong,
of very uniform size, from ;th to 4;th of an inch in diameter,
and answering to the above definition. Viewed by trans-
mitted 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-hrown colour. To the naked
eve, the deposit is red, with a tinge of brown. When disturbed,
the sediment mixes with the clear urine, but rapidly subsides
to the bottom when the'fluid comes to rest. Generally, no
small or well-defined erystals 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,” 1 would comprise conere-
tions varying in size from ;;th of an inch diameter upwards,
until, by their size, they become incapable of passing either
the ureters or the urethra. These coneretions 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 (Prout).
A variety of these crystalline concretions are the “ pisiform,”
“ the formation of which is attended by a remarkable feature,
namely, the great number 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 oceasions severe nephritie
attacks are sometimes the consequence. These coneretions
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 sometimes present flattened or facetted surfaces, pro-
duced by their contact or attrition with each other. Their
surface is usunally smooth, sometimes even porcelainous or
polished ; and their internal texture is almost invariably
erystallized, and usually lamellated. Their colour ranges
through all the shadesof yellow; and occasionally, though
more rarvely, they assume a dark-brown or reddish colour.”
(Prout.!) These pisiform concretions are mostly deposited
after the age of forty.

' Loe. cit., p. 200.
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2. Uric acid ealeuli.—The number of caleuli, of which uric
acid forms either the nucleus or the entire substance is very
great, standing to the number of all other caleuli 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 erust 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 flatteniug,
in many cases, being so trifling as to escape notice. The
exterior of the urie acid caleulus is slightly tuberculated ;
but in many cases the tubercles are so water-worn, that the
surface is smooth. In colour, 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 concentric layers,
which are of variable thickness when compared with each
other. But every layer preserves its own thickness pretty
regularly all round the caleulus. The texture of the stone is
best seen on the surface of a fracture. In hard and pure
stones it is erystalline, 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 crystal-
line: 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 percus-
sion, a sharp sound like a pebble, and on being chipped ex-
hibit a conchoid fracture. These stones are very dangerous,
when they become the subjects of the process of lithotrity,
for their fragments are 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 mor-
tification 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 caleuli) shows that they are formed by the
gradual precipitation of uric acid from the urine, the preci-
pitated 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
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could not be given so good a description as that of Dr. Prout : !
“ Between the different intervals at which the different
laminwe have been formed, periods have intervened during
which no deposition has taken place. This remark not only
applies to the different lamine of a heterogeneous calculus,
but to the different laminz of caleuli composed of the same
substance; as for instance to the different laminse of which
lithic acid concretions usually consist. This explanation is
in perfect accordance with the circumstances attending the
formation of caleuli, which often, asis 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 the
urine, during which the law of continuity of deposition is
suspended, and the surface of the concretion hecnmes, as 1t
were, water-worn and less apt for future aceretion ; 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 novo, and, as 1t were,
upon the surface of a foreign body. The consequence will
be that the adhesion between the new and the old coats, or
lamina, will be less firm than in the intermediate parts, and
that a caleulus thus formed will be disposed, when broken, to
separate into concentric laminse.” To this we have only to
add that one great cause of the formation of layers is the
periodicity with which the bladder is 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 fermented, then
no uric acid can be deposited immediately after the bladder
has discharged its contents; and no uric acid can be depo-
sited if the bladder is so irritable as to discharge its contents
at frequent and short intervals, a condition which, as I have
already stated, 1 believe to be the main safeguard against
the more frequcnt oceurrence 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 has
time to be collected and to be fermented, a deposition upon
the caleulus will take place.

Chemical characters of uric acid concretions.—The chemical
' Loe. cit., p. 361.
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of ammonia, filtered, dried, and weighed. The filtered liquid
contains the soda, which may be determined either as muriate
or acetate, or ]Jettﬂl, after heating, as carbonate. 1If for every
Equivalent of base an equivalmlt of uric acid be taken, we
find by the excess of uric acid the amount of ammonia
which was present and combined with it.

The calculi composed of lithates frequently contain
oxalate of lime and small quantities of the phosphates in
intimate mixture with the lithates. They are then called
miwed calculi.

Layers of Uric Acid and Urates in alternating and mived
Caleuli,

These layers are due to the same causes as the massive
concretions.  But there seems to be one cause of the occur-
rence of urates to which it i1z necessary to advert, before con-
cluding the chapter on uric acid. Ammonia at the temperature
of the body very quickly changes urie acid into urate of
ammonia. Let us apply this to a uric acid stone. The urine
in caleulous disorders very frequently becomes alkaline ; nay,
if the disorder last long enough, alkaline decomposition of
the urine in the bladder is almost always present. In evidence
of this, almost one half of all calculi possesses a cortical layer
of mixed phosphates, the consequences exclusively of alkaline
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 am-
monia, and this urate of ammonia (or soda) would undoubtedly
be dissolved and carried away, unless the carbonic acid present
diminished its solubility, and if the urine were dilute enough
to act as a solvent, i. e., were not itself too much saturated
with the urates. A stone with a uriec acid nucleus, a body
of urates, and a cortical portion of mixed phosphates, is to my
understanding the type of this process, and suggests to me
the following history : In the beginning there was a renal
uric acid concretion, which increased by the acid fermentation
in the bladder. Then the calculus caused disorder of the
bladder, or of the urine (as by excessive treatment with alka-
line remedies), which ended in the establishment of alkaline
fermentation in the bladder, by which the outer layers of the
uric acid concretion were first transformed into urate of

ammonia, and afterwards encased in a crust of mixed
phosphates.
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largest proportion (3-2 per mille); next the ox’s heart (1:3 per
mille); and the flesh of the cod-fish (09 to 1:7 per mille).
The gquantity of creatine obtained from the flesh of man is
0-67 per mille, about the same proportion as from beef.
Creatine is present in the blood and urine of man and all ani-
mals hitherto examined.

Liebig’s method of obtaining Creatine.

In order to obtan creatine pure, a quantity, say
ten pounds, of flesh of a recently killed animal is freed
of fat and finely chopped; five pounds are then mixed
with an equal amount of cold distilled water, carefully
kneaded through by means of the hands, and then pressed
carefully in a bag of coarse linen. The resldue Is now again
car Efu_lh' mixed with another five pounds of water, and again
subjected to pressure. The fluid from the first pressing is put
aside for further treatment to be described; the flmd 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
extraction 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
filled into a large balloon of glass ; the latter 1s placed n a
kettle with water, which is gradually heated to the boil-
ing point, and kept at that temperature until the extract
has lost its colour, and albumen and colouring matter have
separated in the form of a coagulum. If a portion of the fluid
in a test-tube heated to hmlmv 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 eolour of the fluid so obtained is reddish, if extracted
from the flesh of the ox, doe, hare, or fox ; hut 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 pre-
sence of free acid, which must be removed hefore evaporating
the fluid, as it would cause a dark brown colour of the con-
centrated fluid, and not permit the erystallization of ereatine.
In order to remove this acid, a conecentrated 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.
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unequal, two at right angles to each other in a horizontal
plane, the third axis inclined in a plane cutting either of the
other two axes. The clinodiagonal inclined to the principal
axis in an angle of 70°20/; inclination of the planes o= P:
@ P in the orthodiagonal principal section = about 133°
2. Specific gravity of the crystals =1:35 to 1:34.' The
crystals are colourless, perfectly transparent, and lustrous.
They are connected with each other in tufts and groups, and
then resemble acetate of lead (vide plate ii, fig. 5).

Chemical properties.

Creatine 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 erystallizes very slowly in rather large crystals,
which may attain a length of from one fourth to three exghths
of an inch, and a thickness of one eighth of an inch, and will
further inerease in size if left in the mother-liquor for some
time.

1000 parts of water at 64°4 F (18°C.) dissolve 1344 ereatine,
or one part of creatine dissolves in 74°4 water.

In cold alcohol creatine is almost insoluble, one part
requiring 9410 parts of alcohol for solution. It is more
soluble in spirits of wine containing some water.

The watery cold solution of ereatine, which contains a very
small amount of that substance, possesses for that reason a
weak, bitterish taste, and causes a sensation of irritation in
the pharynx. If the solution contains a trace of a foreign
organic substance, it changes very easily, mouldy vegetations
form in it, and it assumes a disgusting odour.

Creatine even in the largest guantity does not neutralize
the acid reaction of the weakest acid; it does not possess a
basic character; it is soluble in baryta water at a higher
temperature, but crystallizes out of the ecooling solution
without having undergone any change. 'The ecrystals so
obtained contain no baryta, and from the solution the whole
of the baryta may be preecipitated by carbonic acid.

Decompositions.—On being boiled with baryta water, ereatine
is decomposed, ammonia being evolved on the one hand, and
carbonate of baryta in erystalline granules formed on the
other. This decomposition will take place even though the
air be entirely excluded from influencing the substance.

' Heintz, ‘ Poggend. Ann.,” Ixxiii, p. 595,
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of all classes of vertebrate animals, and being absent from the
b}'ﬂjn, liver, and kidneys of the same animals, it becomes
highly probable that it stands in 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 creatine
contained in the muscles 1s much larger than in domesticated
animals. This difference in the amount of creatine 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 creatine which was obtained
from an equal weight of the flesh of foxes which were caught
by hunting.

The amount of creatine contained in the muscles of an
animal stands in a close relation to the quantity of fat
deposited in the animal, or to the canses which determine the
deposition of fat. From fat meat there are frequently obtained
only traces of creatine, 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 hunted or otherwise chased foxes no fat was
perceptible to the eye. The heart of the ox, a never-resting
muscle, contains a large amount of creatine, and is therefore
frequently used for producing it in quantities.

Creatine is present in the blood, by which it makes its way
to the kidneys. It occursin the urine as a regular ingredient,
though present in small quantities only. It is partly trans-
formed into creatinine, most probably somewhere between the
muscle and the urinary residue ont of which the zine salt
crystallizes. For, in the muscle, creatine has by far the prepon-
derance over creatinine ; in the urine, creatinine over ereatine.

Creatine is, therefore, truly excrementitious : its relation
to urea proves this beyond doubt. Its exclusive oceurrence
in the muscles shows the seat of its formation ; it is, with
other matters, a product of the chemical changes in the
muscles.

Quaniity discharged in twenty-four hours.

This question seems of sufficient importance ; but few obser-
vations have been made onit. My own experiments, detailed
at the end of this chapter, yield 0-305 grammes of creatine
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tion hydrated oxyde of lead is added, until the fluid gives an
alkaline reaction to test-paper. The threefold amount of the
oxyde of lead used up to this point is now added, and the
flnid kept boiling, until it appears to coagulate into a light
yellow magma. The decomposition is now completed. Zine,
hydrochlorie acid, and lead in the form of the basic oxy-
chloride are thus transformed into an insoluble condition ; the
substance combined with them before the addition of the lead
remains in solution. The latter is now treated with some
amimal charcoal, which removes a yellow colouring matter
and a trace of oxyde of lead, and is then evaporated to dry-

ness. There remains now a w]ute, erystalline hody—a mixture
of two substances, which may easily be separated by aleohol,

as the one dissolves easily in boiling alcohol, in which the
other is almost insoluble. A portion of the crysta]]lm, residue,
when heated with eight or ten times its weight of aleohol,

either leaves a residue, or dissolves completely ; and the solu-
tion deposits erystals on cooling : these crystals are identical
in their properties with the resulue if any was left. If these
erystals are removed from the mother- liquor, and the latter is
evaporated, a new crystallization of a different form and dif-
ferent properties is obtained. The body remaining as a residue,
or erystallizing first, contains water of crystallization, and is
without reaction upon vegetable colours; the other in its
watery solution is strongly alkaline, its erystals do not disin-
tegrate by losing water, and the chemu::-ll analysis shows that
the lmdy which ﬁrysta,lllzes first is creatine, and the other
creatinine.

Mode of obtaining Creatinine from putrid Urine.

If putrid urine, in which the whole of urea is transformed
into carbonate of ammonia, be boiled with milk of lime,
until ammonia is not any longer evolved, the fluid then fil-
tered, evaporated to a syrupy consistence, and treated with
one twenty-fourth part of its weight of a syrupy solution of
neutral chloride of zine, there will, in the course of a few days,
be deposited a considerable qu;rmd;it";r of a yellow granular
body, which contains chlorine and zine, andy under the mi-
croscope, eannot be distinguished from the zinc salt obtained
from fresh urine in the manner above described. When dis-
solved in boiling water, and freed from the chloride of zine
and colouring matter by means of hydrated oxyde of lead and
animal charcoal, the organic substance, which was combined
with the zine, appears as pure creatinine without any admix-
ture of creatine,
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Chemical properties.

Creatinine is much more soluble in cold water than creatine.
1000 parts of water dissolve 87 parts of creatinine, or one part
dissolves in 115 parts of water at 60° F.(15°C.) In hot water
it is much easier soluble.

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

Creatinine dissolves in boiling alcohol, and erystallizes from
the solution on cooling. 1000 parts of alcohol at 60°F. (15°C.)
dissolve 9-8 parts of creatinine, 102 parts dissolve one part.

The chemical character of creatinine is quite that of
Ammonia.

A moderately concentrated solution of mitrate of silver, to
which a solution of creatinine is added, coagulates imme-
diately into a mass of delicate white needles, which are
easily soluble in hot water, but crystallize out of it on
cooling, without having undergone any change. They con-
sist of a basic combination of creatinine with nitrate of
silver.

‘In a solution of corrosive sublimate, ereatinine produces
immediately a white curdy precipitate, which, in the course
of a few minutes, transforms into a heap of delicate, trans-
parent, colourless needles.

In a watery neutral solution of chloride of zine, creatinine
produces immediately a crystalline precipitate, in the form
of roundish, warty granulﬁ-s which, under the microscope,
are seen to consist of delicate ucu:llvs i zeolithic arrange-
ment. (vide plate iii, fig. 1.)

Creatinine expels ammonia from its salts, and forms blue
crystallizable double-salts with the salts of m;s,rdc, of copper.

‘Chloride of platinum produces no precipitate in solutions
of chloride of ereatinine. 1f the mixture of the two solutions
is, however, evaporated at a gentle heat, dark-yellow, trans-
parent, rather large crystals are fﬂTﬂ]Ed which are pretty
easily soluble in w ater, less soluble in alcohol. This salt has
a composition similar to the double-salt of chloride of platinum
and ammonium.

Combinations.

Chloride of crealinine.—On exposing erystallized ereatine
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duced, the microscopical appearances of which I have already
deseribed.  This may be filtered from the mother-liquid after
twenty-four hours, washed with cold water, in which it is very
little soluble. It is much more soluble in boiling water, and
crystallizes from a saturated solution, on slow evaporation in
large granules, warts, and groups of needles. This salt,
mixed with creatine, constitutes the substance originally
obtained by Pettenkofer, and produced from urine by the first
method.

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

Observations on the quantity of Creatinine and Creatine 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 creatinine
and creatine by Liebig’s process. The zine salt was decom-
posed by hydrated oxyde of lead. The mixture of the two
substances obtained was separated by aleohol, the aleoholic
solution of creatinine was evaporated to dryness in a water-
bath. The drying process was completed with a chloride-of-
calcium-tube and an air-pump. There was obtained, creati-
nine, 3-1292 grammes.

The ereatinewhich constituted the residue from the aleoholie
extraction was washed into a silver capsule with boiling
water, and evaporated to dryness. Its weight was creatine,
20475 grammes.

This gives 06258 grammes of creatinine per day,and 0-4095
grammes of ereatine per day.

Observation 2.—Four days’ urine from 4, treated as usnal,
the zine salt decomposed with lead, no charcoal used.

There were obtained, creatinine, 1'4532 grammes, equal to
0-3633 grammes for twenty-four hours.

The alcoholic extraction left creatine, 1:2120 grammes,
equal to 0-3030 grammes for twenty-four hours.

Observation 3.—Two days’ urine from B, aged 28, weight
of body 72 kilogrammes. There were obtained two portions

iy,
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of chloride of zine creatinine, the second portion not quite
pure. It was, therefore, recrystallized, and, together with
the first, dissolved in boiling water. The zine was then pre-
eipitated by sulphuretted hydrogen, after a little ammonia
had been added to the solution. The mixture stood for
several days to allow of perfect preecipitation 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
impurity. During these proceedings it was found that the
ammonia which had been added, and which must have formed
chlorideof ammonium with the hydrochlorie acid from the zine
salt, was gradually driven out by the creatinine, and the last
portions of it disappeared with the alecohol which evaporated
from the ecreatinine. 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 substances obtained were as follows :

2 days’ creatinine . . . 08182 grammes,
2 days’ creatine . . . . 06185 do.

The creatine contained yet a very slight amount of creati-
nine; the figures for creatinine are, therefore, somewhat
below the actual amount, those of creatine a little higher.

1 day’s creatinine . . . 04091 grammes.
1day’screatine . . . . 03092 do.

Observation 4.—Five days’ urine from B, yielded 4:363
grammes of chloride of zine creatinine (and creatine, as an
admixture). After having been dissolved in boiling water,
and made alkaline 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 hoiled for a length of time to drive the
ammonia out of its combination, it was then evaporated, and
the dried residue was treated with alcohol. There were
obtained, chloride of creatinine, 2:4072 grammes, which is
equal to 2:93 grammes chloride of zinc creatinine, which,
dedueted from the above 4:363 grammes of zinc salt, leaves
1-433 grammes for the creatine contained in the zine salt as
an admixture.

The creatine obtained weighed 1:1201 grammes.

Creatine caleulated . . . 1433 grammes.
Creatinefouond . . . . 1:1201 do.

Lios8 « - + « « «» - OrB129 do.
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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, cannot be
called excessive, though it is still considerable. The experi-
ment illustrates the proportions between the creatine on the
one hand, and the creatinine zine salt on the other, contained
in the crystallized substance obtained from the urine.

Secreted in five days, creatinine 1-8322 grammes.

Do. do. creatine 1'1201 do.
Secreted in one day, creatinine 03664  do.
Do. do. creatine 02240 do.

Observation 5.—Five days’ urine from B, yielded 6-7663
grammes of crystallized substance (chloride of zinc creatine
and creatine mixed), washed and dried. From this the
amount of creatinine and creatine was ascertained by calcu-
lation, upon the basis of the parts found in the fourth
observation.

If 4-3630 grammes of erystallized zine salt yielded 1-8322
grammes of creatinine, how much would be obtained from
6-7663 grammes of zinc salt ?

4:3630 : 1-8322 = 67663 : x
1-8322 x 67663
43650

of creatinine secreted during five days.

28373 grammes

4-3630 : 1'1201 (creatine) = 67663 : x

11201 x 6:¥768 __ 1.7379 grammes

4-3630
of ereatine secreted during five days.

Secreted in one day, ereatinine 0°5674 grammes.
Do. do. creatine 03474  do.

Observation 6.—Five days’ urine from 4, yielded a quantity
of crystallized zine salt, “which was washed redissolved 1n
hoiling water, filtered, evapt}rateﬂ and dried. When dry, it
Was a powder—l:ke mass of a light-yellow colour, a sample of
which, when burned on platinum foil, left pure oxyde of zinc
on the foil. When exposed to the air, it attracted very little
moisture.  Its weight, when perfectly dry, was 4-6324
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It has a greater affinity for ether than for either alcohol
or water.

It is insoluble in nitrie, hydrochloric, sulphurie, tartaric,
and oxalic acids; soluble in ammonia, solutions of soda and
of potash, and in chloroform.

On combustion it leaves a small residue, consisting exclu-
sively of oxyde of iron. By this fact its relation to heematine
is satisfactorily established.

It adheres with remarkable obstinacy to the salts of the
urine, and therefore Berzelius applied to it the name of
halophile.

The following is Scherer’s! plan for isolating the ureematine:

By adding a solution of basic acetate of lead to urine, a
precipitate is obtained, which consists of lead, several acids of
the urine, and a certain amount of colouring matter. The
whole of the colouring matter cannot, however, be precipi-
tated by the basic acetate, a cireumstance which leads to the
conclusion, that either the substance ursmatine consists in
fact of two distinet bodies, or is decomposed by the influence
of the basic acetate.

The precipitate of the basic acetate of lead, when digested in
alcohol acidulated by hydrochloric acid, yields lead to the
acid and colouring matter to the alcohol, which latter on
evaporation leaves the colouring matter as a blackish mass.
The latter is freed from any acids by careful washing with
water, in which it is msoluble. This insolubility shows that
the substance must have undergone a change during the
several operations for obtaining 1t in an 1solated state.

Another smaller quantity of colouring matter is precipitated
by neutral acetate of lead.

These precipitates, hoth with basic and neutral acetate of
lead, contain from 625 to 883 per cent. of nitrogen, from
56 to 66 per cent. of carbon, and from 4-10 to 7°45 per cent.
of hydrogen.

These experiments of Scherer have been continued under
his superintendence by Dr. G. Harley,” who found that the
precipitate of colouring matter with the basic acetate of lead
could be separated into three or four constituents. Butnone
of these matters have been obtained either erystallized, or in
a certain combination with other known substances. They
may therefore be the products of decomposition, and have at
present no claim to be considered either as normal ingredients
of the urine or as defined chemical entities.

! ¢ Med. Gazette,’ 1845, pp. 363, 410.
? ¢ Verhandl. des Warzburger Physic. Vereins,' Band v, 1854,
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Dr. Harley’s method of obtaining ursematine is as fol-
lows: A large quantity of urine is evaporated to the con-
sistence of molasses, the salts being removed from the fluid
whenever erystallized. The residue i1s then extracted by
aleohol. The latter is brought to a boiling heat, when milk
of lime is added until all the colour has disappeared. The
mixture is now filtered, when the combination of urema-
tine with lime remains on the filter, and is washed out by
means of ether and water. This compound, after having heen
dried, is digested in alcohol acidulated by hydrochloric acid ;
the alcohohe solution is filtered off, mixed with its volume of
ether, and put aside for several days, during which time it
must, however, be frequently shaken, in order to make the
alcohol yield as much urematine to the ether as possible.
The ether and aleohol are then separated by the addition of
water. The etherial solution, which has a fine colour of red
wine, must now be washed with water, in order to free it from
the traces of acid, salts, and resinous substances that may
be dissolved in it. This washing must not be continued
too long, because a little ureematine is precipitated with
every fresh quantity of water. The substance so obtained
shows the properties above described.

It is quite evident that such a method of analysis is not
avallable for clinical purposes, or for quantitative re-
searches. And as we have no other direct chemical analysis
for ureematine which would at all come up to the modern
requirements of chemistry, the indications of this ingredient
of the urine are not easily to be determined.

Happily, however, we possess a method, for which we
are indebted to Professor Vogel,! which enables us to
estimate the quantity of ureematine present in any urine
with a tolerable degree of accuracy, and permits us to draw
valuable conclusions regarding the diagnosis and prognosis of
disease, and its therapeutical indications.

It has heen ascertained that a deeply coloured urine, when
diluted wth various quantities of water, will produce all the
lighter tints of more frequent occurrence. From this it was
reasonable to conclude that the various tints are only dilu-
tions of one and the same description of colouring principle.
Taking certain colours as starting points, a scale of tints was
produced by mixing urine of the former colour with its equal
volume of water. By this a tint was produced which was the
next fixed point in the scale, and so on. These colours had
to be expressed in material substances, for the purpose of

! ¢ Archiv des Vereins fiir gemeinschaftliche Arbeiten,” Bd. i, p. 137, 1853.
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procuring a standard which everybody might ascertain. The
scale and its material representatives were therefore ar-
ranged as follows, and as is represented in the table affixed
to the volume :

I. First Grouve. Yellowish Urines.

The colour is yellow (gamboge), mixed with a greater or
lesser amount of water. Starting with the perfectly colour-
less urine, this group has three gradations or nuances :

1. Pale yellow (gamboge with much water).
2. Light yellow (gamboge with less water).
3. Yellow (gamboge with very little water).

II. Secoxp Grour. Reddish Urines.

With the yellow there is mixed a greater or lesser amount
of red (gamboge with crimson lake). These urines are
generally termed “ highly coloured.” There are again three
varieties of this group:

4. Reddish-yellow. An admixture of some red to the
prevailing yellow (gamboge with a little erimson lake).

5. Yellowish-red. The red colour becomes more promi-
nent in the yellow body of the fluid (gamboge with more
crimson lake).

6. Red. The red colour is prevalent, but there is still a
slight admixture of yellow (crimson lake with little gamboge).

III. Tairp Grouve. Brown (dark) Urines.

The red colour passes through brown to almost black tints
(gamboge, crimson lake, and more or less Prussian blue).

7. Brownish-red. Red with an admixture of a little
brown.

8. Reddish-brown. There is more of the brown colour
than in the last.

9. Brownish-black. Almost black, but with a touch of
the reddish-brown.

Though a delicate eye may yet distinguish several varieties
of intermediate colours, yet the nine tints just described are
all that are useful to be distinguished at the bedside.

We now come to the determination of the unit in the cor-
responding varieties of urine. As the absolute quantity of
ureematine is not known which is required in a given bulk
of urine to produce a certain colour, our unit must be a
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philosophical one; that is, it must be comparatively correct
to coincide with the scale in such a manner, that every urine
of any given colour of the scale, by dilution with its equal
amount of water, may produce the next following dilution,
and that the darkest urine, on being diluted the necessary
number of times, will produce all the colours of the scale in
suceession ; in other words, that the gradations of the umt
are simple multiplications by two.

The unit, then, is the amount of ursematine, or colouring
matter, contained in 1000 c.c. of the first variety, or pale-
yellowish urine. This amount, no matter to how much it may
amount in real weight, is put downas =1, 1000 c.c. of yellow
urine (III) therefore contain four times as much urematine
as 1000 c.c. of the first variety ; and 1000 c.c. of yellow urine
will require three times their own bulk of water fﬁr becoming
of the pale-yellow colour of variety 1. The following table is
intended to represent these relations more perspicuously :

L |l v v, | v v v | 1x

1 2 | 4 | 8 |16 |32 ) 64| 128 | 256 Pale vellow =1L
1|2 ] 4 8|16 | 32| 64 | 128 | Light yellow =II.
1 P 4 8| 16 a2 64 Yellow =1L
1 2| 4| 8 32 | Reddish-yellow=1V.
1 2 16 Yellowish-red = V.
1 Red = VI.

4 Brownish-red = VIL
2 Reddish-brown = VIII.
1 Brownish-black = IX.

— b

—_

— o
o

This table shows how much ursematine is contained in
equal parts of urine of different colours. To illustrate it with
another example; if a certain volume of pale-yellow urine
contains 1 part of urematine, the same volume of reddish-
yellow urine contains 8 parts, and the same volume of
reddish-brown urine 128 parts of urematine. One volume
of yellow urine, on the other hand, contains just as much
colouring matter as 4 volumes of pale yellow; 1 volume of
red urine the same quantity as 4 volumes of reddish-yellow
urine. 1If, therefore, an individual discharge 1000 c.c. urine
of yellow colour in twenty-four hours, and another, during
the same period of time, 4000 c.c. of pale-yellow urine, both
discharge equal quantities of urematine during the same time.
And if an individual discharge any number of c.c. of urine
of a certain colour during a given time, the amount of colour-
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mng matter thereby discharged is ascertained by simple
equation. For example, in twenty-four hours there were
discharged 1800 c.c. of urine of yvellow colour; 1000 c.c.
contain 4 parts, how much do 1800 eontain ?

1000 : 4 = 1800 : x
# = 72 = the amount of ure-
matine contained in 1800 c.c. of yellow urine.

In order to obtain uniform results by this method, it is
essential that the urine be absolutely clear. It has, there-
fore, to be filtered in most instances. Its colour must be
ascertained by transmitted light, and for this purpose the
body of urine should be of a diameter of not less than four or
five inches.

Several objections have been raised against this method,
which have been answered satisfactorily by its originator. It
is quite clear that in cases where the colour of the urine
depends on any other substance than urseematine, it would give
erroneons results. But these cases can. in the first instance,
easily be detected by the tests given when treating of the
colour of urine ; and, in the second instance, they are of rare
occurrence as compared with the great number of instances
in which the urine is coloured by the ordinary ursematine
only.

In some rare cases the urine on dilution will not yield the
colours which would correspond to the seale. In these cases
it may be doubtful whether a red urine contains 32 times, ora
brownish-red urine 64 times the amount of ursematine con-
tained in the same quantity of pale-yellow urine. It may
well be admitted that modifications of the urematine oceur,
which have a different colouring power from that of the
ordinary substance. Admitting all this, we may still coincide
with Vogel in the opinion that, for approximative determina-
tions of the quantity of urematine discharged in a given
time, the method is nseful. An error is not so dangerous, if
we know the extent to which it can be committed, and the
sources from which it may arise. Of the sources we have
spoken ; we can say less of the extent, as we do not know to
what quantity of urmematine a certain colour corresponds.
The highest amount of error to which, in the opinion of
Vogel, his method might be liable, is one third or one fourth
of the figures found. Fluetnations, therefore, within these
limits might be left out of the question; but when the
surmount certain boundaries, they may with safety be used
for the comparison of the qu:-mtlty of ureematine contamed
in two different descriptions of urine. Thus, if the quantity
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of urematine which is discharged in the urine by a healthy
individual in twenty-four hours amounts to 4, and we find that
in the urine of a patient, for twenty-four honrs, it amounts
to 16 or 20, there can be no doubt that the quantity of
ureematine discharged by the latter is double or three times
the amount of that discharged in the same time by the
healthy individual. If, on the other hand, we find in the
urine of a patient the amount of ursematine to be 1 for
twenty-four hours, its quantity is clearly diminished. If,
however, we find 3'5, or 4-5, as the amount of ursematine in
the urine of a sick person, we could not say with certainty
whether the amount of ursematine was diminished or in-
creased in this case.

Physiology of Urematine.

It is very probable that a number of blood-corpuscles are
constantly undergoing the process of disintegration in the
blood, and that the hsematine which is thus set free, however
changed from its original character, finds its way out of the
body in the form of colouring matter of bile (cholematine)
and ureematine. We know the indestructible nature of heema-
tine, how obstinately it retains its colour under the most varied
circumstances, whether in extravasations within the body, or
during artificial or natural processes of decomposition out of
the body. We know, moreover, that the changes of colour
which h@matine undergoes under certain circumstances in
the body—for example, when effused into a bruise under the
skin or epidermis—correspond with the destructive changesin
the blood ; so that hematine thus effused will go through all
the stages of colour from red to green, yellow, and pale yellow—
the colours which are found in the cholzematine and ursematine.
From this property of retaining its colour under the most varied
eircumstances, it is highly improbable that haematine, after
having served the economy, should leave the body as a colour-
less substance. And if it, therefore, is probable that effete
heematine is discharged as a coloured substance, the only
excreta which are coloured, namely, fieces and urine, most
probably owe their colour to effete hiematine. If we, more-
over, take into consideration that the purest urematine
always contains some iron in chemical combination, it can
scarcely be doubted that it is the offspring of the colouring
matter of the blood-corpuscles.

The quantity of urematine which, according to Vogel, is
discharged by an adult healthy person in twenty-four hours,
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amounts to from 3 to 6 of the above units, and, on an

average, to about 4-8, which, calculated npon the hour,
gives 02,

Quantity of Urematine in Disease.—Pathological Indications.

According to the observations of Professor Vogel, which
may be verified by daily observation at the bedside, the amount
of ureematine discharged during acute febrile diseases is con-
siderably increased, and, notwithstanding a considerable
decrease in the total quantity of urine, amounts to 16, 20, and
more. This amount becomes even much higher in typhoid
and septical fevers, which are combined with dissolution of the
blood. Inaccordance with this we observe, that in the course
of all these diseases the amount of blood-corpuscles in the
blood becomes so considerably diminished as to cause an
anemic, or better oligocytheemie, condition. In a number of
pneumonic patients the daily amount of urematine fluctuated
during the acme of the disease between 16 and 24. During
the acme of a case of acute rheumatism it was 30 to 32. In
a case of typhusin a man it was for some days 80 to 100.
In a case of lead colic I found it 64 for three days. 1In a
case of scarlatinous nephritis 1 found it on two occasions
256 for twenty-four hours.

In cases where the disintegration of the blood-corpuscles
is diminished, as in chlorosis and ansmia, in hysterical and
nervous diseases, and in the convalescence from severe
diseases, the quantity of ureematine discharged during a given
time is generally diminished. In these cases the condition
of the urine affords valuable therapeutic indications, as point-
ing to the exhibition of tonies, in particular iron.

In chlorotic patients the daily quantity of urematine is
frequently below 1 ; in the convalescence from severe diseases
it is frequently, for some length of time, not above 1 or 2
(Vogel). In a case of ovarian tumour I found it below 1
(vide p. 75). This urine resembles that of young children
who are growing fast, but has of course a different signifi-
cance.

—— o
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urine, to which some sulphurie or hydrochloric acid had been
added, acetic acid and henzoic acid were evolved, the latter of
which was deposited in erystals in the neck of the retort.
Liebig, in repeating these experiments, found that after
neutralization of the acetic acid so obtained by the addition
of oxyde of lead, there was formed in the fluid a considerable
amount of a white precipitate, which consisted of pure
benzoate of lead. The presence of benzoic acid in putrefied
urine could, moreover, be proved by concentrating the urine,
adding some sulphuric acid, and letting it stand for several
days, after the lapse of which benzoic acid was found to have
formed in brown glistening scales. No urine which was
subjected to this test by Liebig during a period of three
months was found to be void of this acid.

There could be no doubt that benzoic acid was not con-
tained as such in the fresh urine, inasmuch as it had been
proved to certainty by the experiments of Ure and Keller,
that crystallized benzoic acid is transformed in the body into
hippuric acid, and appears in the urine as hippurate of soda.
As it was furthermore known that the hippuric acid in the
urine of graminivorous animals is decomposed during the
putrefaction of this urine, and that benzoic acid is one of the
products of that decomposition, it was to be supposed with
certainty that the benzoic acid discovered in the putrefied
urine of man had the same origin, and in the fresh urine was
present in the form of hippurie acid. On a closer examination,
Liebig found this to be the fact. All urine of individuals
taking mixed food was found to contain hippurie acid in about
equal proportions with urie acid.

Occurrence and Methods of obtaining it pure.

Hippuric acid is a regular ingredient of the urine of man!
and the graminivorous animals—the horse, (from which it
derives its name) horned cattle, camels,® and elephants. It
is found in guano,® as hippurate of ammonia, and has been
observed in the excreta of a tortoise (Testudo Greca), and in
the excreta of the larvee of butterflies, and of butterflies them-
selves.* It has been found in the blood of ecalves and oxen
by Verdeil and Dollfus.® It 1s absent from the urine of

! Liebig, ‘ Ann, d. Pharm.,’ xxxvii, p. 82.

2 Schwarz, ibid., liv, p. 31.

3 Marchand, ‘ N. Journ. d. Pharm.,’ vii, p. 134.

+ T. Davy, * Edinb. New Philos. Journ.,’ xlv, p. 17.

¥ ¢ Ann. d. Chem. und Pharm.," Ixxiv, p. 215; also Lehmann’s ¢ Physiolog. Che-
mistry,” Cavend. Soc. Edit., vol. ii, p. 212,

o
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animals exclusively carnivorous. It may, however, be made
to appear in their urine by giving them, with their food, hip-
puric acid, or any substance capable of forming it. When
Schwarz! had given to a dog some hippuric acid, it made its
reappearance in the urine. Buchheim? found that when free
hippurie acid, hippurate of soda, or acid hippurate of am-
monia were takﬂn a quantity of hippurie acid was obtained
from the urine, which was so large that scarcely any acid
could have been lost in its passage through the organism.
The amount of hippuric acid in the urine may be con-
siderably increased by the ingestion with the food of benzoic
or cinnamic acids, or essential oil of bitter almonds. Any
amount up to 10 grammes of benzoic acid, whether taken as
guch, or in combination with bases, soda, ammﬂnia, magnesia,
iron, will in the course of a-few hours or over night, appear
in the urine as hippuric acid. The hippuric acid in each
case corresponds in quantity to that of the benzoie aeid taken
(Buchheim). Dr. Garrod® obtained, however, only 15 to 29
grains of hippuric acid, after hsmng taken from 20 to 30
grains of benzoic acid. Marchand* obtained 392 grains of
hippuric acid from the urine after having taken 300 grains
of benzoie acid. The consumption of a large amount of
fruit, such as apples (Pettenkofer) or plums (Prune Claude,
Prunus domestica chlorocarpa, Duchek), will canse a con-
siderable quantity of hippuric acid to appear in the urine.
Duchek?® examined the greengage, and found benzoic acid in
it, but not in sufficient quantity to account for the whole of
the hippuric acid found in the urine after the use of a certain
quantity of that fruit. He accordingly is of opinion that the
greengage might contain some other compound of benzoyle
capable of being transformed into hippuric acid. Duchek
{11[1 not find hippuric acid to be a constant constituent of
human urine. Hoefle® could never find it in his urine.
Pathologically an increased amount of hippuric acid is met
with in the acid urine of fever-patients (Lehmann), in the
urine of diabetic patients (Lehmann’s? and Hiinefeld’s® ob-
servations both confirmed by Duchek). In one instance
hippuric acid was observed in the scales from ichthyosis

1 Loe. cit., p. 32,

2 « Archiv fiir Physiol. Heilk.,’ 1857, vol. i, p. 122.

3 ¢ Philos. Magaz ," xx, p. 501.

4 ¢ Journ. of Pract. Chem.," xxxv, p. 309,

s ¢ Prager Vierteljahrschrift,” 1854, vol. iii, p. 25. See also the * Lancet,” July
26, 1856, p. 114.

6 + Chemie und Mi icroscop am Krankenbette.

7 « Journ. d. Pract. Chem.,’ vi, p. 112.

B Thid., viii, p. 552.
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(Schlossherger). Sometimes it occurs together with urie
acid as a sediment.

By the following method hippuric acid can be obtained
from comparatively small quantities of fresh human urine :

Fresh urine is evaporated in the water-bath to a syrupy
consistence, and, after the addition of some hydrochloric acid,
is shaken with its equal volume of ether, which dissolves the
hippuric acid. In most cases the mixture does not separate,
because the ether is inclosed by the fluid in a sort of lather;
but the separation of the ether takes place immediately, if,
after the mixture has stood for an hour, one twentieth of its
volume of aleohol be added. In that case the lather 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 alcohol which has been added. This layer is now carefully
removed by means of a pipette and shaken with small portions
of water; the aleohol and urea combine with the water, and
the hippuric acid alone remains dissolved in the ether. By
evaporation it is obtained in crystals, which generally are
of a yellowish or brown colour, from a resinous substance,
which may be easily and perfectly removed by animal char-
coal.

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. It is, however, preferable to
conecentrate the urine to one sixth or one eighth of its original
volume before adding hydrochloric acid. The hippurie acid
thereby obtained is very much coloured. 1t is therefore ad-
visable to remove as much colouring matter as possible from
the urine before concentration. For this purpose it is mixed
with an excess of milk of lime, and boiled for some minutes ;
the decanted fluid is evaporated to one sixth or one twelfth of
its volume, and after cooling mixed with an excess of hydro-
chloric acid. After the lapse of about twelve hours the erys-
tallization of hippuric acid is completed.

The crystals so obtained have yet a brownish colour and
a d1sagreeablc urinous odour, which must be removed by
a purifying process. The solution in water is boiled w1th
some caustic llme 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
1s colourless; the filtrate is mixed with hydrochloric acid,
and, on cooling, deposits hippurie acid perfectly white and pure
(Liebig). In this proceeding some hippurie acid is perhaps
transformed into benzoie amd, and therefore some chemists

hm-.r.dﬁ- e e ——— e e Wi
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prefer the following proceeding, by Bensch.'! The impure
acid is mixed with ten parts of boiling water and an excess of
milk of lime; the fluid is decanted, and the deposit pressed
in a bag of calico; the united solutions are now treated with
solution of alum until the alkaline reaction has disappeared,
cooled down to 104° F. (40° C.), treated with solution of car-
bonate of soda as long as a precipitate is being produced, and
again freed from the deposit by decantation and filtration
through calico by the aid of pressure. From this solution
hippuric acid is precipitated by means of hydrochloric acid.
The precipitate, after washing with water, is pressed, dis-
solved in hoiling water, and the solution treated with one
part of animal charcoal upon sixteen parts of hippuric acid;
and, after filtration through paper when boiling hot, is allowed
to erystallize.

Physical properties.

Pure hippuric acid, prepared from human or animal urine,
appears in long, ghstemng, transparent prisms, four-sided
parallel to the longest axis, the ends acuminated by two or
four planes, being planes of prisms parallel to the braﬂh_w,r-
and macro-diagonal. The primary form is a vertical rhom-
bic prism, whose planes are inclined at an angle of 94° 507,
The planes of the hra{:hv-dmgt}nal (horizontal) prism are
inclined at an angle of 94° 50,' those of the macro-diagonal
(also horizontal) prism at an a,ngle of 85° 14.%.  Some micro-
Empical crystals from human urine are represented on PL II,

g. 4,

Chemical properties.

This acid is destitute of odour, and is of a hitterish taste.
It requires for solution 600 parts of water 32° F. (0° C.) tem-
perature, and 400 parts of water at the ordinary temperature
of the air; but is much more soluble in hot and hoiling water
and in alcohol. Its solubility in ether is somewhat less than
in aleohol. The solutions redden litmus paper.

Decompositions.

Hippurie acid is not volatile at the temperature at which
benzoic acid sublimes. At a higher tem Eeratme it deliquesces,
forming a brownish-red liquid, which on cooling becomes

' ¢ Ann. d. Chem. und Pharm.," Iviii, p. 267.
? Gorup-Besanez, loc, cit., p. 191,
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a milk-white crystalline mass. By dry distillation it yields
a red oil, which has the odour of the Tonka bean (* the pride
and flower of the snuff-hox”), ammonia, and benzoic acid
(the latter two, perhaps, in part as benzoate of ammonia)
and a large residue of charcoal. Sometimes the acid before
charring evolves a eyanogen compound, having the odour of
hydrocyanic acid. If the temperature during dry distillation
be not raised above 482° F. (260° C.), benzoie acid is obtained,

slightly reddened, a trace of hydrocyanic acid, and benzo-
nitrile is collected in the receiver.

Hippuric acid is soluble in warm nitric acid, and hot
hydrochlorie acid, and from both solutions erystallizes on
cooling ; but when boiled for some time in either of these
solutions it undergoes a decomposition, by which benzoic
acid erystallizes out of the solution on cooling. Combined
with the nitric acid there remains glycine, or glveocoll, or
sugar of gelatine. This decomposition may also be produced
by sulphuric and oxalic acids, and by boiling with caustic
soda or potash. From this mode of decomposition Des-
saignes concluded that hippuric acid was a combination of
benzoic acid and glycine, and that by the artificial combina-
tion of these two bodies hippuric acid might be produced.
He succeeded in producing hippuric acid by exposing a
combination of glyecine with oxyde of zine to the influence of
chlorine-benzoyle.

