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age of chlorin by weight is about one-twelfth the bulk
percentage. 

TABLE FOR THE ESTIMATIO OF CHLORIDS AFTER 
CENTRIFUGATION 

Showing the bulk-percentage of silver chlorid (AgCI) and the correspond
ing gravimetric perceutages and grains per fluidounce of sodium chlorid 
(NaCl) and chlorin (Cl). - (Pu rdy.) 
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Bulk-percentage to be read on the side of the tube. 

0 

8 
~ 

0 

3-02 
3-22 
3·4 
3-6 
3·79 
3·97 
4-16 
4-35 
4·54 
4-73 
4-92 
5- II 
5· 29 
5-<19 
s-67 
5.86 
6.o6 
6.24 
6.43 
6.62 
6. I 
J.O 
7-I9 
7-J8 
7-56 

2. Phosphates.- Pho phate are derived largely from 
the food only a mall proportion re ul ting from metab-
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olism. The normal daily oulpul of pho phoric acid is 
about 2.5 to 3·5 gm. 

The urinary phosphate are of two kind : alkaline, 
which make up two-thirds of the whole, and include the 
phosphates of sodium and potassium; and earthy, which 
con titute one-third, and include the pho phate of cal
cium and magnesium. Earthy pho pha tes are fre
quently thrown ou t of solution in neutral and alkaline 
urines, and as " amorphou phosphates " form a very 
common sediment. This ediment eldom indicates an 
excessive excretion of phosphoric acid. It i u ually 
merely an evidence of diminished acidity of the urine, or 
of an increa e in the proportion of pho phoric acid elimi
nated a earthy phosphates. This form of "phospha
turia " i most frequent in neura thenia and hy teria. 
When the urine undergoes ammoniacal decomposition, 
some of the ammonia set free combine with magne ium 
phosphate to form ammoniomagne ium pho phate 
(" triple phosphate"), which is depo ited in typica l 
cry talline form (p. 148). 

Excretion of pho phate i increased by a rich diet; 
in acti,·e metabolism· in certain nervou and mental di -
orders· in leukemia; and in phosphatic diabete , an ob-
cure disturbance of metaboli m (not related to diabete 

mellitu ) which is as ociated with an increa e in the out
put of pho phate up to ro am. or more in twenty-four 
hour . Pho phate are decreased in chronic di ea e 
n·ith lon·ered metabolism; in hepatic cirrho i and acute 
yellow atrophy · in pregnancy, on·ina to developing 
fetal bone · and in nephriti , owina to kidney imper
meability. 

Qua11titati'L•e estimation doe not furni h much of 



88 THE URI~"E 

definite clinical value. The centrifugal method 1s the 
most convenient. 

T ABLE FOR THE ESTIMATION OF PHOSPHATES AFTER 
CENTRIFUGATIO~ 

Sho?.l!iug bulk -perceJ:tcgcs of uranyl phosphate (.H[ U0 2]P0 4 ) and " " cor
responding gnruimclric percentages and grains per ounce of phosphoric 
acid (P,O;) .- (Purdy.) 
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Bulk-percentage to be read from gradu::tlion on the side of the tube. 

Purdy's Centrifugal M ethod.-Take ro c.c. urine in the 
graduated tube, add 2 c. c. of so per cent. acetic acid, and 3 c.c. 
of 5 per cent. uranium nitrate solution. Mix ; let stand a few 
minutes, and revolve for three minute at 1200 revolutions. 
The bulk of precipitate is normally about 8 per cent. The 
percentage of phosphoric acid by weight i , roughly, one
eighty-fifth of the bulk-percentage. 

3. Sulphates.- The urinary sulphate are deriYed 
partly from the food, e pecially meat , and partly from 
body metaboli m. The normal output of ulphuric acid 
is about 1.5 to 3 gm. daily. It i incrca ed in condi-
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tions associated with actiYe metaboli ·m , and in general 

may be taken a a rough index of protein metabolism . 
Quantita tive e timalion of lhe total sulphate yield 

little of clinical value. 

Purdy's Centrifugal Method.- Take ro c. c. urine in the 
graduated tube and add barium chlorid solution to the 
r 5 c. c. mark. This consi ts of barium chlorid, 4 parts; 
strong hydrochloric acid, r part; and distilled water, r6 

part . Mix ; let stand a few minutes, and revolve for three 
minutes at r2oo revolutions a minute. The normal bulk 
of precipitate is about o.8 per cent. The percentage by 
weight of sulphuric acid is about one-fourth of the bulk
percentage. 

TABLE FOR THE ESTIMATION OF SULPHATES AFTER 
CE TRIF GATION 

SlrowiHg the bulk-percentages oj barium sulphate (BaS0 4) and tlze cor
respondin"g gravimetric percentages aud grains per fluidouHce oj sul
phuric acid (503 ).--(Purdy.) 
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Bulk-percentage to be read from graduation on the side of the tube. 

About nine-tenth of the sulphuric acid i in com
bination "-ith nriou mineral ub tances, chiefly odium 
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potas ium, calcium. and magnesium (mineral or pre
fanned sulphates) . One- tenth is in combination with 
certain aromatic substances, which are mostly products 
of albuminous putrefaction in the intestine, but are de
rived in par t from destructive metabolism (conjugate 
or ethereal sulphates) . Among these aromatic substances 
are indol, phenol, and skatol. By far the most impor
tant of the conjugate sulphates and representative of the 
group is potassium indoxyl ulphate. 