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

Hippuric acid is the amide of a new acid, benzoglycolic
acid,? which is free from nitrogen, and has the composition
C,HH Oy It is formed when hippuric acid is acted on by
]wpmutrum acid, and is obtained by conducting a current of
oxyde of nitrogen through a solution of luppurm acid in nitrie
acid.

C,H,NO; + NO, = C,;H,0, + 2N + HO.
iI1ppurm acid. Benzoglycolic acid.

Benzoglycolic acid erystallizes from the solution in colour-
less prisms, which are easily soluble in alcohol and ether, but
sparingly soluble in water. It forms neutral salts with one
ﬂquwalﬂut of base, which are mostly crystallizable. The lime-
salt, CaO, C.HHA(J- erystallizes in “colourless needles, and has
a tend{:ncy to form oversaturated solutions.

I Buchnmer, * Ann. d. Chem, und Pharm." lxxviii, p. 203.
* Socoloff and Strecker, * Ann. d. Chem. und Pharm.," Ixxx, p. 17.
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When henzoglyeolic acid is treated with dilute acids it is
decomposed to benzoic and glycolic acid after the formula

CIEHHDB + 2:[_]:0 —- U I-IHﬂD4 + C_;HJDE-
"_"'\I'_'"II Lﬂr ] k . J
Benzoglycolic acid. Benzoic acid. Glycolic acid.

This decomposition explains why hippuric acid, although it
be the amide of benzoglycolic acid, does not yield that acid
and ammonia when boiled with acids, but benzoie acid and
glycocoll. The benzoglycolic acid is at first formed along
with ammonia, but is immediately decomposed into benzoie
and glycolic acid, and the latter, with the ammonia, forms
its amide, gi}fcocnll and water.

Hlppunc acid, when treated with oxydizing agents,' e. g.,
peroxyde of lead in water, yields benzamide, carbonic acid,
and water, according to the following formula.

CgHNOy = C,,H.NO, +4CO,+2HO.
T e e

Hippuric acid.  Benzamide.

Compounds of Hippuric Acid.

Nitrohippuric acid.® CsHgN,Oy9.—To a solution of hippuric
acid in cold fuming nitric acid, an equal volume of oil of
vitriol is gra(lu,allj_,r 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 continually kept at a low temperature. The mixture,
after twelve hours, has deposited about one half of the hip-
puric acid employed in the form of nitrohippuric acid in
needle-shaped erystals. The mother-liquor, when neutralized
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 iz precipitated by hydrochlorie
acid.

Nitrobenzoic acid may be taken internally, in quantities
amounting to 6 grammes per diem, without 1n311ry to the
system. It 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

' Fehling, ‘ Ann. d. Chem. und Pharm.," xxviii, p. 48.
* Bertagnini, * Compt. Rend.,” xxxi, p. 490.
19
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with ether and some alecohol, which take up nitrohippurie
acid, and, on spontaneous evaporation, deposit it in brown
war?' erystals, which, when removed from the mother-hiquor,
dried on a brick, and recrystallized 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 nitro-
hippurie acid, which is obtained in fine crystals by recrystal-
hization from hot water.

Hippurie Acid Salts—Hippurates.

The alkaline and earthy hippurates are soluble in water.
Hippurate of soda seems to be a combination which oceurs in
human urine. But as hippuric acid in human urine, when
present in larger quantities, crystallizes on simple evapora-
tion on the surface of the fluid, there is, @ priori, great pro-
bability that it may also be present in a free state. But as
it cannot easily have existed as such in the blood, an ex-
planation would be required of the agency by which, in the
moment of secretion, or afterwards, it was deprived of its
base. This must at present remain a subject for future
inquiry. In the urine of the horse hippuric acid is com-
bined with lime. Metallic hippurates are sparingly soluble.
All hippurates yield their bases to hydrochlorie acid, hippurie
acid crystallizing 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 equivalents of
acid to one of base.

Hippurate of baryta, neutral. C, BaHNO;+HO (erys-
tals).— DBy dissolving hippuric acid in excess of baryta water,
and precipitating the excess of baryta by a current of car-
bonie acid, or by boiling an excess of carbonate of barvta in
a solution of hippuric acid, a solution of neutral hippurate of
baryta is obtained after filtration, which on evaporation yields
the salt in crusts, consisting of microscopic quadratic prisms.

Hippurate of flime. CCaHNOg+3 HO.—By boiling an
excess of earbonate of lime in a solution of hippuric acid, a
filtrate 1s obtained, which on evaporation deposits this salt in
rhombic prisms, or glistening scales. 1t is also obtained by
boiling a solution of hippuric acid with excess of milk of lime,
filtering, and passing a current of carbonic acid gas through
the solution. The filtrate contains the salt. This compound
is 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.

T A
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second case was that of a young married lady, who suffered
from a severe attack of colie. The observation is, however,
not sufficiently accurate to be recorded at full length.
Vogel! has observed several times that needle-like erystals of
hippuric acid projected like spears from larger crystals of
uric acid.  In such a case it is hest to collect the deposit on
a filter, and afterwards to boil it in aleohol. The alcoholie
solution leaves the crystals of hippuric acid on evapora-
tion.

The deposits of hippurie acid are by no means due to the
same individual causes as those of urie acid, though the same
causes may co-operate to produce such deposits. For, hippurie
acid being more soluble in water, it follows that the acid must
he 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 hippuric acid can therefore only have been pro-
duced by the co-operation of two causes: 1, an acid present
in the urine, to separate hippuric acid from its base; 2, an
excess of hippuric acid over the saturating point of the urine
at a certain temperature.

Quantity of Hippuric Acid secreted in twenty-four hours.

Beyond the assertion of Liebig that hippurie acid was present
in human urine in about the same proportion as uric acid,
we possess no observations on this point. These observations
are the more necessary, as Duchek has negatived the opinion
of Liebig, now generally received, that hippuric acid is a
constant constituent of human urine.

Physiology.

Benzoie acid, introduced into the stomach, appears in
the urine as hippuric acid. One or several drachms of benzoic
acid in a glass of grog may thus be taken ; and, after the slight
irritation of the glottis has passed away, not the least incon-
venience is experienced by the individual subjected to the
experiment. I observed, however, that a strong feeling of
sickness followed the ingestion of a dose of one drachm in a
glass of grog. It disappeared in the course of half an hour.
Benzoic acid appropriates to itself glycine. The question
now arises, where that combination takes place, whether
in the intestinal canal, in the portal blood, in the liver, or in
any other part of the system? This question must be

! Loe. cit., p. 201.
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answered by experiment; and we must take care not to be
biassed by the presence of glycine in the bile, combined with
choleic acid as glycocholie acid.

So far the observations are clear that, if benzoie, cinnamie,
nitrobenzoic acids, or any substances containing them, are
taken internally, they appear in the urine as hippuric and
nitrohippuric acids. But, as the food of most people does
not contain any henzoic acid as far as we know, the regular
appearance of hippuric acid cannot be the consequence of
diet only. Even Duchek found that his greengages did not
contain a sufficient quantity of benzoic acid to account for
the whole amount of hippurie acid found in his urine after
eating them ; and he therefore takes refuge in a supposition,
that there was another compound of henm}rle present in the
fruit, which was capable of forming hippuric acid. The
ﬁtrﬂngest argument has been brought by Liebig.! The urine
of cows is always equally rich in hippurie aud no matter
whether they feed on hay or on mangel wurzel. Now , as
the latter has been found by direct analysis, and by ex-
perience in the manufacture of sugar, not to contain any
benzoic acid, we cannot draw any other conclusion from the
presence of hippuric acid in the urine of herbivora and of
man, than that it is a product of the organism, to the forma-
tion of which the elements of the food give the materials.
Proust? and Guckelberger® both observed the formation of
bitter oil of almonds, and, secondarily, of benzoic acid, as one
of the products of oxydation of albuminous substances.
We may, therefore, by analogy, think it possible that the
oxydation of albuminous substances in the body may yield
some benzoic acid, as a collateral product, in small quantity.
These considerations point to a difference between the oxyda-
tion of albuminous suliustauces in herbivorous animals and in
carnivora. The urine of the latter has not been observed to
contain any hippuric acid, and the urine of cows always con-
tains this acid, even when their food is decidedly free from
benzoic acid. The explanation of this difference, if it really
exist, will have to be sought by further experiments.

Regarding the physiological bearing of hippuric acid in
animals, the observations seem to show that rest and actiy ity,
as well as different descriptions of food, have a considerable
influence upon the guantity in which it is found in the urine.
According to Liebig,* rest seems to favour the production of

' Loe. cit., p. 171.

2 Gchlnus ‘ Neues Journ. d. Chem.,’ ii, p. 241.
3 ¢ Ann. d. Chem. und Pharm., Ixiv, p. 39.

* ¢ Thierchemie,’ 3te Aufl,, p. Eﬁ
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hippuric acid, and the urine of horses contains a larger amount
of it when ‘thﬂ‘l.i’ are not overworked. In accordance with this
statement, Frdmann and Marchand! found the urine of
horses kept for private use to contain much hippuric acid;
that of horses used for ploughing, however, contained only
benzoic acid. Hutstein® also observed that the urine of
private horses, which had yielded hippuric acid exclusively,
contained nnl}' benzoic acid after they were used for hard
work. Dr. G. Bird® says that both hlppm'm and benzoic
acids will disappear from the urine of over-driven animals.
He could not detect a trace of either in the urine of an ox
which had been driven up from the country to Smithfield,
and killed a few hours after.

The influence of some desecriptions of food has been inves-
tigated by Landerer,* who found that the urine of horses
would only yield hippuric acid while they were fed on oats
and hay, and did not yleld any while fed on barley and straw.
Riley® also found the urine of calves to yield hippuric acid
only while feeding on grass or hay ; and Schwartz® observed
that the urine of cows contained only traces of hippuric acid
when fed on the residue from the distillation of spirits.

The occurrence of benzoic acid in the fresh urine of
animals is at least problematical.” Much more problematieal,
however, 1s rendered the influence of either work or rest
upon the quantity of hippuric acid secreted by animals,
through the following statements of Roussin.® He found that
horses fatigued produce much hippuric acid, and little urea.
Horses well fed and quiet produce little or no hippurie acid ;
urea, on the contrary, is found in their urine in very lu,rw-
proportions. The limpidity of the liquid may be the index.
If it be clear, and deposit little earbonate of lime, it has
much urea and little hippuric acid; if it be muddy, it is
certain that there is much hippuric acid. Upon this fact
Roussin builds a speculation on the transformation of hip-
puric acid into urea, and wice versd, the very nature of
which, however, makes the character of his analyses still more
doubtful than they appear at first sight, from the fact of their
being in direct opposition to the results of the analyses enu-

*Journ. d. Pract. Chem.,” xxvi, p. 492.

‘ Brande's ‘ Neues Archiv d. Pharm.,’ Ixvi.
Loc. cit., p. 201.

‘N. Journ. d. Pharm.,’ xx, p. 288,

Ibid., xxii, p. 354.

« Ann. d. Chem. und Pharm.,’ liv, p. 31.

7 Gorup-Besanez, loc. cit., p. 171,

* 1 have taken this from an extract in the * Ameriean Journal of Science and
."l.l‘l,' Jutrp lsﬁﬁ, Nq- Elj II- 1'}2.
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quite sufficient for us altogether to abandon the proceeding
in determining the acids, and without regret, as we possess
volumetrical and other methods of the highest accuracy, by
means of which the amount of any of the acids in combina-
Mon with the fixed bases in the urine may be determined.

CHLORIDE oF sobpium. NaCl,

Composition and Occurrence.

Sodiuom . . 238
Chlorine . . 855

NaCl . . . 588 = equiv. chlonde of sodium.

A physiological law makes this substance the common ac-
companiment of our food. Salt i1s a necessary to man and
animal, and nature finds means and ways to supply it to both.
Like oxygen, which composes two thirds of our globe, salt is
found everywhere. Its solubility in water equals the diffusi-
bility of oxygen; and thus it penetrates the masses. There
is probably no water on the globe which does not contain it,
and consequently it pervades the vegetable and the animal
kingdoms. Of all waters, sea and mineral water contain the
greatest abundance of it. It oceurs, moreover, in a solid
crystalline state, mostly imbedded in layers of gypsum, and
then 1s termed rock-salt. Of this we have to make an im-
portant use in the quantitative analysis of the chloride of
sodium 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.

Crystallography.

Chloride of sodium crystallizes in the cubic system. The
cleavage of rock-salt leads to a cube, and crystallizations of
salt from pure solutions always assume this form. If, how-
ever, certain organic substances are mixed with the solution,
the crystallization will ensue in the form of the regular octa-
hedron. Chloride of sodium, therefore, when erystallizing out
of the urine or other animal fluids, always appears in octa-
hedra. 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, and are good ob-
jects for microscopical observation.
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Chemical properties.

Chloride of sodium dissolves in water of from 54° to 75° F.
(12° to 24° C.), 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 (p. 57).

In solutions of chloride of sodium, nitrate of silver pro-
duces a white precipitate, which is insoluble in nitrie 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 mnitrate of protoxyde of mercury,
nitrate of soda and bichloride of mercury (corrosive sublimate)
are formed, the latter transforming the fluid into a white magma
of crystals. 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 protoxyde of mercury
will take place, as long as any chloride of sodium 1s yet
present untransformed into nitre and corrosive sublimate.
Upon this test is based the volumetrical analysis of chloride
of sodinm by Professor Liebig.

Diagnosis in Urine,

As it i8, in some cases, of interest to know whether chloride
of sodium be present in the urine or not, it is useful to have
a short qualitative test at hand for ascertaining the fact.
This test is nitrate of silver. One caution only is required,
namely, to strongly acidulate the urine to be tested with
nitric acid, in order to prevent the precipitation of phosphate
of silver. Or the nitric acid may be added after the nitrate
of silver, when any phosphate of silver will be immediately
dissolved.

Licbig’s Method of determining the gquantity of Chlorine in
neutral fluids by means of Nitrate of Protoxyde of Mercury.

From the analysis of urea we are already acquainted with
the fact, that mtrate of protoxyde of mercury produces a
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eﬂpmua white precipitate in a solution of urea. This preci-
pitate is not produced with corrosive sublimate.

On mixing a chloride of any of the alkali metals with
nitrate of protoxyde of mereury, a transmutation of the two
salts into corrosive 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 ureais mixed with some chloride of sodium,
and a dilute solution of nitrate of protoxyde 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 if the fluid is shaken a little,
and the latter remains as clear and transparent as before the
addition of the nitrate; 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 produces a permanent turbidity of the
fluid.

From this it is evident that, if we know the amount of
mercury contained in the solution of the nitrate of the prot-
oxyde of mercury, which has been added to the solution of
urea containing an unknown amount of chloride of sodium,
until the permanent turbidity was produced, the amount of
chlorine, or chloride of sodium, contained in that solution
may be also known. One equiv alent of mercury of the mer-
curial solution consumed, exactly corresponds to one equiva-
lent 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 contained 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 1s parl:mula,rly applicable to the urine, because the
addition of urea 18 here not required. It may, of course, be
used with advantage for ascertaining the amount of chlorine
contained in brine or sea-water, aur.l generally speaking, in
all cases where a large number of ana]vaes 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 (pp. 54, 55) the simplest modes
of obtaining solutions of the nitrate of the protoxyde of mer-
cury. Care must be taken not to use the common mercury

S A S,

.
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of commerce, becanse 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
distinetly the point at which the combination of urea and
oxyde of mercury begins to be precipitated.

If, therefore, 1t is the intention of the operator to use the
common mercury of commerce, it will be best for him to
transform it into crystallized protonitrate or nitrate of
suboxyde of mercary, by boiling an excess of the metal in
dilute nitric acid, concentrating and cooling the solution.
The crystals 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 transformed into basic salt. If the commer-
cial 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 erystallized salt should
not be used at all, because the yellowish mother-liquor
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
dissolved in nitric acid, and heated until the evolution of
vapours of nitrous acid has entirely 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.
I, 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 quantita-
tive analysis of chlonde of sodium it must be graduated, so
as to contain a definite amount of nitrate of protoxyde 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 protoxyde it contains has been determined, it may be
diluted with as much water as is necessary, in order to make
one cubic centimétre of this dilute mercurial solution indicate
exactly 10 milligrammes of chloride of sodium. For both
proceedings a solution of chloride of sodium is required,
containing a known amount of this salt. The prepa-
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ration of the standard saturated solution has already been
described at p. 56. Of this saturated solution we take with
a pipette, observing the usual caution, 20 c.c.,, and add
2084 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 sodium; 10 e.c. of this solution
contain, therefore, 200 milligrammes of chloride of sodium.

Preparation of mercurial solution graduated for chlovide of
sodium.—Ten cubic centimétres 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. It does not matter whether a few
drops more or less are taken.

The dilute solution of mercury to be graduated iz now
filled into a dropping glass or burette, and from this, and
after noting down the level, it is added in drops to the so-
lution of chloride of sodium containing urea, which is kept in
a rotatory motion. The formation of a distinct and permanent
precipitate indicates the completion of the test. An opales-
eence 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 turbidity is not increased by the addi-
tion of a few more drops of the mercurial solution. 1f 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
caution. 1 measure 10 c.c. of water into a beaker, add
3 e.c. of the solution of urea, and then one or two drups of
the mercurial solution to be graduated. The amount of pre-
cipitate 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 production of the
precipitate, in 10 c.c. of the solution of chloride of sodium,
7'8 c.c. of the mervenrmal fluid, the latter is too concentrated to
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admit of accurate graduation ; it is therefore diluted with its
equal volume of water, and then tested a second time. Sup-

se that there have now been used, for 10 c.c. of the solution
of chloride of sodium mixed with urea, 15°5 c.c. of the mer-
curial solution for the production of a permanent precipitate,
then we add, to every 155 volumes of this mercurial solution,
45 volumes of water, whereby we obtain 200 volumes of a mer-
curial solution, of which 200 c.c. exactly indicate 200 milli-
grammes of chloride of sodium, or one cubic centimétre 10
milligrammes of chloride of sodium.

If, in the first test, we use 2:7 c.c. for 10 c.e. of solution of
chloride of sodium, we then add five or six times the amount
of water to it. The mereurial 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 pro-
ducing.

We finally ascertain the correctness of the measurements
by an experiment. The degree of permanent precipitate pro-
duced by the addition of 20 c.c. to 10c.c. of the solution of chlo-
ride of sodium and urea,must be borne in mind when perform-
ing the actnal analysis for practical purposes. The only source
of error connected with this quantitative analysis of chloride
of sodium, is that an exeess of the mercurial solution may be
added, so that the precipitate is formed in excess; or that too
little Df the solution may be added, so that the turbidity is
insufficient. But a little practice, ‘and the caution recom-
mended above, will soon teach us how to avold this error.

The test-fluid, the preparation of which has just been de-
scribed, is caleulated 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 determi-
nation of chloride of sodium in the urine, which makes its appa-
rent amount in urine smaller than in reality 1t 1s. This error is
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 dis-
solves 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
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the mercurial solution, forming nitrate of urea, which dimi-
nishes the solubility of the precipitate in the fluid. As the
precipitate in that case appears earlier, less test-fluid is used,
tor 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 c.c. of the solution of urea have heen
added, 5 c.c. of a solution of sulphate of soda, saturated
at the ordinary temperature of the air, and then graduating
the fluid.

Nitrate of protoxyde of mercury, when added to a solution
of sulphate of soda, produces a yellow pulverulent precipitate
of turpeth mineral. If the sulphate of soda contain chloride
of sodium, the addition of the nitrate of protoxyde 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 soda modifies the experi-
ment only in one way, namely, by the combination of the
free acid of the mercurial solution with the sulphate of soda
an acid salt is formed, which has the same effect as an exeess
of urea.

On adding urea, and afterwards nitrate of protoxyde of
mercury, to a solution of sulphate of soda which does not con-
tain any chloride of sodium, and may be tolerably dilute, the
mixture becomes a gelatinous magma of a snowy-white com-
bination, which contains sulphurie acid, urea, and protoxyde
of mercury, and is a little less soluble in water than the cor-
responding nitrate,

The quantitative analysis of chlorine by means of a salt of
silver is so accurate, that we cannot say that there is a more
accurate one in existence. The method just deseribed of
finding the amount of chlorine or chloride of sodinm by means
of the nitrate of protoxyde of mercury is, however, by no
means inferior as regards accuracy to the method which em-
ploys nitrate of silver. But the former is only suitable for
neutral, very slightly acid, or alkaline fluids, because an exeess
of acid prevents the precipitation of the urea compound.

The only advantage of the nitrate of protoxyde of mercury
over the silver salts consists in the circumstance, that the end
of the experiment is indicated by the beginning of the
reaction. In testing with the solution of silver the test is
completed when no precipitate is any longer formed, and
no reaction is perceived. In this case the thickness of
the fluid, and the difficulty of making it clear, stand in the
way of rapid execution. But, with the mercurial solution,
some dozen analyses may be made in an hour; and it is,
therefore, particularly applicable to technical proceedings ;
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the reader will do well to take care not to confound figures
expressing the amount of chlorine with those expressing the
amount of chloride of sodium.

The first observations of the daily average amount of
chlorine discharged by persons of different sexes and ages
were made by Bischoft.! His results are as follows :

Chiloride of Sodinm.

Clilorine. A Ry

Min. Med. Max.

Grammes. | Grom. | Gram. | Gram.

Adult man, living well . . discharged 87 864 | 14-73 | 24°84
Woman, 43 years of age . 55 — —_ ==
Girl, 18 vears iz 4-5 = I s
Boy of 16 years ,, 53 = = i,
Boy of 3 vears o 08 — I o

Before Bischoff, Hegar® published a series of very accu-
rate observations made upon eight young gentlemen, stu-
dents at the University of Giessen. The daily average of
chlorine discharged he found to vary in different individuals,
and to fluctnate between 74 and 13-9 grammes., This gives
for one individual of that class a daily average of 10 grammes
of chlorine, corresponding to 165 grammes of chloride of
sodium, and calculated for one hour it gives 0-44 grammes of
chlorine, corresponding to 0°73 grammes of chloride of sodium.
For the average of adult persons, however, the medium
amount of chlorine discharged during twenty-four hours is
not quite so high, and accordingly Vogel assumes for the
majority of adult individuals 6 to 8 grammes as the
average of chlorine discharged during twenty-four hours,
corresponding to 10 and 13 grammes of chloride of sodium,
which, calculated for one hour, gives 0-25 to 0-33 grammes
of chlorine, equal to from 041 to 0-54 grammes of chloride
of sodium. The figures given by Bischoft show some relative
quantities in women and children.

That the amount of chlorine discharged during twenty-four
howrs wvaries in different individuals, undoubtedly depends
mainly upon the fact that unequal amounts of chloride of
sodium are ingested with the food by different persons.
Sailors, who have lived on salt rations for the greater part of

' Loc. cit., p. 23, 1853,

* Hegar, Alfred, *Ueber Ausscheidung der Chlorverbindungen durch den
Harn,! Giessen, 1852.
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their life spent afloat, will discharge an extraordinary
amount of chlorine in tllﬁlr urine, because the ordinary food
of our kitchen is insipid to them without the addition of
an amount of salt that would make any ordinary person ill.
These men may frequently be seen dipping sweet cake into
the salt-cellar, and this inclination 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, according to and corresponding with the
amount of chloride of sodium taken with his food. When
Falck ate strongly salt food on three successive days, he dis-
charged the following respective amounts of chlorine, namely,
G0, ?’ 8, and 10°3 grammes during twenty-four hours. But
when he partook of food eontaining no addition of salt, he
discharged 25, 1'6, and 09 grammes of chlorine on the
three respective days succeeding the experiment. Professor
Vogel observed the amount of chlorine discharged per hour
by several individuals who had taken kitchen salt in doses
not sufficiently large to purge them. In all, the amount of
chlorine discharged per hour was increased, and rose from
04 grammes to 1'0, nay, even 1'8 grammes. In some, the
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 chlorvine per hour is secreted a few
hours after the largest meal of the day, the smallest amount
is invariably secreted during the night (sleep). In eight indi-
viduals examined by Hegar the average amount of chlorine
discharged per hour was, in the afternoon, (057 ; in the
night, 028 ; in the forenoon, 0°48 grammes. In one and
the same person the average amount of chlorine per hour
would vary between 0°20 as minimum and 1-32 grammes as
maximum per hour, so that the maximum was more than six
times as large as the minimum. From this we must con-
clude that the secretory activity of the kidneys, as regards
chlovine, is diminished during rest and sleep. Though the
blood be rich in chlorine taken with the food in the evening,

et the lowest amount of chlorine is discharged during the
night. Mental and bodily activity, on the other fmna‘ will
increase the secretory activity for chlorine of the kufm?yﬂ at
any time during the day or night. This is particularly strik-
ing in the morning. For, though a person after a supper
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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 fore-
noon, 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. Tt will
of course rise still more, if food containing an addition of
salt be taken. The amount of chlorine discharged after a
substantial English breakfast, with meat and eggs, is there-
fore considerably larger than that discharged after the Con-
tinental 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 grammes) than during the same time in
the morning, when the quantity was only 0'44 grammes.
Vogel observed frequently an instantaneous increase in the
amount of chlorine secreted by the urine under the influ-
ence of increased mental and bodily labour. We have
already seen that the same causes exert a similar influence
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 thesingle 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 inecreased. After the stimulus
has ceased, there follows a period of relaxation; during
which the activity of the kidneys becomes lessened, and less
chlorine than usual is exereted. A person whose hourly
secretion of chlorine during the might was 0°13 grammes,
drank four pints of water in the evening. The hourly
amount of chlorine rose to 060 for several hours, fell then
to 0°12 grammes, and somewhat later to 010 grammes.
In the morning, however, thongh no breakfast had been
taken, the amount of chlorine was raised to 0-51 grammes
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 grammes; during the might it amounted to 057
grammes, being 0°19 in execess of the usnal average. On the
next morning the same individnal drank again two pints of
water ; but, notwithstanding this, the hourly amount of
chlorine remained below the normal average during the
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entire day, amounting only to 0-42 grammes, sinking in the
night following as low as to 0014, rising a little on the
second morning to (0°22 grammes, and falling again to 0°18
grammes, notwithstanding the person had eaten a piece of
bread and butter with much salt (vide Vogel, p. 257).

Upon the basis of the above facts we are now enabled to
explain the opinion of Barral,! who by a series of very accu-
rate analyses, the substance of which was first presented to
the French Academy, and subsequently published in a sepa-
rate form, came to the conclusion that chloride of sodium
inereased the elimination of the nitrogenized 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 accu-
rate methods, there can be no doubt that they would lead to
important evidence regarding the causes and influences
determining and modifying the amount of chlorine excreted
by the kidneys, particularly if the fieces and other excreta
were also taken into consideration. There is one way, how-
ever, in which chloride of sodium indirectly increases the
discharge of urine and its ingredients; 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.

Chlorine of the Urine in disease.

Since Redtenbacher drew the attention of the medical
world 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 towards puenmo-
nia,? of which disease exclusively the absence of the chlorides
was for some time thought to be a peculiar feature, 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

neumonia had to be abandoned.
“The result of many observations of Vogel and others,
last of myself, then, i1s that in all acute febrile diseases the

! Barral, 8. A., ‘ Statique chimique des Animaux, appliquée specialement i la
guestion da sel,” Paris, 1850.
2 Beale, Dr. Lionel, * Med.-Chir. Transact.
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amount of chlorine discharged in the urine sinks rapidly to @
minimuin, say one hundredth part of the quantity normal to
the individual, until at last, in cerlain cases, il disappears
enlirely for a short time. When the diseased aclion is abat-
ing, the amount of the chlorides rises during convalescence,
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. But it is the reverse with
the colouring matter or urematine, the amount of which
rises and falls m the inverse ratio of the chlorine ; so that
when the latter is entirvely absent, the former is discharged
in the largest quantity. 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-pnenmonia,
Vogel found the chlorine sinking rapidly to 06 grammes in
twenty-four hours on the third day of the disease, to 03
grammes on the fourth, on the fifth to almost 0. From
this day the discased action abated, and the appetite im-
proved, when, together with these improvements, the amount
of chlorine discharged rose to the normal average, as the
following figures show: 04, 1'8, 2:6, 55, 90 grammes.
From this time the amount of chlormc ﬂuﬂtuated a little,
and sometimes exceeded the normal average. 1t was, on the
respective days, 10°7, 13:5, 9°7, 11°9, 15-9, 10-8 grammes.

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 hepatization of the lung, and that it reappeared
after the resolution of the inflammation. The fact that the
sputa of pneumonic patients contain a very large quan-
tity 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 appc.m‘:d after the chlorine
had ceased to be discharged m the urine in apprecia-
ble quantities. However, that may ultimately be decided
by analysis ; what 1 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
produces of diseased action derived divectly from stagnant
blood, and certainly not subject to the specific laws of seere-
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tion. The presence 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, moreover, loses all probability from the
partial or total disappearance from the urine of the chloride
in all acute diseases. We may mention bronchitis, typhus,
acute rhewmatism, pysemia, pleuritis, as diseases in which
this diminution of the chlorides has been prominently ob-
served. 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 ia
therefore easy to believe that the diet of patients has the
greatest influence upon the amount of chlorine in patholo-
gical 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 con-
taining 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 (which has been seen to be the case) 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 pathological action taking place in the body. A con-
tinuous 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 0'5 grammes, or disappears altogether. This
may be the combined effect of an entire loss of appetite,
copious serous diarrheea, or other serous exudations, of
secretions such as perspirations, and of the want of secretin
power of the kidneys. A rise in the amount of chlorine, on
the other hand, indicates a steady abatement of the acute-
ness 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, according to
Vogel, 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 considerable excess of chlorine is discharged,
parallel to the increased amount of other solids. In a case
of that deseription Vogel found the amount of chlorine dis-
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charged by the urine so much increased for a period, that on
one day it was 29°0 grammes in weight. The same observer
found that dropsical patients, when under the influence of
dinretics, discharged an inereased amount of chlorine, which
evidently had passed into the tissues and cavities dissolved in
the exudations and transudations. One of these patients
discharged 33'0 grammes of chlorine (equal to 550 grammes
of chloride of sodium), 280 grammes, and 21 grammes of
chlorine, on three sucecessive days without having taken any
more salt than usual with his food. In these and other
chronic cases the amount of chlorine in the urine 1s a mea-
sure of the digestive powers of the patient. A quantity of
ehlorine, amounting to from 6 to’ 10 grammes for twenty-
four hours, may lead us to infer a good digestion ; a quantity
of chlorine, however, below 5 grammes 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 diminishing the amount of chlorine in the blood, such
as serous diarrhcea, exudations, and perspirations. Anincrease
in the amount of chlorine, when not caused by an excessive
ingestion with the food, is indicative of diabetes insipidus.
In dropsical and hydrzmic conditions, an increase of the
amount of chlorine is a favorable symptom. (Vide Vogel,
p. 260.)
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Method of determining the amount of Sulphuric Acid in Urine
by Volumetrical Analysis.

This proceeding originated with Gay-Lussac, and has for a
length of time only been used for testing the alkalies of
commerce for their impurities.! 1t has, however, been adapted
to the analysis of the urine by different chemists ; the adapta-
tion consisting in giving to the test-fluid a sufficient degree of
dilution corresponding to the small amount of sulphuric acid
contained in urine.

The proceeding consists in adding to a measured quantity
of urine a solution of chloride of barium of known strength,
until a precipitate is no longer produced.

Preparation of test-fluid —One equivalent of the test-fluid
is to contain just so much barium as is required to neutralize
10 milligrammes of sulphurie acid. For that purpose we
pulverize crystallized chloride of barium (of the formula
ClBa+2HO; equivalent C1=385"4, Ba=686, 2Aq=18=122),
and expose it to the air until it no longer loses water. Of
this powder, 30'5 grammes are dissolved in so much water
that the solution will amount to 1 litre. Of this solution
1 c.c. will precipitate 10 milligrammes of anhydrous sulphurie
acid.

Neubauer gives a ten times more dilute solution, for the
purpose of finishing the analysis where great accuracy is
desired. It is made by mixing 100 c.c. of the solution
described with 900 c.c.’of water. Of this dilute solution,
1 e.c. is required for precipitating 1 milligramme of sulphurie
acid.

Application of the tesi-fluid fo wrine—One hundred cubic
centimétres of the urine to he examined are measured into a
balloon, acidulated with 20 or 30 drops of hydrochloric or
nitric acid, and heated to the boiling point. The balloon
best suited for that purpose is a Florence oil flask. The
graduated solution of baryta is now added to the boiling urine
in small portions ; and before every fresh addition of solution,
the fluid is allowed to rest, for the subsidence to the bottom
of the precipitate formed. When the upper strata of the
fliid in the flask have become elear, more of the test-fluid
may be added, and so on, as long as a fresh addition of test-
fluid produces a turbidity in the clear upper strata. But
when it becomes doubtful whether any precipitate is yet formed

! Schwarz, ‘ Die Maassanalysen,” p. 21.
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or not, it becomes necessary to filter a small portion of the
mixture, and to test it separately with a drop of the test-fluid
in a very small test-tube. If a precipitate be still produced,
the whole amount filtered must be poured back to the total
quantity employed for the analysis, and a new quantity of
test-fluid must be added, and so on, until a new filtration
shows that there is no more sulphuric acid in solution. We
have now to ascertain that no excess of the solution of baryta
has been added to the mixture; this is found by adding a
drop of a solution of sulphate of potash. If neither solution
of chloride of barium, nor of sulphate of potash, produce any
precipitate in separate portions of the filtered liquid, the
analysis is perfect.

It is, however, very difficult to arrive at this point, because
there is no means of preventing the addition of an excess of
the solution of baryta. As soon, however, as an excess has
been added, a new experiment becomes necessary. In con-
ducting this, we have the advantage of knowing, from the
first experiment, that, after the addition of, say 10 ec.c., there
was yet sulphuric acid uncombined with baryta, and that,
after the addition of another cubic centimétre, there
was an excess of barium present. The truth therefore lies
between 10 and 11 c.c. of test-fluid, and the urine used con-
tains from 100 to 110 milligrammes of sulphuric acid. Such
a fact is sufficiently accurate for ordinary medical purposes.
If we desire to make the analysis quite correct by a second
analysis, we at once add to the 100 c.c. of acidulated boiling
urine 10 c.c. of test-fluid, and complete the analysis with the
dilute test-fluid in the manner described. For calculation,
the quantities of the two test-fluids used are simply added,
with the caution of putting the figures for the dilute fluid one
decimal further back, and taking it into account as concen-
trated.

Direct analysis of Sulphuric Aeid.

One hundred cubic centimétres, or any measured quantity
of filtered urine, are acidulated with some hydrochloric acid,
and, by the addition of ehloride of barium in excess, the whole
amount of sulphuric acid is precipitated. The precipitate is
then hoiled for some minutes in the acid fluid, filtered, washed,
and exposed to a red heat, the filter being incinerated sepa-
rately on the cover of the platinum crucible. BaO+ SO,
. 80,=116'5 (11659, Neubauer) : 40 (Will.)

To prevent the formation of sulphuret of barium by the
reducing influence of any animal matter which may have
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been intimately mixed with the precipitate, it is advisable to
add a little sulphuric acid to the sulphate in the crucible,
after it has got cool from the first heating. It is then
again heated for a short time, and, after cooling, may now be
weighed.

Quantity of Sulphuric Acid discharged by healthy persons
during twenly-four hours,

The results of the best observations are put together in the
following table :

Ohserver. FPersons upon whom the observation was made. Min. Med. Max.

Gramm | Gramm.| Gramm.

Gruner’ . | 7 young gentlemen, at Giessen . : 1-:509 | 2094 | 2-485
1 kilogramme of weight of body there- : ; -
fore discharge . . . } il ol i
100 centimétres of length e 0-85 | 118 | 1-35
Clare* .| A young gentleman at Dorpat, medium

2 young gentlemen l;tave?nuf ].? days | 1'90| 2:48 | 3-21
Neubauer’ { at Wiesbader J2d , 22 , | 170/ 2:27 | 320

From these observations it follows that the average amount
of sulphuric acid discharged during twenty-four hours, by
healthy young men, fluctuates between 1'5 and 25 grammes.
Vogel and Gruner have made some direct observations of the
guantities of sulphurie acid secreted during every single hour
of the day, and have found the average of one hour to be
0-090 grammes.

The average for every single hour of the forenoon they
found 0-063 grammes, for one hour of the afternoon 0-108
grammes, for one hour of the night 0070 grammes. From
this Vogel abstracts the general law that the largest amount
per hour of sulphuric acid is discharged a few hours after the
principal meal of the day. The quantity then begins to decrease,
and continues so with every hour up to the principal meal of the
next day, after which it again rises,

In some individuals the discharge of sulphuric acid is ef-
fected more rapidly than in others, in whom the total average

' Gruner, Gottlieh, ‘ Die Ausscheidung der Schwefelsiure durch den Harn,’
Giessen, 1852,

? Clare, Waldemar, ‘ Experimenta de excretione acidi sulfurici per urinam,
Dorpati Livonorum, 1854,

¥ Vide Vogel, ' Semiotic,” p. 261.
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for the twenty-four hours is spread more equally over that
time. The former may have an hourly average varying he-
tween 0:317 grammes and 0:016 grammes, or between 0°165
grammes and so small a quantity that it cannot be deter-
mined.

Physiological origin of Sulphuric Acid.

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 discharged 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 constitution of albuminous substances. But
as the greater part of our albumen is taken in the form of
meat, it is a reasonable supposition that the greater part of
the sulphuric acid in the urine of well-living people is due to
the oxydation of the sulphur contained in the meat they eat.
In accordance with this it has been found that, under a diet
consisting principally of meat, the amount of sulphurie acid
discharged 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 of sul-
phuric acid sink considerably below the average under
ordinary mixed diet. Lehmann, while living on ordinary
mixed food, found 7-026 grammes of sulphuric acid in the
urine of twenty-four hours. But when, during twelve sue-
cessive days, he confined himself to animal food exclusively,
the sulphuric acid rose to 10399 grammes per day.
Under an exclusively vegetable diet it fell to 5-846 grammes
for twenty-four hours. These quantities are very high, and,
like the rest of Lehmann’s observations upon himself, do not
permit any conclusion as to the average quantities of ordinary
mortals with a slighter appetite. 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 2:02 grammes of sulphuric acid. That person took
a large supper of meat principally, in consequence of which
the discharge of sulphuric acid by the urine rose to 0:50
grammes per hour between midnight and nine o’clock next
morning ;* the ordinary average per hour for that time of the
day having been 0-10. During the subsequent twenty-four
hours the amount of sulphuric acid rose to 7'3 grammes,
being more than three times the ordinary average of 2:02
arammes. It was observed by Vogel that the rise and fall of
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the amount of sulphurie acid in the urine of several other
persons 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 huttcl rice, and similar food, was taken, the amount of
sulphurie 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 re-
spective amounts of sulphuric acid as follows : on the first
day, 2:094 grammes ; on the second day, 5130 grammes ; on
the third day, 3-868 grammes. He then, during two days,

ate common mixed diet, and discharged, on the fourth day of
the experiment, 3 592 grammes; and on the fifth, 2-262
grammes, of sulphuric acid. The next three days he re-
stricted himself to vegetable diet, and discharged, on the sixth
day of the etperlment, 2-262 grammes ; on the seventh, 1-:394
grammes ; on the eighth, 1'022 grammes. On the ninth
and tenth day he again took his ordinary diet, and seereted
1979 and 2-859 grammes of sulphurie acid on each day re-
spectively.

Table showing the influence of diet upon the amount of
Sulphuric Acid discharged in the Urine (from Clare's
experiments).

Day . . . 1|2|3 4|5 E'FIE 9,

Ordinary | Vegetable exclu- | Ordinary
mixed. sively. mixed.

S0, + HO . 2-094'5' 130‘3-953 3-592"2-262i2-262|1-394'1-1}22 1-9?9| 2:850

Diet . . . Meat diet.

This table exhibits 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
fullowmg the meat supper. However, this later appearance
of the increase is compensated for hv its lasting so much
longer, that the urine of the fourth day, being the first of the
ordinary mixed diet, 1s yet under the mﬂucnee of the meat
diet of the previous dnv, the first day of vegetable diet is yet
under the influence of the previous day of mixed diet, and the
diminution of the sulphurie aeid by the vegetable diet lasts
yet over the whole ninth day, when ordinary diet was already

taken.
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We have now sketched the circumstances on which the
amount of sulphurie acid in the urine is ordinarily dependent.
There may, however, be accidental causes which increase the
sulphuric acid, and as these must be assigned the internal
use of sulphur, sulphurets, sulphurie acid, and sulphates.

The internal use of sulphur has been found by Krause! to
increase the amount of sulphurie 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
sulphurie acid in the urine.

The action of the sulphuretted mineral waters, which is
generally ascribed to the formation of sulphurie acid in the
body, forms an interesting subject for inquiry in this
direction.

As to sulphuric acid, it was observed by Vogel that it
increased, in the urine of a patient who had taken it for the
cure of heemoptoe, from 1'2 to 30 and 3'28 grammes.

Gruner made some observations regarding the influence of
sulphates, and found that sulphate of soda, when taken
internally, caused a considerable inerease in the amount of
sulphuric acid in the urine. In one experiment the hourly
quantity rose from 0°049 grammes to 0-122, 0'176, 0°145, and
0-220 grammes. In another experiment the rise was equally
well marked, namely, from 0-041 grammes to 0-138, 0-122, and
0-164 grammes. The time required by the organism to dis-
charge the excess of sulphuric acid varied in different
experiments.

The mfluences 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. 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, according to some experiments of Clare and
Gruner. Vogel, however, believes it probable that such
influences exist, that the secretory activity for sulphuric acid
is dependent upon certain individual and cosmie influences;
a conclusion to which we are led by the fact that different
persons oxydize and discharge (supposing it to be discharged
as soon as formed) the sulphur taken with their albuminous
food with different degrees of rapidity, and that the secretion

! Krause, A., ‘ De transitu Sulfuris in Urinam,” Dorpati, 1855.
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of sulphates in any form in some is spread over a longer
period of time than in others. Vogel, also, from observation,
1s of opinion that the prolonged use of sulphates in digestive
doses is decidedly weakening, and believes it probable that
this depressing action may be due to an aceumulation of the
salts in the system. When to this it is added that sulphate
of soda in larger doses is an emetic and sulphate of potash a
poison, the question into the influence of sulphuric acid and
sulphates in the urine becomes one of sufficient importance to
fix the attention of future inguirers.

Quantity of Sulphuric Acid in disease.

The observations hitherto made on this point have not
yielded any very decided result. Vogel found sulphuric acid
considerably 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, however,
exceptions to his general rule, in three patients affected with
violent pneumonia. In these cases the amount of sulphuric
acid discharged was considerably above the normal average.
The first patient, who was treated with large doses of digitalis,
secreted the following quantities of sulphurie acid on nine
respective days: 2'4, 31, 29, 657, 43, 18, 1'1, 1'6, 2:7
grammes. Of the two other cases, which took a rapidly fatal
turn, the first showed the amount of sulphuric acid to be
2:9 and 1'4 grammes on two respective days, the other on the
day of decease 4-4 grammes. On contrasting these figures with
those obtained in cases where the amount of sulphuric acid
is less, the difference becomes very striking. In a man with
diphtheritis buccalis Vogel found only 05 grammes of
sui]huriﬂ acid for the day. TIn a patient with febrile catarrh
it was 0-29 and 038 grammes. A man affected with pleuritis
secreted 0'63 grammes. A girl suffering from rheumatic fever
discharged 0'8 grammes at the height of the disease, another
with erysipelas of the face 0°48 grammes.

In chronic diseases Vogel found the amount of sulphuric
acid to be variable, but mostly below the normal average ;
and it remained so in cases where the secretion of chlorides
could be vastly increased by administering diureties, as in
eases of dropsy. An increase in the amount of sulphure
acid discharged by patients affected with chronic disease
could only be observed after the ingestion into the stomach
of sulphuric acid and sulphates, and in diabetic patients after
a liberal meal of meat.
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Thus a patient labouring under icterus secreted 14 grammes
of sulphuric acid; a case of rheumatism of the neck gave
1-11 ; a case of emphysema of the lungs, 1'2 grammes. A
case of amenorrheea showed 0'5; of fluor albus, 0:7; of
habitual hypermenorrheea, 0-97 and 1°1 grammes. A dropsical
patient who, under the influence of diuretics, secreted 33
grammes of chlorine during twenty-four hours, discharged
only 1 gramme of sulphuric acid during the same time ; and on
the day following, with 28 grammes of chlorine, only 05
grammes of sulphuric acid. A patient, who took sulphurie acid
internally, secreted more than 30 grammes of it during
twenty-four hours, and a patient affected with diabetes insi-
pidus discharged 5'2 grammes.

Pathological indicalions.

If there can be no doubt about the origin of sulphurie acid,
the determination of its quantity in the urine must be useful
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 sus-
pended. The amount of sulphurie acid would then, perhaps,
correspond in a certain degree with the amount of urea,
supposing their inelination 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 introduced into the stomach, to
animal or meat diet. A considerable diminution of the

uantity 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 inorganie.

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 phosphates 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

12
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confirmed by Lichig! TFor the precipitate which baryta
causes in the juice is, in many cases, entirely soluble in
nitric acid ; and if a pr Empltate of sulphate of baryta remain
undissolved, its quantity is so small, that it cannot be deter-
mined by ana]w,rms even from so large a quantity of flesh as
that of an entire fowl or an entire fox.

The analyses of the quantity of sulphuric acid in the blood
will have to be repeated without incineration, which, as we
have seen, destroys the relative proportions of acids and
bases in the salts of the alkalies. The production of sul-
phuric 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 oxydation
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. This
influence of sulphuric acid (the produce of the oxydation of
the sulphur in albuminous substances) in producing in part
the acid reaction of urine was first pointed out by Liebig.2

Albumen contains 1'6 per cent. of sulphur and 04 per cent.
of phosphorus.®* White of eggs contains more sulphur than
albumen from blood.* Casein contains 0-84 per cent. of sul-
phur. We may trust soon to know all intermediate stages
of matter from albumen down to urea and sulphurie acid,
when the analysis of these substances in the urine will be of
still greater value than even at present we anticipate.

1 ¢ Chem. Unters. ither das Fleisch,” p. 76.

2 ¢ Ann. d. Chem. und Pharm.,” 1. p. 181, et seq.
3 Vide Gorup-Besanez, loe. cit., p. 51, et seq.

* Liebig, loc. cit., p. 21.
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as a syrupy fluid. When heated to 320° F., it begins to lose
water, and, at a temperature of 415°4° T., is transformed into
pyrophosphorie acid, PO,+2HO. When heated still more,
it loses another equivalent of HO, and is then metaphos-
phoric acid, PO, + HO. When exposed to red heat in an
open platinum capsule, it is volatilized.

Chemical properties.

Phosphoric acid is easily soluble in water and aleohol or
spirits of wine, and its solutions exhibit a strongly acid
reaction. Solutions of albumen, chloride of barium or
calclum, do not cause any precipitate in solutions of phos-
phorie acid ; the solutions of caustic baryta, strontia, or lime,
when added in excess, produce a white precipitate.

With the basic oxydes phosphoric acid has great affinity,
and forms with them the phosphates, which may contain one,
two, or three equivalents of almost any of the common bases,
instead of any of the three equivalents of water. Thus we
may have in the urine:

Phosphates of Alkalies.

Phosphate of soda with two equivalents of base and one of
water, PO,, 2NaO+ HO {allgaline} may occur abnormally in

the alkaline urine of chlorosis.
Ammonio-phosphate of soda, PO,+NaO+NH,0+HO

+8HO.
Acid phosphate of soda, PO, +NaO +2HO.

Phosphates of the Alkalies and Earths.

Ammonio=phosphate of magnesia, PO,+2MgO+NH,0O
+12HO.

Phosphates of the Alkaline Earths.

Phosphate of lime (acid), PO, +2Ca0 + HO.,
Phosphate of magnesia, PO,+2MgO+HO.

Of these, the phosphates of the alkalies are easily soluble
in water ; the others are scarcely soluble, or altogether inso-
luble. They all dissolve in nitrie or hydrochloric acid. The
phosphates of the alkaline earths, when newly precipitated,
are, moreover, soluble in acetic acid. The solution of an
earthy phosphate in an acid, when neutralized with an alkali,
throws down a precipitate of the original phosphate, which is
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insoluble in an excess of the alkali. The insoluble phosphates
are, as a rule, soluble in an excess of a solution of any salt
from which they have been precipitated by phosphate of soda ;!
this solution becomes very turbid by heating, and clears again on
cooling.*

With the common soluble phosphates, nitrate of silver
produces a yellow precipitate (PO, +3Ag0), which is soluble
in nitric acid, and in ammonia. Acetate of lead produces a
white precipitate (PO;+3Pb0), 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 barium and chloride of calcium produce
white precipitates with the soluble phosphates (PO,+3BaO
and PO;+3Ca0), each readily soluble in hydrochloric, nitrie,
or acetic acid.

When a solution of phosphate of lime in acetic acid is
allowed to stand some time, the phosphate has a great incli-
nation to fall down from this solution in a erystalline state,
particularly when the mixture is warmed a little, and when
the phosphate is prevalent. Phosphate of lime is somewhat
soluble in water containing carbonic acid, and in salts of
ammonia, even when free ammonia is present. From its
solution in acetic acid, or from its solution in hydrochlorie
acid when mixed with acetate of soda (which is virtually a
solution in acetic acid, because hydrochloric acid, combiming
with the soda, sets acetic acid free, which is now the solvent
for the phosphate of lime), oxalate of ammonia throws down
the whole amount of lime as oxalate of lime. From its
solution in hydrochlorie or nitric acid, the entire amount of
lime may be precipitated by means of sulphuric acid and
alcohol. These reactions are the bases for the guantitative
analysis of lime in ashes and the earth of bones.

A mixture of sulphate of magnesia, or chloride of magne-
sium, with chloride of ammonium and ammonia, produces a
crystalline precipitate in soluble phosphates, which has the
composition PO,+2Mg0O, NH,0+12HO, is easily soluble in
all acids, somewhat soluble in pure water, and perfectly in-
soluble in water containing ammonia, even if a large amount
of any salt of ammonia should be present. This precipitate,
after exposure to red heat, is of the composition PO, 4+2MgO,
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,

! Enderlin, * Ann. d. Chem. und Pharm.,” 1844, p. 320.
? Dr. G. Owen Rees, * Guy’s Hospital Rep.,” vol. i, p. 102,
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however, not become turbid by admixture of a solution of
chloride of ammonium and ammonia. In very dilute solu-
tions the precipitate forms only slow ly. When the solution
contains tartaric acid and oxyde of iron, some tartrate of
magnesia and oxyde of iron may easily be mixed with the
precipitate.

Chloride of iron produces in solutions of phosphates a
yellowish-white precipitate of PO,+ Fe,O,, which is soluble
in hydrochloric aecid, in an excess of chloride of iron, in
acetate of iron, and in ammonia. This precipitate is, however,
quite insoluble in acetic acid, and will, for this reason, form
even when its solution in hydrochloric acid is mixed with
acetate of soda, as already explained, or when the solution in
hydrochloric acid of the phosphate of an alkaline earth is
mixed with a small quantity of chloride of iron, and with
acetate of soda. If the solution of any phosphate in hydro-
chloric acid, after any excess of the acid has been neutralized
by a little ammonia or carbonate of soda, is mixed first with
acetate of soda, 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 is 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 volumetrical
analysis of phosphoric acid by Professor Liebig, and of the
method for removing all phosphorie acid and iron from solu-
tions in which the quantity of lime and magnesia and isomor-
phous oxydes has yet to be determined.

On mixing a solution of the nitrate of protoxyde of mercury
with a solution of phosphate of soda, a white flocculent pre-
cipitate of phosphate of protoxyde of mercury is immediatel
produced, which on being allowed to stand in the fluid,
rapidly becomes crystalline. A solution of corrosive subli.
mate, however, may be mixed with the alkaline phosphate
without any turbidity being produced. If 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 crys-
talline, the latter will immediately decompose with the
chloride of sodium, corrosive sublimate and phosphate of
soda being produced : the precipitate disappears, and the fluid
becomes perfectly clear.

This test is the basis of Professor Liebig’s method for ascer-
taining the amount of protoxyde of mercur} contained in a
solution of its nitrate. (Vide p. 59 et seq.)

e
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Method of ascertaining the amount of Phosphoric Acid in
the Urine.

I have already described the test upon which this method,
also by Professor Liebig, is based. By adding to the urine,
containing an unknown amount of phuaphori{: acid, some
acetate of soda, and then a nearly neutral solution of chloride
of iron of known strength, until the entire amount of phos-
phoric acid is precipitated, and a trace of the solution of
chloride of iron can be discovered to have been added in ex-
cess, we ascertain from the amount of iron in the test-fluid
the amount of phosphoric acid precipitated in the form of
PO; + F,0,. The excess of chloride of iron remaining in
solution causes the latter to give a blue precipitate when
mixed with some ferrocyanide of potassium. Before this test
could be applied, a filtration of the fluid from the precipitate
would be required. But this is avoided by the following
simple manipulation : a piece of bibulous paper is saturated
with a solution of ferrocyanide of potassium, and spread over
a white china plate, or a glass dise lying on a piece of white
paper. A drop of the solution to be tested is now allowed to
fall on a second slip of dry bibulous paper, spread over the
one saturated with the ferrocyanide. The solution thus fil-
tered mixes with the ferrocyanide of potassium in the moist-
ened paper, and, when it contains an excess of chloride of
iron, causes a blue spot to appear on the paper.

In the performance of this analysis there is, however, one
caution to be observed ; namely, to take the first blue test
obtained as the mark of the completion of the analysis. For
if any excess of chloride of iron is present in the fluid only
for a very short-time, the precipitate PO, + Fe,O, takes up
more iron, and the blue spot is now no longer obtained with
the fluid. A few drops of the chloride of iron added to the
fluid will immediately allow it to reappear. Thus an excess
of the test-fluid might be added, which would unduly increase
the apparent amount of phosphorie acid. This error 1s avoided
by the observance of the above caution.

Preparation of the solution of Iron of known strength.

15556 grammes of pure iron (piano-forte string) are dis-
solved in as much hydrochloric acid as necessary. After
addition of a little nitrie acid, the solution is evaporated to



184 FHOSPHORIC ACID,

dryness on the water-bath. The remaining neutral chloride
i1s then dissolved in water, and diluted with water until
amounting to two litres. One cubic centimétre of this
solution corresponds to 10 milligrammes of phosphoric acid.

A second method of preparing the fluid, which, according
to Neubauer, is preferable to the former, consists in gra-
duating a solution of chloride of iron of unknown strength, by
means of a solution of phosphate of soda of known strength,
the phosphoric acid in the latter having been determined
by the precipitate PO,+2MgO+NH,0+12HO, or, after
heating, PO, 4+ 2MgO, as deseribed above. Of this solution
of phosphate of soda a quantity is to be measured off, con-
taining 0°10 or 0:15 grammes of phosphoric acid, and is to be
diluted with about 30 or 40 c.c. of water. To this solution
there are to be added 10 c.c. of the solution of acetate of soda
to be described hereafter. The solution of chloride of iron
which is to be graduated is then to be added in drops, until
a drop of the mixture produces a blue spot on the paper de-
scribed. The amount of solution used contains then the
equivalent of the amount of phosphoric acid previously found
by analysis to be contained in the solution of soda.

P =31436 2Na=45946 H =1-000 2Fe = 56000
0,=40000 20 =16:000 O = 8000 3Cl = 106-389

PO,=71'436 2Na0=61'946 HO=9000 Fe,Cl;=162-389

The operator must exactly recollect the amount of blue
colour obtained by the test, in order always to add the same
excess for which the fluid is graduated. Otherwise his results
may be subject to considerable variations.

Solution of Acetate of Soda.

By a series of experiments Neubauer has ascertained, that
for every 10 or 15 c.c. of the graduated solution of chloride
of iron, when not containing too much free acid, one gramme
of acetate of soda must be contained in the urine to be
tested. Ie therefore prepares a solution of 20°0 grammes of
erystallised acetate of soda, dilutes it with water until the
bulk of the solution is 160-0 c.c., and adds 40-0 c.c. of dilute
acetic acid (acetum muceutr'l,tum} 10°0 e.e. of the 20000 c.c.
thus obtained contain 1:0 gramme of acetate of soda, and
2 grammes of acetic acid.

b el ot i W e T S
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Application to the urine. Total amount of PO,.—No pre-
paration of the urine is required except filtering. The quan-
tity to be taken for the test is 50 c.c. After addition of the
10 c.c. of the solution of acetate of soda, the graduated solu-
tion is added until the test is obtained as described above.
The quantity of the standard solution of iron used for the
test indicates the amount of phosphoric acid contained in
the 50 c.c. of urine. 1 e.c. = 10 milligrammes of phosphoric
acid.

In ecase the urine should be turbid from alkalinity, the
earthy phosphates thereby precipitated must be re-dissolved
by a few drops of hydrochloric acid. If a larger amount of
the latter acid has {JBEII required for effecting solution, the
amount of solution of acetate of soda to be added must be
increased accordingly.

PO; of alkalies and earths separately.—If, on the contrary,
we are desirous of determining the separate amounts of
phosphorie acid combined with alkalies and earths respec-
tively, it becomes necessary to separate the earthy phosphates
from the urine to be analysed. This is best done by adding
to the 50 c.c. required for analysis some ammonia, until an
alkaline reaction is observed, when all the earthy phosphates
will be precipitated. The urine is now filtered, the precipi-
tate, is washed, and the washings are added to the filtered
liquid, which latter, after neutralization with acetic acid, is
treated with the solution of acetate of soda and chloride of
iron, as described above. The number of cubic centimétres
of the latter used indicate the amount of phosphoric acid
which was in combination with the alkalies. If the total
amount of phosphorie acid in 50 c.c. of urine is known, and
of that in combination with the alkalies, the difference gives
the amount of phosphoric acid which was precipitated with
the earthy phosphates.

If the amount of phosphoric acid in urine be small, the
above method is liable to give rise to an error amounting, in
the hands even of a good operator, to 10 per cent., according
to Neubauer. This error, according to Vogel, may amount
to 20 or 30 per cent., if a less conscientious operator assumes
blue spots of different intensities as the completion of his
analyses, or if he allows some time to elapse before trying for
the blue spot.
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Quantity of Phosphoric Acid 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 and the average of all examinations of each
observer at the end.

Table showing the amount of POy in Urine of twenty-four
hours.

Breed,! average of four individuals . 5-180 grammes to 3:765
Winter,? first individual, 3'7 ; second, 42 ; third, 52

grammes . . average 4-36
Mosler,? first series, 2 4 ; secﬂud s&maaJ 3'7 in the same

individual . . average 38'05
Neubauer, first mdmdunl 31; sucond 1'6 average 235
Aubert,* . i
Avera,ge: amount of PD dlsnhargeﬂ h}r an adult male

in twenty-four hours ; ; : . 366
Ditto in one hour . . . : : : . 015

According to the observations of Winter, 100 kilogrammes
of man discharge on an average 0-27 gr. and 100 centimétres
01 gramme of phosphoric acid.

The maximum and minimum amount of phosphoric acid
discharged by single individuals during twenty-four hours
is subject to comsiderable variations, as exhibited by the
f'nllomng observations :

Maximum, Minimum.

Neubauer found in one individual daily 2:16 gr. 1-21 gr.
s found in second individual . 488 gr. 244 gr.
Mosler, ditto . , : ; . 486 gr. 2:40 gr.

The fluctnations in the hourly average are still greater, so
that Vogel found by a series of experiments the maximum
to be 0-216, while the minimum of the same subject only
amounted to 0'085 grammes. Both extremes happened on
one and the same day, the whole inquiry extending over
ten days.

1 ¢ Ann. d. Chem. und Pharm.,” Bd. 78, p. 150.

* Winter, A., * Beitrige zur Kenntniss der Urinabsonderung bei Gesunden,’
Giessen, 1852,

3 Mosler, F., ibid., 1853.

* Henle und Pfeufer, * Zeitschrift fur rationelle Medizin,' 1852, ii, 3.
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Through the observations of Winter, Mosler, and Vogel, it
has been established that the rise and fall in the hourl
amount of phosphoric acid is a regular one during Eac%;
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 Phosphoric Acid secreted by four
individuals during one hour of the night, afternoon, and
Jorenoon.

Individuals. Afternoon. Night. Forenoon.
A. 018 020 013
B. 0-28 0-21 011
C. 0-18 0-16 0-10
D. : 011 0-14: 011
|

— = —

This table shows that different persons discharge the phos-
phorus taken with their food at different periods after the
ingestion, 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 phos-
phorus 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 prin-
cipal 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 evidence regarding this point, which may be obtained
by analysis of the urine, is very similar to that given con-
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cerning sulphuric acid. The introduction into the body of
phosphorus, either in the form of the acid, or of phos-
p]mtﬂs, or in combination with albuminous substances, gives
rise to an increase of the acid in the urine.

Total abstinence from food, or from food containing
phosphorus, on the other hand, diminishes the amount of
phosphorie acid in the urine. Total abstinence will, how-
ever, not cause the entire disappearance from the urine
of phosphates, as has been observed with regard to
chloride of sodium. This is, perhaps, partly due to the
continued oxidation of albuminous substances. Of these
positions proof is afforded in the following facts. Aubert
observed the urine of a person to contain 2'8 grammes per
day under ordinary circumstances. This person took 31
grammes of phosphate of soda, whereupon the amount of
phosphorie 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
dependent upon the quantities introduced. A series of ob-
servations demonstrate that the same influences which govern
the excretion of chlorine and sulphuric acid, are active in
the excretion of phosphoric acid. Different degrees or
morbid changes of the seeretory activity of the kidneys,
actual disease of the kidneys, changes in the mode of disin-
tegration of matter in the organism, must be looked to as
causes of the variation of the amount of phosphoric acid.
The varying influence of individual strueture or individual
disposition has been illustrated by Vogel’s table. This
observer states, moreover, that the drinking of large quanti-
ties of water causes an increase in the amount of phosphorie
acid beyond the quantity introduced with the water, which
can only be explained by an increased production in the
body of phosphoric acid, by changes which make an in-
creased amount of phosphates available for exeretion, 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
phosphorie 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.
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We cannot do better than draw the reader’s attention to
the chapter on the inorganic constituents of the juices of
flesh, p. 75 of Professor Liebig’s ¢ Researches on Flesh’
(respective meat). The remarkable facts there revealed
throw much light on the physiology of phosphorie acid and
its salts, on its relation to other component parts of the body,
to other salts, to food, digestion, assimilation, to the forma-
tion of blood, its funl::tinn, and depuration. These experi-
ments, to use the words of the author, “ however incom-
plete they may be, may serve as starting-points for future
researches.”

Quantity of Phosphoric Acid in the Urine of disease.

The results regarding this point obtained by Professor
Vogel from more than a thousand examinations are, in the
following sentences, given without any comment.

In acute but not very severe diseases, the amount of phos-
phoric 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 phosphorie
acid is sometimes very slight and scarcely perceptible.

Examrres. Males—1. A young man, affected by severe
febrile angina tonsillaris, discharged 2-8 grammes of phos-
phoric acid on the day of his reception into the hospital.
He had an emetic given to him, which caused violent vomit-
ing. This was followed by low diet. On the second day
the amount of phosphoric acid had fallen to 1-7 grammes.
He now improved, and had quarter diet. The two following
days showed 26 and 25 grammes of phosphoric acid re-
spectively. He now was placed upon half diet; and on the
following day, the PO, rose to 3'2 grammes. He recovered
and was disc arged

2. Pneumonia, not very severe. The patient was dis-
charged after eight days. The daily amounts of PO, were
2-4, 25, 2°9, 2'4, and 2'3 grammes.

3. Pneumonia, more severe. During the acme of the
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disease the daily amounts of phosphoric acid were 1°7, 0°8, 2°1,
1-2, 009, 2°1, 1'9, 1'1 grammes.

4. Pneumonia, similarly severe, 16, 14, 2:2, 23, 1'6
grammes.

5. Febrile bronchial catarrh, 1'4, 1'5, 17, 15, 2'8
grammes,

6. Convalescence from severe pneumonia, 38, 2'7, 32,
35 grammes ; 3'9, 1'8, 2'5, &c.

7. Similar case, 1'9, 56, 2'8, 1'5, 3'2, 2'8 grammes,

8. Convalescence from severe bronchial eatarrh, 4-8
grammes.

9. Catarrh of the organs of digestion, with eczema and
violent fever. The case took a rapid course, so that the
patient was dismissed cured after eight days. The amount
of PO, was 2'3, 2:6, 2'7, 2'6, 3'4 grammes.

Females.—1. Rheumatic fever, 21, 2'3, 2'2 grammes.
2. Catarrh of the stomach, 1-1, 1'2 grammes.
3. Catarrhal fever, acme of the disease, 1'6 grammes.
4. Convalescence from typhus, 52 grammes.

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 dis-
charged, during the acme of the disease, 0'7, 05 grammes of
phosphoric acid; during convalescence it rose to 1'3 and
2'0 grammes.

Fatal end of acute tuberculosis of lungs, 0-4, 0°4, 03, 03,
02, 0°1, 0'08 grammes (day of decease).

 Gangrene of the lungs, fatal issue, 30, 2'5, 220, 07
gramines.

In some exceptional cases the amount of phosphoric acid
discharged during the height of acute diseases, may consi-
derably exceed the amount discharged during health.,

A man of middle age suffered of pneumonia, and was
treated with large doses of digitalis, cured and discharged,
43, 5'1, 41, 84, 7-9, 45, 2'9, 50 grammes.

In chronic diseases the exeretion of phosphoric acid takes
a very irregular course, and though remaining mostly below






CHAPTER XI.

FREE ACID OF THE URINE.

Tue nature of the acid which imparts an acid reaction to
urine is not exactly known, though it is commonly admitted
to be most probably phosphorie acid in the form of an acid
phosphate. Now, as it is desirable to know exactly the
amount of free acid discharged in a given time, several
observers have deemed it useful and convenient to analyse
the amount of free acid by finding the equiyvalent of oxalic
acid, and to express it as such.

Mode of determining the amount of Free Acid in the Urine,

The analysis is simply performed by a standard solution 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 neutralized, and from the amount of
standard solution used we find, by ealeulation, the amount of
oxalic acid which would be equivalent to the amount of un-

known acid actually contained in the urine.

Preparation of the standard solution of Caustic Soda according
to Neubauer.

This solution is to be graduated so that every cubic centi-
métre indicates exactly 10 milligrammes of oxalic acid. For
this purpose we require a solution of owalic acid of known
strength, which is shortly prepared by dissolving one gramme
of dry oxalic acid in so much water that the solution exactly
amounts to 100 c.c. Every 10°0 c.c. of this solution contain
1:0 gramme of oxalic acid. This quantity is now measured
off, put into a small beaker, and coloured red with several
drops of tincture of litmus. After being placed upon a piece
of white paper, the dilute solution of caustie soda is cantiously

- -
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All these substances have already been enumerated in the
chapter on the chemical reaction of the urine.

The ingestion into the system of mineral acids increases the
amount of free acid in the urine. As some organic acids,
when taken in large doses, pass through the organism
unchanged, as has been ascertained by Wohler, and con-
firmed by Buchheim, they must also increase the amount of
free acid in the urine.

A young man, labouring under hsemoptoe, was treated by
Vogel with large doses of the sulphurie and hydrochloric
acids. The daily amount of free acid in the urine was (the
average of six days) 4'4 grammes, and on one day the quantity
rose to 7'5 grammes.

All the causes which we have seen to determine the amount
of phosphoric and sulphurie acid in the urine are, of course,
active in determining the quantity of free acid.

Quantity of Free Acid in diseases.

In chronic and acute diseases Vogel found the amount of
free acid mostly diminished, increased only in exceptional
cases. The following are his results :

In males: In a case of pneumonia the free acid rose
steadily from O to 1'50. Average of eight days, 05 grammes.

Another case of pneumonia, terminating fatally, showed
fluctuations between 0°9 and 3-0. Average of four days, 1-9
grammes.

In a patient labouring under gastric fever, the amount of
free acid fluctuated between 06 and 1'6. Average of four
days, 1'1 grammes.

A case of acute rheumatism gave 0°7 and 1'0 grammes for
several days.

In a case of chronic bronchial catarrh, the amount of free
acid fluctnated during eleven days between 0 and 0-8. Average,
05 grammes.

In females: Girl with strumous glands, 16 to 2-4.
Average of four days, 2'0 grammes.

A woman, 30 years of age, suffering from spinal irritation,
0 to 0'8. Average of five days, 0'4 grammes.

A woman, 70 years of age, with ascites, the consequence of
disease of the liver, O to 3:1. Average of eighteen days,
141 grammes.
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rated 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 evaporated on the water-bath in a pla-
tinum 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 ammonia is added, to precipitate
all baryta 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, evaporated in a
platinum capsule 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 spirits of wine
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 sodium and platinum is
probably dissolved, the solution is filtered from the chloride
of potassium and platinum, and the precipitate and filter are
well washed with spirits of wine, 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 correspond-
ing amount of soda.

Physiological relations of Polash and Soda.

The facts addnced by Professor 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 pro-
ortions of these alkalies to each other, and to the other
mgredients of the juices of the body. The problem is there-
fore a physiological one; and the analysis above detailed
should not be considered as a mere exercise in the laboratory.
Many animals take with their food no phosphate of soda, a
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Determination of the Lime by a graduated solution of
Hydrochloric Aeid.

We give this method after Neubauer, who obtained accu-
rate results by it. The oxalate of lime obtained as above
18 transformed into carbonate by the aid of heat, and dissolved
in hydrochloric acid of known strength. The amount of acid
1105 neutralized is then ascertained by a graduated solution of
soda.

Preparation of the standard solution of hydrochloric acid.—
One cubie centimetre of this acid is exactly to neutralize 10
milligrammes of lime, or CaO. Omne litre of the acid would
therefore have to correspond to 10 grammes of CaO or 1893
grammes of carbonate of soda. A small quantity, say about
one gramme, of carbonate of soda, after having been made
red hot and allowed to cool again, is weighed and dissolved
in water. Some tincture of litmus is now added to colour
the solution fairly blue. It is then made boiling hot, and the
dilute hydrochloric acid is added from a burette, until the
blue colour of the solution has given way to a light-red
colour, resembling the red of onion-peel. It is well to keep
the fluid at the boiling point during the addition of the acid,
in order to remove all carbonic acid as quickly as possible,
which latter, by giving the fluid a colour of red wine, would
not permit of the transition of the blue colour into red being
accurately perceived. Suppose we have found that one litre
of the dilute hydrochlorie acid employed corresponds to 41:6
grammes of carbonate of soda, then 18'9 grammes of the latter
will exactly require 457°0 c.c. of the acid for saturation.

We take therefore . 4570 c.c. of the acid,
and mix them with . 5430 c.c. of water,

whereby we obtain . 10000 c.e. of standard solution,

of which 1'0 e.c. corresponds to 00189 grammes of carbonate
of soda (NaO, CO,), or 0010 grammes of CaO. The
correctness of the solution is to be checked by several ex-
periments.

Preparation of the solution of soda te correspond lo the
SJormer solution.—Of this solution 10 c.c. must exactly neu-
tralize 10 c.c. of the solution of hydrochloric acid, so that
after the addition of the last drop of the 10 c.c. of the solu-
tion of soda to the acid, the red colour of the latter (by
litmus) is changing to blue. To observe the colour accu-
rately, it is well to take care that the solution of soda be free
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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 ammo-
nia throws down oxalate of lime. This latter test distin-
guishes it from the phosphate of magnesia, with which it is
always mixed. Phosphate of lime alone does not easily fuse
before the flame of the blowpipe.

When diffused in urine, the deposit appears like a dense
cloud of mucus, from which it is 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 acid, distin-
guishes it from albumen.

Deposits of Amnonio-phosphate of Magnesia.

Physical characters.—Deposits of this substance always
occur in well defined erystals in ammoniacal urine. No
substance commonly occurring in the urine, and being inso-
luble in water, presents the same glistening glass-like appear-
ance.

Form of erystallization.— The triple phosphate crystallizes
in the rhombic 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 1s this erystallographical distinetion between them,
that on crystals of hippuric acid we frequently observe
planes derived from the rhombie octahedron, which in triple
phosphate are scarcely ever met with. See plate I1II,
fig. 2.
gNut rarely these erystals have a tendency to cross each
other at regular angles. This is best seen in crystals ob-
tained from blood. The latter serve to explain other forms
observed in the urine, namely, the stelle,? which are not
merely acicular prisms cohering at one end, but prisms crossed
at regular and symmetrical intervals. They very much re-
semble crystals of snow. These latter, however, being prisms
of the hexagonal or rhombohedral system, cross at equal
angles (of one sixth of the circle each), since the triple phos-
phate erystals cross at angles of which only four are equal,
the other two being equal to each other.

! Fide Schmidt, loc. cit., p. 48.
* Vide Dr. G. Bird, p. 275, fig. 46.
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nesia discharged by two healthy persons. His results are
arranged in the following table :

Observations of the quantity of Lime and Magnesia discharged
during twenty-four hours.

First Individual, Seeond Individoal,
Average of seventeen dayvs, || Average of twenly-one days.
- Lime. Magnesia. Lime. Magnesia.

Grammes. | Grammes. | Grammes. | Grammes,

Minimom . 3 e 0057 0096 0118 0084
Mediom g > 0096 0-173 0250 0219
Maximum . F A 0169 0:271 0356 0-262

From all the observations taken together, it follows, that
the amount of earthy phosphates in the urine wvaries in
different individuals, and in the same individuals at different
times. A general average for any given weight of individual
can therefore not be drawn at present. It can only be ob-
tained by extended observations on the urine, taking into
consideration the guantities of earths ingested with the food,
and those discharged by way of the bowels.

The influence which different qualities of food have upon
the quantity of earthy phosphates discharged by the urine is
well illustrated in the experiment of Lehmann. As we have
already stated, when eating mixed food, his average amount
of carth_v,r plmsphflt-?s was 1-09 grammes. But when he re-
stricted himself to animal diet, the amount rose to 356
grammes, being more than three times his ordinary average.

Pathological indications.

1. The presence of earthy phosphates in the urine is indica-
tive of the alkaline condifion of that fluid.

2. If the precipitate of earthy phosphates is entirely amor-
phous, we may conclude that the alkali which caused it was not
amimonie,

8. If, however, the precipitate conlains crystals of triple
phosphate, il indicates the presence of ammonia, arising most
probably from decomposition of urea.

An excess or deficiency of earthy phosphates in the urine can
ounly be ascertained by quantitative chemical analysis, The
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any unusual length of time. This will not so much occur
when absolute retention takes place, as when from any cause
the bladder is never emptied entirely of its contents. This
causes irritation of the mucous membrane, and an increased
discharge of mucus, which, being retained also, is present in
unusual quantity. Whether by means of the mucus, or on
its own account, we do not pause to discuss—but urea is de-
composed, ma]-.mg the urine ammoniacal. A small part of this
ammoniacal urine is always retained, and induces guickly an
analogous decomposition in the fresh arrivals from the ureters.
The urine is then discharged alkaline, 'thick, and fetid. But
when the bladder is thm*ﬂuvh}y emptied and washed out by
mJﬁ{:h-:m, an acid urine will immediately collect in it.

This is the physiological explanation of these cases, as
proved by experience, reason, and experiment. Let the
retention be due to paralysis of the bladder, from whatever
cause,—aflection of any part of the spine, from hemiplegia or
paraplegia, or from difficult childbirth ; let it be due to the
presence of diverticles of the l}lnddm, to calculi or foreign
bodies, to enlarged prostate, to stricture of the nrethra ; or let
the retention be caused by the perverse will of insanity, 111
which excretions are frequently held back, entirely or in
part; or let partial retention occur in the coma of fever—it
will always have the same effect, decomposition of urea and
ammomiacal urine.

There are some rare and extraordinary cases, in which
phosphate of lime is said to continue to be discharged in the
urine for a long time without apparently doing much mis-
chief. Such a case is recorded by Dr. G. Bird (p. 204). The
patient was an old .man, an Enhltual dvslmptm, and had
laboured under pyrosis from boyhood. He had during many
years been in the habit of passing almost milky urine, which
on repose deposited such an extraordinary quantity of phos-
phate of lime, that he brought to Dr. G. Bird, at one time,
more than an ounce of the salt. He had durm;:j the last fifty
years been under the treatment of half the hospital physicians
and surgeons in London. At the same time this man’s
general health was so good, that there was scarcely an excuse
for submitting him to any course of treatment, beyond the
apprehension of the possible formation of a calculus. This
man was most probably an impostor. No pretence could
lead him to the hospital, from which during a fifty years’
experience he had derived no benefit regarding a symptom,
which, if really present, left his health intact. Mo collect an
ounce of the earthy phosphates must have engaged him for
sixteen days, supposing it all to be derived from his own
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manganate of potash for complete oxydation, 1 c.c. of the
0010

20
of iron. The strength of the solution of the permanganate
of potash may also be determined by the solution of chloride
of iron of known strength described under phosphorie acid,
or by the solution of oxalie acid of known strength, deseribed
under the analysis for phosphate of lime. By calculation of
the equivalent, it may easily be adapted to the equivalent of
iromn.

Application to the urine—The ashes of a given bulk of
urine, say 100 c.c., burned perfectly white, if necessary, by
the aid of nitrate of ammonia, are dissolved in hydrochlorie
acid. The chloride of iron has now to be reduced to the state
of subchloride. This is best done by dissolving pure zine,
which has been expressly ascertained to be free of iron, in
the acid solution, until the latter has lost all its colour
(method of Schwarz!). It is now freed from the excess of zine
and other matters by filtration, and diluted to the bulk of
about 50 c.c. The solution of permanganate of potash of
known strength, as determined before use, is now added to
the solution of iron, and mixed with it by agitation until the
red test appears. Supposing 1 c.c. of the solution of per-
manganate of potash to be graduated for 0-0005 grammes of
iron, and supposing that we have used for the oxydation of
the suboxyde of iron obtained from 100 c.c. of urine,
8 c.c. of the standard solution of the permanganate, they
would indicate 3 x 0-0005 grammes = 00015 grammes of
iron. Supposing that of this urine 15000 c.c. were dis-
charged during twenty-four hours, the amount of iron thus
secreted would be 0-0225 grammes.

The disappearance of the red colour test after standing
a little while, is due to further changes not in connection
with the analysis, and need not, therefore, be regarded by
the experimenter.

latter fluid would correspond to

= 0’5 milligramme

Physiology and Pathological indications of Iron.

We know that iron 1s a component part of the red colour-
ing matter of the blood or hzematine, and that a deficiency of
iron in this substance, or in the blood and organism gene-
rally, constitutes a feature of certain diseases, which generally
pass under the name of chlorosis and ansemia. The simi-
larity to hwematine which uriematine exhibits, by its con-

1 ¢ Maassanalysen,’ p. 120,
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Application of the fluids.—200 c.c. of fresh filtered urine
are put into a glass or china dish of four inches in diameter,
and one 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 10°0 c.c. of the standard sulphurie 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 e.c. of milk
of lime are added to the urine in the lower dish, and the appa-
ratus 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 sulphurie acid in the upper dish. If the
sulphuric acid is now neuntralized 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 grammes of
SO,, corresponding to 0:2146 grammes of NIL,), after expo-
sure 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

0:2146

centimetre corresponded to = 000715 grammes of

NH,. The 20 c.c. of urine, therefore, evolved or contained
4 x 000715 = 00286 grammes of NI{,. 1000 grammes of
urine would therefore contain 1-43 grammes of NH,; and
every other quantity in proportion.

Neubauer found that healthy fresh urine, free from mucus,
does not undergo alkaline decomposition during the first
forty-eight hours after being passed. But it is not so with
the urine from patients, which very frequently begins to
decompose a few hours after emission. Such urine, there-
fore, requires some precautions; and of these, the first to be
noticed is the advice of Vogel, to empty the bladder by means
of the catheter, and then to collect the freshly secreted urine
through the catheter, which is left in the urinary passages.
The urine iz thus protected from the decomposing influences,
both of the secretions of the bladder and of the higher tem-
perature of the body. If this precaution be not feasible, the
colouring 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.

N ——
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subject of his experiments was the young man of twenty
years of age, whose average discharge of ammonia during one
of twelve days had heen ascertained to be 0-6137 grammes.
He took now 2 grammes of hydrochlorate of ammonia 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 grammes of hydrochlorate
of ammonia over the amount of ammonia previously ascer-
tained to be the normal average.

It remains to be seen whether caustic ammonia and car-
bonate of ammonia are eliminated in a similar manner. It
remains, also, to be ascertained whether the organism pro-
duces any ammonia under ordinary circumstances, or whether
the ammonia in the urine is simply introduced by our food
and drink, or by the air which we breathe. Some articles
of food are rich in ammonia, e. g., radishes. The smoke of
tobacco contains a large share of ammonia; and any person
remaining for any length of time in a room filled with this
ambrosial offering to Apollo, must inhale such guantities of
ammonia as must materially increase the ordinary amount in
his urine. If ammonia be really essential to the blood, the
anti-tobacco leaguers may yet hear the argument advanced,
that tobacco.smoking is really essential to keep our fibrine in
solution, and that smoking has of late become so much more
common, because the ordinary sources of this * food,” the
cesspools, dunghills, and other like accompaniments of hu-
man and animal habitations, have been done away with. A
still greater amount of ammonia is of necessity inhaled where
both the sources just mentioned flow without restraint.

Pathological indications.

If what some have ventured to bring forward as a defined
feature of certain forms of disease of the kidney can really be
maintained, namely, that the urea retained in the blood may
there undergo decomposition into carbonate of ammonia, and
give rise to the symptoms described as ureemia, 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 exeretion in which the ammonia would be most acces-
sible to our analysis. However probable such a process, under
given circumstances may be, actual and direct proof would
be required to make it a fact; and this we cannot say to have
been afforded by the originators of the theory. We know,
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bottom in form of a a rusty-brownish sediment, not easily to
be mistaken for anything else, so that it may serve for the
diagnosis, by the naked eye, of even very minute quantities
of blood.

It a little more blood is present in the urine, it gives it a
dirty, dingy, or smoky hue, when diffused, iurmmfr a larger
rust-brown deposit on repose. If the urine is of a low specific
gravity at the same time, the corpusecles yield part of their
red colouring matter, and the urine assumes the pink colour
of flesh-washings, or the cold extract of flesh. This pink
colour passes through all gradations, until the colour of the
urine is almost like blood itself. When blood is effused in
any considerable quantity at a time from lax 'ger hlood-vessels,
such as veins of the bladder, or small arteries opened by a
concretion, it then cmgulates m irregular, mostly lumpy
masses, of a black or reddish-black colour. Though these
cnagula cannot easily be mistaken for anything clse by the
naked eye, they may yet present certain variations, according
to whether they have been formed in the urinary passages, or
after the excretion of the urine. When formed in the urinary
passages, as 18 mostly the case when they are formed at all,
they may be retained in the bladder or in the narrow
canals leading to and from that organ, thus causing irrifa-
tion of the bladder, dysuria, stranguria, or retention of urine.
When retained in the bladder, they may give rise to
concretions.  When retained in the bladder for a short
period only, and there exposed to the influence of a dilute
urine, secreted in consequence partly of the stimulus trans-
ferred to the kidneys from the irritated bladder, coagula
of blood may give up all their colour and be discharged as
colourless lumps of fibrine. Such coagula, modified by a
sojourn in the bladder, T have known to be declared fibrinons
casts of the urethra. The diagnosis of the presence of blood
in all these cases, when at all doubtful, is ensured by the—

Microscapical appearances and reactions of Blood-corpuseles.

Under a power of 400 diameters, these bodies appear as
circular dises, with the edges ll'j'l‘l‘lld-l?l.'l off. The centre of the
dises may be light, and the circamference dark; or on
changing ‘the focus the reverse may be the case. Their
colour is a light-brown or reddish-hrown hue. On setting
the fluid in which they are contained in motion, their true
shape becomes at once apparent: for we see the disc exca-
vated on either side. On adding water to the corpuscles, we
perceive them to expand ; the concavities begin to rise, and
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quently of such a nature as to represent granules arranged
round a central nuecleus. When, however, blood is present
in the urine in any quantity sufficient to nearly or altogether
neutralise any acidity of the urine, these changes do not take
place to that extent, the corpuscles remaining either un-
changed, or, when the urine is very watery, only giving up
part of their colouring matter, or adhering to each other in
rouleaux like rolls of coins, in the same way as the corpuscles
in blood which is not mixed with any urine. The several
modifications of blood corpuscles are represented in fig. 5,

of pl. 1I1.
Chemical diagnosis of Blood in Urine.