Potassium indoxyl sulphate, or indican, is derived 
from indol. Indol is absorbed and oxidized into in
doxyl, which combines with pota sium and sulphuric 
acid and is thus excreted. Under normal conditions 
the amount in the urine is small. It is increased by a 
meat diet. 

Unlike the other ethereal sulphates, which are de
rived in part from metabolism, indican originates prac
tically wholly from putrefactive processes. It alone, 
therefore , and not the total ethereal sulphates, can be 
taken as an index of such putrefaction. A pathologic 
increase is called indicanuria. It is noted in: 

(a) Diseases of the Small Intestine .- This is by far 
the most common source. Intestinal ob truction gives 
the large t amount of indican . It is also much in
creased in intestinal indigestion- so-called " biliou -
ne s "; in inflammations, especially in cholera and ty
phoid fever; and in paralysis of peristalsis , such as 
occur in peritoni tis. imple constipation and diseases 
of the large inte tine alone do not so frequently cau e 
indicanuria. 

(b) Diseases of tlze stomach a sociated \vith deficient 
hydrochloric acid , a chronic ga triti and gastric cancer. 



CHEMIC EXAMI ATION 91 

Dimini hed hydrochloric acid favors inte tinal putre
faction. 

(c) Diminished Flow of Bile. - in e the bile erves 
both as a stimulant to peri tal is and an int tinal anti
septic, a diminished flow from any cau e favors occur
rence of indicanuria. 

(d) Decomposition of exudates any,Yhcre in the body, 
as in empyema, bronchiecta is, and large tuberculou 
cavities . 

Detection of indican depends upon its decomposition 
and oxidation of the indoxyl set free into indigo-blue. 
This change sometimes takes place pontaneou ly in 
decomposing urine, causing a dirty blue color. Cry tals 
of indigo (Fig. 36) may be found both in the sediment 
and the scum. 

Obermayer's Method.- In a test -tube take equal part of 
the urine and Obermayer 's reagent and add a small quantity 
of chloroform. 1Lx by inverting a few times ; a\·oid bak
ing violently. If indican be pre ent in excess, the chloroform, 
which sinks to the bottom, will assume an indigo-blue color. 
It will take up the indigo more quickly if the urine be \Yarm. 
The depth of color indicates the comparative amount of 
indican if the same proportions of urine and reagents are 
always u ed, but one hould bear in mind the total amount 
of urine voided. The indican in normal urine may give 
a faint blue by this method. Urine of patients ta)Ung iodids 
ai,·e a reddish-violet color, which disappear upon addition 
of a few drop of strong sodium hypo uJphite olution and 
shaking. Bile-pigments, which interfere with the test, mu t 
be remond (p. 69). 

Obermayer's reagent con i t of trong hydrochloric acid 
( p. gr. 1.19), 1000 part , and ferric chlorid, 2 parts. This 
makes a yellow, fumina liquid which keep well . 
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4. Urea.- From the standpoint of physiology urea is 
the most important constituent of the urine. It is the 
principal waste-product of metaboli m , and constitutes 
about one-half of all the solid excreted- about 20 to 
35 gm. in twenty-four hours. It represents 85 to 90 
per cent. of the total nitrogen of the urine, and its quan
titative estimation is a simple, though not very accurate, 
method of a certaining the state of nitrogenous excretion. 

This is true, however, only in normal individuals 
upon average mixed diet. 1J nder pathologic conditions, 
the proportion of nitrogen distributed among the various 
nitrogen-containing substances undergoes great varia
tion. The only accurate index of protein metabolism 
is, therefore , the total output of nitrogen, which can be 
estimated by the Kjeldahl method. The whole subject 
of " nitrogen partition " and " nitrogen equilibrium " 
(relation of excretion to intake) is an important one, but 
is out of the proY:ince of tills book, since as yet it con
cerns the physiologic chemist more than the clinician. 

It may be helpful to state here , however, that upon a mixed 
diet the nitrogen of the urine is distributed about as follo"·s : 
urea nitrogen, 86.9 per cent.; ammonia nitrogen, 4-4 per 
cent.; creatinin nitrogen , 3.6 per cent.; uric acid nitrogen, 
0.75 per cent.; " undetermined nitrogen," chiefly in amino 
acids, 4·3 per cent. 

ormally, the amount is greatly influenced by ex
ercise and diet. It is increa ed by copiou drinking 
of water and administration of ammonium alts of 
organic acids. 

Pathologically, urea is increased in feYer , in diabetes, 
and e pecially during re olution of pneumonia and ab-
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orption of large exudates. A abo,·e indicated, when 
olher factor are equal, the amount of ur a indicates 
the activity of metaboli m. In deciding whether in a 
given ca e ar:t increase of urea is due to increased metab
olism the relation belween the amounts of urea and of 
the chlorids is a helpful consideration. Th amoun l 
of urea i normally about twice that of the chlorids. If 
the proportion is much increased above this , increa ed 
tissue destruction may be inferred, ince olher condi
tion which increase urea also increa e chlorids. 