In most cases the microscope affords conclusive evidence
of the presence of blood. In very rare cases, however, the
blood is to be looked for in ammoniacal urine ; and then the
corpuscles are not easily to be found, as they are too soluble
in that fluid, which then merely has a red colour, and coagu-
lates under certain circumstances. In this case, the presence
of blood may be ascertained by the following tests for heema-
tine and albumen. The urine is cautiously neutralised, with
a trace of acetic acid in excess. It is then heated in a water-
bath to 151° F., when all albumen will be found insoluble
in the form of a white coagulum, surrounded by a reddish
fluid. The latter is separated by filtration from the precipi-
tate, and again heated in the water-bath; when near the
boiling point, a second coagulation of globuline and hmema-
tine, in reddish-brown flakes, will demonstrate the presence
of these bodies. Both tests, when presented conjointly by
urine, are conclusive evidence of the presence of blood, or of
an equivalent of its several constituents.

Pathological indications.

After having, in the introduction to this chapter, noticed
the general indications of the presence of blood in urine, it
here remains to state the particular conclusions which may
be drawn from this morbid ingredient of urine under various
circumstances.

Most frequently the presence of blood in urine is a symptom
of the first or acute stage of those diseases of the kidney which
are caused by the entrance into the blood of a specific poison ;
such as acule desquamative nephritis. The blood then pro-
ceeds from the congested and ruptured Malpighian corpuscles,
as evidenced by the following facts, which stand in perfect
accordance with physiological reasoning.

The fubuli contorti of the kidneys are frequently found full
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general symptom of gravel in the kidneys is heematuria, in-
creased by every kind of exertion. The nature of the hie-
mmlhage is sometimes ascertained by the presence of deposits
i the urine on its being pas&ed—hv the passage of gravel. If
the symptomsof renal coneretion and heematuria are combined
with the appearance of pus in the urine, it is probable that
ulceration exists in the pelvis of the kidney. In these cases
the diagnosis is ensured by the local symptoms.

The presence of blood in wrine is indicative of certain
diseases of the bladder. 1In these cases the local symptoms
appear to be so well marked that there is not much difficulty
m fixing upon the source of the haemorrhage. Thus haemor-
rhoids of the bladder are of a very chronie nature, and ap-
pear in periodical fits, like hwemorrhoids per anwin. 1
observed such a case for several years. The subject of the
observation was a lady. The irritability of the bladder was
extreme ; it was caused first by the venous congestion ; this
having Lmted a day or two, blood escaped by the urine; clots
of different forms and sizes remained in the bladder or
blocked up the urethra, requiring the use of the catheter
sometimes they requued manual aid, when they had paltljr
passed the urethra. Thus, even after the heemorrhage had
ceased for a time, the clots would continue to he passed, and
they were the paler the longer after the cessation of the hee-
morrhage they escaped from the bladder. This condition
would last for weeks, with frequent intervals, during which
no hemorrhage ensued. Gallic acid in large doses always
removed the complaint after a time. The patient would be
well for months, until a new attack made its appearance.
The last attack occurred during a severe illness from scarlet
fever, of which the aged patient eventually died.

Stone in the bladder not rarely causes hemorrhage from that
organ ; so does chronic cystitis, accompanied by erosion or
superficial wleeration. 1 observed the case of a farmer, who
consulted me for severe disease of the bladder. He discharged
an alkaline, feetid urine, with rags of pseudo-membranes,
appearing under the mieroscope to be made up of fibrine with
pus-cells closely imbedded ; on some occasions he, after severe
straining and retention of urine, passed a membranous b
which, when suspended in water, "showed itself to be ahollc:-w
membranous sae, a perfect cast of a very small bladder. With
these membranes of inflammatory origin, he passed clots of
blood, and fluid blood mixed with the urine, but altered con-
siderably.

Another form of hemorrhage from the bladder is due to
softening cancerous growths of that organ. This disease is
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men and hematoglobuline at the same time, yet they must
be present in the same proportions as in the blood, before we
can say that they are due to hsemorrhage, and consequent
solution of the blood. No attention has hitherto been paid
to this distinction, and in cases where the urine has been
bloodcoloured, and gave a coagulum on boiling, the pre-
sence of hmematoglobuline has been assumed, without a
question as to the probable amount of albumen. These cases
are therefore not quite satisfactory as regards the distinetion
between dissolved blood and hematoglobuline ; a distinetion
the more important, as blood may be effused into the tubuli
of the kidneys, there coagulate, and form blood-casts. These
blood-casts may give up their heematoglobuline ; and thus
what really was a hsemorrhage may appear to be the seeretion
of fluid heematoglobuline.  The blood-casts, in their altered
state, are then frequently only expelled from the kidneys when
all traces of hmmatoglobuline have long disappeared from
the urine. Having drawn attention to this point, 1 will here
quote the opinion of Vogel,! regarding the presence of hee-
matoglobuline in urine. ~ He says that in the body there is
a constant disintegration of blood-corpuscles taking place,
whereby haematoglobuline is set free, and subjected to fur-
ther changes. Globuline probably serves for the nutrition of
the muscles, and other albuminous tissues, and is at last re-
moved from the economy in the form of urea and urie acid.
Hzmatine is also further oxydised, and leaves the body in
the form of biliary and urinary pigment, as cholo- and uro-
heematine. In health, therefore, hematoglobuline never
passes through the kidneys with the urine. But when there
are pathological processes going on in the blood, the result
of which is a wholesale destruction of blood-corpuscles, then
the quantity of pure heematoglobuline in the blood becomes so
large, that it cannot all be subjected to the normal changes,
and it seems that a part may be secreted unchanged by
the ordinary channels of the urine, just as other substances,
such as sugar, bile, and perhaps albumen, when contained
in the blood in excess, may pass over into the urine.

This explanation Vogel supports by the following observa-
tion. A professor of physics having performed an experi-
ment with a balloon full of hydrogen, breathed some of this
gas, when emptying the balloon of its contents by pressure,
He hecame suddenly very ill, but soon recovered, and after
the lapse of some time passed a urine, which was black like
ink, coagulated on boiling, but contained no blood-corpuscles,

' ¢ Semiotik,’ p. 186.
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when examined under the microscope. This condition of the
urine lasted for about tw enty-four hours. It was found that
the hydrogen used for the experiment contained arseniuretted
hydrogen. 1

Without in the least doubting the correctness of Professor
Vogel’s observation, as far as it goes, I cannot help expressing
my opinion that the disintegration of blood-corpuscles in the
circulation is by no means established by it. On the con-
trary, other observations of similar cases tend to make it
pr obable that the complaint caused by the breathing of arse-
niuretted hydrogen, as it exhibits itself in the urine, is really
hemorrhage from the capillaries of the kidneys. Thus in the
case which has been related? by Dr. Schlinder of (II‘EIfEHS]}PT'T
deep reddish-brown urine, miwed with clots of blood, was dis-
charged. In the case reported by Dr. O’Reilly,® however,
there was first bloody urine, succeeded by suppression of
urine, after which the face hecame copper-coloured, and the
rest of the body greenish ; symptoms probably indicating the
presence of free hmmatnglnhuliue in the blood. As matters
stand at present, there may be both hsemorrhage from the
Malpighian bodies, and subsequent disintegration of the
effused corpuscles, and also disintegration of the corpuscles
in the blood, and subsequent discharge of the solution. The
explanation h}* way of heemorrhage is only more probable, and
supported by collateral observations, and by the observations
on the behaviour of blood-casts, which do not appear to have
been mentioned by Professor Vogel.

This author also observed that a dog, after having breathed
a quantity of arseniuretted hydrogen, discharged a  blackish-
brown urine, which contained a large amount of hemato-
globuline.

In typhus, blood is not rarely discharged by the kidneys.
Vogel, however, observed a case, in which there was only
himatoglobuline present, no trace of blood- corpuscles being
discoverable by the microscope. This happened during the
acme of the disease, and disappeared after a few days; from
which time the patient gradually rallied, and made a perfect
recovery. 1 hope not to be found too sceptical, if I extend
to this case the doubts mentioned above. The observations
of Meckel, Heschl, and Planer,* quoted by Vogel in support

! Idem, in * Archiv des Vereins fiir gemeinschaftliche Arbeiten,” Bd. i, Heft 2,
p. 209.

? Buchner’s ‘ Repertorium fiir die Pharmacie,” Ixix, 271, vide Christison, ‘ On
Poisons,’ 4th edit., p. 326.

3 ¢ Dublin Journ. of the Med. Sec.,” xx, 422,

* Ueber das Vorkommen von Pigment im Blute, * Zeitschrift der Wiener
Aerzte,! 1854, pp. 127 and 280.







CHAPTER XIX,

FIBRINE. CHYLOUS URINE. FIBRINOUS CASTS.

Fisrine is anatomically well characterised by its sponta-
neous coagulation. Of its chemical properties little is known,
if we except the per-centic elementary composition, which is
almost identical with that of albumen and caseine. Bechamp
has produced urea from fibrine by oxydizing agents, so that
the ultimate fate of fibrine appears to be determined.

When fibrine occurs in urine, it always coagulates at some
time or other after having left the circulation. Tt may be-
come insoluble already in the wurinary tubules, and then
constitute the various descriptions of casts of those tubules—
the common products of eertain diseases of the kidneys. In
other cases, not absolutely connected with disease of the
kidneys, the fibrine may be kept in solution in the urine
until its arrival in the bladder, and then coagulating may give
occasion to difficulty in passing the urine. It may also keep
in solution until the urine has stood for a time after its
emission, and then coagulating, may assume the shape of the
vessel in which it happened to be at the time.

When such coagulating urine contains fat in appreciable
quantities, and is thereby made turbid and opaque, like milk,
it is termed chylous urine. This coagulating or chjrlnus
urine establishes a very different prognosis from urine con-
taining fibrine in casts, or in large coagula assuming the
shape of the vessel formed after emission, and denutmg

acute disease of the kidneys.

Chylous Urine.

This description of urine is of very rare occurrence in Eu-
rope, about half the number of cases on record having been
observed in natives of hot climates (East and West Indies,
Manritius, Barbadoes, Brazil), or in individuals who had
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resided for many years in hot climates. The most accurate,
and at the same time the most extensive, observations on
this description of urine, have been made by Dr. Bence Jones,!
on whose results I have mainly based the following descrip-
tion,

The properties of so-called chylous urine are due to the
admixture of certain constituents of the blood, which is itself
the effect of some peculiar disease of the kidneys. The urine
which is secreted under the influence of that disease is cha-
racterised by the presence of either, or several, or all of the
following abnormal ingredients.

Red blood-corpuscles, frequently mixed with some white
ones. They may be entangled in fibrinous coagula, or form a
deposit on standing. In either case they are easily diagnosed
by the microscope.

Fibrine occurs in shreds and films, inclosing blood-
globules, which rise to the top of the fluid on standing, and
remain on the filter, through which the urine may be passed.
Blood-globules frequently pass through the filter. When
the fibrine occurs as a single coagulum, it may be small and
partial, and occupy the centre of the vessel as a contracted
mass, like the coagulum of the blood in its serum. On other
occasions the whole of the urine, already in the bladder, or in
the vessel into which it has just been passed, coagulates into a
tremulous mass, which, when fatty, is like blanc mange, and
assumes the shape of the vessel.

The coagulum, in both instances, particularly if it be
broken up by agitation, gradually separates into two portions
—a fluid or serous portion, more or less opalescent or milky,
like the urine itself, and which, when left at rest for a few
hours, frequently throws up a sort of creamy matter on its
surface ; and a very delicate fibrinous mass, small in com-
parison with the original bulk of the coagulated mass, of a
Hesh-like appearance, and generally tinged more or less of a
red colour, from the presence of blood-corpuscles.

Albwmen may be present in very small or very large quan-
tities. It is then demonstrated by the usual tests—boiling
and nitric acid.

Albuminoid matter—imperfect albumen of Prout—1 have
met with in apparently normal urine of the patient whose
case has been so fully described by Dr. B. Jones. The urine
gave no reaction for albumen, but yielded an abundant pre-

! ¢ Medico-Chirnrgical Transact.,’ vol. xxxiii, 1850. * Philosophical Transact.,’
1850, part ii, p. 651. For earlier observations see Prout, * Stomach and Urinary

Diseases,’” 3d edit., p. 112, and Dr. T Elliotson, * Med. Times and Gaz.," Sept.
19, 1857, p. 288, The anatomy of a case has been recorded by Dr. Priestley.
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cipitate with tannic acid. This acid does not produce any
precipitate in healthy urine. The albuminoid matter was
not gelatine, as it did not gelatinize when the urine, after
evaporation on the water-bath, was allowed to cool.

Fatty matlers.—Their presence is the cause of the milky
turbidity which may exist in all degrees from a pale opales-
cent white or amber, permitting the transmission of some
light through layers not exceeding an inch in thickness, to
milk-white, and quite impervious to light.

In this description of urine there are seen floating under
the microscope myriads of infinitely minute particles ; globules
of oil are only rarely met with. The minute particles are
scarcely resolvable under a power of 420,

This milky urine, when digested with its bulk of ether, on
repose yields three layers—an upper ethereal solution, be-
neath this a thin filmy layer of albumen precipitated by the
ether, and lowest the now almost perfectly clear urine, con-
taining some ether in solution. The upper ethereal solu-
tion, after the ether has been removed by distillation from
a balloon in the water-bath, leaves the fatty matters adhering
to the bottom of the balloon. These matters, when digested
with water for some time at the ordinary temperature, sepa-
rate into oily drops, which collect on the surface of the
water, and mainly consist of oleic acid; and into a solid
matter remaining at the bottom of the vessel, but when dis-
turbed likewise floating in water, and having the properties
of margaric acid. On being warmed with a solution of
phosphate of soda (2NaO, HO, PO, + 24Aq) this latter acid
easily forms a permanent emulsion, a property not possessed
by neutral fats or oleic acid. The margaric acid is peculiarly
dissolved (emulsed) without, on standing, collecting on the
surface of the solution. On boiling the above drops of oleie
acid with solution of phosphate of soda, a slight emulsion is
obtained, due to some margaric acid dissolved in the oleie;
but the oleie acid, on repose, collects again on the top of the
solution in the same drops in which it had been added. For
this diagnostic test I am indebted to Dr. Marcet.

Pathology of so-called Chylous Urine.

The urine is oftener fatty when the patient subject to this
disease lives on an animal diet than when he eats a more
vegetable one. It is most clear before breakfast, and most
fatty after dinner. 1t is oftener free from fat before break-
fast, when the diet is vegetable, than when it consists
more of animal food. TFat passes off in the urine after food
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is taken, yet the albumen and fibrine and blood-globules
are thrown out before any food has been taken. During
perfect rest the albumen ceases to bhe excreted, and it does
not appear in quantity in the urine even after food is taken,
provided there is perfect rest. The disease of the kidneys
permits fibrine, albumen, globules, and salts to pass when-
ever the circulation through the kidneys is increased ; if, at
the same time, fat is present in the blood, it escapes also into
the urine. A short time after rising early the urine may
coagulate spontaneously, although no fat is present in per-
ceptible quantity, and this may happen before any food 1is
taken. More frequently, however, the urine coagulates after
food, and when fatty at the same time. The albuminoid
substance is present in urine containing neither fibrine, nor
albumen, nor globules, nor fat; in short, in urine which
hitherto would have been considered perfectly normal.

The prognosis of these cases is favorable, in so far as the
disease may last for a long time without terminating the life
of the patient. But his sufferings are great and variable;
and though Dr. B. Jones succeeded in perfectly curing, for a
time, and still benefiting his patient by régime and the in-
ternal administration of gallie acid, yet all the experience
hitherto recorded makes doubtful the prospects of a final cure.

Fibrine, the produce of acute disease of the kidneys, coagulating
after excretion.

This deseription of fibrine is essentially a symptom of
acute desquamative nephritis. It is therefore mostly mixed
with a little blood, but the amount of fibrine is so large that
there can be no question as to its being due to exudation
and not to hamorrhage.

A case of this kind was observed by Vogel. The urine of
a woman labouring under Bright's disease was found, for a
length of time, to form a pale pink-coloured coagulum of
fibrine at the bottom of the vessel regularly a few hours
after emission. The coagulum contained numerous pus-cor-
puscles and few blood-corpuseles ; the latter being so scarce
that the blood, which they represented, could never have
yielded the entire amount of fibrine.

The indications of the coagula of fibrine being the produce
of well marked acute disease of the kidneys arve not very well
known, as the number of cases of this kind hitherto observed
has been too limited to admit of general deductions.

16



CHAPTER XX.

CASTS OF URINIFEROUS TUBULES.

AvraoveH fibrine-casts might with propriety have been
fully described in the former chapter, where they were
merely adverted to, yet it has been thought expedient to
arrange them with those descriptions of casts of the Bellinian
tubules, the material of which is not absolutely fibrine, but
sometimes a fibrinoid substance, insoluble in acetie acid, and
partaking of the properties of colloid matter. Besides the
casts to be described in the present chapter, we have yet
blood-casts, already described at p. 231, and pus-casts, the
description of whic{n will be reserved for the chapter on pus.
The perspicuity, which by this arrangement may be wanting
to the text, will be supplied by the plates, where all varieties
of casts are represented in close proximity, and, 1 hope, dia-
gnostic intelligibility.

When the fibrine, or colloid matter, which in the course of
certain diseases of the kidneys exudes through the walls of
the Malpighian bodies, coagulates in the urinary tubules, it
assumes the shape of these tubules and forms casts. We
have to distinguish several descriptions of casts, according to
the degree of the disorder which causes their formation, and
according to the condition in which the fibrine or colloid
matter finds the tubule on being effused into it. The sim-
plest case is, that fibrine is effused into the tubule, there
coagulates, separates from the epithelial walls by a slight
contraction, and is expelled in the form of a homogeneous
hyaloid cast of small diameter. But when the epithelium of
the tubules manifests a tendeney to separate from its base-
ment membrane, and fibrine is exuded into the cavity of the
tubules, the latter closely imbeds the epithelial cells into its
substance, and, on subsequent contraction taking place, the
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cast of mixed fibrine and epithelium thus formed, is narrow
enough to be removed through the channel of the tubule, and
is found in the urine as a cast of the diameter of the urinary
tubules, or of medium diameter. When the fibrine or colloid
matter effused into the tubules finds an epithelinm, which in
consequence of former or chronic disease is imperfectly con-
stituted, granular or fatty, a granular or fatty cast of medium
diameter is formed. But when there is no epithelium left in
the urinary tubule, when the basement membrane is for the
greater part or wholly naked, then the plastic matter forms
a homogeneous hyaloid cast of considerable diameter, con-
taining little or no granular matter.

The nature of the renal diseases, of which the formation
of these casts is an essential symptom, has been elucidated
by Dr. George Johnson, in his masterly treatise on the
diseases of the kidneys.

Casts of small diameter.

Intratubular casts.—These transparent eylinders, by their
small diameter and complete absence of epithelium, manifest
themselves to be formed within the lumen of the epithelium
of the tubuli, which does not desquamate during the forma-
tion of the casts. The diameter of the ecasts, little more or
less than 1%55th of an inch, corresponds to the lumen of the
canal, which is left in the axis of an ordinary tubule.

Their smooth and glistening surface, compared by Dr.
Beale to a piece of the elastic lamina of the cornea, is ve
characteristic. They may be so pale and destitute of shadows,
that they are entirely overlooked in a strong light. But
when tinted with a little dilute tineture of iodine, or with a
solution of iodine in iodide of potassium, they become much
more distinet by the reddish-brown colour produced, par-
ticularly when the light reflected through the microscope is
moderated by means of the diaphragm. (Fig. 5, P1. IV.)

Casts of medivm diameter. +)gth of an inch.

Epithelial casts.—The fibrine which has been exuded hy
the Malpighian bodies has coagulated in the tubules, and
entangled in its substance more or less of the epithelium
of the tubules, and other substances accidentally present
in their canals, such as blood-corpuscles, and ecrystals of
several substances, e. ., oxalate of lime. Some free epithe-
linm, in pieces or single cells, 1s always mixed with these
casts, as the tendency of the epithelium to desquamate is
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evidently a feature not dependent upon the effusion of fibrine.
It is, however, doubtful whether the desquamation of the
epithelium in tubular masses does take place without the
effusion of fibrine into its central canal. I have never seen
casts consisting of the epithelium only ; and in deposits where
such casts, very similar to the tubular pieces of epithelium
obtained by scraping from the eut surface of a healthy kid-
ney, were present in abundance, T always discovered a large
number of casts, consisting clearly of fibrine, with only a few
epithelial cells imbedded. By this observation I will by no
means deny that casts consisting of the epithelium only may
occur, as has been asserted by other observers. (Figs. 3, 4,
Pl II1.)

Dr. Beale has met with casts of medium diameter, contain-
ing well formed dumb-bell crystals of oxalate of lime. These
casts were found in the urine of a patient suffering from
cholera. In the same specimen, also, several octahedra of
oxalate of lime were present, but these latter were not en-
tangled in the casts.’

Granular casts—When the epithelium of the urinary
tubule has been destroyed by chronie disease, it assumes the
form of granular matter, and as such is entangled with the
matter deposited in the tubes. (Fig. 3, PL. IV.)

This deposit is always accompanied hy granular matter not
in the form of casts; so that there also the question arises,
whether the degenerated epithelium is desquamated without
the aid of cylinders. This can only be decided by long and
careful observation. It cannot, however, he doubted that
the effused matter materially assists in guickly removing
desquamated epithelinm, by the contraction which it under-
goes soon after coagulation ; a process by which the epithe-
linm, when entangled, is completely separated from the
basement membrane, and the cast 1s enabled to pass the
tubule, pressed onwards by the continued secretion and exu-
dation from the Malpighian bodies, and perhaps by some
contractile action of the matrix of the kidney.

Casts containing fatty matter—These casts ave of different
diameters, but more generally of the medium diameter.
They are formed in tubules, the epithelium of which is in a
state of fatty degeneration. The casts may be hyaloid, with
only a few oil-globules imbedded in their substance; or they
may entangle some epithelial cells, filled with oil, showing
that the fat is formed in the interior of the epithelial cells:
or the fat may be present in large quantities. Free fatty
cells are always present. (Fig. 4, Pl IV.)

! “The Microscope,” p. 207.
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Casts of considerable diameter. +}yth of an inch.

The diameter of these casts is nearly equal to that of the
urinary tubules in which they have been formed. They are
mostly perfectly transparent, hyaloid, of a glistening aspect,
resembling in appearance the surface of wax as it cools after
having been melted, which similarity caused Dr. Johnson to
term them “waxy.” They rarely include much granular
matter in their substance, owing to the very cause of their
large size being the total absence of epithelium from the
basement membrane in which they are moulded. When
granular, however, in one part, and hyaloid in the other,
they are, perhaps, not always of the largest size. Sometimes
they may contain a few epithelial cells. Dr. Beale has ob-
served and figured casts of considerable diameter, which were
composed of a material in the interior differing from that
which formed the eircumference of the casts. With these
large casts the sediment mostly contains granular casts of
medinm diameter, and granular débris of degenerated epithe-
lium of the tubules. (IFig. 6, PL IV.)

Pathological indications of Casts of Uriniferous Tubules.

The presence in the wrine of intratubular hyaloid casts
indicates a chronic disease aof the kidneys, termed non-desqua-
mative nephritis, which is caused by a vitiated condition
of the blood. As the expulsion from the organism of poi-
sons causing this and similar diseases of the kidneys is
mostly effected by a process, in which desquamation of the
epithelinm of the urinary tubules plays an important part,
the fact of the epithelium not being cast off is an unfavorable
symptom, indicating the retention of the poison in the
blood. These casts, therefore, where they form the entire
bulk or greater part of a urinary deposit, must excite serious
apprehension for the ultimate welfare of the patient.

The presence in the urine of epithelial casts is a symptom of
a disease of the kidneys, caused by the entrance into the blood
of a morbid substance—a poison—the elimination of which is
effected by these organs. The poisons of cantharides, tur-
pentine, scarlatina, and cholera are illustrations of this, In
all the diseases caused by these poisons, their elimination
through the kidneys is accompanied by a process, of which the
desquamation of the epithelinm of the urinary tubules is an
essential part. The presence of epithelial casts in urine for a
limited period of time is therefore a favorable svmptom of
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the affection of the kidneys, as exhibited by other symptoms,
and indicates that the poison is being actively eliminated.
But when the epithelial casts become mixed with much blood
or pus, or when the desquamation has a tendency to become
of a chronic nature, from the causes continuing to influence
it, then 1t becomes an unfavorable symptom in proportion to
its duration.

The granuwlar casts are indicative of chronic desquamative
nephrifis, and of degenerated condition of the epithelium of
the urinary tubules. These casts and the casts containing
fatty matter are frequently found in gouty subjects, and
then give rise to an unfavorable prognosis. The prognosis is
better in cases where the chronic desquamative nephritis is
the sequel of the acute process.

The casts containing fat or fatty epithelium are most fre-
quently the sequel of non-desquamative disease of the kid-
neys, and indicate the presence of fatty degeneration of the
kidneys in the so-called granular form.

The casts of considerable diameter may occur in all discases
of the kidneys, and may therefore accompany all different de-
scriptions of casts deseribed. 'The presence of these casts 1s
under all circumstances evidence that there are Bellinian
tubules totally deprived of their epithelium. Their impor-
tance as a pathological indication is therefore in a great
measure dependent upon the nature of the affection, in the
course of which they have been deposited.
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boiling with water, or by contact with absolute aleohol, acids,
or alkalies. The soluble modification may be obtained in a
solid state by evaporating the solution at a temperature not
exceeding 50° C. (122° F.), or by drying in vacuo over
sulphuriec acid. It is a yellowish transparent mass, of
1-314 specific gravity, which swells up with water, and, after
a time dissolves. It has an alkaline reaction, and contains
about 5 per cent. of free alkali and salts, which may be
partly removed by washing with water, as they dissolve quicker
than the albumen itself. The albumen, thus freed from
alkalies, is insoluble in pure water.

The insoluble modification of albumen is a flaky or lumpy
mass, without taste or smell, insoluble in water, alecohol, and
ether, soluble in dilute caustic alkali by the aid of a gentle
heat, from which solution it may be precipitated by the
addition of an acid. The precipitate is changed in some
degree, having lost part of its sulphur, which is sometimes
evolved in the form of sulphuretted hydrogen. The insoluble
modification is also soluble in concentrated acetic acid and
common phosphorie acid ; and in these solutions a precipitate
is produced by ferrocyanide and ferricyanide of potassium. It
is soluble in very dilute mineral acids, or at least is transformed
into a jelly-like mass; the addition of a larger amount of
acid to these solutions produces a precipitate. Concentrated
hydrochlorie acid, or sulphuric acid somewhat dilute, or a
mixture of concentrated hydrochloric acid and some sulphurie
acid, dissolve the insoluble modification of albumen formed
by the aid of heat, and decomposes it. When this solution is
boiled, and the air has free access to it, it becomes indigo-
blue, or of a violet colour, which soon changes into brown.
Concentrated nitric acid imparts a deep-yellow colour to
solid albumen, when the mixture is gently warmed. A solu-
tion of mercury in nitric acid (containing salts of the
suboxyde and of the protoxyde, Strecker), which iz made by
dissolving one part of mercury in two parts of nitric acid, con-
taining 4} equivalents of water, and having a specific gravity
of 141 (Nenbauer), imparts a saturated red colour to albumen
in the solid or dissolved state, when the mixture is warmed
to 140° or 212° F. The colour is not removed by the influence
of the air, or by protracted boiling. This is said to be the
most delicate test for albumen (Neubauer). On this I must
remark that it is not applicable to the urine, as three different
precipitates are formed in it by this mercurial solution ; one
of the suboxyde with chlorine (calomel), one of the protoxyde
with urea, and one of the albumen with the free nitrie acid of
the mercurial solution.
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These precipitates obscure the red colour so much, that
frequently only a fawn or pale-red colour remains, and that
only when the coagulated albumen is transferred into a second
quantity of mercurial solution.

A solution of iodine in ioduretted hydrogen, or in iodide of
potassium, imparts a brownish-yellow colour to albumen.
When mixed with strong sulphuric acid and a solution of
sugar, albumen yields a solution which is red at first, and
afterwards assumes a violet colour.

When heated, albumen begins to melt at higher tempera-
tures, and is decomposed, the mass swelling up, charring, and
evolving an odour of burnt horn. When subject to the pro-
cesses of destructive distillation, or allowed to putrefy,
albumen yields a variety of substances, among which formie,
acetic, benzoic, and some fatty acids, may be mentioned.
Two crystallized substances of pathological significance are
also obtained—Ileucine and tyrosine. When albumen is di-
gested with permanganate of potash, urea is obtained as one
of the products of the oxydation.

‘When a solution of albumen is precipitated with basic
acetate of lead, the precipitate washed, and suspended in
water, and carbonic acid is now passed through the mixture,
the albumen is redissolved together with a little lead, which
may be removed by sulphuretted hydrogen. The filtered solu-
tion, on evaporation at a temperature not exceeding 50°
C. (122°F.), leaves solid soluble albumen, which is free from
mineral constituents, and has an acid reaction when dissolved,
as it contains some acetic acid.

When the temperature of a solution of albumen in water
is raised to 60° C. (140° F.), it begins to get turbid in
the upper strata, and, on the temperature being raised to
75° C. (167> F.), the albumen coagulates in large flakes,
which become the more compact the higher the tem-
perature is raised, or the longer the boiling is protracted.
The more dilute a solution of albumen is, the higher is
the temperature which it requires for coagulation. The
free alkali, which is in combination with the albumen,
requires to be neutralized before boiling, by means of
acetic acid, otherwise a part of the albumen will remain
in solution, unaffected by any temperature. The addition
of alkali to a solution of albumen may prevent its coagulation
by heat,

jrf[]ﬂ.u'ing the coagulation of albumen from the egg, an
evolution of sulphuretted hydrogen takes place. This is not
the case when albumen from the blood is coagulated.

Solutions of albumen are precipitated by the addition of
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alecohol ; strong spirits of wine transform the albumen into
the insoluble modification; dilute spirits of wine, however,
precipitate it without change. Creosote, aniline, and other
products of destructive distillation, coagulate albumen. Most
mineral acids precipitate solutions of albumen. (The tribasic
phosphoric acid is an exception to this rule.) The precipitate
contains the acid employed in combination with coagulated
albumen. This precipitate is soluble in a large excess of
water, so that if we attempt to free it from the acid by
waslnng with water, it is almost entirely dissolved. Most
organic acids—for example, acetic acid—do not precipitate
albumen. A solution of albumen, however, slightly acidu-
lated with acetic acid, and then diluted with a large bulk of
water, or mixed with a concentrated solution of chloride of
sodinm, yields a precipitate of albumen. When gently
warmed with an alkali, the soluble modification is trans-
formed into the insoluble one, but remains dissolved in the
alkali, from which it may be precipitated by acetic aeid.
Most salts of the oxydes of the heavy metals yield precipitates
with solutions of albumen. The precipitation by corrosive
sublimate may be mentioned prominently as useful; when
sublimate does mot produce any precipitate in urine, in
which weé have to determine urea by means of the mer-
curial solution, we may be sure that no albumen is pre-
sent, likely to interfere with the correctness of the ama-
lysis.

A solution of albumen causes a turning of the plane of
polarization towards the left.

The albumen of the blood is not precipitated by dilute
aulphurlc acid, yields no sulphuretted hydrogen on coagula-
tion by heat, and contains less sulphur "than the albumen of

In a.ll other respects both descriptions of albumen are

pr&tt}' nearly identical.

Diagnosis of Albumen in Urine.

Coagulation by heat—Care being taken that the urine have

a slightly acid reaction, naturally or by the aid of some acid,
as acetic acid, the albumen will coagulate at a temperature of
from 60° to 100° C. (140° to 212° F.)

A precipitate of earthy phosphates cannot be mistaken for
one of albumen, becanse it is soluble in a drop of almost
any acid (nitric, acetie, hydrochloric, or phosphoric); be-
cause it never forms into flakes, as the albumen duea, on
protracted heating or ebullition ; and because it redissolves
on cooling ; when formed under the influence of heat.

o il il
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not jelly-like and hydrated, but erystallized, and with only
two equivalents of water. 1In correspondence with these
facts, the urine gave no precipitate of fawn-coloured hydrate
of uric acid with nitric acid, when it was heated before the
addition of the acid, and the ecrystals formed quickly in a
clear fluid. It is very improbable that urates should be pre-
cipitated from their solution in urine by nitrie acid. DBut
whether this precipitate be made up of urates, as Heller
believes, or of uric acid, as in the above-mentioned cases, not
only the characters described by me, but also some described
by Heller, readily distinguish it from albumen. For
the precipitate resting on the clear layer of acid, when
made up of uric acid or urates, diffuses in cloundy streaks
through the entire stratum of supernatant urine, which
the precipitate of albumen never does. And if in one
and the same wurine both albumen and uric acid are
precipitated by nitric acid in the manner deseribed, then
the layers of the mixture are so arranged, that upon the
lowest clear layer of acid the layer of albumen follows ; upon
this there is another layer of clear urine; and uppermost
floats a stratum of urine which is turbid from clouds of urie
acid (or urates).

Quantity of Albumen in Urine.

It is sometimes useful to know the guantities of albumen
which a patient loses with his urine. The amount of lesion
in the blood and kidneys may be approximately determined
by this analysis, when all other symptoms are taken into
consideration.

A measured gquantity of filtered urine—50 e.e. when much,
100 c.c. when little albumen is present—are most carefull
neutralized or slightly acidulated by means of dilute acetic
acid. They are then put into a Florence flask ; the flask is
placed in a water-bath, and the water is kept boiling for
some minutes, until the thermometer, when placed in the
fl ask, indicates that the temperature of the urine has risen to
above 194° F. When the urine has contained little albumen,
the flask may be taken out of the water-bath, and placed
over the free fire, and the urine heated to ebullition. The
coagula are then collected on a filter of known weight, washed,
and dried, first in the water-bath, afterwards in the air-bath,
until no further loss of weight takes place. The amount of
dry albumen thus found, when multiplied by the total amount
of urine discharged in a given time, and compared with the
known amount of albumen in the serum of the blood, gives
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us the key to the pathological deductions as to the nature
and amount of the lesion, of which the exudation of albumen
is a symptom.

Pathological indications.

Leaving out of consideration all cases where the urine is
albumineus from the presence of blood, pus, or, perhaps,
thongh ravely, from an admixture of semen, the presence of
albumen in the urine indicates a pathological condition of the
kidneys, of a temporary, chronie, or permanent nature. The
most elementary condition coming under this head is that of
stasis of the blood in the capillary vessels, commonly called
congestion. We know, from experiments on animals, that
compression or ligature of the renal veins causes albumen to
appear in the urine. We know that paralysis of the vascular
and other nerves of the kidneys, which enter with the artery,
by temporary constriction of the artery, or by complete
division, a tube being inserted to keep up the eirculation, has
the same effect. We know, moreover, that a vitiated con-
dition of the blood will make it unfit to pass the capillary
vessels,! and thus produce stasis in the kidneys. It is very
probable that this is the mode of action of most diureties,
such as cantharides, turpentine, digitalis, and others, hy
which indeed albumen and blood may be made to appear in
the urine; and this is also the most probable explanation of
the way in which the specific poisons of scarlatina and allied
diseases, and of typhus, gout, and rheumatism affect the
kidneys. In all these diseases, or in certain stages thereof,
albumen in the urine is of more or less common occurrence.
We are acquainted with some other morbid conditions of the
blood, artificial or the consequences of disease, not being due to
the introduction of a poison, which cause stasis in the kidneys
and albumen in the urine. Thus the injection of large quan-
tities of water into the blood, or a watery condition of the
blood in the course of disease, with diminution of the albumen
of the blood, known by the name of hydreemia and hypal-
buminosis, will cause albumen to appear in the urine. The
injection of dissolved albumen into the blood has also some-
times had the same effect. But whether in these cases, as
after injection of water, and the ligature of the abdominal

| The arguments regarding these conditions of the blood, and their conse-
quences, have been so fully put forth by Dr. Johnson in his treatise on
¢ Cholera,’ that T am induced to call the attention of the reader to the deductions

there arrived at. See also my paper on the Cause of the Empliness of the
Arteries after Death, in the * Assoe. Med. Journal.’
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aorta below the origin of the renal arteries, the appearance of
albumen is due to increased pressure of the blood in the vas-
cular system, or to the vitiated condition of the blood, or to
both causes, remains to be decided.

Under all circumstances, however, the immediate cause
of the exudation of albumen through the kidneys is in-
creased pressure of the blood in the Malpighian bodies,
whereby these bodies expand, and allow a certain amount
of albumen to pass through their tissue. When the pressure
becomes greater, rupture of the arteries is the necessary con-
sequence,

The appearance of albumen in the urine is of very variable
significance, according to the nature of the disease in the
course of which it happens. It is most common in those
diseases which find a local expression in the degenerations of
the kidneys comprised under the name of Bright’s disease,
but which more lately have been appropriately classified
according to their anatomical and symptomatic natures.
The appearance of albumen, when due to any of these
lesions, 18 always qualified by other symptoms, particularly
the appearance of the fibrinous ecasts described in a former
chapter.

In the course of some diseases albumen may appear in the
urine for a single day, or for several, or for many days; and
may disappear without leading to anatomical lesions of the
kidneys. Thus in typhus albumen is not unfrequently found,
particularly during the acme. 1 have observed albumen in
the nrine from acute cases of rheumatism. A girl, aged 15
years, was affected by violent rheumatic fever. On the worst
day of the illness, when most joints of the limbs began to
swell, she only discharged 60 c.e. of urine in twenty-four
hours, which was dark red and highly albuminous, without
blood or casts. 1 have found albumen in several cases of
acute and chronic rheumatism; in the latter particularly
when an acute attack was threatening. 1In a case of hyper-
trophy of the heart I found albumen in scanty urine: and
there being no evidence of organic lesion of the kidneys, the
case was most successfully treated by diuretics. A similar
experience in cases of typhus, pneumonia, and rheumatism,
makes it probable that these remedies, though increasing the
stasis for a day, and, perhaps, acting in another way by
increasing the secretory activity of the kidneys without
causing mere stasis, are the very remedies to remove the
cause of the original stasis, namely, the poison in the blood.
And though I perfectly agree with the opinions condemnatory
of the indiscriminate freatment of renal dropsies by diuretics,







CHAPTER XXII.

PUS.

Tue diagnosis of pus in urine rests upon the presence of
pus-corpuscles, to be ascertained by the microscope, and upon
the tests for albumen, as the presence of pusinvariably makes
the urine albuminous.

When pus is present in ordinary acid urine, even in small
quantities, it always forms a deposit, the corpuscles subsiding
towards the bottom of the vessel, while the albuminous liquor
remains dissolved in the fluid. The deposit is easily diffused
by agitation, but soon settles, first like a cloud in the lower
strata of the urine, afterwards again to the bottom of the
vessel. When pus is present in larger quantities, it forms
clouds in the lower strata of the urine.

Pus-corpuscles.

These bodies are nucleated cells, and do not differ in
structure and reaction from the white cells of the blood or
lymph-corpuseles. In shape they are more or less globular,
and hence are called pus-globules. Their diameter varies
hetween 14;5th and ++;5th of an inch. The nuecleus, single
or compound, is always present, and if not visible at once,
may be made so by chemical agents. The outlines of
many corpuscles are only faintly visible, better in a dull
light than when illuminated too strongly. Many corpuscles
have a granulated appearance, from matter deposited in the
interior of the cell. (Fig 3, PL. V.)

When brought into contact with water, the corpuscles
swell up and become pale; and their outline is rendered
indistinct.  The granular appearance mostly disappears, but
the nuclei and nucleoli become visible or more distinet.
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Pathological indications.

The presence of pus in the urine indicates suppuration in
some part of the urinary organs or adjoining regions.  But
the diagnosis of the seat of that suppuration is in practice
frequently surrounded with great difficulty. The principal
pathological conditions which may give rise to the appearance
of pus in the urine are the fc}}]ﬂwing.

Purulent disease of the kidneys. Suppurative nephritis.—
This disease is sometimes the sequel of non-desquamative or
desquamative nephritis, and then begins with the appearance
of intra-epithelial, small, or large intra-membranous fibrinous
casts, containing pus-corpuscles. But when the basement
membrane of the tubuli becomes destr oved, the pus no longer
assumes the shape of casts, but is ElI‘]‘lPlV mixed with the
urine. In this manner one or both kidneys may be de-
stroyed. When no history of the case is known, and no puru-
lent casts are found, these cases sometimes remain obseure
for a period. If the discharge of pus in albuminous urine
continues regularly for a length of time, even without local
or general symptoms, I think that purulent nephritis is pretty
sure to exist. (Pl IV, figs. 1 and 2.)

Inflammation of the mucous membrane of the pelvis of the
ha’ney, or pyelilis, in consequence of retention of urine from
various causes, as taught by surgery, may cause pus to appear
in the urine.” The presence of concretions in the pelves
and calyces may have the same effect. The relative symp-
toms ensure the appearance of pus to be assigned to its proper
cause.

When the pus comes from the wrefers, its formation is
mostly accompanied by pain along the course of these organs.

In the bladder, pus may form under various circumstances.
Many diseases of the kidneys cause by the altered quality of
the urine irritation of the bladder, and an increased discharge
of mucus. There is no difference between mueus- and pus-
corpuscles, if considered singly : it is therefore natural that
the line where mucus ends and pus begins is not very dis-
tinct, at least to our present means of diagnosis. The dis-
tinction 1s of no great importance if the locality of the
formation is known to be the bladder; which it is easy to
know, as local symptoms are scarcely ever absent when the
bladder is the seat of even superficial and secondary irri-
tation. Catarrh of the bladder, in consequence of eu.{;.alml:e
urine and its various causes as enumerated under that head,
is one of the conditions to be mentioned. It always ac-
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companies stone in the bladder, and is a frequent consequence
of lithotrity.

The pus may have its origin in the wrethra, as in
gonorrheea, and its frequent sequel, stricture. 1In these
cases, particularly those of the former class, pus may always
be obtained from the urethra without the admixture of
urine.

In females the urine may have an admixture of pus from
the vagina or the uferus.

Abscesses, which sometimes form in the pelvis, the sub-
peritoneal cellular tissue, in consequence of puerperal fever,
or other lesions, such as gun-shot wounds, may open into
any part of the urinary passages. I have observed such a case
in an unmarried woman, where a pelvic abscess discharged
itself entirely by way of the bladder.