Urea is decrea ed in diseases of the linr with de tru ·
tion of liver substance, such as cirrhosis, carcinoma, 
and acute yellow atrophy. It may or may not be 
decreased in nephritis. In the early stages of chronic 
nephritis, when diagnosis is difficult, it is usually normal. 
In the late stages, when diagnosi is comparatively ea y, 
it is decrea ed. H ence estimation of urea is of little help 
in the diagnosis of this disea e, e pecially when , as is so 
frequently the ca e, a small quantity of urine taken at 
random i u ed. Wben, however, the diagnosi 
established, estimations made at frequent intervals 
under the same conditions of diet and exerci e are of 
much Yalue, provided a sample of the mixed twenty-four
hour urine be used. A steady decline i a very bad prog
no tic ign, and a udden marked diminution is u _ually 
a forerunner of uremia. 

The pre ence of urea can be ho·,yn by allowing a f w 
drop of the fluid partially to evaporate upon a lide. and 
adding a mall drop of pure, colorle nitric acid or 
aturated olution of oxalic acid. Crystal of urea 

nitrate or oxalate (Fig. 23) ·will oon appear and can be 
recognized with the micro cope. 
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Quantitative Estimation.- The hypobromite method , 
which is generally used, depend upon the fact tha t 
urea is decomposed by sodium hypobromite with libera
tion of nitrogen. The amount of urea is calculated from 

Fig. 23 .-Crysta ls of nitrate of urea (upper half) a nd Fig. q .-Doremus-Hinds ' ure-
oxalate of urea (lower half) (a fter Funke) . ometer. 

the volume of n itrogen et free. The improved D oremus 
apparatus (F ig. 24) is the most convenient. 

Pour some of the urine into the smaller tube of the appa
ratus, then open the stopcock and quickly close it so as to fill 
its lumen with urine. Rinse out the larger tube with water 
and fill it and the bulb with 25 per cent. caustic soda solu
tion . Add to thi I c.c. of bromin by mean of a medicine
dropper and mix well. This prepare a fre h solution of 
sodium hypobromite with exces of caustic soda, which serves 
to absorb the carbon dioxid set free in the decompo ition 
of urea. When handling bromin, keep an open ve sel of 
ammonia near to neutralize the irritant fume . 

Pour the urine into the smaller tube, and then turn the 
stopcock o a to let as much urine a desired (u ually I c.c.) 
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run lowly into the hypobromite solution. When bubble 
have ceased to ri e, read fT the height of the fluid in the large 
tube by the graduation upon it ide. This gives the amount 
by weight of urea in the urine added, from which the amount 
excreted in twenty-four hours can ea ily be alculated. If 
the urine contains much m re than the normal amount, it 
should be diluted. 

To a\·oid handling pure bromin, which is disagreeable, 
Rice's solutions may be employed : 

(a) Bromin, 31 gm. 
Potassium bromid, " JI 
Distilled water, 250 c.c. 

(b) Caustic soda, roo gm. 
Distilled water, 2)0 c.c. 

One part of each of these sol utions and two parts of water 
are mixed and used for the test. The bromin solution mu t 
be k pt in a tightly stoppered bottle or it will rapidly lo e 
trength. 

5. Uric Acid.-Uric acid i the most important of a 
group of ubstances, called purin bodies, which are de
rived chiefly from the nuclein of the food and from 
metabolic destruction of the nuclei of the body. The 
daily output of uric acid i about 0-4 to r gm. The 
amount of the other purin bodies together i about 
one-tenth that of uric acid. Excretion of the e ub-
tances i greatly increa ed by a diet rich in nuclein , as 
weetbread · and linr. 

Uric acid exi t ' in the urine in the form of urate , 
" ·hich in concentrated urine are readily thrown out of 
solution and con titute the familiar ediment of "amor
phou urate . ' Thi , together \Yith the fact that uric 
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acid is frequently depo ited a crystals, 
constitutes its chief interest to the prac
titioner. It is a very common error to 
consider these depo its as evidence of 
excessive excretion. 

Pathologically, the greatest increase 
of uric acid occurs in leukemia, where 
there is extensiYe de truction of leuko
cytes, and in diseases with active de
struction of the liver and other organs 
rich in nuclei. Uric acid is decreased 
before an attack of gout and increased 
during it, but its etiologic relation is 
still uncertain. An increa e i al o noted 
in acute articular rheumatism during the 
febrile stage. 

Quantitative Estimation.- The follow
ing are the best methods for ordinary 
clinical purposes, although no great ac
curacy can be claimed for them. 

Cook's M ethod for Purin Bodies.-In a 
centrifuge tube take IO c.c. urine and add 
about I gm. (about I c.c.) sodium car
bonate and I or 2 c.c. trong ammonia. 

hake until the soda is dissolved. The 
earthy phosphates will be precipitated. 
Centrifugalize thoroughly and pour off all 

, ' the clear fluid into a graduated centrifuge 
tube. Add 2 c.c. ammonia and 2 c.c. am
moniated silver nitrate olution. Let stand 
a few minute , and reYoiYe in the centri
fuge until the bulk of precipitate remains 
constant. Each one-tenth cubic centimeter 
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of ediment repre ents o.oorr76 gm. purin bodies. This 
amount may be regarded a uric acid, ince this substance 
usually constitutes nine-tenths of the purin bodies and the 
clinical significance is the same. 