When an abscess has become encased, without opening,
the pus-corpuscles undergo fatty degeneration. We then
find the cells larger, transparent, and filled with numerous
fat-granules. The membranes are soon destroyed, and we
see the few granular cells left over imbedded into a mass of
albumen and granular fat, from broken-up cells. When this
description of pus, which has the eolour, consistence, and
odour of eream, is mixed with the urine, it gives it a perfectly
milky appearance. This admixture of pus, which may oceur
in the course of certain forms of purulent nephritis (as in the
case described by me in the ¢ Association Medical Journal’
for April 26, 1856), must not be mistaken for chylous urine.
Another mistake here to be referred to 1s that of Lehmann,
who interprets all cases of chylous urine as purulent urine
metamorphosed by alkalinity.

Vogel has drawn attention to the importance of ohserving
the particular shape of the pus-corpuscles. Quite normal
pus-corpuscles of a perfectly circular outline, which, after
treatment with acetic acid, exhibit the characteristic nucleus,
composed mostly of two or three nueleoli, admit of the conelu-
sion that the disease giving rise to their formation is of a mild
form—a simple catarrh of the muecous membrane. But when
the pus-corpuscles are irregular in form and outline, and on
treatment with acetic acid show an irregular nucleus, or an
indistinet granular mass in their interior, or when such cor-
puscles are mixed with irregular débris, not particularly
defined, then purulent destruction is evident, and the integrity
of the organ where this formation takes place is in great
danger, or lost altogether. Such pus would be the product
of ulceration and tuberculosis.
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through it. After drying, it forms a glistening membrane,
like its prototype, the mueus on the track of snails, Its
diagnosis is always ensured by the number of epithelial cells
imbedded in its substance. But should there be any doubt
whether there be any mucus in a microscopic specimen or
not, the addition of a little dilute tincture of iodine will, by
its precipitating and colouring effect upon the muecus, readily
decide the question. The admixture of spermatic filaments,
oxalate of lime and triple phosphate crystals, phosphate of
lime, urate of ammonia, and tubular casts, may be ascer-
tained by the microscope and the respective tests.

Physiological quantity of Mucus.

This depends mainly upon the nature of the urine passing
through the bladder. Concentrated urine causes the exuda-
tion of more mucus from the bladder; dilute urine, when
not altered otherwise, has no such effect. The largest quan-
tity of mucus seems to be seereted during the night, perhaps
owing to the concentrated nature of the night urine, or to
the irritating influence of its longer retention.

The normal amount of mucus cannot be expressed in
figures. It is best to accustom the eye to an estimate by
frequent inspection in transmitted light of urine in glass
vessels. Any excess at all important will then easily be
perceived by the increased bulk of the cloud.

Excess of Mucus.

This may be cansed by pathological conditions of the urine,
particularly alkalinity from decomposed wurea. A large
quantity of free acid may have a similar effect. Thus, the
strongly acid urine, which is voided by a person on the
morning after the night on which larger doses of benzoic
acid were taken, exhibits a mucous cloud double the size of
that voided under ordinary circumstances.

The Pathological indications

of an excess of muens must depend upon the causes which
produce it. As such, we may mention all conditions which
are characterised by irritation of the urinary organs. Patho-
logical conditions of the urine, the presence of foreign bodies
and concretions in the bladder, idiopathic diseases of the
bladder and its appendages—all these, and some others, may
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parasites, dead and decomposed at some earlier period. In
the case published by Dr. Barker,' the large cysts contained
echinococei, the small eysts mostly contained none.

The echinococei are mostly retracted, more rarely stretched
out at full length. (PL v, fig. 2.)

The symptoms incidental to the discharge of these cysts
have been closely described by all observers. When the
cysts proceeded from the kidneys, there was dull, aching
pain, accompanied with sensation of fulness in the loins, ob-
struction in the wureter, with lancinating pain along its
course, an immediate sense of relief incident upon the cyst
finding its way into the vesical cavity; lastly, straining at-
tempts to micturate, pain along the urethra, and particularly
at its termination, with obstruction to the flow of urine, until
the emission of the cyst made a sudden end to the distressing
symptoms.

In the ecase communicated to Dr. Barker, by Mr. J. J.
Evans, the urine was opaque, and contained flakes of mem-
brane, fragments of cysts. Such membranes were also
passed in Dr. Sieveking’s case.

The number of cysts thus passed by one patient, at various
periods, stretching over many years (eight in the case of Mr.
Evans), may be extraordinary, exceeding hundreds at a time,
and thousands in the aggregate of all discharges.

There can be no difficulty in the diagnosis of these para-
sites ; for, even if the echinococei themselves should not be
found in the cyst, yet the peculiarity of the latter, in being
composed of structureless layers of a hyaline or opaque sub-
stance, the produce of the parasite, will distinguish it from
all membranous matters that may by any chance pass by the
urethra.

! ¢ Glasgow Med. Journal,” 1856, and separate pamphlet. See also a report in
the * Med. Times and Gazette’ for Feb. 17th, 1855, where about ten cases of
this description are related.
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think that medical treatment might heal them of their bodily
passion, as they erroneously believe it to be. 1 make this
statement in consequence of the confession of a young man,
which he made to me and the clergyman in the hour of his
death. This confession opened my eyes regarding these
cases; and I have since that painful experience seen several
cases, in which the complaints of spermatorrheea and nightly
mvoluntary emissions, on close examination, resolved itself
into a continuance of guilty acts of the individual.

When found in the urine of women, where there is no
possibility or probability of a fraudulent admixture, the
spermatic filaments are evidence that coition has taken place.
In medico-legal inquiries, the discovery of spermatozoa may
sometimes lead to the disclosure of crime or vice.

Dr. Lionel Beale states, that the urine should be examined
for spermatozoa as soon as possible after it has been passed,
as they very rapidly become destroyed (L. e, p. 205).
According to Dr. G. Bird, however, urine, beyond making
the filaments quiescent, exerts no further action npon them,
as they may be detected, scarcely changed, even after it has
become ammoniacal (p. 359). Neubauer (p. 77) makes a
similar assertion. The truth seems to be that the spermatic
filaments are differently affected by different fluids; thus,
in faintly alkaline or neutral urine they retain their mutllltj'
much longer, but in acid or strongly ammoniacal urine they
quickly become quiescent. (Kolliker.) In urine containing
pus, they retain their motility much longer, most probably
because it is alkaline, as alkaline fluids, particularly caustic
alkalies, are special excitants of the spermatic filaments, and
may revive their peculiar motions almost under all eircum-
stances, which may be more particularly seen in the papers
quoted on p. 269. From the experiments there detailed, it
appears that the spermatozoa are very tough, and by no means
casily destroyed.

When few spermatozoa are to be detected, the urine must
be allowed to repose in a conical glass vessel; the deposit is
then removed from the bottom by means of an India-rubber
pipette, brought into a cell, and examined under a power of
from 300 to 400 diam.
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Cholic or Glycocholic Aeid.

Elements : HO. C,,H NO,,.

Cholic acid forms colourless hair-fine needles, which are at
first voluminous, and on drying shrink together, so as to
form a paper-like mass, glistening like silk. It is very little
soluble 1n cold water, more in boiling water ; easily soluble in
aleohol ; little soluble in ether. It has a faintly acid reaction,
and a sweet taste. It melts at a higher temperature and is
decomposed, evolving at the same time a peculiar odour.
When warmed with sulphurie acid and sugar, it yields a fluid
of an intensely violet colour.

The salts of cholic acid with bases have a neutral reaction.
The salts with alkalies and alkaline earths are easily soluble
in water and alcohol, but insoluble in concentrated solutions
of hydrated caustic alkalies or salts of alkalies. The salts
with the oxydes of heavy metals are mostly insoluble in water.
They do not erystallize from their solutions, if they are eva-
porated ; but the addition of ether will usually transform
them into c rystals,

Cholate of lead (PbO. C,,H,NO,,) may be obtained when
‘bile, previously discoloured by means of animal chareoal, is
precipitated by acetate of lead. The colourless salt may ‘be
decomposed by hydrothion (sulphuretted hydrogen), and cholic
acid obtained pure by evaporation.

Decompositions.—Cholic acid is soluble in concentrated
sulphuric acid without discoloration; and on raising the
temperature of the solution an amorphous precipitate forms,
which is insoluble in water, and easily soluble in aleohol. Tt
is a product of the decomposition of cholic acid, and is
termed cholonic acid. 1t forms a salt with baryta, which is
insoluble in water. It contains two equiw ralents of water less
than cholic acid, its composition being Cg,H, NO,,.

When cholic acid is boiled with dilute hydrochloric or
sulphuric acid, it separates into glycocoll, C H sNO,, and an
acid free from’ nitrogen—choloidinie acid, of the cnmpﬂsitiﬂu
CH,,0,.

CuH,NO,, + HO = C_H,0, + C,H,NO,.

S —

"_'——'-...--'—"
Cholie acid. Choloidini¢ acid.  Glyeocoll.

Choloidinic acid is an amorphous, colourless, resinous sub-
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stance, which melts easily, is not soluble in water, easily
soluble in aleohol, less soluble in ether. It has an acid re-
action ; and with all bases, except the alkalies, forms salts,
which are insoluble in water.

‘When choloidinic acid is heated for some length of time
with hydrochloric acid, it changes its properties. It melts
less easily, becomes insoluble in aleohol and alkalies, but
more easily soluble in ether. The substance thus modified is
called dyslysine—C H,O,. It differs from choloidinic acid in
containing three equivalents of water less than this acid. It
t(:an glan be obtained by heating choloidinic acid to 200° C.

892° F.)

Cholic acid is also decomposed under the influence of
caustic alkalies and alkaline earths. If a strong solution of
hydrate of baryta is boiled with cholic acid, the latter be-
comes broken up into glycocoll and an acid free from nitrogen,
called cholalic acid—C4H ,,0,,.

C,H,NO,, + 2HO = C H,0,, + C,H;NO,.
— e et e
Cholic acid. Chiolalic acid. Glycocoll.

Cholalic acid, which differs from choloidinie acid in con-
taining one more equivalent of water, erystallizes from aleohol
in octahedra and tetrahedra belonging to the quadratic sys-
tem. The crystals contain five equivalents of water of crys-
tallization, are colourless, reflect the light like glass, and are
very frangible. Under the influence of dry air they lose
water and become opaque. They taste bitter and sweet at
the same time ; they are easily soluble in boiling alcohol, less
soluble in cold aleohol ; they are soluble in 27 parts of ether,
insoluble in water.

The salts of cholalic acid with the alkalies are easily
soluble and crystallizable ; those with the earthy alkalies
are little soluble; and those with the other oxydes mostly
insoluble.

The composition of cholic acid corresponds with that of
hippuric acid. It may be considered as a copulation of cho-
lalic acid with glycocoll.

Cholinic or Taurocholic Acid. Cy,H NO,S,.

When cholic acid is precipitated by dilute sulphuric acid
from the solution of bile, cholinie acid remains in solution. It

18
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1s best isolated from bile in the following manner. Fresh bile
is treated with neutral acetate of lead, which precipitates
colouring matter, mucus, and cholate of lead. By the addi-
tion of a little basic acetate of lead, the cholic acid is more
completely precipitated. Cholinic acid is now preecipitated
from the filtrate by basic acetate of lead and ammonia. The
precipitate, after decomposition by hydrothion (sulphuretted
hydrogen), yields uncombined cholinic acid. It has an acid
reaction, a bitter and sweet taste ; when the solution is eva-
porated, it decomposes, so that the residue becomes partially
insoluble. It is less changeable when in combination with
alkalies; and the solution of such salts may be evaporated at
a boiling heat. The watery solutions of these salts froth
like soap-water; no metallic salt forms a precipitate with
them—the sole exception being hasic acetate of lead, and even
that does not preecipitate the whole of the acid.

When treated with caustic alkalies, cholinic acid is
decomposed ; cholalic acid and taurine being the products.

C,H,NO, 8, + 2HO = CH,0,, + C,H,NO,S,

14=2

Cholinic acid. Cholalic acid. Taurine.

Cholinie acid, therefore, has a constitution analogous to that
of cholic acid ; the difference consisting in the replacement
of glycocoll by taurine.

Taurine, C H.NO,S,, may be easily obtained from bile by
boiling it with hydrochloric acid for some length of time. The
fluid is filtered from the precipitate of dyslysine, evaporated,
and mixed with spirits of wine, whereby taurine is precipi-
tated ; chloride of sodium and hydrochlorate of glycocoll
remaining in solution. Taurine erystallizes in large mono-
clinometric prisms; they are colourless, transparent, little
soluble in cold, easily soluble in hot water, insoluble in
aleohol and ether. No other combinations of this body are
known ; but a key to its composition has lately heen obtained
by Strecker, who succeeded in producing it artificially, simply
by exposing isethionate of ammonia to a temperature of
RR0° C. (428° F.) The loss of two equivalents of water
transforms this salt into taurine.

C,ngSENGB r— 2HD = C,’H?SENDB-
| R SN—

Ismthionate of Ammonia. Taurine.






276 BILE AND BILIARY MATTERS,

it becomes successively blue, violet, and red. This test is to
a certain degree characteristic.  When the aleoholic solution
of bile is exposed to the influence of atmospheric air, the
green colouring matter is transformed into a red one, which
has a great similarity to the red colouring matter of blood.

When the inspissated residue of ox-bile is extracted with
alcohol, there remains, beside mucus, a brown colouring
matter, which is soluble in warm dilute spirits of wine, and is
precipitated from this solution by alcohol. When dried, this
body becomes of a bright, burning yellow colour, and hence
has been termed bilifulvine. 1t is easily soluble in water, on
combustion leaves carbonate of soda and lime, and for this
reason appears to be the salt of an organic acid.

Diagnosis of Biliary matters in Urine.

It 13 not probable that biliary matters should oceur in
urine unaccompanied by colouring matter, though the latter
frequently occurs unaccompanied by any of the acids or their
salts. The brown, yellowish or reddish-brown colour of
urine will therefore generally lead to a suspicion of the pre-
sence of biliary matters: the diagnosis may be positively
established by the necessary tests.

The best and simplest test for biliverdine is the following.
A thin layer of the urine to be tested is spread over a white
china plate, and a drop of nitric acid, containing some
nitrous acid, is placed in the centre of the cirele. If hiliver-
dine be present, the margin of the drop of nitric acid will
cause a blue colour to appear in the next circle of urine ; the
blue circle enlarges towards the circumference of the plate,
and the eircle next to the drop of nitrie acid assumes a violet
colour. The blue and violet circles expand, and an inner red
circle appears. The test is now completed. The discolora-
tions to yellow and brown which follow are neither constant
nor characteristic.

Most precipitates from bilious urine are strongly coloured.
But to use the coloration of albumen, for example, as a test
for biliverdine, possesses no advantage over the mitric acid
colour-test ; as, where the amount of colouring matter is so
small as not to be indicated by the colour-test, it possesses
no practical significance.

Both cholic and cholinic acids have been observed in the
urine in a few instances. But they have been sought after
so very seldom, that it cannot at present be said whether their
occurrence is actually rare. Evidence of their presence is

e

-

e L gt b il By e e



BILE AND BILIARY MATTERS. 277

obtained in the following manner.! The urineis evaporated
almost to dryness, and the residue extracted with alcohol.
The aleoholic solution is again evaporated ; the residue is
dissolved in a little water, and placed in a white Berlin
china dish floating on cold water. A few drops of a solution
of sugar are now intimately mixed with the solution in the
china dish ; and to this mixture concentrated sulphuric acid
is added in drops. When biliary acids are present, the solu-
tion at first becomes a little turbid, then clears, becomes then
of a pale cherry red, then pink, crimson, and at last of a
saturated purple violet. Of course the intensity of these
colours depends upon the quantity of biliary acids present,
and upon the care which is bestowed upon keeping the tem-
perature of the mixture as low as possible during and after
the addition of sulphuric acid. This reaction bearing, from
its discoverer, the name of Pettenkofer’s test, is due to the
presence of cholalic acid, as neither taurine nor glyeocoll
exhibit it when isolated.

Pathological indications.

The ocenrrence of the colouring matter of bile in the urine
indicates that the flow of bile from the liver into the intes-
tinal canal is impeded or entirely suspended. By absorption
the colouring matter of bile enters the blood, and hence
passes into all the secretions and tissues., Icterus, as this
state of things has been termed, is as easily diagnosed by the
coloured tissues and eolourless fieces, as from the brown
urine, and its reaction with nitrie acid.

There 1s, however, a certain dissolution of the blood conse-
quent upon or part of the pathological process of pywemia,
which produces the green or yellow icteric colour of the
skin and tissues, without being accompanied by retention of
bhile ; as the fr‘c:':qu{:nt fluid evacuations contain abundance of
green colouring matter, and the dark-red or brown urine does
not show the colour-test with nitric acid. The analysis of
the urine distinguishes these cases from true icterus.

In yellow fever the urine is very rarely impregnated with
biliary colouring matter.

The oceurrence of cholic and cholinie acids in the urine
indicates that these substances, after their secretion by the
liver and resorption into the blood and chyle, have not
undergone those changes, at present unknown, to which
under ordinary circumstances they are subjected in the blood

! See also Lehmanon, ‘ Physiol. Chemie,’ vol. ii, p. 209.
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These substances were found in the urine, blood, and bile of
the patients. In the urine the leucine seemed to have been
partly transformed into valerianate of ammonia. The liver
seems to be the organ in which leucine is formed during
life, and where it is found most abundantly after the death of
such patients. In the liver of healthy human subjects
and of animals Frerichs and Stéideler could not find any
leucine. In a case of acute atrophy of the liver, these
observers found the finer branches of the hepatic veins
filled with zeolithie efflorescences, and firm yellowish-gray
. strings of matter containing ecrystals in the shape of balls
with a radiary arrangement, and bundles and sheaves of
needles. The balls were proved to be leucine by an ele-
mentary analysis; and the needles were tyrosine, forming a
combination with sulphuric acid, and this combination
forming salts with bases.

Leueine has been detected in the liver of the ealf.! Dr.
A. Cloetta? found it in the tissue of the lungs of the ox,
together with inosite, uric acid, and taurine.

I found leucine in the urine of a man whose liver yielded
a large amount of it. Goessmann found leucine in the char-
coal, which is left in the retort when the residue from the
evaporation of urine is subjected to dry distillation.

There is at present no very characteristic test for leuecine ;
its diagnosis in urine, therefore, mainly depends upon the
exclusion of all known normal and abnormal ingredients of
that fluid, and upon the coincidence of several or all of the
tests of lencine.

Production of Leucine.

Aceording to Braconnot, leucine is obtained in the fol-
lowing manner. A piece of beef is chopped, washed with
water, and subjected to strong pressure; the dry residue is
warmed gently with its equal weight of sulphuric acid, until
complete solution has taken place. After cooling, the fat
collected on the surface is removed, and the solution is mixed
with a quantity of water, amounting to three and a half times
the weight of the meat originally employed. The mixture is
kept hoiling during nine hours, the water which evaporates
being replaced from time to time. The sulphuric acid is then
removed by carbonate of lime, the filtrate is evaporated to the

! Gregory's ‘ Handbook of Organ. Chem.,’ 1852, p. 422,
# *Verhandl. d. Naturf. Gesellschaft zu Ziirich,” Bd. iv. *Journ. fiir Pract.
Chem.," Ixvi, p. 211, 1855.
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consistence of a syrup, and the latter is repeatedly extracted
by boiling alcohol. From this aleoholic solution leucine in a
crystalline form is obtained by evaporation ; the product of
impure leucine amounts to about one thirtieth part of the
muscular fibre used. It yet contains some animal matter,
which may be precipitated from the watery solution by
tannic acid. According to Mulder, it also contains some
glycoeine.

Hinterberger! adopts the following proceeding. One part of
horn turnings and filings is mixed with four parts of sul-
phuric acid and twelve parts of water, and boiled during
thirty-six hours, the water being replaced from time to time.
The sulphuric acid is next removed by an excess of milk of
lime ; the fluid with the precipitate is boiled for twenty-four
hours longer, and strained. The filtrate is neutralized by means
of sulphuric acid, and filtered again ; acetate of lead is now
added until all sulphurie acid is removed. The excess of lead
is removed by means of sulphuretted hydrogen, and the fluid
is boiled with the sulphuret of lead. On filtering (which
should be done when the fluid is cold, and has again been
saturated with sulphuretted hydrogen, Th.), a scarcely
coloured fluid 18 obtained, from which, on concentration,
tyrosine crystallizes. From the mother-liquor lencine is
obtained (mixed with a great deal of acetate of lime, from
which it must be separated by extraction with boiling al-
eohol. Th.) It may be further decolorized by treating it
with hydrated oxyde of lead, sulphuretted hydrogen, and
animal charcoal.

Zollikofer? found that the elastic tissue of the animal body
yields leucine as the sole erystalline product of decomposition
by sulphuric acid. The nuchal ligament of horses or of oxen
is particularly suitable. It is first freed from fat and fibrous
(eellular) tissue by mechanical means, and then (Goessmann’s
improved proceeding) dissolved in its equal weight of con-
centrated sulphuric acid at the ordinary temperature of the
air. This solution is then mixed with its own bulk of water,
and boiled from ten to twelve hours, during which time the
loss of water by evaporation is being frequently made up.
After cooling, and removal of the fat floating on the surface,
the solution is diluted and neutralized by milk of lime. The
excess of lime 1s precipitated by carbonic acid, and the filtrate
is evaporated, when leucine crystallizes. It is taken up with

' (1849) ‘Ann. d. Chem. und Pharm.," lxxi, p. 70. ‘Pharm. Centralbl.’
1850, p. 213. Liebig and Kopp's * Jahresber.,’ 1849, p. 502, :

? (1852) ‘Ann. d. Chem. und Pharm.,” lxxxii, p. 162. Liebig and Kopp's
¢ Jahresher.,” 1852, p. 696,
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boiling alcohol; its watery solution may be further de-
colorized by animal charcoal.

Method of Bopp.'—One part of dry powdered albumen,
fibrine, or caseine, free from fat, is mixed with one part of
caustic potash, while fusing on the fire in an iron pot, of
about twenty-five times the capacity of space taken up by the
quantities of albuminous matter and potash. The mixture
froths up, by the evolution of hydrogen and ammonia; and
after half an hour, when the brown colour of the mixture has
passed into yellow, water is cautiously added, the alkali is
neutralized with acetic acid, and the fluid filtered while hot.
The filtrate on cooling ﬂepuslts groups of needles of tyrosine.
(In ease the operation has well succeeded these crvstals fill
the entire filtrate, but their amount is the smaller, the longer
the melting process has been continued.) The fluid decanted
from these crystals is then again evaporated, until a crys-
talline pellicle begins to form on its surface; i1t is then
allowed to repose for twenty-four hours, and is then extracted
with alcohol, which leaves a residue consisting of leucine and
some tyrosine. A certain quantity of leucine remains in
solution in the alcohol; to this solution sulphurie acid
diluted with aleohol is now added as long as sulphate of
potash is thereby precipitated. From the filtrate the alcohol
is evaporated, the sulphuric acid removed by acetate of lead,
and the excess of lead precipitated by sulphuretted hydrogen
the filtrate on evaporation now yields crystals of leucine, and
an unerystallizable syrup, the quantity of which is the smaller,
the longer the melting process has been continued. In order
to free the leucine from tyrosine and a peculiar colouring
matter, it is dissolved in such a quantity of hot water, that
on cooling only little leucine erystallizes, together with most
of the tyrosine; the mother-liquor is dlgest{:d with hydrated
oxyde of lead, which removes the colouring matter and some
leucme: the filtrate is treated with sulphuretted hydrogen,
and, heing now of a faint-yellowish hue, 18 evaporated n a
balloon until a crystalline pellicle begins to form on the
surface, when, on cooling, leucine erystallizes, which may
be further purified by washing with cold water and spirits
of wine, and by treating it with animal charcoal and re-
crystalliz‘lng it.

If it is intended to have leucine alone, the mixture of the
albuminouns substance with potash requires only to be heated
until the strongest frothing up has passed ; the same quantity
of leuecine 1s then formed, but no tyrosine,

1 ¢ Ann. der Chem. und Pharm.," Ixix, p. 20.
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As a product of putrefaction, lencine may be obtained by

allowing one part of cheese, flesh, or albumen, with fifty

arts of water, to decompose at a temperature somewhat
above 20° C. (68° F.), for about six wecks. The dirty fluid
is then boiled with milk of lime; the lime is precipitated
by a slight excess of sulphuric acid; the filtrate is evaporated,
and precipitated with acetate of lead ; the filtrate from this is
evaporated to a syrupy consistence ; and the leucine which
now crystallizes is freed mechanically and by the assistance
of alcohol from the syrup; it is then dissolved in water, treated
with sulphuretted hydrogen, and is obtained pure by erystal-
lization from alcohol and water.

When the solution, at the stage where it contains gypsum
and a slight excess of sulphuric acid, is evaporated slowly in
an open china dish, the gypsum crystallizing acts as a very
potent decolorizer. From the crystalline and black sediment
of gypsum the fluid may be poured off while hot. The de-
canted fluid should then be evaporated to dryness and ex-
tracted with aleohol, whereby a solution i1s obtained which
contains no lime, and may easily be freed from sulphuric acid
by acetate of lead. Another mode of removing the lime and
sulphurie acid is by treating the decanted solution with oxalic
acid, until no more precipitate of oxalate of lime is produced.
The excess of oxalic acid, together with the sulphuric acid, is
removed by acetate of lead ; the excess of lead from the fil-
trate by sulphuretted hydrogen ; and the filtrate from this
precipitation will be almost colourless, and on evaporation
will yield leucine, which may be purified of the last
traces of admixed foreign matter by alcohol and crystal-
lization.

Chemical and Physical properties of Leucine.

The sublimate of pure, dry leucine appears under the micro-

scope in strings of rhombie plates, as represented in fig. 5,
. VL

$ When erystallized from an alcoholic solution, leucine repre-
sents white scales, of the lustre of mother-of-pearl, much like
cholesterine, floating on water, and imparting the sensation of
an unctuous matter to the finger. Under the microscope, it has
the appearance of minute larch-agarics, with which it was com-
pared by Proust. In the liver, and the extract therefrom, it
crystallizes in balls, with a radiary arrangement of particles,

It dissolves in 27 parts of water at the ordinary tempera-
ture of the air, and in 658 parts of aleohol of specific gravity
0'828 (Mulder), or in 1040 parts of alcohol, of 96 per cent.,
at the ordinary temperature; and in 800 parts of warm al-
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coliol of 98 per cent. strength (Zollikofer). It is insoluble
in ether,. even when boiling. The presence of acetic acid
and acetate of potash increases the solubility of leucine in
alecohol and water. When heated cantiously 1n a glass tube,
open at both ends, it is completely volatilized in the form of
thick white fumes appearing like oxyde of zine, without pre-
viously melting. When heated suddenly it fuses, and leaves
a mass of charcoal. It is easily soluble in dilute acids, and
forms combinations, assuming readily a erystalline form. Tt
is also easily soluble in ley of canstic potash, and in ammonia.
Decompositions—When fused with caustic potash, it is
decomposed into valerianate of potash, cyanide of potassium,
and water, free hydrogen escaping.

C,,H,NO, + 2KO, HO =C,,H,KO, + KC,N + H, + 3HO.

—

Valerianate of  Cyanide of

Leucine. Potash. Potassium.

Under the influence of nitrous acid, leucine is transformed
into leucie acid (Strecker),! nitrogen escaping.

E[CJEHHNU.;J + ENﬂg " C'_J,qI[qul!} + 'i!N + EHD.

ey, i
Leucine Leucic aecid,

Zollikofer (1852) found that the watery solution of
leucine is not precipitated by salts of metals, not even by the
nitrates of the protoxyde and suboxyde of mercury, nor by
corrosive sublimate ; basie acetate of lead being the sole ex-
ception to this rule. This has been confirmed by Goessmann
(1854). It is therefore a great oversight on the part of
authors of systematic treatises on organic and medical che-
mistry, to continue to state in 1854 and 1857, what in 1852
had been proved to be incorrect.

Salts of Leucine2—The combinations of leucine with acids
may be produced in a direct manner.

Hydrochlorate of Leucine (C,H, ,NO,, HCl) forms crystals
easily soluble in water.

Nitrate of Leucine, or Leuconitric Acid (C,H,NO,
NOgH), appears in colourless concentric groups of needles.
It forms a salt with lime, erystallizing in small warts, and
containing water of crystallization; and another salt with
magnesia, appearing in small granulﬂ,r crystals.

1 ¢ Amn. d. Chem. und Pharm.,’ Ixxii, p. 89.
¥ Gerhardt, Laurent, and Cahours, * Compt. Rend.,” xxvii, pp. 256, 265.
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With nitrate of silver, leucine forms a erystallizable com-
pound.

Leucine enters into combination with the oxydes of several
metals.

Leucine and Oxyde of Copper. C,H, ,NO, CnO.—Hy-
drated oxyde of copper, when just precipitated, dissolves in a
solution of leucine, easily, and in large quantities, forming
a blue fluid. When this solution is evaporated on the water-
bath, blue erystals of the above compound are obtained,
which are very similar to the ammonio-sulphate of copper.
If a solution of leucine is boiled with an excess of hydrate of
oxyde of copper, the above soluble compound and an insolu-
ble one are formed.

Leucine and Oxyde of Mercury. It may be prepared like
the copper compound, or by neutralizing with potash a mix-
ture of solution of nitrate of protoxyde mercury and solution
of leucine. It contains one equivalent of protoxyde of
mercury.

Leucine and Owxyde of Lead. C,,H ;NO, PbhO.—When to
a boiling mixture of solution of leucine and neutral acetate
of lead ammonia is carefully and gradually added, little scales
of the lustre of mother-of-pearl are deposited (Strecker).

If a solution of leucine is boiled with an excess of oxyde of
lead, or if to a boiling mixture of solutions of leucine and acetate
of lead ammonia is added in excess, an insoluble compound of
the formula C,H,;NO,, (PbO), is produced (Goessmann).

Mode of obtaining Leucine from Urine.

The above tests with lead may perhaps be made available
for that purpose. I have obtained leucine as a deposit by
concentration of the urine. The deposit may be washed
with cold aleohol, and purified by lime, charcoal, and so on;
or in one of the ways indicated above. All this will only
serve to prove its presence: we have, as yet, no means for "
determining its quantity.

TYROSINE.

Elementary composition : CgH,;,NO,.

The occurrence and mode of obtaining tyrosine have al-
ready been described. It was discovered by Liebig as a
product of the decomposition of cheese by fused caustic
potash.
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Physical and Chemical properties.

It erystallizes in voluminous white needles, which on dry-
ing contract to a silky film of white colour and some lustre.
As such I obtained it from the inspissated watery extract of
the liver. It is withount taste or odour.

In cold water it 1s scarcely soluble, easily in boiling water.
It 1s insoluble in alcohol and ether. It dissolves rapidly in
mineral acids and alkalies, yielding compounds which are
even soluble in aleohol. From a solution In ammonia, it
crystallizes unchanged, but in larger erystals on spontaneous
evaporation of the fluid. From the alkaline solution it is
precipitated by acids. Heated on the platinum foil, it burns
without leaving any residue, emitting the odour of burnt
horn.

When tyrosine is dissolved in strong nitric acid, the solu-
tion, after a short time, yields brownish-yellow ecrystals of
nitrate of nitrotyrosine, C,;H;,XNO,;, HO, NO..

From its formula, tyrosine may be considered to be a copu-

lated compound of glyeocoll and saligenine.
CH;NO;, = CH,NO, + C,,H,0,—2HO.

— — ey —

Tyrosine. Glyeocoll. Saligenine.

Under the influence of boiling nitric acid, tyrosine is de-
composed, oxalic acid being one of the principal products.

Nitrate of protoxyde of mercury causes a precipitate of red
flakes in a solution of tyrosine while boiling. The precipi-
tate subsiding to the bottom, leaves a clear fluid above it,
which has an intcnsnly pink or dark rose-red colour. This
test is so niee, that it 1s obtained even when the watery so-
Iution of tyrosine, saturated at the ordinary temperature of
the air, is diluted several times with its own volume of water
(R. Hoffmann).

If some tyrosine and one or two drops of sulphuric acid
are placed on a watch-glass, covered, and allowed to stand
for about half an hour, and the mixture is then diluted with
water, neutralized with ecarbonate of lime and filtered, and if
to the filtrate a solution of chloride of iron is added, con-
taining no free acid, a rich violet colour is immediately pro-
duced. Neutral chloride of iron will produce this test with
all neutral salts of the tyrosino-sulphurie acid.

Tyrosine was discovered in the urine of typhus patients by
Frerichs and Stadeler. Tt is most probably formed in the
liver, together with leucine.
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forms into hard yellowish pieces, which become wax-like on
friction, and are free from potash.

Chemical properties.

Subject to dry distillation, the xanthine calenlus yields
much prussic acid, and a sublimate of carhonate of ammonia,
but no urea. Heated before the blowpipe, it breaks into
pieces, blackens, emits a peculiar weak odour of burning
animal matter, which is different from that of burning urie
acid, and more like that of burnt horn, and then is burned,
leaving only little ashes.

Its solution in nitric acid, on evaporation, leaves a lemon-
yellow dry residue, which is partly soluble in water; this
solution is yellow, becomes discoloured with acids, reddened
by the addition of caustic potash, and then yields a carmine
mass on evaporation, which is soluble in water with a yellow
tinge. The solution in caustic potash gives a yellow preci-
pitate with hydrochlorate of ammonia, and is decomposed by
liquor sodz chlorinatze, the solution becoming dark at first,
then colourless, under evolution of nitrogen gas.

Xanthine is slightly soluble in boiling water, from which
solution it is precipitated on cooling in the form of a thin
membranous layer.

It is soluble in oil of vitriol, and is not precipitated from
this solution by the addition of acids. In dilute acids it is
very little soluble. It is insoluble or scarcely soluble in
hydrochloric acid.

It is more easily soluble in ammonia than uric acid, and
the solution on evaporation leaves a yellowish lamellated
mass, containing yet some ammonia,

It readily dissolves in caustic potash, and is precipitated
from the solution by acids. The solution is dark greenish-
brownish-yellow, like bile, and deposits xanthine immedi-
ately, when a current of carbonic acid gas is being transmitted
through the fluid. The addition of hydrochlorate of ammo-
nia to the solution also causes a precipitate, but only on
evaporation, during which ammonia is being evolved.,

Xanthine is soluble in a watery solution of carbonate of
potash, insoluble in bicarbonate of ammonia, potash, or
soda,

It is a little soluble in acetic acid.

It is insoluble, or scarcely soluble, in oxalic acid.

It is insoluble in spirits of wine and ether.

L e W g e e ———

il e


















294 SARCINE,

In its elementary composition it stands near to guanine,
ouly containing one equivalent of nitrogen and hydrogen less
than that base. It also presents great analogies to it in its
compounds.

Its elementary composition is identical with that of hypo-
xanthine, the base discovered by Scherer in the spleen, and
since found by him in various organs. The two substances
likewise agree in certain other characters; hypoxanthine,
however, 1s almost insoluble in water and hydrochlorie acid—
a difference from carnine, which cannot be accounted for by
simple difference of purity of the preparations. Hypoxanthine
dissolves in warm nitric acid with evolution of gas, and on
cooling vields a product of decomposition. The solution in
nifric acid, on evaporation to dryness, leaves a yellow residue,
assuming a red colour on the addition of caustic potash.
Carnine, on the other hand, dissolves in nitrie acid without
evolution of gas, and the solution by evaporation on the
water-bath, leaves a colourless mass, which does not become
yellow unless very strongly heated; on addition of potash
this residue assumes a red colour. Xanthine and guanine
have very similar reactions.

From its elementary composition, xanthine (C,,H,N,0,)
might be considered as a compound of uric acid with carnine,

2C H]H.].N{Dtl = C_]-“}E-'I_Nd?ﬁ_-t- CIUIIJNJOE ;

Xanthine. Uric acid. Carnine.

but its chemical affinities do not accord with this view. By
mixing a solution of hydrochlorate of carnine with urate
of soda, not xanthine, but an isomeric compound—urate of
carnine—is obtained, which, under the influence of acids,
separates into its original constituents,
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Cystine gravel has occasionally been obtained from dogs.!
Latterly cystine has been discovered by Scherer? to be pre-
sent in the liver of typhus patients, Another observer? has
once obtained it from the kidneys of oxen, but could not
meet with it again in the same substance. Two calculi of
cystine were found in the calyces of the kidneys of an old
woman by Professor Virchow.* Lastly, it is met with in the
urine in solution and as a deposit. Where it occurs dis-
solved it is probably by means of some alkali, either the
alkali by means of which 1t was excreted from the kidneys,
or an alkali formed in the urinary passages, ammonia which
has lost some carbonic acid, as is usual in decomposed
urine.

But this is merely a supposition, supported, however, by the
observation of Julius Miiller,® who found cystine dissolved
in the alkaline urine of a boy six and a half years old. Here
the alkaline condition seemed to be due to the presence of a
large cystine caleulus in the bladder. After the operation of
lithotomy, the urine became acid. Two months later, the
urine became again alkaline, and gave a deposit which, when
cleared of earthy phosphates by means of acetic acid, showed
itself to be cystine again. The urine, on being filtered and
treated with acetic acid, after the lapse of twenty-four hours
yielded another precipitate of cystine. This case shows that
the conditions under which cystine occurs in an insoluble or
in a dissolved condition reguire further investigation.

Decompositions.

When subjected to dry distillation, cystine yields prussie
acid, carbonate of ammonia, a fluid, thick and stinking oil,
and leaves a spongy charcoal. Heated in the open air, it
develops sulphurous acid, recognisable by the smell, but
does not fuse, or melt, or blister. When fused with caustic
potash, it gives off an inflammable gas, which burns with the
flame of sulphocarbon and under production of sulphurous
acid. (This gas is most probably sulphuretted hydrogen, as
is made probable by the following reaction.) When cystine
is boiled in caustie potash solution, in which some hydrated
oxyde of lead has previously been dissolved, a large precipi-
tate of sulphuret of lead is obtained (Liebig). The solution
of cystine in excess of nitric acid, on evaporation by boiling,

' Heller, * Heller's Archiv.” vol. vi. p. 458.
Virchow's ¢ Archiv,” vol. x, Heft. 1 und 2, p. 228,
A. Cloetta.

* Archiv,” loe. cit., p. 230.

* Arehiv d. Pharmae.,” Miirz, 1852, p. 228,
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Mode of obtaining Allantoine.

The allantoic fluid of the cow (which is mostly mixed with
amniotic liquor) is evaporated to one gquarter of its original
bulk, and cooled down to make allantoine crystallise. Al-
lantoine is also precipitated from the fluid, when it is allowed
to stand for some length of time, and may then be separated,
dissolved in hot water, and, after filtration, recrystallized.

The urine of calves is obtained (according to Wohler) by
tying the bladder before the animals are killed by the
butcher. This proeeeding can only be adopted in countries
where the calves are killed very early, as in Germany and
Switzerland. In this country, therefore, other proceedings
must be had recourse to for obtaining the urine. Among
those which are practicable, the catheterism of female animals
appears to be most suitable. The urine thus obtained is
evaporated on the water-bath to a syrupy consistence, and is
put in a cold place for several days, then diluted with water.
The gelatinous precipate of urate of magnesia is then re-
moved by washing, when there remain only crystals of phos-

hate of magnesia and allantoine. They are now washed
with a little cold water, boiled with water and a little good
animal charcoal, and filtered, when most of the phosphate of
magnesia remains on the filter. The addition of a few drops
of hydrochloric acid to the filtrate keeps in solution the
phosphate of magnesia, and, on cooling, colourless allantoine
crystallizes from the solution (Wohler).

Stadeler obtained allantoine from the urine of a dog as
follows: The urine, immediately after passing, was precipi-
tated with basic acetate of lead, and the excess of lead was
removed from the filtrate by sulphurie acid and hydrothion.
The colourless fluid was evaporated on the water-bath. The
residue was extracted with boiling spirits of wine of 82 per
cent., and the yellowish solution put aside in a well-closed
bottle.  After the lapse of several days a large quantity of
small white groups of erystals appeared deposited upon the
sides of the bottle, which were almost insoluble in cold water,
but dissolved in boiling water, and on cooling were deposited
again in larger glistening crystals. This body was allantoine.

Mode of obtaining allantoine from wric acid,—Powdered
uric acid is suspended in little water, and heated to near
the boiling point. Peroxyde of lead in a finely pow-
dered state 18 now added to the ﬂllid, which is continued to
be kept hot, until the last portions of the peroxyde are no
longer transformed into a white mass. he mixture is
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now filtered hot, and the filtrate, on cooling, and on further
evaporation and cooling, yields allantoine in crystals ; the
mother-liquor contains urea, from the last traces of which
the crystals of allantoine may be separated by recrystal-
lization.

Physical and Chemical properties.

Allantoine erystallizes in glass-like needles ; when obtained
from uric acid it represents rhomboedrie erystals, combined
with the hexagonal prism or colummn. It is tasteless,
colourless, and has no reaction on test-paper. Exposed
to the air it undergoes no change; it contains no water
of crystallization.

Subjected to dry distillation, it yields carbonate and
hydrocyanate of ammonia, empyrenmatic oil, and a spongy
charcoal. Heated with oil of vitriol it is decomposed into
sulphate of ammonia and a mixture of carbonie acid and oxyde
of earbon.

When gently warmed with nitric acid of a specific gravity
of 1'2 to 1'4, during which process no gas is evolved, the
solution on cooling yields nitrate of urea in ecrystals. The
solution, on being evaporated to dryness, leaves nitrate of urea
and allanturic acid.

CHN,0, + 2HO = C,H,N,0, + CH,N,0,

Allantoine. Urea. Allanturic acid.

The same decomposition of allantoine can be brought about
by boiling it with hydrochlorie acid, by heating it enclosed
with water in a strong tube to a temperature of from 110° to
140 C. (230° to 284° F.) (Here urea is further decomposed
into ammonia and carbonic acid.)

Allantoine is soluble in 160 parts of cold water, in 30 of
boiling water; it is soluble in hot alcohol, and ecrystallizes
from both these hot solutions on cooling. It is soluble in cold
solution of caustic potash, and is precipitated from this solu-
tion by the addition of acids. If, however, allowed to remain
in this solution for any length of time, it is metamorphosed.
It is soluble in solutions of the carbonates of the alkalies.
When boiled with hydrate of potash or baryta, it is resolved
into ammonia and oxalic acid. The same decomposition
takes place under the influence of yeast, at a temperature of
30° C. (86° F.) Urea, oxalate and carbonate of ammonia,
and a new acid, not investigated, are the products of the de-
composition.

T
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traction with boiling water; the extract, when evaporated,
is, after crystallization has taken place, treated in the same
way as honey.

From diabetic urine grape-sugar may be obtained by eva-
porating the urine in the water-bath to dryness, extracting
the erystalline dark-colonred residue on a filter or otherwise
with cold spirits of wine, and purifying the residue by repeated
recrystallization from water, after treatment with albumen
and animal charcoal, and at last by recrystallization from
boiling alcohol.