Ammoniated sthcr nitrate solution is prepared by dissolving 
5 gm. of silver nitrate in Ioo c.c. distilled water, and adding 
ammonia until the solution clouds and again become clear. 

Ruhemann's Method for Uric Acid.- The urine must 
be slightly acid. Fill Ruhemann's tube (Fig. 25) to the 
markS with the indicator, carbon disulphid, and to the mark 
J with the reagent. The carbon disulphid will a sume a 
violet color. Add the urine, a mall quantity at a time, 
closing the tube with the glass stopper and shaking vigor
ously after each addition, until the disulphid loses every 
trace of its violet color and becomes pure white. This com
pletes the te t. The figure in the right-hand column of 
fiaures corresponding to the top of the fluid gives the amount 
of uric acid in parts per thousand. The presence of diacetic 
acid interferes with the test, as do also, to some extent, bile 
and albumin. 

Ruhemann's reagent consi ts of iodin and pota sium iodid 
each, 1.5 part ; absolute alcohol, I 5 parts; and distilled water, 
I 5 parts. 

6. Ammonia.- A small amount of ammonia, com
bined with hydrochloric, phosphoric, and sulphuric 
acids is always present. Estimated as NH3 , the normal 
a\·erage i about o. 7 gm. in twenty-four hours. This 
r pre ent -t to 5 per cent. of the total nitrogen of the 
urine, ammonia standing next to urea in thi re pect. 

nder ordinary conditions, most of the ammonia 
\Yhich result from the metabolic processes is tran -
formed into urea. \Yhen, hmYenr, acids are pre ent 
m exce s, either from inge tion of mineral acids or 

7 
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from abnormal production of acids within the body 
(as in fever , diabetes, pernicious vomiting of preg
nancy, etc.), ammonia combines with them and is so 
excreted, urea being correspondingly decreased. It is 
thus that the body protects itself again t acid intoxica
tion. A marked increase of ammonia is therefore, im
portant chiefly as an index of the tendency to acidosis, 
particularly that associated with the presence of d.i
acetic and oxybu tyric acids. 

In diabetes mellitu ammonia elimination may reach 
4 or 5 gm. daily. It is likewise markedly increased in 
pernicious vomiting of pregnancy, but not in nervous 
vomiting; and in conditions in which the power to syn
thesize urea is interfered with, notably cirrhosis and 
other de tructive diseases of the liver and conditions 
associated with deficient oxygenation. 

Quantitative Estimation.- The urine must be fresh, 
since decomposition increases the amount of ammonia. 
The following method is satisfactory for clinical pur
poses, though subject to some inaccuracies. 

Ronchese-Malfatti Formalin Test.- Tills depends upon 
the fact that when formal in is added to the urine, the am
monia combines with it, forming hexamethylene-tetramin. 
The acid with which the ammonia was combined are set 
free , and their quantity, ascertained by titration with sodium 
hydroxid , indicate the amount of ammonia. 

Take IO c.c. of the urine in a beaker or evaporating dish, 
add so c.c. water and IO drops of o.s per cent. alcoholic solu
tion of phenolphthalein. eutralize by adding a weak 
caustic soda or sodium carbonate solution until a permanent 
pink color appears. To s c.c. formalin add IS c.c. water 
and neutralize in the same way. Pour the formalin into the 
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urine. The pink color at on e disappears, owing to libera
tion of acids. Now add decinormal sodium hydroxid solution 
from a buret until the pink color ju. t returns. Each ubic 
centimeter of the d cinormal olulion used in thi titration 
corresponds t o.ooq gm. of NH:l· This must be multi
plied by ten to obtain the percentage from which the twenty
four-hour elimination of ammonia is cal ulated. 

The method is more complicated, but distinctly more 
accurate when carried out as sugge led by E. 'vV. Brown. 
Treat 6o c.c. of urine with 3 gm. of basic lead a elate, stir 
well, let stand a few minutes, and fdte r. Treat the filtrate 
with 2 gm. neutra l pota sium oxalate, tir well, and fil ter. 
Take ro c.c. of the filtrate, add so c.c. water and IS gm. 
neutral potas ium oxalate, and proceed wi th the ammonia 
e timation as above outlined. 

B. ABNORMAL CoN TITUENT 

Those substances whi h appear in the urine only in 
pathologic conditions ar of much more interest lo the 
clinician than are those ' hi h have ju t been di u sed. 
Among them are: proteins, ugar , the acetone bodies, 
bile, hemoglobin , and the diazo sub lance . The " pan
creatic reaction " and detection of drugs in lhe urine will 
also be discus d under this head. 

1. Proteins.- Of the protein which may appear 
in the urine, serum-albumin and erum-globulin are the 
mo t important . ~Iucin . proteo e, and a few other are 
found occasionally, but are of le in terest. 

(r) Serum-albumin and Serum-globulin.- The e two 
proteins con titute the so-called "urinary albumin. ' 
They u ually occur toaether, haw practically the arne 
irnifi.cance, and both respond to all the ordinary test 

for albumin.'' 
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Their presence, or albuminuria, is probably the most 
important pathologic condition of the urine. It is 
either accidental or renal. The physician can make no 
greater mistake than to regard all case of albuminuria 
as indicating kidney disease. 