Physical and Chemical properties.

From not too concentrated solutions, grape-sugar crystal-
lizes in semi-globular warts, or in masses like cauliflower.
From the watery extract of dates, and from bulky solutions
in alcohol, large, transparent crystals, with well formed
planes, and double refraction of light, are sometimes ob-
tained.

It is less soluble in water than cane-sugar, requiring 11
times its own weight of this solvent for solution at the ordi-
nary temperature. In boiling water it is soluble in all pro-
portions. It tastes less sweet than cane-sugar, and 2}
parts of the former are required to equally sweeten the same
bulk of fluid as one part of the latter. The solution of
grape-sugar turns to the right a ray of polarized light.

The erystals contain two equivalents of water, which they
lose at a temperature of 100° C. (212° F.), at which they
fuse. At 140° C. (284° F.), another loss of three equivalents
of water transforms grape-sugar into caramel—C,;H,O,.

Combinations.

Grape-sugar, like cane-sugar, unites with bases, but is
easily coloured brown and decomposed while thus uniting,
The baryta compound of the composition, 2(C,H,0y) +
3Ba0 (C,H,;Ba0,,, Gerhardt), is obtained in the form of a
flaky white precipitate by mixing together solutions in me-
thylaleohol of grape-sugar and of baryta. A similar com-
bination with lead (C,,H,,0,, + 3Pb0O) is obtained by preci-
pitating a solution of sugar by acetate of lead under addition
of ammonia (C,,H;PbO,, + 2Pb0O, Gerhardt).

A compound of grape-sugar with chloride of sodinm of the
formula 2(C,,H,,0,,), NaCl + 2HO (3Aq., Gerhardt), was
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discovered by Calloud ! in the inspissated diabetic urine. It
may be easily obtained by mixing moderately concentrated
solutions of one equivalent of chloride of sodium and two
equivalents of grape-sugar, and by gently evaporating the
mixture. The compound then erystallizes in hard, colour-
less, six-sided double pyramids; if an excess of chloride of
sodium has been taken, this crystallizes first from the solu-
tion.

Grape-sugar is not influenced by dilute acids, and not
blackened by concentrated sulphuric acid. If grape-sugar
dried at a temperature of 100° C. (212° F.) is mixed
with one and a half times its weight of concentrated sul-
phuric acid, it dissolves and forms with the acid a combina-
tion which is an acid itself, and has been called sulpho-
saccharic acid. This may be dissolved in water, and freed
from excess of uncombined sulphuric acid by carbonate of
baryta. The addition of basic acetate of lead to the filtrate
precipitates sulpho-saccharate of lead, which by decomposi-
tion with sulphuretted hydrogen yields sulpho-saccharic acid,
a substance which easily undergoes decomposition.

Decompositions.

Grape-sugar combines with the oxydes of metals; the
compounds are, however, very changeable. In the presence
of bases it is easily oxydized, absorbs oxygen from the air,
and assumes a brown colour. Thus when a solution of
grape-sugar, diabetic urine for example, is heated with a
solution of caustic potash, the mixture becomes brown
at a temperature of from 60° to 70° C. (140° to 158° F.),
and a smell of burned sugar is being evolved. Two new
acids are produced by this process, glucic and melassic acid.

When the oxydes of several metals (copper, mercury,
silver or gold, bismuth) in the form of salts are brought in
contact with solutions of grape-sugar in a higher tempera-
ture, a reduction of the oxyde to a lower oxyde or to metal
takes place.

Two reduction-tests in particular are of importance for
the gualitative discovery and quantitative determination of
diabetic sugar in urine: I allude to the tests with bismuth
and with copper.

When diabetic urine, or any other solution of grape-sugar,
is mixed with an equal volume of a solution of carbonate of

! ¢ Journ. d. Pharm.,’ xi, p. 562. Erdmann and Marchand, * Journ. fiir Pract.
Chem.,’ xiii, p. 111. Brunner, * Ann. d. Chem. und Pharm.,” xxxi, p. 195.
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soda (made of three parts of water and one part of erystal-
lized carbonate of soda), and a pinch of basic nitrate of bis-
muth is added, and the mixture heated to ebullition, the
bismuth becomes gray or blackish from the formation of
suboxyde of, or metallic, bismuth. If the process be watched
attentively, the yellow oxyde of bismuth is discovered as a
transition stage. This test is very easy and delicate, and
very true in its application to urine, as none of the ordinary
normal or pathological constituents of that fluid have the
same influence upon the bismuth salt.!

On adding to a solution of grape-sugar some caustic
potash, and afterwards, by drops, a dilute solution of sulphate
of copper, a dark fluid is formed ; and, after a few seconds,
a precipitate of hydrated suboxyde of copper ensues, even
without raising the temperature of the mixture. On heating
the mixture to ebullition, a discoloration of the fluid takes
place, and all the copper is precipitated in the form of red
suboxyde. A fluid containing one hundred thousandth part
of its own weight of grape-sugar, when treated with caustie
potash and a few drops of solution of sulphate of copper, yet
yields a perceptible red precipitate on boiling. If a fluid
contains one millionth part of its own weight of grape-sugar,
the test is sufficiently delicate to give the fluid a reddish ap-
pearance, provided the fluid be in a thick layer (two or three
inches in diameter) and properly illuminated.

The tests by Reich and Maumené are common to cane
and grape-sngar; while the test with copper (Trommer’s)
excludes cane-sugar. The tests with caustic potash, bismuth,
copper, and the analysis by optical means, furnish all evi-
dence to be desired for analytical and practical purposes.

Grape-sugar, when brought into contact with ferments,
undergoes a series of decompositions, of which the following
are the most important and best known :

Vinous fermentation.—A faintly aeid solution of grape-
sugar, when brought into contact with yeast, or putrefying
matter, yields aleohol and carbonic acid.

C,H 0, = 2(C,H,0,) + 4CO,.

This test was formerly used for determining the quantity
of sugar in solution, diabetic urine, &e. A known quantity
of solution was mixed with yeast, and the carbonic acid,
after passing through sulphuric acid for the purpose of re-
taining all the water, was allowed to escape. From the
loss of weight in the apparatus, the amount of carbonie
acid and its equivalent of sugar was determined by ealcula-

! Henle and Pfeufer, ¢ Zeitschr. fiir Pract. Med.,' 1857.
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phate of copper, or 5 parts of grape-sugar decomposed 34°64
parts of sulphate of copper. 1f, therefore, 34:64 grammes of
sulphate of copper are dissolved in one litre of fluid, 100 e.c.
of the latter correspond to 0°5 grammes of grape-sugar. The
finid is prepared in the following manner : -

Preparation of test-fluid.—34-64 grammes of pure air-dry
sulphate of copper are dissolved in 160 grammes of distilled
water. In the one-litre mixing-bottle 150 grammes of neun-
tral tartrate of potash are dissolved in from 600 to 700 c.c. of
solution of caustic soda of 1-12 speecific gravity : to this the
solution of copper is added gradually, and then the bottle is
filled up to the litre mark with distilled water.

Application of the fluid—A known bulk (10 c.c.) of this
fluid (of which 100 c.c., when completely reduced, indicate
the oxydation of 05 grammes of grape-sugar) is put into a
capacious china dish, diluted with a large quantity of water,
say four times its bulk, and heated to nearly the boiling point.
The urine, which has been diluted with ten or twenty times
its volume of water, according to the quantity of sugar which
in probability is contained in it, and which should not be less
than 0-5, nor more than 1 per cent., and has been filled into
the burette, is now allowed to flow into the hoiling solution of
copper. The suboxyde of copper is at once precipitated, and
its red colour imparts to the blue fluid a greenish-brown
colour, which gradually, under the cautious addition of more
sugar-solution, is transformed into a burning red. At the
same time the blue colour of the mixture 1s fast disappearing,
and when it has become quite colourless the reaction is com-
pleted. Towards the end of the reaction great care is
required not to add an excess of the diabetic urine, as the
analysis would thereby become useless. The addition of
urine in drops may be continued as long as it produces a
light-yellow cloud on the surface of the fluid. This is newly
formed hydrate of the suboxyde, which becomes at once
transformed into the red variety, free of water. As soon as
the urine on being dropped in ceases to produce a fresh clond,
it is necessary to remove the flame from underneath the dish,
and to allow the precipitate to deposit. If the fluid appears
quite colourless, the reaction is completed. If, however, the
slightest blue tinge remains visible on the white china dish,
then the addition of another drop of the urine, and another
ebullition, is almost sure to remove it; and so on until the
completion of the reaction is attained. The amount of urine
which corresponds to the known amount of copper solution
of known strength is now read off the scale on the burette,
and from it the amount of sugar in the urine used, and that
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the instrument shall have put it within the reach of
everybody.

The use of the polarizing apparatus may be described here
after Mitscherlich.

Before proceeding to determine the amount of sugar in a
solution of grape-sugar (urine), it is necessary to make sure
that the zero point of the apparatus be accurately determined.
This is the case when, after the empty tube has been put in
its place, and the light of a lamp has been placed an inch or
two behind the posterior aperture of the apparatus, and in
the axis of the tube, the posterior aperture appears perfectly
dark—almost black—to the eye looking in at the anterior
aperture. If the hand which moves upon the graduated circle
surrounding the anterior aperture is now being moved from
zero towards the right or left hand side, the posterior aperture
becomes gradually lighted up, until at last it becomes quite a
bright circle, the light being most intense when the hand
shows 90° on the graduated dise, either on the right or left.
On going back again from 90° to zero, the observer will find
that the posterior aperture, even though the hand be exactly
at zero, 1s faintly lighted up at two opposite margins, and that
the diameter of the circle, which runs parallel with the faintly
illuminated margins, is the darkest part of the circle or spec-
trum, and appears intensely black. This blackest part must
exactly divide the speetrum into two equal halves, when the
hand indicates zero: the apparatus is then ready for use.

If the tube is now filled with a colourless solution of sngar
(diabetic urine is mostly quite colourless, and scareely ever re-
quires treatment with animal charcoal, but mostly filtration),
and put into its former place, the spectrum, which was black
before, will now appear illuminated in colours, which, when
the hand is again turned from zero to 90° appear in
the following succession : yellow, green, blue, violet, red.

The formerly darkest lne of the spectrum corresponds
now to the line where the violet and blue colour change into
each other, and this line is the zero point for quantitative
determinations.

A little practice will soon accustom the eye to determine
the point at which the spectrum is divided into two equal
halves, of which the one 1s violet, the other blue, and each
colour of about the same intensity.

In case it is necessary to turn the hand towards the right,
in order to obtain the above succession of colours, then the
fiuid is said to divert towards the right the plane of polari-
zation, or twrn towards the right a pencil of polarized light ;
this effect is obtained by a solution of grape-sugar or saccha-

it s e = e

il






312 GRAPE-SUGAR,

of sugar from the Bpemﬁr: gravity of urine, as has been shown
by Dr. Benee Jones.! :

Pathological indications of Sugar in Urine.

It has been stated that the urine of healthy persons occa-
sionally contains sugar; it has also been stated that the
urine of pregnant and suckling women is always impregnated
with sugar, in the latter in a direct proportion to the amount
of milk secreted by the breasts. These assertions theo-
retically, that is, viewing them from the aggregate of known
facts, seem to be deserving of but little confidence. It is
cvrt*unl;,r incumbent upon the anthors who made those asser-
tions to prove that the substance which in their experiments
gave the reaction of sugar, was really grape-sugar and
nothing else.

In the course of some cases of acute disease, the temporary
appearance of small quantities of sugar has oceasionally been
observed. In these cases, also, doubt has not been perfectly
excluded, so that a pathological explanation cannot .be
attempted.

When the urine contains large quantities of sugar for a
length of time, there is reason to believe that diabetes mel-
litus is present. The diagnosis is ensured by ecollateral
symptoms of this disease, which as yet has eluded the most
vigilant researches of physiologists. Some of these symp-
toms are, a large amount of urine of high specific gravity,
great thirst, emaciation, dry skin, the appearance of boils,
gangrene of parts most remote from the circu]atiug centres,
and tubercular consumption of the lungs.?

When grape-sugar in concentrated solution is IHJECtLd mto
the veins of animals,® a part reappears in the urine after a
short time. When, however, the solution is dilute, although
the same quantity of sugar be injected i such solution as in
the concentrated one, no sugar appears in the urine after-
wards.

If the liver be freed from blood by washing the vessels
with water, an extract made of a part of such liver will yield
no sugar. If, then, the liver be allowed to remain exposed
to the air for a vanable length of time, sugar may be de-

! * Med. Times and Gaz.,"” February 4, 1854.

* For a review of the present state of the doetrine of diahetes mellitus, see
Dr. Garrod’s Gulstonian Lectures on Diabetes and S8accharine Conditions of the
Urine, *© British Med. Journ.,” April, May, and Juune, 1857.

2 {}' F. herﬁllllg, ! Saccharum sanguine receptum in urinam transire probatur
experimentis,” Missenze, 1845, viii, p. 12.
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tected in the liver. It must have formed from substances in
the liver, under the influence of oxygen, as in an atmosphere
of hydrogen no sugar is formed. The substance found in
the liver by M. Cl. Bernard, and capable of transformation
into sugar, is a body nearly allied to dextrine, as has been
confirmed by Pelouze.

The observation of M. Cl. Bernard, that the liver of car-
nivorous animals always contains sugar, does not prove that
sugar is formed from albuminous substances. The meat and
flesh eaten by carnivora contains inosite, which has the same
elementary composition as grape-sugar, and tastes sweet, and
is only a?lferent by its form of ecrystallization, greater
amount of water of erystallization (4HO), and a few tests
and reactions. This body might possibly be transformed
into grape-sugar. It has long since been known that the
milk of carnivora contains sugar proper to milk. This pos-
sibly may be derived from the inosite uf flesh.

There is no foundation for the opinion of M. Mialhe,
that grape-sugar, physiologically, is oxydized by the media-
tion of the bicarbonates of the alkalies, and that in diabetes
it may be assimilated by means of these salts.

Some authors make a difference between diabetic sugar
from animals and grape-sugar from plants, and assign to them
different bearings in the economy. This idea, which seems
to have emanated from some experiments with substances of
a doubtful nature, is not supported by such evidence as can
be considered sufficient by the present demands of che-
mistry.

The gquantity of sugar in the urine of diabetic patients is
diminished, or sugar is altogether absent for a short time,
under the influence of the following cirenmstances :

Total abstinence from food.—Hence the urine in the morn-
ing is sometimes free from sugar.

Perfect rest in bed.—Sugar becomes less in quantity and
disappears for a day or two. It reappears as before on the
patient taking exercise.

Meat diet has the most important influence upon the
quantity of sugar, which becomes very much smaller. It is
the most important palliative in diabetes.

The remarkable experiment by M. Bernard, in which a
wound inflicted upon the bottom of the third ventricle of the

brain of dogs, causes sugar to appear in the blood and urine
of the animal in a very short time, remains unexplained.



CHAPTER XXXVI.

ACETONE.
Elements: C;HO,=CH,0,| Carbon. . . 621
C,H; f Hydrogen . .” 103
Oxygen. . . 276

1000
Mode of oblaining Acetone.

AceroNE is produced by the dry distillation of acetates,
particularly the salts of lime, baryta, magnesia or lead, or
by exposing acetie acid to red heat. It is further one of the
products of dry distillation of sugar, tartaric acid, and other
bodies, and as such occeurs in the common pyroligneous or
pyroacetic spirits.

Phlysical and Chemical Properties.

Acetone is a colourless thin liquid of 0-814 sp. gr. at
0° C., and hoils at 56° C. It is soluble in water, alcohol and
l.t]l{‘l and may be mixed with them in any proportion. TLike
ﬂlmhul it dissolves many substances which are insoluble in
water, such as resins or pigments. In contact with the
hydrate of an alkali and oxygen it becomes brown, and
transforms into a resinous substance. On passing the vapours
of acetone over heated potassa lime, hydrogen is evolved,
acetate and formiate of potassa remaining.

Acetone in the Urine of diabetic patients.

The urine of diabetic patients has a peculiar odour, which
has been noticed by most authors on the subject of diabetes.
Thus Hodges * deseribes the odonr of diabetic urine as that
of sour milk, Corneliani as that of violets. Th. Hodgkin 2
remarks that glasses which have during a longer time served
for the purpose of determining the specific gravity of diabetic
urine, evolve a distinet odour of musk. The same odorife-
rous substance occurs in other excretions of these patients.

' Petters, Untersuchungen iiber die Honigharnruhr, ¢ Vierteljahrschrift fiir
die Pract. l]mll.umle, Prug 1857, vol. iii, p. 81.

? | London, Med. Gaz.,” 1843.

# ¢ Assoc. Med. Journ.,” 1854, No. 93,
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It was noticed by Hodgkin in the feeces, containing little
colouring matter of bile. Rother! found that the body of a
diabetic patient, who had been treated with creosote, smelled
of vinegar. The breath of diabetic patients is compared, by
Brand,? to the smell of apples, and to the breath of persons
to whom pure chloroform has been administered. Other
anthors observed the odour of new hay; and Berndt found
the breath of a patient treated with ereosote to give first the
odour of horses’ urine (from the creosote or carbolic acid),
and afterwards that of young beer. Petters himself found
the odour very peculiar, a mixture of sweet and acid, and
compares it, in a concentrated form, to the odour of a mix-
ture of chloroform and acetic ether or aldehyde ; when dilute,
however, as it always is in the exhalations, he found it more
like that of very dilute ammonia,—under all circumstances,
however, so peculiar, as frequently to lead the physician to the
diagnosis of diabetes. Petters also found- that the urine of
persons suffering from measles or scarlatina evolved the same
odour.

It appears that Dr. Lerch, Director of the Institute for
Animal Chemistry at Prague, suggested to Dr. Petters the
probability of the odoriferous body in the excretions of
diabetic patients being acetone. The latter author succeeded
in establishing the presence of acetone in the urine, blood,
and most parts of the body of a patient, of whose case the
following 1s a brief outline.

A Jewess, thirty years old, shopwoman, was admitted into
the Prague Hospital. She had undergone much privation, and
consequent depression of mind, during the last eighteen
years. Latterly she had been treated as an out-patient for
constipation. Five weeks before admission she was suddenly
attacked by violent pain in her stomach, and repeated vomit-
ing. The bowels had been confined during six days. She
was relieved by a purgative, and returned a week afterwards,
complaining of continued great thirst. She also admitted
to pass urine more frequently and in larger quantities. Dr.
Griin established the diagnosis of diabetes by the discuv{:ry
of sugar in her urine. The symptoms now continued to in-
erease 1n intensity, the pain in the stomach and vomiting
returned, and she at last consented to be received into the
hospital.

On her arrival she vomited. Her tongue was found a
little moist; the saliva had an acid reaction. The breath

' ¢ Preuss. Ver, Zeitg.,’ 1844, No. 9.
2 i Deutsche Klinik,"” 1850, No. 6.
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had a strong spirituous odour. The examination of the sys-
tems of respiration and ecireulation revealed no lesion. The
urine was straw-yellow, of a strongly acid reaction, and
1:0315 specific gravity, contained 4 per cent. of sugar, much
urea, and scarcely a trace of uric acid. Besides the strong
peculiar odour, it offered no peculiarities. The patient her-
self complained of weakness, thirst, and pain in her stomach.

On the morning after her admission she was in a sort of
narcotized condition, and gave off a spirituous odour similar
to that of chloroform, which was so intense, that after a little
time it became perceptible in the whole ward, and was
noticed by all other patients. One of the clinical assistants
was misled to the opinion that chloroform had been adminis-
tered to the patient during the night. The patient was
almost unconsecious, and lay there, the eyes half open, and
all muscles relaxed. IHer skin was cool (26:4° R., [91'5° F.,
33:0° C.,] n the axilla; 26:0° R. in the mouth), as also the
tongue, and the strongly smelling breath. The face was
shightly fiushed, the eyes surrounded by a halo, the looks
hﬂced The patlent was like a person half 1111der the infu-
ence of chloroform ; her extremities dropped like paralysed
on being raised, and a few words could be elicited when' her
conscionsness had been made to return for a moment by
guestioning with a loud voice. She had a small pulse of
92 beats per minute. The abdomen was meteoristic. As
she had passed no water since the night, the catheter was
applied, and a pound of urine was withdrawn, which was pale
vellow, contained sugar (specific gravity 1-027 ), and much
of the odoriferous pl'inciplc. Including this guantity, the
patient had only passed ninety-three fluid ounces of urine
during the last twenty-four hours; the scceretion of urine
then ceased entirely. The meteoristic swelling of the abdo-
men increased, she complained of much pain in the stomach
in moments of returning consciousness, and died next morn-
ing, thirty hours after the beginning of this extraordinary
condition.

The post-mortem examination revealed no particular lesion
in any organ except the intestinal canal, which was very
much distended with gas, the inner surface covered with a
thick, grayish-white mucous layer, and the inner membranes
very much congested. The contents of the stomach were
ewct]v like those of a fcrmentmg distiller’s butt, and
consisted of a brownish, flaky mixture, which cvﬂhcd a
spiritnous pricking odour, and also the peculiar odour of the
other sceretions. Tt had an acid reaction, and gave the
tests for grape-sugar.  The microseope revealed some fibres
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of flesh, some starch-corpusecles in a disintegrating condition,
and numerous yeast-cells,

The urine on distillation yielded an alkaline, clear fluid,
which had the odour of ammonia, carbolic acid, and an em-
pyreumatic spirituous substance; and after neutralization with
dilute sulphuric acid and repeated rectification, allowed the
characteristic odour to appear more freely. The distillate
was again rectified over chloride of sodium, and afterwards
once more for itself in the water-bath, when a colourless,
clear finid, strongly refracting light, of neutral reaction and
biting taste, was obtained, which was easily inflammable, and
burned with a bright, strongly lighting flame. Though its
odour was very much like that of aldehyde, yvet it could not
be that substance, as it had a neutral reaction, There was
therefore only the possibility of its being either methyl-
aleohol or acetone lefE{zwer. Methyl-aleohol was exeluded, as
the fluid became brown when mixed with sulphuric acid. As
caustic potash produced a brown resinous body in the fluid,
and solutions of oxyde of silver caused no reduection in it, it
could be nothing else but acetone (CyH,0,).

The residue of distillation contained nothing besides car-
bolic acid, which, according to Petters (p. 89) and Stadeler,
is present in every urine.,

The blood had a strong odour of acetone. But its quantity
was not sufficient to isolate that substance. It contained
sugar, and was faintly alkaline. The watery extract of the
lungs, subject to distillation, yielded a mneutral distillate,
smelling of newly baked bread, which, after repeated recti-
fication, under addition of sulphurie acid, and afterwards of
chloride of sodium, lastly after distillation from the water-
bath, gave drops which strongly smelled of acetone, yielded
the ahove reactions, and were combustible.

The presence of acetone in the urine and blood was there-
fore established, and it is most probable that to the anzes-
thetic effect of this substance, diffused through the whole
system as it was, the comatose condition and fatal end of this
case were due.

The contents of the stomach did not yield acetone, but
alcohol seemed to be present. The mucus of the glandular
surface of the stomach, after the latter had been washed with
distilled water, was found to possess the property of trans-
forming starch into sugar and gum, and sugar into aleohol
and carbonic acid. The contents of the stomach possessed
the same power, which is not possessed by normal gastrie
juice. The influence of saliva was carefully excluded by Dr.
Petters, in the experiment with the mucus from the immediate
glandular membrane of the stomach.









CHAPTER XXXVTII.

URERYTHRINE OR PURPURINE.

Tar elementary composition of this substance is unknown.
It contains above 60 per cent. of carbon, and about 6 per
cent. of hydrogen, the rest being made up of oxygen, and
a small quantity of nitrogen.

History.

It was first described by Proust as rosacic acid, and be-
lieved to constitute the entire bulk of the lateritious deposits.
After uric acid had been found in these deposits, Prout as-
sumed purpurie acid, in combination with ammonia (which
purpurate of ammonia he erroneously believed to be iden-
tical with the murexide of Liebig and Wihler), to be an
admixture to these deposits. The contemporaneous researches
of Vogel, Fromherz, Guggert, Duvernoy, G. Bird, Simon,
Scherer, Landerer, and Heller seemed to confirm the opinion
of Prout as to the acid nature of purpurine, but the inability
of chemists to produce salts of this substance with hases
militates against that opinion. The most extensive and also
the most productive researches on this substance have been
made by Heller.! But notwithstanding his most lucid deserip-
tion, 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 1(1&1111;11;_'1.F
Thus Virchow® erroneously believes G. Bird’s purpurine to be
identical with eyanurine or uroglaucine.

! Ueber das Uroérythrin als Bestandtheil des Harns in Krankheiten, Heller's
‘ Archiv,” vol. i, p. 361,
? Virchow's * Archiv,’ vol. vi, p. 260.
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Physical and Chemical properties.

Urerythrine is an amorphous, lobster-red substance. When
it shows a radiary or granular erystalline arrangement, it is
impure. 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 tem-
peratures. 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 r=olution . water is precipitated by acetate of lead, by
nitrate of suboxyde and protoxyde of mercury, and by salts
of baryta ; but the precipitates are only loose combinations,
and readily yield urerythrine to boiling aleohol. By dilute
acids urerythrine is not decomposed. It dissolves in coneen-
trated sulphuric and hydrochloric acids, and thereby under-
goes a change. Alkalies impart to it a yellowish colour.

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, respective
in normal urine, is whife, though containing urematine. The
filtrate from this precipitate by boiling with hydrochlorie acid
yields the test for uroxanthine (indican). The presence of the
same substance is indicated by the filtrate assuming a violet
colour when shaken with concentrated sulphuric acid. When
ether is shaken with this acid mixture it becomes red from
urrhodine (indigo red) ; and from the blue residue, uroglau-
cine (indigo blue) may be obtained by boiling with aleohol,

When an excess of uriematine is present in urine, the
precipitate obtained by acetate of lead assumes a clay colour
without any 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.

Urine containing urerythrine, when dropped into concen-
trated hydrochloric acid, assumes a peculiar yellowish-red
colour. DBut if an excess of uroxanthine (indican) be present,
the violet colour produced thereby covers the colour of
urery thrine.
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For experiment, urine from a case of acute rheumatism is
best suited.

The deposits may also be examined for urerythrine by dis-
solving them in water and treating the solution with acetate
of lead. From this precipitate a purer urerythrine with a less
considerable loss, is mostly obtained.

In order to ensure the diagnosis of the presence of urery-
thrine, it is necessary to bear in mind that deposits may be
coloured red by the t{-llnwing substances :

1. Only in strongly alkaline urine by
(a.) Urrhodine (colour more violet).
(6.) Precipitates of sennine or rheine.

2. In acid or alkaline urine by

(@.) Urerythrine.
(4.) Blood-corpuscles.

The following reactions ensure the diagnosis of these
substances : The deposit, from which the fluid has been re-
moved 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-
chlorie, or acetic acid; if the colour is changed into eitron
vellow, and by the addition of ammonia back again into
red, sennine or rheine are indicated.

The presence of albumen or coagulating hiematoglobu-
line tnsures the diagnosis of blood.

Pathology of Urerythrine.

As urerythrine does not occur in healthy urine, its occur-
rence is a symptom of disease. It occurs more frequently
than any other abnormal substance; but, notwithstanding,
its exact bearing has not as yet been ascertained.

When organic medicines and compounds, drastics, mine-
ral salts, and solvents cause diseases 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 urerythrine appear in the urine. Its occurrence
is never observed to accompany diseases of the kidneys.

The case is different, however, with metallic salts; the
compounds of lead, copper, mercury, arsenic, antimony, and
others, even when given or ingested accidentally, even in
small doses, soon cause urerythrine to appear in the urine.
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When taken in large doses, so as to exert poisonous effects,
they cause the appearance of large quantities of urerythrine in
the urine. Asurerythrine f‘nqucnﬂy appears in the urine in
consequence of or in connection with diseases of the liver, in-
dependent 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
is produced.

When urerythrine is present in urine, ursematine is
mostly present in larger quantities, as are also urea and urie
acid. The quantities of inorganic salts are variable. Any
deposits that may occur assume a pink colour.

Uroxanthine is changing, relatively to urerythrine. In
urine from cases of acute rheumatism, the quantities of these
substances seem to stand in an inverse proportion to each
other.

Diseases in which Urerythrine most commonly occursin the
Urine.

1. Aeute rheumatism.—In this discase it is almost con-
stantly present, but its quantity is often changing periodi-
cally. The earthy phosphates appear to be augmented.

Pericarditis—When this disease sets in, the earthy phos-
phates 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 complicated with acute rheumatism, show the same
course of urerythrine and other ingredients of the urine.

2. Certain diseases of the liver, such as hypertrophy, indu-
ration, granular liver, are ﬂccmnpuumd by the largest amount
of ureryt]mne 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 urematine 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 hile. Lead and copper, when
causing disease, are always to be detected in the urine; the
other metals in many cases. Earthy phosphates are variable.







CHAPTER XXXIX.

UROXANTHINE, OR INDICAN.

UROGLAUCINE, OR INDIGO BLUE. URRHODINE, OR INDIGO RED.

History.

Permars the earliest record of the occurrence in urine of
a blue colouring matter is that by Janus Plancus.! The
first chemical deseription of a blue or violet colouring mat-
ter occurring in urine was given by Braconnot,? who termed
it cyanourine, and though he found that it had some simi-
larity to indigo, believed it to be a separate organic base.
There are several cases on record, where a substance corre-
sponding in character to cyanourine was discovered in urine.
The first rehable observation, however, of the oceurrence of
indigo in urine is by Prout? The same substance afterwards
also oceurred to other observers.

Hellert succeeded in extracting from urine a yellow sub-
stance, uroxanthine, which by treatment with acids at a
higher temperature he could divide into a blue colouring
substance, uroglaucine, and a red pigment, wrhodine.
Cyanourine was proved by him to have been a mixture of
these two bodies. Kletzinsky® showed the identity of uro-
glancine with indigo blue, a.m% of nrrhodine with indigo red.
Virchow® confirmed the observations of Heller, which had
been ignored, doubted, or misrepresented” by many authors.

' ¢ Commentarii Instituti Bononiensis,’ ad. ann. 1767.

2 ¢ Ann. d. Chim. et de Phys.," xxix, p. 252.

4 ¢+ On Stomach and Urinary Diseases,’ 3d edit., p. xevi.

1 Heller's ¢ Arehiv,’ 1845.

¥ Ihid., vol. vi, p. 414.

& Virchow's * Archiv," vol. vi, p. 259,

7 Heller’s observations have been ignored by many authors. The latest among
them is Neubauer, who, besides his own case of blue matter obtained from urine,
takes no notice of hundreds of similar instances observed before him.

Heller's observations have been doubfed even by such chemists as Robin and

——
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He also found that, when much indigo-producing substance
was present, the urine gave the copper-test for sugar. He
also obtained uroglaucine from every concentrated urine.
Latterly Schunck' found indican, identical with Heller’s
uroxanthine, in urine, which indican he had before dis-
covered to be the chromogen contained in indigoferous

Verdeil. On this indiference Virchow justly remarks in his article quoted
above; these authors might have avoided inflicting a great injustice upon
Heller by their groundless objections, if they had chosen to satisfy themselves by
the experiment. The same applies to Dr. G. Bird, who, in p. 331, expresses him-
self as follows: “ Dr. Heller has lately stated that these curious deposits are
merely metamorphosed uroxanthin or yellow colouring matter of urine, and has
applied the name of uroglaucine to the blue pigment. He assumes, therefore,
that it is identical with what I have described as purpurine, produced by the
action of hydrechloric acid upon previously warmed uwrime. The statements of
Heller, however, are mixed up with certain inaccuracies, and can hardly be ad-
mitted without more minute investigation.” As Hassall, in p. 308 of his last
paper in the * Philosophical Transactions,” has similarly misrepresenfed Heller, 1
may here correct both errors at once. Heller never stated that uroxanthine was
the ordinary, normal, or yellow colouring matter of urine. To that, he applied
the name of urophmine. From 1845 to 1857, Heller has always asserted that
there is scarcely a trace of uroxanthine in healthy urine, and that its occurrence
in urine in any appreciable quantity was strictly pathological. [Heller never
assumed uroglaucine to be identical with Dr, G. Bird's purpurine ; to this sub-
stance he applied the name of uroérythrine, and described its properties with the
most minute details. He also maintained that uroérythrine was destroyed
during the evaporation of urine, while Dr. G. Bird obtained his purpurine, not
only from the deposits of urates, but also by extracting with alcohol the residue
of the evaporation of urine, Urerythrine and purpurine are consequently only
identical, so far as they occur as the colouring principles of deposits of urates.
The production of purpurine by the influence of hydrochloric acid upon the
normal colouring matter of urine, is Dr. Bird's exclusive property. The names of
uropheine and urerythrine, Heller has adopted from Simon. Heller is there-
fore, in p. 115 of Dr. Birds work, misrepresented as having applied the name of
urrhodine to what Simon had called ureryvthrine, after Dr. Bird had given it the
name of purpurine. Urrhodine may turn out to be identical with purpurine and
urerythrine, but Heller kept them distinct. Urerythrine he found ready in
the arine; urrhodine he produced from a substance, which he was the first to
discover, uroxanthine. The erystals of uroglaucine described by Heller, amd
stated by Dr. G. Bird (p. 114) and Messrs. Robin and Verdeil, to be uric acid
merely tinted by changed colowring matter, are really crystals of indigo, as
Yirchow also confirms, and as the most trivial experiment can confirm. Urie
acid crystals could never be obtained in the manner in which Heller obtained
his erystals of uroglaucine.

At p. 115 of the edition of Dr. G. Bird's work by Dr. Birkett, there is,
indeed, a foot-note, in which oroxanthine, uroglancine, and urrhodine are men-
tioned in succession, and in which it is stated that the experiments regarding
uroxanthine and urrhodine were so incomplete as not to admit of any conclusion.
Three years ago these experiments were so complete, that the latest discoveries
of Dr. Sehunck have fully borne them out. It is surprising that on the same
page the clearest proved facts should be doubted, where such eoin as * sulphur
extractive " is taken for good cash.

I hope that my remarks will contribute to put a stop to so general a con-
fusion, in which even Virchow participated, by believing the purpurine of Dr.
Bird and rosacic acid of Proust (not Prout) to be identical with eyanourine and
uroglaucine.

1 ¢ Phil. Mag.,’ S. 4, vol. xiv, No. 93, Oct., 1857, p. 288,
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plants, and which, under the influence of acids or ferments,
yields indigo blu&, a peculiar kind of sugar, and a small quan-
tity of other products. Schunck fal iriditn g iRt
every urine ; and his observations strongly support the opinion
that indican is a normal ingredient of human urine and the
urine of many animals.

UROXANTHINE, OR INDICAN.

The chromogen of indigoferous plants is a peenliar colour-
less substance, which has been obtained (from Isatis tinctoria
for example) by extraction with aleohol, precipitation of the
extract by acetate of lead, and decomposition of the pre-
{tlpltate first by carbonic acid, afterwards by hydrothion,
when it remained in solution in the filtrate. On ev aporation
there remains a gum-like mass, indican, which, when boiled
with acids, yields indigo blue, a pecuhal dLEEl]]_)tlDII of sugar,
and a small quantity of other matters.

This indican had long been discovered and deseribed by
Heller, who did, however, not observe that sugar was one of
the produets of its decomposition by acids; but, having dis-
covered the generation of indigo blue and indigo red under
the influence of these agents, he shared the error, then almost
general, of uroxanthine and the chromogen of the indigo-
ferous plants being white or reduced indigo.

Heller precipitated urine by acetate of lead, and evapo-
rated the filtrate to dryness at a low temperature. He then
extracted it with ether, which after evaporation left uro-
xanthine.

Schunck, having ascertained the peculiar nature of indi-
can, proceeded to obtain evidence of its presence in urine,
in the following manner :

When muriatic or sulphuric acid is added to urine, the
mixture on being heated becomes brown, and begins to de-
posit dark-brown flocks, which increase in quantity when the
heating is continned. When these flocks are filtered off,
washed, and dried, they form a compact, dark-brown mass,
from which cold aleohol extracts a resinous matter, leaving
undissolved a brown powder, which dissolves, however, in a
hoiling mixture of aleohol and ammoma. This pn“der re-
sembles, but is not, indifuscine, one of the products of the
decom pc:*:ltmn of indican.

If the liquid filtered from these flocks be mixed with a
salt of oxyde of copper and an excess of caustic soda, it be-
comes greenish, and if after being filtered it be heated for
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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 potassa, by the addition of sulphuric acid,
in the shape of a voluminous brown mass, which possesses
an acid reaction. Indigo thus treated with acid and alkali
yields to boiling aleohol a red colouring matter, indigo red
{indirubine of Schunck), which on evaporation of the aleohol
remains in the form of a reddish-brown powder, soluble, with a
dark-red colour, in alcohol and ether. On heat being ap-
plied to it, it is partly sublimated without decomposition ;
another part is decomposed, and yields a sublimate of colour-
less crystals. After the extraction of indigo red there re-
mains 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 i1s placed in a shallow china dish, and heated cau-
tiously. On the surface of the fragments there are formed
reticular masses of crystals, consisting of pure indigo blue.
When heated in a glass tube, mdlm::'- evolves purple fumes,
which suddenly condense, and s{,ttl{, on the surface of the
powder from which they were evolved. Tt is, however, im-
possible to econduct the sublimation, so as not to lfll::stm}r a
part of the indigo by overheating. For the production of
larger quantities of pure indigo blue, the following process is
therefore more profitable.

Crystalline indigo blue by reduction.—On mixing powdered
indigo with grape-sugar, spirits of wine, and concentrated
solution of caustic soda, and immediately closing the bottle
and letting stand for some time, a yellow solution of indigo
white, or reduced indigo, in the alkali, results, by the grape-
sugar withdrawing one equivalent of oxygen from the indigo
blue. If the clear fluid is now decanted, and exposed to the

“air, the reduced indigo takes up again the lost equivalent of
oxygen, and becomes indigo blue, which is slowly deposited
in a erystalline form.

Amorphous indigo blue by reduction.—If common indigo
is mixed with caustic lime and a solution of sulphate of sub-
oxyde of iron, and, the air being excluded at the same time,
is allowed to stand for some time, the suboxyde of iron by
withdrawing oxygen transforms indigo blue into indigo
white, which latter is soluble in lime. When the clear
vellow solution is poured into dilute hydrochloric acid, and
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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 erystalline indigo
blue forms purple, scaly erystals. The amorphous modifi-
cation 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, alcohol, ether, and
dilute acids and alkalies.

b. Heller’s method of oblaining indigo blue and indigo red
Jrom pathological wrine.—The fresh urine is precipitated by a
hot solution of acetate of lead, the filtrate is quickly freed
froma 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 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 erystalline pellicle appears. The fluid after twelve
hours’ standing is diluted with an equal portion of ecold
water, shaken, and put aside for twenty-four hours. A de-
posit, 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 spirits of wine; lastly, it is dried in the
water-stove, and over sulphuric acid.

The blackish-blue mass on the filter assumes a copper-red,
metallic lustre, when polished by friction with the nail.

The perfectly dry filter is now washed with pure ether, so
long as a red-coloured filtrate is obtained; the ethereal fil-
trates are collected (they have an acid reaction), and on
evaporation leave an uncrystallizable, brownish-red resin
(pigmento-resinous acid), whose solutions in aleohol and
ether present so heautiful a red colour, that Heller gave this
substance the name of wrrhodine. 1If the last portion of
ether has left the filter quite uncoloured, a point up to which
large quantities of ether, and a corresponding amount of
time, are generally required, then 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 bhalloon, and
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boiled strongly with aleohol of 083 to 09 specific gravity.
The alcohol is poured off as often as it assumes a sky-
blue or greenish-blue colour, and the residue is extracted with
a new portion of hoiling aleohol, until, on protracted and
violent hoiling, the alcohol remains colourless. In this, as
in the above operation with ether, the operator must be pre-
pared for a considerable expense in time and aleohol.

The aleoholic extracts, which have an acid reaction, are
filtered while boiling hot, and then evaporated down to about
half the bulk, and put aside in a well-closed bottle. After
the fluid has become cool, in some cases after protracted
standing, wroglaucine is precipitated in spider-like, petaloid
attempts at crystals. The supernatant alcohol becomes quite
colourless.

Both urrhodine and uroglaucine contain a certain quantity
of nitrogen ; they burn on platinum foil without leaving any
residue. Their tests are so stereotyped and unchangeable,
even when prepared from the most varied deseriptions of urine,
that they may be considered as chemically pure chemical
individuals.

Heller, found, several times, that urine which contained a
deposit of umglaumne praduced by spontaneous decom-
position of the fluid, and ct}nmqucnt}j’ had a greenish-blue
tint, became yellow hy standing in a well-corked bottle. But,
nhcn air was admitted into the bottle, and the urine shaken
with it, it became blue again, This process, which appeared
very similar to the reduction of indigo in putrefying urine,
used in dyeing, was also observed by Kletzinsky in a case of
discase of the spine, with paralysis of the bladder. Heller
found, that when uroglaucine was boiled with an alecholie
solution of potassa, the solution appeared green; but when
the heating was continued during a certain time, and the
temperature raised to a certain point, the fluid suddenly be-
came red. On cooling it became green again, and red on
heating, and so several times, until at last it permanently
lost its colour, a yellow shade being all that remained.
These reactions caused Kletzinsky to compare uroglaucine
with indigo blue, and the results of his examinations make it
evident that wroglaucine is identical with indigo blue, and
wrrhodine with indigo red.

1. Chemically pure indigo blue (obtained from indigo by
purifying it with acids, alkalies, and water, and reducing
the residue by means of sugar and potash, and oxydizing the
reduced indigo in the air) was found soluble in boilin
alcohol, with a sky-blue colour, when newly preeipitated ; an
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vielded reddish-yellow microscopical prisms, which became
heguﬁlfull;,r red with caustic potash (isatine, oxyde of
indy

9. Sulphurous acid had no effect upon either uroglancine
or indigo blue. Hyposulphites in watery solution, in well-
closed bottles, discoloured and reduced both ; and when
exposed to the air, both became blue.

10. Indigo l'ed, dissolved in boiling aleohol, was obtained
in flakes on cooling: it was soluble in ether, easier than in
alcohol ; almost insoluble in water and acetic acid ; soluble
in sulphuric acid, with a yellow colour. These are the pro-
perties of urrhodine, with which, moreover, it shares the
prnrert}? of being partially sublimated in colourless masses,
perhaps erystals, which become red by nitric acid.

11. The aleoholie solutions of hoth urrhodine and indigo
red bleach in hydrochloric acid and zine, and become red again
when under the influence of air, and shaken with it.

The above tests prove, that uroglaucine and indigo blue
have the same p dismal properties, the same company, the
same coupled acids, the same products of oxydation and
reduction. There is only wanting the elementary analysis,
in order to be quite sure that ur uglaucme is C,,H.NO,.

According to Kletzinsky, indigo taken mternaﬂv does not
feappear in the urine, but increases the amount of uric acid

secreted.

e. Schunck’s method of obtaining indigo blue from ordinary
urine.—When acetate of lead is added to urine, it produces
a cream-coloured precipitate, which consists of chloride, sul-
phate, phosphate, and urate of lead, and contains also a little
of the extractive (colouring, Th.) matter of urine, which
is, as it were, merely mechanically adhering to some of these
lead compounds, as it 1s not precipitated by acetate of lead
from a pure watery solution. The urine, which after being
filtered from these precipitates 1s much paler in colour than
it was before the addition of acetate of lead, gives with basie
acetate of lead a second precipitate of a pale eream colour,
which consists of the lead compound of the extractive matter
mixed with some basic chloride of lead. Both this and the
first precipitate give, when treated with sulphuric or muri-
atic acid, yellow liquids, which, after being filtered from the
sulphatc or chloride of lead, and boiled, yield brown flocks
exactly like those obtained from urine itself, The liguid
filtered from the precipitate obtained with basic acetate of
lead is almost colourless. 1t gives, on the addition of am-
monia, an almost white precipitate, the quantity of which
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is much less than that of either of the other two precipitates,
Now this precipitate contains in most instances, in combi-
nation with oxyde of lead, a small gquantity of the substance,
which, by decomposition with acids, yields indigo blue. For,
if the precipitate is decomposed by acids, the filtrate deposits
indigo blue on standing.

The following proceeding dispenses with the first precipi-
tation and filtration. The urine having been mixed with
basic acetate of lead until no more precipitate is produced, is
filtered, and after the precipitate has been washed with water,
the liqguid is mixed with an exeess of ammonia, which always
produces more or less of a white or yellowish-white precipi-
tate. 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 oxyde of
lead has eombined with the acid employed, the lLquid is
filtered. When there is8 much of the indigo-producing body
present, the filter acquires a blue tinge, small particles of
blue pigment are seen dotting the surface of the sulphate or
chloride of lead, and the surface of the liquid, 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 acid is always completed, so that if
no indigo blue then appears, or can be detected on examination
of the deposit, the total absence of the indigo-producing body
may be inferred. On the succeeding day, however large the
quantity of blue deposit formed may be, the liguid no longer
appears purplish, but brown, and, after being filtered and
boiled, deposits a dark-brown powder, having exactly the
same appearance as that produced by the action of acids on
the ordinary extractive matter of urine. The matter left 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, is treated with boiling
alcohol. In most cases, the alcohol thereby acquires a
bricht blue colour. When, however, the quantity of
deposit formed is tolerably large, the boiling aleohol first
dissolves another substance, which imparts to it a fine pur-
ple colour, and which is identical with indigo red (Schunck’s
indirubine, Heller’s urrhodine). That which the boiling
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alcohol leaves undissolved is a bright blue powder, having
the properties of indigo blue. It dissolves in an alkaline so-
lution of protoxyde of tin, and the solution on exposure to the
air becomes covered with a blue film. 1t is soluble in con-
centrated sulphuric acid, forming a blue solution, which re-
mains blue even after dilution with water. Tt imparts to
boiling aleohol a bright blue colour, and the solution on
cooling and standing deposits blue flocks. When heated in
a tube, it gives a purple vapour, which forms on the colder
parts of the tube a blue sublimate.

Metamorphoses of Indigo blue,

T have already mentioned the most important metamor-
phoses of indigo blue, when detailing the modes of obtaining
it pure and the evidence of the identity of indigo blue and
uroglaucine. It may be well to recapitulate theoretically
these mi,tﬂrnurphuacs, and to add those not yet mentioned.

By the reduction of indigo blue, indiy go whife is ob-
tained. This process is effected according to the following
formula :

“'—-—_.u——'
Indigo blue. Indlgu white,

By the oxydation of indigo blue, we obtain in the first in-
stance isatine, which contains two equivalents of oxygen
more than indigo blue.

C(H,NO, + 20 = C,H,NO..

-_\___.:——

Illdlg{) blue. Isatine.

Under the continued influence of oxydizing agents, such as
nitric acid, isatine is transformed into nitro-salicylic aecid,
lastly into picrie acid. The compounds obtained from isatine
by chemical substitution are very numerous. Under the in-
fluence of ammonia it forms a series of remarkable amides.

Under the influence of a concentrated solution of caustic
potassa and boiling, giving free access to the air, or adding
manganese to the mixture, anthranilic acid is being formed.
The substance having the composition of this acid was ob-
tained by Schunck from urine, by the action of strong acids.
It remains to be ascertained whether this substance is iden-
tical, or only isomeric with anthranilic acid.

.
e o il e
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The formation of anthranilic acid from indigo blue takes
place after the following formula:

CsH,NO, + 2HO + 40 =C,,H,NO, + 2CO,.

o o e
Indigo blue. Anthranilie acid.

Physiology of Indican.

Schunck has succeeded in obtaining indigo blue from urine
in so great a number of instances, that it is probable that
indican will in future have to be placed among the normal
constituents of urine. It certainly occurs more frequently
than any of the abnormal ingredients of urine. Urines con-
taining this substance exhibit no remarkable or peculiar ap-
pearance whatever; they are acid, clear, and of the usual
colour. Its occurrence, at least if its quantity is moderate,
is not to be considered as a pathological phenomenon. Its
presence is not attended by any symptoms of ill health, or
feelings of discomfort. The state of health and the appear-
ance of the urine do not permit any conclusions to be drawn
as to the presence or absence of this indigo-producing sub-
stance.

A small number of samples of urine from patients, which
Schunck had an opportunity of examining, yielded, with one
exception, no more indigo blue than the generality of healthy
urines. Heller, however, found more uroxanthine to be pre-
sent in the urine from persons labouring under diseases of the
serous membranes, the kidneys, and the spinal marrow.
Perhaps concentration is mainly the condition upon which
the success of a search for indigo in urine depends. Virchow
could obtain indigo blue from every concentrated urine.
Now, as the urine of patients is mostly a fluid of a much
higher specifie gravity than the urine of healthy individuals,
these different observations would herein find a reconcilia-
tion.

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 compara-
tively 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 ex-
ception only, more or less indigo blue, when examined in the
manner described. These mdividuals belonged to both sexes,
and they were of ages varying from seven to fifty-five. The

22
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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 by trade. 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 yielded. In all these cases, the
indigo blue was accompanied by the substance imparting to
aleohol a purple colour, indirubine or urrhodine. The other
specimens afforded much less, sometimes mere traces. In
all cases, however, 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, nnusual
for him both in its nature and amount. In Dr. Schunck’s
own case, as well as 1n 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.

Of two samplcﬁ 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.

The urine of the horse and the cow, when tried in the
same way as human urine, gave cumpamtne]:,r very large
quantities of indigo blue, Eqpemallv that of the horse.

—
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b. From urine of cows. Stideler obtained phenylic acid
from this fluid by first removing hippuric acid in the usual
way, with lime and hydrochloric acid. The mother-liquor he
subjected to distillation, and the distillate to repeated recti-
fication. The rectified fluid was distilled over hydrate of
potassa, the residue was partly saturated with sulphuric acid,
again distilled, the distillate rectified by chloride of sodium,
and saturated with carbonate of soda. The oily matter thus
separated was taken up with ether, the ether evaporated,
and the residue again distilled over potassa; the rest of the
acid was evolved from the potassa by the addition of bi-
carbonate of potassa. By continued fractional distillation
almost pure phenylic acid was obtained.

c. From human urine, after the endermie administration
of tar,) or the internal use of creosote. In two cases of
psoriasis, 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 de-
posited uric acid in colourless plates. The urine which was
passed after twelve hours was dark brownish-black, deposited
a large sediment of coloured uric acid, and emitted the cha-
racteristic odour of tar. These peculiarities the urine re-
tained during the entire course of the tar treatment.

When the brownish-black urine was left to spontaneous
decomposition, which generally ensued on the fifth or sixth
day, it assumed a dark-green (lauchgrin) colour, on the
appearance of alkalescence, and then went through all the
stages of ordinary decomposition.

The fact of the urine depositing uric acid so completely,
that hydrochloric acid did not produce any further precipitate,
suggested the probability of the presence of an abnormal
acid in the urine. After the addition to the urine of some
sulphuric acid, it was subjected to distillation, whereby an
acid distillate was obtained, which emitted a strong odour of
tar, was milky, but cleared up gradually, and deposited dark-
brown drops, which were like creosote. A chip of pine-
wood, moistened with hydrochlorie acid, and dipped into the
clear watery fluid, gradually assumed a bluish-green colour.
The addition of chloride of iron to this fluid produced a
dark-brown mixture, and an excess of the chloride produced
a brown adhering precipitate. Nitrate of silver produced a
white precipitate, which, on the addition of ammonia, or
simply on warming, was reduced to metallic silver. Neutral
acetate of lead produced a white precipitate. When chlorine

! Petters, W., * Prager Vierteljalirschrift,’ 1855, vol. iii, p. 126.
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vas 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 aeid, the
solution became black. These tests are characteristic ot
carbolic acid.

After repeated rectification of the original distillate, a pale,
yellowish, oily liquid, of the odour of creosote, was obtained,
whiech, on the addition of caustic potash, transformed into a
magma of white crystals, which had the smell of mint
(krausemunze). This potash salt dissolved in water, had a
very agreeable odour, and therefore must have contained

ione, besides carbolic acid. It yielded a pale, yellowish
distillate, which after removal of the water by means of
chloride of ecaleium, became clear and colourless, 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° C. (397 °F.), boiled
between 215° and 220° C. (419° and 428° F.), and, with the ex-
ception of the first part of the distillate, remained fluid even
at a temperature of—25°C. (—18° F.) The elementary analysis
of this fluid yielded the following results :

Found, C =68'55  Calculated, C = 69-90

H= 641 H= 679
0O = 2504 0=2331
10000 100-00

From these figures results the formula C,H O, + HO, which
corresponds to carbolic acid plus one equivalent of water.
This latter, however, was undoubtedly merely an admixture
of water, from which the substance could not be freed entirely
before the combustion.

When the urine was neutralized with lime, it yielded an
ammoniacal distillate, which, after removal of the ammonia
h{. neutralization with sulphuric acid, left a residue from
which aleohol extracted a substance having the smell of tar,
and depositing in brown flakes on evaporation 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.
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Carbolic acid could only be obtained from the urine after
‘!:11& addition of sulphuric acid. It must therefore have been
m combination with a base not ascertained.

~ Carbolic acid eould not precipitate uric acid from its solu-

tion, as it i1s a weaker acid than even carbonic acid,
and is driven out of its compounds by the latter.
Another acid was therefore present in the urine, and pre-
cipitated uric acid.

Dr. 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 been dis-
tilled off, yielded an alcoholic extract, which on evaporation
gave a black, tough, tar-like deposit. This, after crystal-
lization of the salts and resolution in aleohol, deposited a
substance on the admixture of water, which had the odour of
tar, was resinous, and underwent no further changes.

Physiology of Phenylic acid.

Phenylic acid when introduced into the animal economy
18, at least in part, excreted unchanged. In case the food of
man should contain this acid, its occurrence in human urine
would be accounted for. Smoked and dried meat certainly
contains a small amount of this acid, together with other
substances, the products of dry distillation. There is, how-
ever, nothing improbable in the opinion, that phenylic acid
may be a collateral product of the oxydation of aliments.
For as it is found in the urine of animals feeding on matters
which have not been proved, and & priori could not be sup-
posed, to contain phenylic acid ready formed, we are driven
to the conclusion that it is formed in the body.

Frerichs and Wohler proved phenylic acid to be a poison.
A few drops of it killed rabbits and dogs in a quarter of an
hour. Most probably the creosote and tar treatment is only
tolerated by patients because these substances are being con-
stantly eliminated by the kidneys. In some of Petters’s
cases the inunection with tar caused symptoms of poisoning.
These substances are the last refuge of despairing empirical
therapeutics. Creosote is useful in septic conditions, but the
healing effects of tar are mostly of an imaginary nature.













346 OXALIC ACID.

species of lichen, growing on rocks of limestone; it fre-
quently amounts to one half of their weight.! Such lichens
are found in great beauty on Chiswick Bridge. Most higher
plants contain smaller or larger quantities of the calcareous
oxalate. For study, rhubarb and onion peel are useful. In
the animal organism oxalic acid is rarely met with, except in
the insoluble form of the oxalate of lime when taken in
vegetable food. Oxalic acid oceurs free in urine, when large
quantities of oxalic acid or oxalates are taken in repeated
doses. After the ingestion of these substances, the urine also
contains oxalate of lime in form of a precipitate.

Oxalic acid, mostly in form of the oxalate of lime, occurs
in the urine in the course of certain diseases. It is at pre-
sent unknown whether the oxalic acid in these cases 1s a
product of the organism itself, and, like the acid after in-
gestion into the stomach, is carried by the blood to the
kidneys to be there secreted, or whether the acid is the pro-
duct of a certain and peculiar decomposition of urine in the
urinary passages.

Normal human urine, after some standing, mostly de-
posits microscopical traces of oxalate of lime, not approach-
able by quantitative analysis. The normal urine of herbivorous
animals mostly contains a more appreciable quantity of the
oxalate.

Mode of producing Owxalic acid.,

One part of sugar is heated with six parts of nitric acid of
1:3 speec. grav., until red vapours are no longer evolved.
The fluid on evaporation on the water-bath yields oxalic acid
in crystals, amounting to one third of the weight of the sugar
employed.

Physical and Chemical properties.

From its watery solution oxalic acid crystallizes in mono-
clinometrie prisms, containing four equivalents of water of
crystallization, and hence having the composition C,H,0,+
4HO. 1In dry air it loses the whole of the water of erys-
tallization, and transforms into a white powder. 1t is soluble
in nine parts of cold water, much more soluble in boiling
water or alcohol.

1 Braconnot, * Ann. de Chim. et de Phys.," xxviii, p. 318.
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of the quadratic system. Exposed to dry air it loses one half
of its water of crystallization ; the other half may be removed
by heating to 180° C. (356° F.) Itis necessary to keep the salt
covered during the drying process, as, at the temperature of
150° C. (302° F.), it becomes very electrical, so as to be thrown
out of the dish by the slightest touch. It is insoluble in water
and acetic acid, soluble in hydrochloric and nitric acid.
From solutions in the latter acids it may sometimes be ob-
tained in crystals by slow evaporation. From the solution
in hot concentrated hydrochloric acid a double salt of chloride
of calcium and oxalate of lime, of the composition (C,0,+
2Ca0) +2CaCl414Aq, is sometimes obtained in ecrystals,
Free oxalic acid is also obtained in erystals from this solution.
The double salt, when brought into contact with water, is de-
composed into chloride of caleium, which dissolves, and oxalate
of lime, which remains as an insoluble powder. If the oxalic
acid have not been removed by alecohol, no chloride of caleium
is obtained after resolution of the erystals, as it is immediately
decomposed by the oxalic acid.

The oxalate of lime, constituting the quadratic crystals
found in plants, contains six equivalents of water of crystal-
lization.

Physical characters of Oxalate of Lime.

Of these I shall treat at some length, in order to clear up
some errors in the literature of the day.

I have had several cases of severe disorder under my care,
in which there occurred deposits of oxalate of lime in the
well-known octahedra, and others in which the reputed
dumb-bells were present. In two of these cases the octahedra
and dumb-bells occurred promiscuously; and in one the
crystals of both descriptions were of so exquisite a beauty
of definition, and of so large a size, as seemed to be parti-
cularly favorable to examination. This examination was
repeated frequently, and under a variety of circumstances,
and seemed to have for its result that the octahedra of oxalate
of lime presented a certain degree of polarizing power, and
that they appeared mostly as oblong squares. This result
differed from the opinion almost generally received, at least
among gentlemen of the medical profession, namely, that the
octahedra of oxalate of lime do not polarize. They were not
to polarize because they crystallized in the regular or cubie
system, a position which was considered as proved. On the
other hand, it was explained, that these crystals must belong
to the cubic system, because they did not polarize. Our
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knowledge upon this point evidently moved in a circle, not
in the spiral line of progress.

In looking over the literature, I found that what had been
seen had been rightly seen and figured, I may say, very
faithfully, but not always very intelligibly. But the appear-
ances had been m;smterpreted disregarded, or explained
awa

ow this was possible, will not be easily intelligible here-
after. One saw a square, with cross lines, suggesting the
shape of an octahedra. Dr. G. Bird, using a word, which
no L’lmﬂJt conveyed more than it was intended to convey,
styled them cubes. He says, at p. 212, § 215, “ If the light
15 very bright, these crystals generally resemble cubes markerl
with a cross, the point of intersection of the two arms cor-
responding to one of the apices of the octahedron.” Now,
on putting squares for cubes the sentence is literally correct,
and fits his fig. 39, to which he refers. To eubes, how-
ever, this fizure has no resemblance. In a similar sense, we
must explain the word cubes on two different places, where
it is equally misapplied (p. 212, second line from below, and
p. 215, eighth and tenth lines from above).

However that may be, there can be no doubt that Dr. G.
Bird believed the oxalate of lime to erystallize in the cubic
system. In three editions of his work the dumb-bells and
ellipsoid bodies, occurring along with or alternately with the
octahedra of the oxalate, pass as oxalate of lime. It is only
in the fourth edition that the difficulty arises from the dumb-
bells and octahedra exhibiting different appearances in polar-
ized light. He says, at p. 21{5 § 220, et seq. : “ These dumb-
bell and oval crystals, alt]mugh I have always described them
as oxalate of lime, have always presented a very serious diffi-
culty to their heing thus regarded, in consequence of the
peculiarity of their optical characters. It 1s well known that
all crystals referable to the cube or regular octahedron never
possess double refraction, and hence scarcely exert any influ-
ence upon a plane polarized ray of light. In accordance
with this law, the ordinary erystals of oxalate of lime do not
in the slightest degree exhibit the phenomena of colour when
examined in the polarizing microscope ; merely in the slightest
degree, if lying in a favorable position, appearing illuminated
when the polarizing prisms are crossed. On the other hand,
the dumb-bell crystals, as I long ago stated, exhibit abeautlful
series of coloured rings traversed by a black cross.” In con-
sequence of this supposed difference between dumb-bells and
octahedra of the oxalate, Dr. G. Bird submitted the former
to an investigation, the result of which was, however, not
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very decisive. He wanted to prove by the chemical test that
the dumb-bells did not consist of mere oxalate of lime,
““because their powerful action on polarized light was quite
incompatible with their being composed exclusively of this
salt” (p. 219). His five chemical experiments detailed under
A,B,C, D,E, at pp. 217 and 218, failed entirely to establish
any difterence between these bodies and the common oxalate, as
did also the experiments of Dr. Bacon, quoted at pp. 220 and
221. The results of Dr. Bacon’s experiments, according to
his own words, are as follows : “That the dumb-bell erystals
consist of a salt of lime containing either oxalie, oxaluric,
or perhaps some other organic acid easily converted into
oxalie acid, but the exact nature of the acid remains to be
ascertained by future investigation.” Irom this sentence it
follows clearly that the dumb-bells may after all be oxalate
of lime, supposing that their optical properties ean be brought
to harmonise with that nplnmn at least 1t has not been
proved by any chemical experiment that they are not oxalate
of lime.  After Dr. G. Bird had condemned his former state-
ments, his new opinion was generally adopted, but upon
optical grounds only, or rather upon no grounds at all, as we
hall hereafter see.

Some of the authors who have followed Dr. G. Bird in his
opinion regarding these crystals, are not very accurate in
their statements, a cirecumstance which we must suppose to
hm’e increased the confusion already existing. Dr. Beale,

. 217 of his work on the microscope, when speaking of
th{* ﬂumh bells, and mentioning that they might be com-
posed of the oxalurate of lime, and had the power of polar-
wing light, says that  substances which erystallize in the
octahedral form do mnot possess this property.” Now,
if Dr. Beale had closely adhered to Dr. G. Bird’s statement
already quoted, namely, that all crystals referable to the
cube or regular (!) octahedron never possess double refrac-
tion, and if he had not been so modest as to allow authority
to prevail over the result of his own observations, he would
not have put down the octahedral form generall}r as mnot
polarizing, which he seems to have been compelled to do,
from the fact of his distinetly stating that his octahedra were
of the gquadratic system, inasmuch as one of their axes was
much shorter than the other two. Unless, therefore, he put
all octahedra down as non-polarizing, his octahedra ought to
have been polarizing ones, because all crystals except those
of the regular system do pularlze If Dr. Beale had at-
tended to the relation of the erystallographical axes of his
crystals, his ten drawings (fig. 185 in the  Microse. in Clin.



OXALATE OF LIME. 3501

Med.’), otherwise so correctly executed, ecould not have failed
to urge upon him the conviction that the oxalate of lime
crystallizes in the quadratic and not in the cubic system.

There is sufficient evidence to show that other authors
were aware of the fact, that the system in which the oxalate
of lime crystallizes, is not the regular or cubic system. In
the third edition of Dr. Prout’s work on ¢ Stomach and
Urinary Diseases,’ plate i, fig. 6, there is a diagram, to which
there is the following explanation on the next page : “ Fig. 6
represents a flat octahedron; the form stated by Wollaston
and others to be that most frequently assumed by erystallized
oxalate of lime. According to the recent observations of
Mr. Brooke, however, some natural erystals of the oxalate of
lime, containing one proportion of water, presented the form
of an oblique rhombic prism. Whether the salts thus ap-
pearing in two different forms are the same in composition,
or whether the octahedral form has been erroneously as-
sumed, 1s not ascertained.” See ‘Lond. and Edinh. Philos.
Mag.” vol. xvi, p. 449 (1840). Funke, in pl. i of his
¢ Atlas der physiologischen Chemie,” figures some oxalate of
lime. The (artificial) crystals were small. He saw some
octahedra with one of their lateral angles towards the ob-
server, similar to the four lower diagrams of Dr. Beale's
fig. 185, and concluded that they were quadratic octahedra—
an opinion which is certainly justified by the more common
appearances ; and, moreover, that they were of the variety
in which the vertical axis is the longest, which is wrong.
It is wrong for the following reason: If the vertical axis is
longest, the other two axes must be equal, which they are
not. On making the two equal axes the horizontal ones,
the shortest axis becomes the vertical,

Dr. G. Bird, at p. 221, quotes an experiment of the
American physician already mentioned, Dr. Bacon, of Boston,
by which this observer obtained four-sided prisms of pure
oxalate of lime. The experiment runs thus, § 225: < Dy,
Bacon examined the effects of the different acids upon artifi-
cially prepared oxalate of lime. He ascertained that when
dissolved in hydrochloric acid . . . and allowed to evaporate
spontaneously, a mixture of transparent rhombhoidal plates,
minute octahedra, and four-sided prisms, often arranged in
rosettes, with zeolitic erystals, were obtained. The rhom-
boids and zeolite groups acted powerfully on polarized light
the prisms less strongly, and the octahedra not at all. 01:
submitting these crystals to analysis, the rhomboids were
found to contain hydrochloric acid, but the prisms and octa-
hedra were pure oxalate of lime.”” Now the occurrence of
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these prisms is perhaps the strongest possible reason that
could be advanced why the oxalate of lime cannot crystallize
in the cubic system, leaving dimorphism out of the question
for the present. The cubic system, by the nature of its axes,
three axes of equal length, and at right angles to each other,
precludes the possibility of a prism or column ever occurring
in it. Besides, even had it been possible for the prisms to
be in the regular system, they could not have polarized.

It is a matter of great surprise that Dr. G. Bird should
have overlooked the incompatibility of the prism with the
regular or cubic octahedron. Whether his fig. 40, repre-
senting the “ square prisms with a four-sided pyramid at each
end, forming a dodecahedron” (a term quite unusual in
crystallography for this combination, which certainly has
twelve planes, but not equivalent ones, a requisite for a dode-
cahedron), is drawn from specimens under his own observa-
tion, is not stated. Perhaps they are given after Dr. Bacon.
Here we must, however, state that the crystals obtained from
a solution of oxalate u}f lime 1in h‘;dmclﬂm ic acid, do not at
once permit a conclusion to be drawn upon the primary
crystallizing form of the oxalate of lime, inasmuch as they
may be a mixture of the above-described double-salt of
chloride of caleium and oxalate of lime, plus water of ecrys-
tallization, and of oxalate of lime and oxalic acid.

Prismatic crystals of oxalate of lime were first observed
by Brooke as already mentioned. They were then described
by C. Schmidt ( Ann. d. Chem. und Pharm.,” Ixi, p. 304),
who says that he measured them, and found them to belong
to the fifth system of Elj’%t’llll?;atlﬂn the oblique, or mono-
clinoedric (Naumann), or hemiorthotype (Mohs), viz., the
system in which two of the axes are at right angles to each
other in an horizontal plane, and the third inclined but in
a vertical plane passing through either of the other two. It
is, however, most improbable that these measurements were
correctly made, inasmuch as nobody has ever since observed
any oxalate of lime in the oblique system. In the urine,
prismatic crystals of oxalate of lime were first observed by
Dr. . W. Beneke (‘Zur Physiologie und Pathologie des
phosphorsauren und oxalsauren Kalkes,” 1850). He de-
seribed them as quadratic prisms, with pyramidal termina-
tions, and gave good drawings of all the forms of oxalate of
lime on the first table appended to his publication. Aeccord-
ing to Ch. Gerhardt, (* Lehrbuch der organischen Chemie,’
IHJL German edition by R. Wagner, Niirnberg, vol. i, p
285,) oxalate of lime occurs in plants in the shape of qu'td-
ratic or pyramidal octahedra, which are frequently combined
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with the quadratic prism. The guadratic octahedron may
be the primary one (P: P =46 28'), or an obtuse one
P: P =119 34) (123° 19 Rose). The measurements seem to
be those of Schmidt, adapted to the pyramidal system. They
can therefore not be relied upon. It is very doubtful whe-
ther the primary octahedron does ever oceur.

Oxalate of lime is represented as crystallizing in quadratic
octahedra by E. von Gorup-Besanez, p. 182 of the second
edition of his ¢ Anleitung zur zoochemischen Analyse,” 1854.
He says, that the long or pointed octahedra are of rare
occurrence. Robin and Verdeil, pl. vi, figs. 2 and 3, of their
¢ Atlas’ represent pyramidal octahedra.

Preparation of objects for microscopical observation.—1t is
perhaps well to mention here, that all precipitates of the
oxalate of lime used for any experiment were carefully washed
until they yielded no more traces of their soluble components,
so that no erystallization could have taken place under the
influence of the evaporation of the water surrounding the
object on the slide. The oxalate of lime has very little
affinity for water, and any preparation of it not permanently
mounted gets dry very fast; for this reason I always take
a flat cell of Brunswick black for every specimen, which not
only allows a larger amount of fluid to remain with the crystals,
but can also be converted into a temporary mounting, simply
by warming it a little, and pressing the circular thin glass
cover gently against the cell, whereby it closely adheres to
the latter, and precludes evaporation. The object may be
mounted permanently if desired, by surrounding the cell
with Brunswick black. A little preserving fluid should
therefore always be put into the cell, if the observer has the
intention to make permanent objects,

Crystals of the oxalate of lime are obtained from the urine
of children a few hours after a meal of rhubarbh. The sedi-
ment after being washed consists of numerous erystals of
all sizes, the large ones being particularly favorable for
examination. Mixed with these are in most cases numerous
ellipsoid bodies, more rarely some dumb-bells. It is partly
on specimens of this description that the following observa-
tions on the polarizing power of the oxalate of lime were
made. The oxalate which ocears in the urine pathologically,
be it produced in the kidney, bladder, or after emission of
the urine, is generally of a smaller size, and mixed with other
matter, and therefore is not so favorable an object for
microscopical examination. Very large erystals occur in the
urine of the horse, but here they are mixed with a large

23
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quantity of stellar crystals of the carbonate of lime. The
latter is best dissolved in dilute acetic acid, which leaves the
oxalate undissolved.

Acrtificial oxalate of lime is best prepared by mixing a solu-
tion of an oxalate—for E\amplo oxalate of ammonia—with a
soluble and dissolved preparation of lime—for example, chloride
of caleinm, lime-water, or phosphate of lime (in the urine).
Precipitated from concentrated solutions, the oxalate of lime
appears in seemingly amorphous lnmpy masses, as they are
described by most writers; by taking, however, very dilute
solutions, and mixing them at a lnfrher temperature, close
imitations of the urinary clystals may be obtained. The
admixture of a soluble oxalate to urine gives a great variety
of crystals, some of which are described in the following
pages.

On submitting the erystals to the microscope, it is neces-
sary to use a sufficiently high power. Thnu;__h a half-ineh
ohject-glass 1s quite sufficient for recognising the charac-
teristic crystals, yet the quarter-inch is stereoscopically better,
that is to say, because under a higher power fewer points are
in focus at a time, and the observer hecomes more conscions
of the relations of the different points, sides, edges, and
angles of the crystals, because they have more relief, and
appear as bodies, and not as flat markings, as they do under
lower powers. The erystals obtained from plants, such as
the cuticle of the onion and others, are generally much
larger than those obtained from animal fluids, and therefore
require lower powers, though under higher powers they are
seen to great advantage.

Pure artificial oxvalate of lime, from oxalate of ammonia and
ehloride of caleium.

Ezperiment 1.—To a boiling concentrated solution of
oxalate of ammonia, a concentrated solution of chloride of
calcium was added, whereby a copious white precipitate was
produced. Under the microscope, this precipitate consisted
apparently of irregular lnmpy masses, but on the application of
higher powers, and on taking single partieles for examination,
it was seen that these were composed of four smaller
roundish particles each, so as to represent a cross with
rounded-off angles. Mixed with these were small squares,
and crosses lying on squares. When the test had cooled
by standing over-night, prisms with pyramidal ends could be
discovered here and there. The lumpy masses polarized white
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been four open angles. This is a satisfactory explanation of
the so-called tuberose (knollig, in German) appearance of
artificial precipitates of the oxalate of lime.

Even regular crystals may become tuberose by apposition
of new matter. So in the first deposit I found a erystal to
the four pyramidal sides of which round masses were appo-
sited. When these masses get larger, they form a sort of
cap on each side of the prism, which when still larger makes
them much like dumb-bells, with which indeed they are
identical. Crossed dumb-bells (see centre of fig. 6, Pl. V)
are large tuberose crystals.

Artificial oxalate of lime from urine.

Ezperiment 4.—To urine, which had just been emitted
from the bladder, a solution of oxalate of ammonia was added.
In the precipitate a great variety of crystalline forms were
observed.

a. Small prismatic erystals, gradunally rounding off’ into—

b. The ellipsoid and dumb-bell forms, the latter less pro-
minent.

c. Squarish, flat bodies, with several indentures on two
opposite sides. They appear as if formed by a number of
ellipsoid bodies joined together with their flat sides.

d. Almost regular octahedra, the lateral edges not quite
straight.

e. Crossed prisms or crossed octahedra. The types of all
these crystals are represented in fig. 5 of P1. V.

On standing in water for some weeks the crystals seemed
to decay, particularly on their thin edges, which became much
corroded. The development of vegetable growths made the
formerly white precipitate green and dirty looking.

Experiment 5.—In this experiment not a single well-
defined octahedron was obtained. The deposit consisted of
granules of different shapes and sizes, the largest not exceeding
v55o0f aninch in their longest diameter. There was a tendency
to straight, square outlines, in some cross markings were pre-
sent. The deposit polarized as usual, white light being pro-
duced by the bodies. This urine was very acid, and the
addition of the acid salt caused uric acid to erystallize in
well-defined, large, four-sided rhombic plates, with right
angles, polarizing in dark colours. This is the only instance
in which I observed almost regular rhombic plates of urie
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acid to crystallize out of urine, of a size and beauty equal to
that of the finest artificially prepared uric acid.

Experiment 6,—The entire deposit consisted of octahedral
crystals, with their angles and corners cut off, so as to make
their outline to appear eight-sided ; fig. 4, PL. V, below
coloured prisms. Most of the crystals were square; wviz.,
their horizontal sides were equal, in some all eight sides
were equal, in  others the four secondary sides were shorter.
In few specimens only two corners were cut off. Whether
the new plane was one plane, or two forming an obtuse angle,
I could not ascertain. In some apparently square crystals
there was an octagonal marking, corresponding by four
parallel sides to the original four sides of the octahedral form.
In some it appeared as if the erystal had been divided by a
plane falling through the four lateral edges, and one half had
been turned upon the other half in an angle of 45° round an
axis perpendicular upon the plane just deseribed, representing
a tropia, or turn, of the value of one eighth of the circle. The
long axis (¢) was = 2, taking the short one (#) as = 1. The
crystals were very dark, and the cross was faintly illuminated.

Experiment 7.—The crystals obtained were long, crossed
octahedra. The centre of the twins was occupied by octa-
hedra of the ordinary appearance, and by crossed octahedra
described in the former experiment. Assuming each octa-
hedron to be a twin by crossing, there were here four or six
crystals arranged round one common principal axis, each
set being turned round the common axis in an angle of 307,
so that none of the horizontal axes of any one twin crystal
coincided with the horizontal axes of the next one, but was
distant from the secondary and ternary axes in the angle
described. Four crystals crossing frequently formed eight-
rayed stars. Of the four secondary rays, sometimes only one,
two, or three were present, giving the crystal an unsymme-
trical appearance. Mixed with these regular crystals was a
large proportion of roundish bodies polarizing in colours,
attempts at ellipsoids, dumb-bells, and so on, many of which
were twin crystals.

Experiment 8.— After the addition of oxalate of am-
monia to urine some caustic ammonia was added, until
the fluid was alkaline. After standing over-night, a sediment
had formed, and a thin crust was swimming on the fluid,
consisting of radiated, zeolitic balls, baked together, which
were of a yellowish colour and not affected by acetic acid.
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They scem, therefore, to have been uric acid. The sediment
was of a filmy nature, and consisted of numerous irregular
prisms of ammonio-phosphate of magnesia, often crossed by
two or three, and taking all the fitful appearances of this
salt. Mixed with these were octahedra of oxalate of lime
and other irregular polarizing undefinable bodies.

Exzperiment 9.—In this deposit many regular and irregular
octahedral erystals were present, many simple twins, double
twins; the corners sometimes very little promment or
rounded off: there were small erossed prisms. But the
most regular erystals were large simple prisms, with appa-
rently pyramidal terminations. The prisms, when seen edge-
ways, were flat, about one fourth or one fifth of their width
in thickness. The dark ends on the prisms, when seen
edgeways, corresponded to the planes terminating the plate ;
but on the large planes no octahedral planes were to be distin-
guished, so that the prisms could not be explained otherwise
than as being prismatic plates, terminated by a horizontal
prism.

Ozxalate of lime occurring in urine spontancously.

Observation 10.—Urine of a slightly dyspeptic man.—1 put
a sample of urine, which came acid and a little cloudy out of
the bladder, to stand over-night. After sixteen hours a dense
mucous cloud had settled at the bottom of the vessel, and,
besides, a dense pink deposit of urate of soda had settled all
over the cloud, and on the sides of the vessel. The mucus
showed minute granules disposed all over its surface, distinct
from the urate. There were many oxalate of lime crystals,
but all only fngmenta of oetahedra, mostly halves, and
when lymﬂ' on their sides, showed the cﬂgﬁ cut off by a
prismatic plane, which latter reflected hight when w{:l]
focussed. These halves were most common. Then there
were crystals with one edge regular, one corner cut off
parallel to an octahedral edge, or parallel to an octahedral
diagonal. There were rregular conglomerations of erystals
of all shapes and sizes, from a roundish body to a regular
hedgehog-like mass.

The irregular parts of the crystals seemed to have been
those with which they were attached to their basis, which,
most likely, was the mucus.

Case of so-called oxaluria.

Observation 11.—A gentleman, thirty-five years of age,
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Owxalate of lime in decomposing urine.

Observation 13 —ﬁ sample of ordinary yellnw acid urine,
from a man enjoying average health, was put in an open
beaker, and allowed to stand in my laboratory during six
days of cool August weather. After the lapse of that time
the clond, which had settled on the day after it was passed,
and had not been microscopically examined, had increased
in density; and the urine had become turbid, :md covered with
a skim, in which there were some vegetable growths per-
ceptible.

The sediment, which was pulverulent, after being shaken,
always settled quickly to the bottom of the beaker. It con-
sisted of octahedra of the oxalate of lime, of very small
dimensions indeed, so that their true outline was only dis-
tinetly visible when perfectly in focus. Mixed with the
octahedral forms were irregular small prisms, and few crossed
prisms, The erystals frcqucutl]r appeared as if one side or
edge had been eaten out, or had not been perfectly formed.
Others were roundish, and corresponded to the lumpy masses
of pure artificial oxalate. Some small ellipsoidal bodies were
present.  Very minute animaleulie, or monads, were in con-
stant motion through the fluid, and appeared as gray, dark
points,

On seeing the oxalate sitting firmly on the particles of
mucus, as if it had been formed out of them, and seeing
only the free sides (planes, angles, and edges) perfectly
developed, the other portions turned towards the mucus
however always irregular, I could not help thinking that the
mucus might have a share in the production of the oxalate.

Crystals of Oxalate of Lime from Urinary Caleuli.

Though the greater proportion of the oxalate of lime
calculi have an amorphous or only crystalline texture, there
are some not very rare specimens, which on their surface are
covered with the most perfect erystals. Mr. Quekett kindly
afforded me an opportunity of closely examining several
such calculi contained in the museum of the Royal College
of Surgeons.

C. 34. Presented by Mr. Luke. A reddish brown calculus,
18 covered with white glistening erystals. They are Ucta.hed_la
the principal axis of which is not much shorter than the two
horizontal ones. The principal axis of the erystals averages in
length from about one fortieth of an inch to ome eightieth of
an inch.

C. 35. Presented by Mr. Luke. In this specimen the
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greenish octahedra are very flat, so that the principal axis is
not longer than about one third of one of the secondary axes.
‘The sides of the longest crystals measured one eighth of an
inch. They are so arranged on the surface of the calculus
as to present their lateral edges, the bodies of the crystals
being buried in the caleulus.

C. 1. Presented by Sir E. Home. This spherical caleulus
consists throughout of crystallised oxalate of lime. The
crystals are smaller, and some octahedra present appearances
as if their substance had been arranged in layers horizontal
to the principal axis. IHere and there the crystals are
flattened in the direction of the principal axis, and present
the appearance of square plates, sharpened at each of the
four sides by two octahedral planes.

Oxalate of lime from plants and animals coinecides in its
erystallographical characters with the specimens described in
the foregoing. All varieties of erystals which I have as yet met
with may be brought under one of the following forms :

Quadratic octahedron.—Primary axis always shorter than
secondary axes.

Crossed octahedra, or tropias, imitating the appearance of
crossed octahedra.

Quadratic octahedron and prism combined—The same
combination, to which a second prism is added.

Crossed prisms.

Triple twins, with tropia.

Modifications of crossed octahedra by a secondary twin
tropia, affecting the points of the octahedra.

Contortions and anomalies.—Dumb-bells, being prisms
with apposition of irregular matter to both octahedral ends,
the prismatic sides frequently to be distinguished.

Polarization of Oxalate of Lime.

I have already remarked that pure oxalate of lime can
readily be ascertained to possess the power of polarizing
light. But the ordinary oxalate of lime, the octahedra,
have a very faint polarizing power, which can only be brought
out fully by reflecting a ray of the sun through the erystal
lying between the two Nichol prisms, and excluding from
the eye every other light but that coming from the erystal
in the microscope. In Pl V, at the bottom of fig. 4, I have
represented a large crystal, as it appeared in polarized light.
The reader has only to supply by his imagination a bluish-
black field round the crystals in order to complete appear-
ances. The figure at the right-hand side represents the large
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crystal seen edgeways. The explanation of the fact that
the ordinary octahedra polarize very faintly seems to be that,
as they are very flat, their prinecipal axis i1s mostly stand_m*f
almost perpendmu.lm Now as a erystal pularues the less,
the more parallel with its principal axis are the rays of
polarized light passing through it, it is probable that the
octahedra polarize only little because the polarized light
passing through them is almost parallel to their principal
axis. This may be one reason, though no doubt others co-
operate in obscuring the polarization of light by these
erystals when ordinarily illuminated.

It is now clear that there is no optical reason for assuming
octahedra and dumb-bells to be made up of different mate-
rials. And as there is not a shadow of chemical evidence for
the supposition that the dumb-bells consist of oxalurate of
lime, they must for the present continue to be ranged
under the oxalate, with which, indeed, Dr. G. Bird proved
them to be identical by the five experiments intended to
show that they were oxalurate of lime.

Mode of determining the guantity of Ozxalic acid in Urine.

Oxalic acid, which may be present in the urine in a free
state, 1s transformed into a precipitate, by first adding to
the urine, previously neutralized by ammonia, some acetic
acid, and then a salt of lime, for example ehloride of calcium.
The precipitate, after sev eral hours’ or days’ standing, is sepa-
rated by decantation and filtration. The oxalate of lime
thus obtained may be transformed into the sulphate in the
manner deseribed at p. 199, or it may be analysed by Hempel’s
method, given at p. 200.

Pathological indications.

The presence of oxalic acid or any of its compounds in urine
may indicate that oxalic acid or any of its compounds has
been infroduced into the stomach, as an ingredient of food, as
a medicine, or as a poison. Though Wohler had long ago
proved that oxalic acid, when taken into the stomach, might
reappear in the urine, Schmidt and Lehmann!® both denied
that such was the case. As their doubts could not be allowed
to supersede the proofs of Waéhler, Buchheim® repeated the
experiments of the latter chemist, and had the satisfaction
of obtaining their confirmation in every instance.

' * Physiol. Chem.,’ Cavend. Edit., i,"p. 45.
# tArchiv f. physiol. Heilkunde," 1857.
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In the following I have given the original experiment of
Wihler, and the extensive analyses of Piotrowsky and Buch-
heim, as illustrations of the manner in which researches on
this and other subjects should be conducted.