Accidental or fa lse albuminuria i due to admixture 
with the urine of albuminous fluids , uch as pus, blood, 
and vaginal di charge. The micro cope will usually 
reveal its nature. It occurs most frequently in pyelitis, 
cystitis, and chronic vaginitis. 

R enal albuminuria refers to albumin which has passed 
from the blood in to the urine through the walls of the 
kidney tubules or the glomeruli. 

Albuminuria sufficient to be recognized by clinical 
methods probably never occurs as a physiologic condi
tion, the so-called physiologic albumin uri a appearing 
only under conditions which mu t be regarded as 
abnormal. Among these may be mentioned excessive 
muscular exertion in those unaccustomed to it; exces
sive ingestion of proteins; prolonged cold baths; and 
childbirth. In these conditions the albuminuria is 
slight and transient. 

There are certain other forms of albuminuria which 
have still less claim to be calle~ physiologic, but which 
are not always regarded as pathologic. Among these 
are cyclic albuminuria, which regularly recurs at a 
certain period of the day, and orthostatic or postural 
albuminuria, which appears only when the patient i 
standina. They are rare and of obscure origin, and 
occur for the most part in neura thenic ubjects during 
adolescence. It i noteworthy in thi connection that 
nephriti sometimes begins with a cyclic albuminuria. 
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In pathologic conditions and in most, at least, of the 
"functional " conditions ju t enum rated, renal al
buminuria may be referred to one or more of the follow
ing cause . In nearly all cases it is accompanied by 
tube-cast . 

(a) Changes ·m tlze blood which render its albumin 
more diffusible , a in evere anemia , purpura, and 
curvy. Here the albumin is small in amount. 

(b) Changes in circulation in the kidney, either anemia 
or congestion, as in excessive exercise, chronic heart 
di ease, and pressure upon the renal veins. The quan
tity of albumin is usually, but not always, small. Its 
presence is con tant or temporary, according to the 
cause. J\Iost of the causes, if continued, will produce 
organic change in the kidney. 

(c) Organic Changes in the Kidney.--These include 
the inflammatory and degenerative changes commonly 
grouped together under the name of nephritis, and al o 
renal tuberculosis, neoplasms, and cloudy swelling due 
to irritation of toxins and drugs. The amount of al
bumin eliminated in these conditions varies from minute 
trace to 20 gm., or even more, in the twenty-four hours, 
and, except in acute proce es, bears little relation to 
the enrity of the di ease. In acute and chronic 
paren hymatous nephriti the quantity i usually very 
large. In chronic interstitial nephritis it i mall
frequently no more than a trace. It i small in cloudy 
wellina from toxin and drua , and Yariable in renal 

tubercula i and neopla m . In amyloid di ea e of the 
kidney the quantity is u ually malL and erum-globulin 
may be pre ent in e pecially large proportion, or eYen 
alone. Roughly di tinctiYe of erum-globulin i the 
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appearance of an opalescent cloud when a few drops of 
the urine are dropped into a gla s of di tilled water. 

Detection of albumin depends upon its precipitation 
by chemicals or coagula tion by hea t. There are many 
tests, but none is entirely satisfactory, because other 
substances as well as albumin are precipitated. The 
most common source of error is mucin. The tests given 
here are widely used and can be recommended. They 
make no distinction between serum-albumin and serum
globulin . They are given as nearly as po sible in order 
of their delicacy. Usually the best time to detect 
albumin is in the evening or a few hours after a meal. 

It is very important that urine to be tested for albumin 
be rendered clear by filtration or centrifugation. This 
is too often neglected in routine work. When ordinary 
methods do not suffice, it can usually be cleared by 
shaking up with a little purified talc or animal charcoal 
and filtering. 

(r) Trichloracetic Acid Test.- The reagent consists of a 
saturated aqueous solution of trichloracetic acid to which 
magnesium sulphate is added to saturation. A simple 
saturated solution of the acid may be used, but addition of 
magnesium ulphate favors precipitation of globulin, and, 
by raisinrr the specific gravity, make the test easier to 
apply. 

T ake a few cubic centimeters of the reagent in a test-tube 
or conical test glas , hold the tube or glas in an inclined 
position, and run the urine gently in by means of a pipet, so 
that it will form a layer on top of the reagent without mix
ing with it. If albumin be present, a \Yhite, cloudy ring will 
appear where the two fluids come in contact. The ring can 
be seen mo l clearly if Yiewed again t a black background, 
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and one side of the lube r onical glas may be painted bla k 
for thi purpo e. . 

This is an ex tremely en ilive tc · t, but, unfortunately, 
both mucin and prolcoses r pond to it; uratcs, when abund
ant, may give a confusing while ring, and the reag nl i com
para tively expen i\'e. It is not much u ed in routine \\·ork 
except as a control to the le s en iti\'e tests . 

Fig. 26.-Horismascopc: adding the reagent. 

A most com·enient in trument for applying thi or any of 
the contact te ts i sold under the name of "horisma cope " 
(Fig. 26). 