Wohler made a middle-sized dog eat two drachms
of powdered oxalic acid mixed with meat and bread. After
the dog had been killed eight hours later, there were found
three ounces of urine in the bladder, which did not appear
to be more acid than usual. On the urine becoming cool,
there was deposited a considerable quantity of a white powder,
consisting of small erystals very much like triple phosphate.
On mixing the decanted clear urine with a solution of nitrate
of lime, another precipitate of a similar description, and in
the same quantity as the first spontaneous one, was obtained.
Both precipitates on examination were proved to be pure
oxalate of lime. They transformed into carbonate of lime
mixed with some charcoal, on exposure to red heat, did not
evolve any ammonia by heat or fusion with potash, were
quietly soluble in nitric acid, and again precipitated in a
crystalline state by ammonia. When heated with a solution
of carbonate of ammonia, carbonate of lime was formed,
and the filtrate on evaporation yielded a crystalline salt,
having all the properties of oxalate of ammonia. Besides
these ingredients, the urine contained a considerable quantit
of albumen. The precipitate obtained by nitrate of lime
most probably contained some phosphate of lime.

Piotrowsky, under Buchheim’s directions, has repeated
these experiments upon himself. In order to ascertain the
degree of accuracy with which oxalic acid in urine could be
determined quantitatively, the urine of twenty-four hours,
amounting to 9878 grammes, was mixed with a solution of
1'0 gramme of erystallized oxalic acid, which had before
been neutralized by ammonia. The mixture was evaporated
to one sixth of its original bulk, strongly acidulated with
acetic acid to keep phosphates in solution, and then had
some chloride of calcinm mixed withit. The precipitate, after
standing for several days, was collected on a filter, pressed
between bibulous paper, and dissolved in hydrochloric acid ;
from the solution urie acid was removed by filtration ; the
filtrate was neutralized with ammonia, and again acidulated
with acetic acid. The oxalate of lime thus obtained after
filtration and drying, at a temperature of 120° C. (248°F.),
amounted to 1'087 grammes, corresponding to 0931 grammes
of erystallized oxalic acid. The same proceeding was
adopted in the following experiments :
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A. Free oxalic acid.—I. Five grammes of crystallized oxalie
acid,in doses of 1 gramme each, were taken in the course of five
hours, and the urine was collected during twenty-four hours
from the beginning of the experiment. It was very turbid
after a few hours. When filtered it did yet contain some
salts of lime, showing that all the lime was not combined
with oxalic acid. The total quantity from the twenty-four
hours was 15885 grammes, and yielded 00418 grammes of
anhydrous oxalate of lime, corresponding to 0°4115 grammes of
crystallized oxalic acid, being 823 per cent. of the quantity
taken.

I1. Seven grammes of oxalic acid were taken in the course
of six hours. The thick, neutral urine, whose quantity was
14434 grammes, contained the oxalate of lime almost exclu-
sively in the shape of dumb-bells. After it had been eva-
porated, acidified, and left standing for several days, the
filtrate gave mo evidence of the presence of lime, but the
addition of chloride of caleium produced a fresh precipitate.
The first precipitate, free from water, amounted to 0:735
grammes, the second to 0-241 grammes, together correspond-
ing to 0961 grammes of crystallized oxalic acid, being
13:72 per cent. of the quantity taken.

ITI. Seven grammes of oxalic acid were taken, as in Exp.
II. The urine amounted to 1380°2 grammes ; the first pre-
cipitate to 0°766 grammes, the second to 0157 grammes,
together corresponding to 0909 grammes crystallized oxalic
acid, or 12:98 per cent. of the quantity taken.

IV. Eight grammes of oxalic acid were taken in the
course of several hours. The quantity of the aeid turbid
urine was 1513 grammes: that of the first precipitate 0-878
grammes ; that of the second 0'302 grammes, corresponding
to 1-162 grammes of oxalic acid, or 14-52 per cent. of the
quantity ingested,

B. Owxalate of soda.—V. Seven grammes of oxalic acid
were neutralized with carbonate of soda, and the solution
was evaporated to dryness. The salt thus obtained was
taken in six doses in the course of several hours. The quan-
tity of acid turbid urine voided in the subsequent twenty-
four hours was 1678'6 grammes. The spontaneous precipi-
tate amounted to 0759 ; the second, artificially produced one
to 0206 grammes, cﬂrrespandmg to 1039 grammes of
crystallized oxalic acid, equal to 14-84 per cent. of the quan-
tity taken,

c. Acid oxalate or binowalate of soda.—V1, Four grammes
of oxalic acid were neutralized with carbonate of soda. To the
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solntion four grammes of oxalic acid were added, and the
fluid evaporated to dryness. The residue was taken in
several doses. It created considerable thirst, and the quan-
tity *of urine rose in proportion to the amount of water
drunk, to 2976'3 grammes. The first precipitate weighed
0-883 grammes, the second 0'324 grammes, together corre-
sponding to 1°188 grammes of erystallized oxalie acid, being
14-85 per cent. of that taken.

p. Ozalate of lime.—V1I. Seven grammes of oxalic acid were
neutralized with ammonia, and precipitated with chloride of
caleium. The dried precipitate was taken by an individual
who had not served for any experiments with oxalic acid.
The urine amounted to 12154 grammes, was acid, somewhat
turbid, and made only a slight deposit, which, under the
microscope, consisted of erystals of oxalate of lime, and
amounted to 0105 grammes, corresponding to 0-1034 grammes
of oxalie acid, being 1477 per cent. of the amount ingested.
The urine did yet contain some lime in solution. In the
normal urine of the same person, which was collected a few
days afterwards, and amounted to 1264-4 grammes, no ap-
preciable quantity of oxalate of lime could be detected.

VIII. A second experiment was made with another indi-
vidual, whose urine under the microscope exhibited a few
scattered crystals of oxalate of lime, which could, however,
not be determined by weight ; seven grammes of oxalic acid,
in the form of oxalate of lime, were taken. The urine was
more turbid than in the former experiment, and yielded
0118 grammes of oxalate of lime, corresponding to 0-1162

es of crystallized oxalie acid, or 1:659 per cent.

The specimens of oxalate obtained in the last two cases
were each exposed to red heat, dissolved in dilute hydro-
chloriec acid, and treated with some chloride of barium. In
both an insignificant turbidity ensued, so that they could
have contained only very small quantities of gypsum.

The experiments show that large quantities of oxalic aecid
may be taken with impunity if taken in hourly, or otherwise
divided, doses. They do not militate against the fact that
oxalic acid, taken in doses of half a drachm to one or two
drachms af a time, is a deadly poison. They also prove that a
part of the oxalic acid in any form, taken in larger and repeated
doses, makes its reappearance in the urine, partly as oxalate
of lime, partly as a soluble oxalate ; but the larger proportion
of the oxalic acid taken disappears in the system, without
appearing in the urine as carbonate, in cases where the acid
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or neutral salt has been taken. The quantity of oxalic acid
passing into the urine is not different, if oxalic acid be taken
as such, or in combination with alkalies. But if taken in
combination with lime, only a small per centage of the oxalic
acid reappears in the urine, because the greater part of the
oxalate of lime passes unchanged through the intestines, and
is discharged with the fieces, as was proved by Magawley and
Buchheim! in two experiments. In two experiments with
oxalate of magnesia, this salt seemed to be decomposed in
the intestinal canal in larger quantity than the lime salt.
The quantity of lime in the urine after ingestion into the
stomach of oxalic aeid, or its salts, is neither increased nor

diminished.

The following table perspicuously exhibits the results of
the above observations :

| £ 5| 22 |ggs | 2g | B8
= 22z P A== | = o =]
= oS | 85 | g o =
E Form in which Oxalic Acid | S5+ S £ 5 TN, ES e
& was taken. - L £Z ¥
5 =$=| §2= | 8E%E| B e
& g 3| g5% | 258F| 53 | HE=
I 50 | 823 | 0418 |
IL : 70 | 1372 | 0735 | 0322 | 024
| 1ip. | *CHa0 + 4HO. 70 | 1298 | 0766 | 0335 | 0137
| 1N 80 | 1452 | 0878 | 0384 | 0302
| V. 9Na0, C,0,. 70 | 1484 | 0759 | 0332 | 0296
[, e } C,0,+2HO. | 80 | 1485 | 0883 | 0386 | 0324
| VIL 70 | 1477| 0105
Vi, | 2020 €405 - 4HO. { 70 | 1659| 0118 |
|

The presence in the wrine of any considerable quantity of
oxalic acid, in any form, for a longer period of time, during
which the ingestion of oxalic acid, in any form, into the stomach
was excluded, indicates the existence of a disorder, the nature
of which is, at present, entirely unknown. This disorder, to
which the names of oxalic acid diathesis and oxaluria have
been applied by systematic ontologists, has a great tendency
to the production of oxalate of lime concretions in the
urinary passages. It is not ascertained whether the oxalic
acid in these cases is formed in the cireulation, or only in the
urinary passages, by a peculiar kind of fermentation of some
normal or abnormal ingredient of the urine.

]IEE;M cit., p. 240. See further on this sulject, Orfila, * Toxicologie gén,” 1843,
iy
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Oxalate of lime is frequently found, in not very small
amounts, in the wrine of patienls recovering from severe dis-
eases.! Thus, Kletzinsky? examined the first urine, after the
attack, of three cholera patients, and every specimen con-
tained oxalate of lime. TIts guantity was ascertained by
collecting the deposit of oxalate and any precipitate produced
by a lime-salt on a filter, and, after washing, dissolving it in
hydrochloric acid. To the solution chloride of gold was
added, and the mixture boiled, until no further reduction
took place. From the weight of the brownish-violet, dieroie
precipitate of metallic gold, the gquantity of oxalic acid pre-
sent in solution was caleulated upon the basis of 31Au=
30 (C,0,+ HO).

The first urine of the first patient measured 457 cub. cent.,
and contained 278 milligrammes, or 06 per mille, of
oxalie acid.

The first urine of the second patient measured 460 cub.
cent., and yielded 58 milligrammes of oxalic acid, or 0-125
per mille. Thirteen ounces of urine contained three quarters
of a grain of oxalic acid.

The first urine of the third patient, 463 cub. cent., yielded
117 milligrammes, or 025 per mille, of oxalic acid.
Thirteen ounces contained a gram and a half of the acid.

The presence in urine of such small microscopical traces of
oxalate of lime, that their gquantity cannot be estimated by
quantitative analysis, is of no practical or pathological im-
portance. 'The question after their orgin is one of the
ereatest difficulty and the smallest use, and therefore 1 do
not propose here to discuss it.

The presence of oxalate of lime in the wrine may indicate
disease of the kidney, with which it is not rarvely associated.
The relations between the oxalate and the kidney disease
are, however, most uncertain. For, whereas the experiment
of Waohler shows that large quantities of oxalie acid passing
the kidneys may so irritate them as to produee the appearance
of albumen in the exeretion, it 1s not unreasonable to think
that, in some cases of disease or poisoning, a similar relation
might exist. But these investigations are surrounded with
many difficulties, which make speculation more than ordi-
narily dangerous.

The following case is one in which considerable quantities
of oxalate of lime were present in albuminous urine of a
patient, who sucenmbed to disease of the kidneys.

' Walsh, * Month. Journ. of Med. Science.,” Jan., 1849,
# 8. H. Flamm, * Cholera und Vergiftung,” Wien, 1856, p. 4,
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R. D—, ®t. 30, the wife of a policeman. She had been for some time under
the treatment of Dr. Smiles, and improved considerably. Her illness she dates
from the time of her last confinement, which was very severe, and caused pro-
lapsus uteri. About six weeks ago, the urine became turbid, and she got very
weak and thin; her feet swelled, her body emaciated, and the emaciation was
the more apparent as she was pregnant in the sixth month. She had an abscess
at the outer side of the middle of her left thigh.

Her tongue was very foul, covered with a thick, white fur, and yellowish-brown
in the middle. She had little appetite, and could not fancy anything. Her bowels
were regular. She was very thin indeed ; abdomen very prominent ; her feet were
excessively swollen, particularly so over the instep. The urine was turbid on
making, and became still more so on standing. She said it was dark, and like
Ilood sometimes. The abscess discharged a thin pus.

Urine of May 15th.—Loaded with the urate of ammonia. Reaction decidedly
acid. Specific gravity, at the temperature of the body, 1017, [t did not become
clear, but made a sediment, which became more apparent, and subsided more
readily to the bottom when the urine was mixed with twice its bulk of warm
water, and allowed to stand in warm water. The deposit, when examined under
a power of 400 diameters, consisted of an immense number of small erystals of
octahedral oxalate of lime, with which there was a certain proportion of small
and large dumb-bell-shaped crystals or bodies mixed up. Epithelial scales and
granular casts of the tubules of the kidneys were present in numbers, (See
Plate V, fig. 6.)

A part of the urine was then filtered and warmed, whereupon it became per-
fectly clear. On being now heated, it became slightly turbid, and on the addi-
tion of a few drops of nitric acid, the fluid became of a dark colour, and the
turbidity assumed the appearance of flakes.

B Mist, Ferri e. Quinin., ter die.

She states the guantity of urine to have been very small a few weeks ago, only
one or two table-spoonfuls having been passed at a time, and that not very
frequently.

May 19th.—I was summoned this morning to the patient, who during the night
had been attacked by sickness and vomiting. I found her perfectly prostrate,
crouched up in her bed, throwing her clothes about in a restless manuer. She
complained of pain at the back of her head and neck, of pain in her stomach,
and particularly across her loins. She was incoherent in her replies, grasping
the hand which was approached to feel her pulse. The latter was excessively
weak, respiration frequent, evidently blood-hunger, viz., there was more air in
the lungs than the heart could drive blood into them to absorb. The vomiting
had been very severe, and the retching had continued for several hours from two
o'clock last night. [ saw the colour of bile on her night-gown.

In the afternoon she had got worse, being apparently unconscious, and only
at intervals recognising her relatives. Her limbs were in a constant spasmaodic
action, like severe fidgets, and the levatores angulorum oris were in that peculiar
spasmodic action, which constitutes a feature of the sardouie grin, or of incipient
tetanus. Pulse weak, irregular; extremities cold.

She had twice made water that day. Both specimens intensely acid, con-
tained abundance of octahedra and dumb-bell erystals, casts, and albumen.

She died in the evening.

Post-mortem exvamination, May 20th, afternoon.—I was assisted by Mr. J. Paul,
the resident medical officer of the St. Pancras Royal General Dispensary. The
emaciation of the body was extreme, a skeleton covered with parchment, Ab-
domen very prominent; dry sore at the outer sidé of the middle of left thigh;
feet somewhat cedematous, particularly over instep. Slight rigor mortis.

The pericardium, which contained some serum, was then opened. All the
blood-vessels going from or to the heart were then ligatured twice. The heart
was then removed, and both sides were emptied of their contents in such a
manner as to keep venous and arterial blood separate. Both were fluid, and of
a dark crimson-lake colour. There were some fibrinous coagula in the cavities
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of the heart, having the appearance and colour of the yellow fat of hot roast-beef,
The heart itself was excessively thin and flabby, brownish-red, and the tissue in
a sort of broken-up condition, a degeneration in which the museular fibres divide
into the elementary fibrils, which appear at the broken end of a fibre like the
hair on the end of a painting brush. There was some fatty and some other
granular matter, besides numerous nuclei deposited in the substance of the
fibres; the heart was very tearable. The lungs were then taken out, after the
blood from their veins and that from the upper cava had been collected sepa-
rately, being taken with spoons out of the pericardium. This too was very thin,
and perfectly fluid. The lungs appeared sound in structure, with the exception
of a few hard nodes on the tops, particularly the left top, which appeared like
contracted scars of healed-up cavities. Some few small tubercles were present.
With these exceptions, the lungs themselves were sound in structure ; but they
gulihered to the thorax. The thoracic sorta was somewhat filled with fluid
ood,

The stomach contained some medicine, port wine, and mucous matter; the
small and large intestines presented nothing peculiar. The liver was large, and
showed signs of hepatic venous congestion (nutmeg liver). It was taken out
with all its vessels ligatured, to retain the blood in the organ. The spleen and pan-
creas showed nothing particular. The kidneys were of ordinary size, perhaps, a
little thicker than usual, In the pelvis, they contained a smeary mass, covering
the pyramids and lining, consisting of tubular epithelium and casts, fatty matter,
and softened epithelinm of the calyeces. But no trace of oxalate of lime erystals,
either in dumb-bells or octahedra, could be discovered. On a seetion of the
kidneys being made, they exhibited several of their pyramids in fatty degene-
ration and atrophy, an appearance which was verified by the microscope. The
tubular epithelium was fatty, The Malpighian corpuscles were normal in size
and condition, and their numbers did not seem to be diminished, except,
perhaps, over the fibrous parts, where they could not be detected.

The womb contained a feetus of four months. Some of the liquor amnii was
collected, as also some of the blood of the feetus,

There was no stone in the bladder, of which also there had been no symptoms
during life.

The blood showed a degree of leukocythosis, a large excess of white blood.
corpuscles being present. After two days’ standing in the corked bottles
it coagulated, and permitted the clear serum to be decanted from the cake.
This fact deserves attention, for the cases in which fluid blood is found in thé
great vessels (heart included) not being rare, and there being frequently no
opportunity for letting a sample of the blood stand for a day or two, in order to
test it upon its coagulability, the blood may easily be put down as absolutely
not coagulable, while the coagulation is only delayed by the peculiar condition
of the fluid, and takes place much as usual, only after a certain lapse of time.

The decanted serum was dried in the water-bath, and preserved in a well-
corked bottle for futare examination. Another gquantity of blood, that contained
in the ascending cava, the hepatic veins, and the portal vein, was mixed with
water before it had time to coagulate ; this contained fibrine, serum, and blood-
corpuscles in solution. This was immediately subjected to chemical analysis,

The bile, gall-bladder, or its mucus and mucous membrane, showed no traces
of oxalate crystals, even after several days’ standing, and repeated examinations.

There were no crystals in the liguor amnii, nor in the muecus from the surface
of the child, the inner surface of the womb, nor in the meconium, which had
passed into the liguor amnii. In short, in no part of the body (bladder un-
examined) were any crystals detected. 1 was induced to this examination by u
statement of C. Schmidt, who found the oxalate octahedra in the womb and

I-bladder of sertain cases.

The analysis of the blood, which was conducted with great care, and which it
would serve no purpose here to detail, yielded no evidence of the presence of
oralic acid,

24



370 OXALIC ACID,

Concretions of Oxalate of Lime.

Sand and gravel.—Small concretions of oxalate of lime of
the size of uric acid sand (see p. 110), are rarely, if ever met
with. But there is a variety of oxalate of lime coneretions,
of small size, pale colour, and smooth surface, and usually
containing some urate of soda. They are most frequently
found in the calyces of the kidneys, and being many in num-
ber they exhibit the effects of prolonged attrition. These
concretions, termed hemp-seed caleuli, or gravel, are not
seldom passed by elderly persons after severe nephritic
attacks characterising the passage through the ureters of
coneretions,

Renal concretions of oxalate of lime are frequently of a
very large size, particularly when urie acid has supervened.
Aeccording to Prout, the pain and derangement caused by oxa-
late coneretions in the kidneys usually assume different
characters from the pain and derangement attending lithie
acid concretions., The pain is generally of a more acute
character; and though principally referred to a particular
spot over the region of the kidney, is often discursive,
and shoots in the direction of the ureter, epigastrium, or
shoulder.

The same author observed, that renal hwemorrhage, re-
ferable to concretions, had become very much more frequent
after two epidemics of cholera in London. It remains to be
ascertained, whether the oceurrence of oxalate of lime in the
urine of cholera patients had any share in the production of
these concretions,

Caleuli of Owxalate of Lime.

The purest coneretions of oxalate of lime are the white
crystallized variety, of which 1 have already noticed three
specimens preserved in the Museum of the Royal College of
Surgeons. Such a calculus is represented by Prout, on
Plate V, fig. 7*. The mode in which the large crystals are
deposited on these caleuli, leaves no doubt of their having
been formed in the bladder from a solution of oxalie aeid
and lime. On a section, these and the crystalline calenli
exhibit peculiar erystalline fibres, running from the centre in
irregular curved lines towards the periphery, and mostly
ending in the projections which give these calcali their
peculiar uneven surface. Though layers may be distinguished,
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yet they are not so distinct, nor so regular, as in the urie
acid concretions,

The peculiar tuberculated surface of the smaller variety of
the oxalate of lime concretions has caused the name of mul-
berry caleuli to be applied to them.

The colour of those oxalate of lime caleuli which are of
more frequent occurrence than the white erystallized variety
is generally deep brown, sometimes approaching to very dark
olive-green. This olive-green shade is also exhibited by
most microscopical erystals.  In some calenli the eolour be-
comes brownish-black. These caleuli are mostly very hard.

Layers of Ozxalate of Lime in alternating and mived caleuli.

The most simple alternating caleulus to be here con-
sidered is an oxalate of lime stone, with a crust of phosphate
of lime, or mixed phosphates. This phosphatic erust is the
produce of the decomposition of urine caused by the pre-
sence of the caleulus in the bladder, it is the consequence of
mechanical disease. Caleuli, in which a nucleus of the oxa-
late, however large, is surrounded by a body of uric acid,
suggest a different history. Here, the condition of the urine,
which gave rise to the oxalate coneretion, must have changed
into the acid fermentation. The reverse is the case in cal-
culi having a uric acid nucleus, and one or more layers of
oxalate of lime. A nucleus of oxalate of lime may be sur-
rounded by a mixed body, generally consisting of oxalate of
lime, uric acid, and urates, rarely of cystine and phosphates.
Most mixed calculi, or mixed layers of alternating caleuli,
contain smaller or larger quantities of oxalate of lime.

Chemical characters of Oxalate of Lime concretions.

The powder of such a coneretion is not affected by acetic
acid ; dilute mineral acids, however, dissolve it without
effervescence. From the latter solution it is precipitated by
an excess of ammonia. A small piece of the concretion
heated before the blowpipe, at first becomes black, from the
admixture of a variable, but always small, guantity of organic
matter, mostly urates and epithelium. It then becomes
white, and ultimately leaves a bulky residue, which when
moistened with water exerts an alkaline reaction on red
litmus paper, and effervesces with acids. The residue is
therefore carbonate of lime, with an admixture of caustic
lime.
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Statistics of Owalate of Lime concretions.

The general proportion of calculi into the nucleus of
which oxalate of lime largely enters, in all the museumns, is
as 1:41; which is equivalent to saying, that if a mulberry
stone had not been formed and detained in the bladder, two
persons out of about nine who suffer from calculus would
not have been troubled with that affection. The general
proportion of caleuli consisting essentially of oxalate of lime
to all other caleuli is as 1 to 15. The ratio in which in
alternating caleuli the oxalate of lime succeeds to uric acid,
is as 1 to 15 ; on the contrary, the ratio in which urie acid
succeeds to oxalate of lime is as 1 to 13/%. Hence the
alternation of the two ingredients may be considered as
nearly equal. The oxalate of lime succeeds to the urate of
ammonia more frequently than to uric acid. Thus the ratio
in which the oxalate of lime succeeds to the urate of am-
monia is 1 to 93. On the contrary, the ratio in which the
urate of ammonia succeeds to the oxalate of lime, is only as
1 to 38; a very striking distinction. The phosphates suc-
ceed to the oxalate of lime in the proportion of 1 to 74, and
the proportion in which the oxalate of lime succeeds to the
phosphates 1s as 1 to 253 only. (Prout.)
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of tartaric acid, 8 parts of sour milk, ! part of old cheese,
and 3 parts of levigated chalk, are mixed with 26 parts of
water and exposed to a temperature of 32° C. (90° F.) In
the course of ten or twelve days the mixture is transformed
imto a semisolid mass of lactate of lime. This is hoiled with
20 parts of water and J;th part of caustic lime; the mixture
is filtered while boiling hot, and then gently evaporated.
From the concentrated solution lactate of lime in granules 1s
obtained after some days’ standing. The salt is collected in
a calico bag, and pressed in several folds of linen, to free it
from the mother-liquor. Tt is then again dissolved in twice
its weight of water, and decomposed with 5 parts of sul-
phuric acid. The precipitated gypsum is removed by filtra-
tion, and the acid fluid saturated with 4%ths of carbonate of
zine. The crystallized zine salt is then decomposed by sul-
phuretted hydrogen, and the filtrate is evaporated by heat,
lastly in vacuo. The lactic acid thus obtained may be fur-
ther purified by solution in ether.

Liebig’s method of obtaining lactic acid from the juice of
flesh.—The mother liguor from which creatine has crystal-
lized, is evaporated a little more, and then gradually mixed
with small portions of aleohol, until it assumes a milky tur-
bidity. After a few days’ standing the inosinates have erys-
tallized. The mother-liquor from this erystallization is again
evaporated in the water-bath, and the residue treated with
aleohol, which dissolves all the lactates. The solution is se-
parated from the insoluble syrup, and the alcohol is evapo-
rated to a syrupy consistence. This syrup is now mixed
with an equal volume of dilute sulphurie acid (composed of
one volume of concentrated acid and two volumes of water),
or with a solution of oxalic acid of equal strength; of the
latter so much must be added that a crystalline precipitate
ensues. The mixture 1s immediately treated with three or
four times its volume of aleohol. The sulphates and oxalates
are therehy precipitated, lactic acid remaining in solution.
To this solution ether is added, until the addition of a new
portion does not produce a fresh turbidity. The precipitate
is separated from the fluid by filtration, the filtrate freed
from aleohol and ether by distillation and evaporated on the
water-bath to a syrupy consistence. This syrup is mixed
with half its volume of alcohol, and then five times its volume
of ether is added, whereby an almost pure solution of lactic
acid in ether is obtained. The ether is evaporated, the
residue is treated with milk of lime ; the lactate of lime ob-
tained after filtration and evaporation is washed with aleohol,
and by re-crystallization, and, if necessary, treatment with
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animal charcoal, is obtained perfectly pure. From it lactie
acid may be obtained as above.

Mode of ascertaining the presence of Lactic acid in Urine.

The urine is evaporated on the water-bath to a syrupy con-
sistence, and the residue treated with an alcoholic solution
of oxalic acid. Oxalate of lime, potash, soda, and urea, are
therehy precipitated; the solution contains hydrochlorie,

hosphorie, and oxalie acids, and, if any be present, lactic acid,

his solution is now treated with an excess of hydrated
oxyde of lead, and the precipitate of chloride, phosphate,
oxalate, and the excess of the oxyde of lead is separated from
the fluid by filtration. The fluid, containing lactate of lead,
is treated with hydrothion, and the filtrate after boiling with
oxyde of zinc and filtration, on evaporation and standing,
vields crystals of lactate of zine. From this different salts,
or the acid itself, may be prepared.

In consequence of the extremely minute quantities of
lactic acid to be obtained from the animal fluids, Lehmann
adopts the following method, with a view of studying the
forms of the different salts under the microscope. The im-
pure lactic acid from the alcoholic extract of the matters
treated with sulphuric or oxalic acid, is treated with baryta
water, and the excess of the baryta removed by carbonic
acid ; the solution of lactate of baryta is evaporated to the
consistence of a syrup, treated m:f: alecohol, filtered, again
evaporated, and then allowed to stand for some time, in order
that any other baryta salts may crystallize. If butyrie acid
were present in the urine, it would at this stage be obtained
from the solution. The filtrate, or, if there was no crystalli-
zation, the fluid, is dissolved in water, and decomposed with
a solution of gypsum ; the fluid from which the sulphate of
baryta has been removed by filtration is strongly concen-
trated, and, on examining it under the microscope, the
double brushes of lactate of lime may be easily distinguished
from the crystals of gypsum. On dissolving these crystals of
lactate of lime in aleohol, and adding sulphate of copper to
the alcoholie solution, the fluid, after standing for some time
(in order that the excess of sulphate of copper and the gypsum
that is formed may separate as completely as possible), is
evaporated so as to erystallize, and the erystals of lactate of
copper are then microscopically examined. If, by the above
process, we do not obtain distinet and measurable crystals,
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we must dissolve the residue in a little water, and, after boil-
ing it to remove any butyric acid that may yet remain be-
hind, filter and concentrate it. Into this concentrated
solution of lactate of copper a small bar of zinc is placed.
The zine soon becomes covered with crystals of lactate of
zine, which may be identified under the microscope. If an
accurate crystallometric investigation cannot be instituted,
we must precipitate the solution of the zinc salt with a boil-
ing solution of protochloride of tin, and allow it to stand for
some time; on then making a miecroscopical examination, we
shall find clusters of crystals, in groups of thick rhombic
plates, lying close upon each other. The demonstration of
the different salts may thus serve to show the presence of
lactic acid. If there be sufficient material, the atomie weight
may be determined. But where all the above proofs are
present, an elementary analysis will hardly be required.

Physical and Chemical properties.

Lactic acid is a colourless, syrupy liquid, of a strongly
acid taste. Its specific gravity is 1'215. It is soluble in
any proportions in water, alcohol, and ether. When its
solution in water is heated, a part is volatilized with the va-
pours of water ; the greater part of the acid, however, remains,
and, at a temperature of 130° C. (266 °F.), loses two equivalents
of water, and is thereby transformed into the anhydrous
modification, which on cooling solidifies into a firm, yellow-
ish mass. This fuses already at a temperature below 100° C.
(212° F.); when boiled with water, it becomes again con-
verted into the ordinary hydrated lactic acid. 1f the acid is
heated to 260° C. (500° ¥.) the loss of four equivalents of
water transforms it into lactide (C,,HO,). This substance
occurs as a sublimate, and from its alcoholic solution crystal-
lizes in white, glistening, rhombic plates. When kept in
contact with water for some time, it is also converted into
lactic acid. On being heated rapidly, lactide is decomposed
into aldehyde and carbonic oxyde, according to the formula

C,H,0,=2(C,H,0,) + 4CO.

This has led to the conclusion, that lactic acid might be a

copulated compound of aldehyde and formic acid, according
to the forlnula

C.H,0,,=2(C,H,0, + C,H0,).

When lactic acid salts are left in contact with putrefying
bodies at a temperature of from 80° to 85° C. (86° to 95° I.)
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the acid is transformed into butyric acid under evolution of
carbonic acid and hydrogen, according to the formula

2Ca0 . C,H,0,,+ HO
= Ca0 . C;H,0, + Ca0O . CO, + 4H + 3CO,.

Compounds.
With bases lactic acid forms neutral salts of the composition

and acid salts of the composition
MO " HO : CIEHWOWJ or C|2:E[moa}0
HM |-+

There are also some basic salts.

Lactate of lime, 2Ca0 . C,H,,0,, + 10 HO, crystallizes in
granular masses, which under the microscope present a
radiary arrangement of needles, and are little soluble in eold
water and aleohol, but soluble in all proportions in these
fluids at the boiling heat.

Lactate of zinc. 24n0O . C,H,jO,, + 6HO.—This salt is
soluble in 58 parts of cold and 6 parts of boiling water.
From such a concentrated hot solution it erystallizes easily
on cooling in form of four-sided prisms, with oblique termi-
nal planes,

Lactate of copper. 2000 + C,,H,,0,, + 4HO.—It crys.
tallizes in sky-blue little warts, and 1s soluble in water and
alcohol.

The lactates obtained from the juice of flesh exhibit some
differences from the lactates obtained by other proceedings,
which has led to the conclusion that there are two modifica-
tions of lactic acid present in the respective salts, the one
from flesh being a monobasie, the other, obtained by the fer-
mentation of sugar, being a bibasie acid. It has been sug-
gested that the former might be composed according to the
formula C,H,O,.

Lactate of lime from the juice of flesh is very similar to the
ordinary lactate of lime in its external appearance. It con-
tains, however, only 8 equivalents of water of crystallization.
It is also less soluble in water than the ordinary salt.

Lactate of zinc from the juice of flesh contains only 4 equi-
valents of water, and is much more soluble in water and
alcoliol than the ordinary lactate of zine.
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Pathological indicalions.

I have already mentioned the most important circum-
stances, normal and pathological, under which lactic acid is
found in varions parts of the economy. Its occurrence in
urine is extremely variable, according to Lehmann,! upon
whose researches I have mainly relied in this paragraph.

In all cases where the supply of lactates to the blood is very
great,—whether this depends on an eveess of acid being formed
in the muscles, or on the use of a diet tending to produce if, or
an imperfect process of oxydation in the blvod,—lactic acid may
be detected in the urine. Hence in the urine of the same indi-
vidual, lactic acid may on one day be present, and on another
absent. In the urine of many persons, no lactic acid can be
detected ; and in the urine of others again (especially of per-
sons who, in consequence of repeated catarrhs, suffer from
partial relaxation of the pulmonary tissue), it is constantly
present. Stall-fed animals, living on amylaceous fodder, ex-
crete lactic acid by the kidneys, while under other condi-
tions this acid cannot be detected in their urine. In most
febrile diseases lactic acid may be recognised in the urine.

Urine containing a considerable quantity of oxalate of
lime almost always contains some lactic acid at the same
time. Scherer? and Marchand? have sometimes observed a
considerable amount of lactic acid in the urine of rachitic
children, and Lehmann noticed it in the osteomalacia of
adults.

If urine is to be examined for lactic acid, it must be quite
fresh. Tor, since it has been shown by Scherer that, on ex-
posure of urine to the atmosphere, there occurs a gradual
augmentation of the free acid, which is mostly lactic acid, it
might be possible to mistake a produce of the first stage of
the acid fermentation of urine for a produce of the organism.
Diabetic urine produces lactic acid very quickly and in large
quantities. Now, as all urine contains indican, which under
certain circumstances may be transformed into sugar and
other products, the formation of lactic acid in any urine is
possible ; in this way also, the occurrence of acetic acid in
all putrefied urine seems to find an explanation. It is also
probable that the butyric acid found onee or twice in urine
was a product of the further decomposition of a lactate.

! * Physiol. Chemistry,” Cavendish Soc. Edit., vol. i, p. 92, et seq.
? * Untersnchungen zur Pathologie,’ p. 74, ct seq.
* ¢ Lehrbuch der Physiologischen Chamu,, p. 105,






CHAPTER XLIV.

UROPHANIC ORGANIC ACIDS.

Uxper this head T wish to bring to the notice of the
reader a series of organic acids which never appear in the
urine as products of the organism, but as substances simply
passing through the body without undergoing destruction.
Of some acids only a small proportion reappears in the urine,
after the ingestion of large doses into the stomach. The
same acids when introduced in small quantities are entirely
oxydized in the body, and their salts appear in the urine as
the carbonates of the respective bases. In this sense, oxalic
and lactic acid, as we have already seen, may sometimes be
called urophanic acids. But as they may be products of a
morbid process of the organism as well, they do not exclu-
sively belong under this class, and have therefore been treated
of separately. Besides the acids which may be totally oxy-
dized in the body, or of which a small proportion only may
appear in the urine, we have to notice acids of which the
entire amount appears either unchanged, or partially changed,
or combined. Gallic acid seems to pass unchanged through
the body ; tannic acid is transformed into gallic and pyro-
gallic acid ; salicylic acid, imitating benzoic acid, combines
with glycocoll, and appears in the urine as salicyluric acid.
The occurrence of these substances in urine is mostly acci-
dental, and dependent upon the inspiration of some experi-
menter, only one or two being administered as medicines.

It would be exceeding the limits of usefulness of this
treatise, were I to give the chemical properties of all the
acids in detail, together with the methods by which they are
detected in the urine. The older facts are therefore summarily
given ; the newer ones, however, I have given a little more
extensively when relating to substances of importance.
These remarks I wish also to apply to the manner in which
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the other chapters on urophanic substances have been
treated.

The first extensive researches on the changes which sub-
stances introduced into the stomach undergo or not undergo
before they reappear in the urine, were instituted by Wohler.!
Many urophanic substances were investigated by Wohler and
Frerichs? conjointly, and by Heller and Kletzinsky, who con-
tributed many papers in the six volumes of Heller’s ¢ Archiv.’
The rest of the observations were made by sporadie observers,
whom I shall have an opportunity of quoting under the
several articles,

1. sUCCINIC ACID.

Formula: 2HO . C;H,O,, or C.H,O, 0
41‘[2} 4

Suceinie acid was found by Wohler in the urine of a dog,
to whom he had given half a drachm of the acid.
Kletzinsky® also found succinic acid in the urine when he
had taken a salt of it. Buchheim, on the contrary, could
never find any trace of succinic acid in the urine, no matter
whether it was taken in the form of salt or free, and in large
quantities. The amount of hippuric acid was, however, found
to be considerably increased, an observation also made by
Dr. W, Kiihne.4

2. MALIC ACID,

Formula: 2HO . C;H,O,, or CBH_IDE‘].D
Ho ™%

Magawly took 30 grammes of neutral malate of lime,
and in another experiment the same guantity of a mixture of
neutral and acid malate of lime. In both cases the urine
was normal and acid, and contained no trace of malic acid.

1 Tiedemann and Treviranus, * Zeitschrift fiir Physiologie,” vol. i, p. 125.
2 ¢« Ann. d. Chem. und Pharm.,” Ixv, p. 335.

3 Heller's * Archiv,’ vol. vi, p. 95.

4 Virchow's * Archiv,” vol. xii, 1857, p. 400.
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3. TARTARIC ACID.

Formula: 2HO . C;H,0,,, or C,;IIJUE}U
H,

4

Occurrence.

This acid occurs in young wines in the form of potash salt.
As it is never a product of the organism, it can only occur in
the urine after ingestion into the stomach. It is therefore a
merely accidental ingredient of urine, without any patholo-
gical significance. Its physiological bearing is however im-
portant, and I therefore thomght it useful to record the
following experiments on its reappearance in urine after in-
gestion.

Experiments on the reappearance of Tartaric acid in Urine
after ingestion into the stomach.

Wihler caused a dog to eat two drachms of powdered tar-
taric acid, mixed with bread and meat. The dog was killed
six hours later. The bladder contained four ounces of urine,
which on cooling deposited a large quantity of small white
crystals, similar to oxalate of lime in the first experiment,
with oxalic acid. By precipitation of the urine by means of
nitrate of lime, another quantity of the same precipitate was
obtained, which, together with the first one, amounted to
more than half a drachm. On exposure to red heat the preci-
pitate evolved the peculiar odour of burning tartrates, and
left a residue of carbonate of lime mixed with some charcoal.
Having observed oxalic acid pass into the urine, Wohler be-
lieved the tests just detailed to be sufficient ev idence of the
presence of tartaric acid, in the form of tartrate of lime.
The urine was more than usually acid, and contained no
albumen.

Of the tartrates, Wohler experimentalised with tartrate
and bitartrate of potassa, tartrate of potassa and boracic
acid, tartrate of potassa and soda, or Seignette salt, all of
which, when taken in doses from one to three drachms,
made the wurine alkaline. When cream of tartar had
heen taken, the urine contained no tartarie acid while it
was alkaline, but on again becoming acid, the acid eould
easily be detected by adding to the urine some nitrate of
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lime, which would cause a precipitate of tartrate of lime to
be recognised as a tartrate by the peculiar odour on burning.

The precipitate obtained by Wohler must have contained
phosphate of lime. The test for tartaric acid by the odour
of the burning salt is also not always sufficiently character-
istie, being masked by the odour of adhering urinary matters.
For this reason, Buchheim adopted the following proceeding
for discovering tartaric acid in urine. A day’s urine,
amounting to 1010-3 grammes, was mixed with one gramme
of tartaric acid, previously neutralized by ammonia, and the
mixture treated with chloride of calcium and ammonia. The
precipitate formed hereby was quickly removed by filtration.
It consisted of phosphate of lime, and did not contain any
tartrate of lime. The filtrate was evaporated to !;th or /;th
of its bulk and put aside for six or eight days. The precipitate
which had formed after the lapse of that time was separated
by filtration, washed, dissolved in dilute hydrochlorie acid,
which left the greater part of the sulphate of lime undis-
solved ; the solution was next nentralized with ammonia and
acidulated with acetic acid until the precipitate produced by
the ammonia had disappeared. After the lapse of six or
eight days, the tartrate of lime, which is very little soluble
in acetic acid, had crystallized in large and small crystals.
They were dried at 100° C. (212° F.) and weighed, and in
this case amounted to 1'212 grammes, corresponding to 0-699
grammes of erystallized tartaric acid, instead of 10 gramme
originally added to the urine.

A. Free tartaric acid.—i1. Buchheim took repeated two- or
three-gramme doses of tartaric acid, at intervals of half an hour
each. After having taken about ten grammes, bhorborygmi
made their appearance, and when 196 grammes had been
used a fluid motion of the bowels oceurred, followed by two
others a little later, The fluid fieces contained alkaline
carbonates, but no tartaric acid. The urine from twelve
hours amounted to 10476 grammes, and yielded 0-604
grammes of tartrate of lime, corresponding to 0-349 grammes
of crystallized tartarie acid, or 1'78 per cent. of the amount
taken.

11. Piotrowsky took 200 grammes of tartaric acid in the
course of twelve hours. There were borborygmi, but no
motions. The urine from twenty-four hours amounted to
9962 grammes, and yielded 0-653 grammes of tartrate of lime,
corresponding to 0-377 grammes of erystallized tartaric acid,
or 1'88 per cent. '
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111, The same gentleman took 30°0 grammes of tartaric acid
in the course of fifteen hours. The urine had quite the or-
dinary appearance, and amounted to 1241'7 grammes. After
removal of the phosphates, some crystals of tartrate of lime
appeared on evaporation. The total of tartrate of lime ob-
tained amounted to 1'138 grammes, or 3:79 per cent.

1v. 30'0 grammes, taken in larger doses and at shorter in-
tervals, caused relaxation of howels. The feces were as in
Experiment 1. The urine, 1140°3 grammes, was of ordinary
condition, and yielded 1'702 grammes of tartrate of lime,
corresponding to 0°982 grammes of tartaric acid, or 3-27
per cent.

v. Another individual took 10°0 grammes of tartaric acid.
The urine amounted to 2123'6 grammes, and was as usual.
The quantity of tartrate of lime found was 0254 grammes,
corresponding to 0147 grammes of tartaric aeid, or 1'47
per cent.

vi. A woman, forty-five years of age, suffering from erysi-
pelas of the right forearm, took 100 grammes of tartarie
acid in several doses. The mnormal urine weighed 8512
grammes, and yielded 0°496 grammes of tartrate of lime, cor-
responding to 0-286 grammes of tartaric acid, or 286 per cent.

vii. Piotrowsky took 50 grammes, divided in three doses.
The urine, 963°4 grammes, had a strongly acid reaction. It
yielded 0'164 grammes of tartrate of lime, or 0°095 grammes
of crytallized tartaric acid, or 189 per cent.

viir. Of 20 grammes of the acid taken in small doses in
the course of ten hours no trace reappeared in the urine.

Bitartrate of potash.—ix. 450 grammes of bitartrate were
taken in three portions, at intervals of four hours. The
urine became alkaline only after the last dose, and so strongly
alkaline as to cause violent burning in the urethra on being
passed. The total quantity of urine amounted to 1251-7
grammes, and was strongly alkaline, so as to effervesce on
the addition of acids. There were obtained 0623 grammes
of tartrate of lime, equal to 0'359 grammes of t