(2) Robert' s Test.-The reagent coni t of pure nitric 
acid, r part, and saturated aqueou solution of magne ium 
uJ phate. - parts. I t i applied in the arne way a the pre

ceding te t. 

Albumin aiye a \\·hite ring \\·hich Yarie in den_ity with 
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the amount present. A similar white ring may be produced 
by primary proteo e and resinous drugs. White rings or 
claudine s in the urine above the zone of contact may result 
from excess of urates or mucus. Colored rings near the junc
tion of the fluids may be produced by urinary pigments, 
bile, or indican. 

Robert 's test is one of the best for routine work, although 
the various rings are apt to be confusing to the inex-perienced. 
It is more sensitive than H ell er's test, of which it is a modifica
tion, and has the additional advantage that the reagent is 
not so corrosive. 

(3) P urdy's H eat Test.- T ake a test-tube two-thirds full 
of urine, add about one-si,-xth its volume of saturated solution 
of odium chlorid, and 5 to 10 drops of so per cent. acetic acid. 
Mix, and boil the upper inch. A white cloud in the heated 
portion hows the presence of albumin. 

This i a valuable test for routine work. It is simple, 
sufficiently accurate for clinical purposes, and has practically 
no fallacies. Addition of the salt solution, by raisiug the 
specific gravity, preve11ts precipitatioll of muci11 . Proteose 
may produce a white cloud, which disappears upon boiling 
and reappears upon cooling. 

(4) H eat and Nitric Acid Test.- This is one of the oldest 
of the albumin tests, and if properly carried out, one of the 
best. Boil a mall quantity of filtered urine in a test-tube and 
add about one-twentieth its volume of concentrated nitric 
acid. A white cloud or flocculent precipitate (which usually 
appears during the boiling, but if the quantity be Yery small 
only after addition of the acid) denotes the pre ence of albu
min. A similar " ·hite precipitate, which di appears upon 
addition of the acid, is due to earthy phosphate . The acid 
should not be added before boiling, and the proper amount 
should alway be u eel; otherwi e, part of the albumin may 
fail to be precipitated or may be redi soh·ed. 
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Quantitative Estimation.- The gravimetric, which i 

the most reliable m ethod , is too elabora te for clinical 
work. Both Esbach · , which is very widely u ed, and 
the centrifugal m ethod give fair result , but Tsuchiya's 
recent modification of the E bach 
method is preferable to either. 

(r) Esbach's Method.-The urine must 
be clear, of acid reaction, and not con
centrated. Always filter before testing, 
and, if necessary, add acetic acid and dilute 
with water. Esbach 's lube (Fig. 27) is es
sentially a test-tube with a mark U near 
the middle, a mark R near the top, and 
graduations ~' r , 2, 3, etc., near th e bot
tom. Fill the tube to th mark U with 
urine and to the mark R with the reagen t. 
Clo e with a rubber topper, invert lmYly 
e\·eral time , and set a. ide in a cool place. 

At the end of twenty-four hours read off 
the height of the precipitate. This gives 
the amount of albumin in grams per liter, 
a11d must be divided by ro to obtain the 
pcrce11 I age. 

Fir;. 27 .- Esbach 's 
al buminometer, im
proved form. 

Esbaclz's reagent con ist of picric acid, r gm ., citric acid, 
2 gm. and distilled water, to make roo c.c. 

(2) Tsuchiya's Method.- Thi is carried out in the ame 
manner as the Esbach method, u ing the following reagent: 

Phospho tung tic acid .. . ......... . . 
g6 per cent. alcohol. . ..... . ..... .. . 
Concentrated hydrochloric acid ..... . 

r.s gm. 
95 ·0 c.c. 
s.o " 

The urine hould be diluted to a peci:fic graYity not exceeding 
r .oo . The method i aid to be much more accurate than 
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the original Esbach method, particularly with small quanti
ties of albumin . 

(3) Purdy's Centrifugal Method.- This is detailed in 
the table on opposite page. The percentage by weight is 
approximately one-fiftieth of the bulk percentage. 

(2) Mucin.- Traces of the substances (mucin, mu
coid, etc.) which are loosely classed under this name are 
present in normal urine; increased amounts are observed 
in irritations and inflammations of the mucous mem
brane of the urinary tract. They are of interest chiefly 
because they may be mistaken for albumin in most of 
the tests. If the urine be diluted with water and acidi
fied with acetic acid, the appearance of a white cloud in
dicates the presence of mucin. 

True mucin is a glyco-protein, and upon boiling with 
an acid or alkali, as in Fehling's test, yields a carbohy
drate substance which reduces copper. 

(3) Proteoses.- These are intermediate products in 
the digestion of proteins and are frequently, although 
incorrectly, called albumoses. Two groups are generally 
recognized: primary proteoses, which are precipitated 
upon half-saturation of their solutions with ammonium 
sulphate; and secondary proteoses, which are precipitated 
only upon complete saturation. 

The secondary proteo es have been observed in the 
urine in febrile and malignant di eases and chronic sup
purations, during resolution of pneumonia, and in many 
other conditions, but their clinical significance is in
definite. In pregnancy, albumo uria may be due to 
ab orption of amniotic fluid. 

Primary proteoses are rarely encountered in the urine. 
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P URDY'S QUA TITATIVE IETHOD FOR ALB MI I 
URINE (CENTRIFUGAL). 

Tab/~ shoz111"ng the r~lation betwee1t the volumrlnc and g1avimellic pe1cenlage 
of albumin obtawed by means of tlte cent> ifuge wtfh 'adtus of stx 

a11d tlu·ee·quarter tnches; 1 ate of .speed, 1500 r evoluflons 

> 
u"' . -ww 
"'"" ~~~ 
:Ezo: 
::>wi
.Juz 
Oo:w :>wu 

"" 
o.oos 
0.0 1 
0.016 
0.021 

0.026 
0.031 
0.036 
o.o.p 
0.047 
0.052 
0.057 
0.003 
o.o68 
0 .073 
0.078 
o.o83 
o.o&) 
0.0<).\ 
0 .09'} 
0.104 
0.111 

0.125 
0.135 
0.146 
o.156 
0.167 
0.177 
0.187 
0. 1')8 
0.2 
0.219 
0.229 
0.24 
0.25 
0.26 
0.271 

per mznute; tune, three 11111zutes. 

0.025 
o.os 
0.075 
0. 1 
0.1 25 
0.15 
0.175 
0.2 
0.225 
0.25 
0.275 
0.3 
0 .325 
0 .35 
0·375 
0-4 
0-425 
0.45 
0 -475 
o.s 
o.ss 
o.6 
o.6s 
0.7 
0 -75 
0. 

o. 5 
0.9 
o.95 
I. 
I. OS 
I. I 
I. IS 
1.2 
1.25 
1.3 

0.281 
0.292 
0.302 
0.313 
0.323 
0.333 
0.34~ 
0.354 
0.365 
0-375 
0.385 
0.3¢ 
0.400 
0.417 
0.427 
0.438 
0.44 
0-458 
0 .46g 
0-479 
0.49 
o.s 
0.5 1 
o.52r 
0-531 
o.s.p 
0.552 
0.563 
0-573 
0.5 3 
0. 94 
o.6Q4 
0.615 
0.625 
0.635 
0.~6 

1.35 
1-4 
I 45 
1.5 
1.55 
1.6 
1.65 
1.7 
1.75 
I.S 
I.8 S 
1.9 
1.95 
2. 
2.os 
2. 1 
2.15 
2.2 
2. 25 
2.3 
2.35 
2.4 
2-45 
2.5 
2-55 
2.6 
2.65 
2.7 
2.75 
2 . 

2 . 5 
2.9 
2 ·95 
3· 
3.05 
3·1 

o.6s6 
0.667 
0.677 
0.687 
o.6g8 
0.7o8 
0.719 
0.729 
0.74 
0-75 
0.76 
0.771 
O.jbl 
0-792 
o. Bo r 
0.813 
0. 23 
0 . 33 
o.B44 
0.854 
o.S65 
o. B75 
0. 5 
o.8g6 
o.go6 
0.917 
0.927 
0.938 
0.948 
0.958 
o.¢9 
0.9i9 
0.99 
I. 

3·15 
3·2 
3-25 
3·3 
3-35 
J.4 
3-45 
3·5 
3-55 
3·6 
3·65 
3·7 
3·75 
3·8 
3.8s 
3·9 
3-95 
4· 
4·05 
4-1 
4·15 
4.2 
4-25 
4·3 
4·35 
4·4 
4-45 
4·5 
4·55 
4·6 
4·65 
4·7 
4-iS 
4·8 

Tnt. - Three cubic centimeters of 10 pe r cent. 5olution of fe rrocyanid of 
potassium and 2 cubic centimeters of so per cent. acetic ac id are added to 10 cubic 
centimeters of the urine in the percentage tube and stood astde fo r len mmutn, 
then placed in the centrifuge and revolved at rate o f speed and time as stated at 
bead of the table. If albumin is excessive, dilute the urine w ith water until 
, ·ol ume of albumi n falls below 10 per cent. ll!ultiply result by the number 
of dilutions employed before using the table. 
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The protein known as the " Bence-J ones body " was 
originally classed under this head, but it true nature is 
uncertain. It is regarded as practically pathognomonic 
of multiple myeloma. 

The proteoses are not coagulable by heat , but are precipi
tated by such substances as trichloracetic acid and phos
photungstic acid. The primary proteoses, alone, are pre
cipitated by nitric acid. 

Proteoses may be detected by acidifying the urine with 
acetic acid , boiling and filtering while hot to remove mucin, 
albumin, and globulin, and testing the filtrate by the tri
chloracetic acid te t. As above indicated, the nitric acid 
test, and half and complete saturation with ammonium sul
phate will separate the two groups. 

To detect Bence-Janes' body the urine is acidified with 
acetic acid and gently heated. If this ubstance be present, 
a precipitate will form at about 6o° C. As the boiling-point 
is reached, it wholly or partially dissolves. It reappears 
upon cooling. 

2 . Sugars .- Various sugars may at times be found in 

the urine. D extrose is by far the most common, and is 
the only one of clinical importance. L evulose, lactose, 
and some other are occasionally met with. 

(r) D extrose (Glucose) .--It is probable that traces of 

glucose, too mall to respond to th e ordinary tests, are 
present in the urine in health. Its presence in appre
ciable amount constitutes" glycosuria." 

Transitory alyco uria is unimpor tant, and may occur 
in many condition , as after genera l ane thesia and 
admini tration of certain drugs, in pregnancy, and 
followina shock and head injurie -. It may al o occur 
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after eating exce ive amounts of carbohydrates (ali
mentary glycosuria). 

P ersistent glycosuria has been noted in brain injurie 
involving the floor of the fourth ventricle. As a rule , 
however, persistent glycosuria is diagno lie of diabete 
mellitus, of which di ea e it is the e sential symptom. 
The amount of glucose eliminated in diabete is usually 
considerable, and is sometimes very large, reaching soo 
gm. , or even more, in twenty-four hour , but il does nol 
bear any uniform relation to the severity of the disease. 
Glucose may, on the other hand, be almost or entirely 
ab ent temporarily. 

Detection of Dextrose.-If albumin be present in more 
than trace , it mu t be removed by boiling and filtering. 

(r) Haines' Test.- Take about r dram of H aines' olution 
in a te t-tube, boil, and add 6 or 8 drops of urine. A hea' "Y 
yellow or red precipitate, which settles readily to the bottom, 
shO\YS the presence of sugar. Neither precipitation of phos
phates a a light, flocculent edimcnt nor imple decolorization 
of the reagent hould be mistaken for a positiYe reaction. 

Thi i one of the be t of the copper tests, a ll of which 
depend upon the fact that in strongly alkaline olutions glucose 
reduce cupric hydrate to cuprous hydrate (yellmY) or cup
rou oxid (red). They are omewhat inaccurate, because 
they make no distinction between gluco e and less common 
forms of ugar ; because certain normal sub tances, when 
pre ent in exce s, e pecially mucin, uric acid, and creatinin, 
may reduce copper and becau e many drug -e. g., chloral, 
chloroform copaiba acetanilid, benzoic acid morphin, 
ulphonal, alicylate -are eliminated a copper-reducing 
ub~tance . To minimize the e fallacie dilute tlze urine, if 

it be concentrated; do not add more !/zan tire specified amount 
of Urine, and do llOt boi{ after tfle urine is aaded. 
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Haines' solution is prepared as follows: completely dissolve 
30 gr. pure copper ulphate in t oz. distilled water, and add 
t oz. p ure glycerin; mix thoroughly, and add 5 oz. liquor 
potassce. The solution keeps well. 

(2) Fehling's Test.-Two solutions are required-one 
containing 34.64 gm. pure crystalline copper sulphate in 
soo c.c. distilled water; the other, 173 gm. Rochelle salt and 
roo gm. potassium hydroxid in soo c.c. distilled water. Mix 
equal parts of the two solutions in a test-tube, dilute with 

Fig. z8 .-Crystals of pbenylglucosazone from diabetic urine-Kowarsky's test ( X soo). 

3 or 4 volumes of water, and boil. Add the urine a little at a 
time, heating, but not boiling, between additions. In the 
presence of glucose a heavy red or yellow precipitate will 
appear. The quantity of urine should not exceed that of the 
reagent. 

(3) Benedict's Test.- This new test promises to displace 
all other reduction tests for glucose. The reagent is said to 
be ten times as sensitive as Haines' or Fehling's, and not to 
be reduced by uric acid, creatinin, chloroform, or the alde
hyds. It consists of: 
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Copper ulphate (pure crystallized), I7 ·3 gm. 
odium or pota ium itrate, I7 3.0 
odium carbonate (cry talliz d), 200.0 

(or roo gm. of the anhydrous salt) . 
Di tilled water, to make rooo.o c.c. 

Di solve the citrate and carbonate in 700 c. c. of water, with 
the aid f heat, and filter. Dissolve the copper in roo c.c. 
f water and pour lowly into the fir t s lution, tirring con

stantly. Cool, and make up to one liter. The reag nt keeps 
indefinitely. 

Take about 5 c.c. of thi reagent in a test-tube, and add 
8 or IO drops (not more) of the urine. H eat to vigorous 
boilin()', keep at this temperature for one or two minute , 
and allow to cool lowly. In the presence of glucose the 
entire body of the elution will be filled with a precipitate, 
which may be red, yellow, or green in color. When trace 
only of gluco e are present, the precipitate may appear only 
upon cooling. In the absence of gluco e, the solution re
mains clear or ho\\'s only a faint, bluish precipitate, due to 
urate . 

(4) Phenylhydrazin Test.- Kowarsky's Jo.Ietlzod.- In a \Yide 
test-tube take 5 drops pure phenylhydrazin ro drops glacial 
acetic acid and I c.c. a turated solution of odium chlorid. 
A curdy rna result . Add 2 or 3 c.c. urine, boil for a t lea t 
two minutes, and et a ide to cool. Examine the ediment 
"IYith the micro cope, using a t\\·o-third objective. If gluco e 
be pre ent, characteri tic cry tals of phenylglucosazone will 

be een. These are yellow, needle-like cry tal arranged 
mo tly in clu ter or in heaYe (Fig. 2 ) . When trace only 
of gluco e are present the cry tals may not appear for one
half hour or more. Be t cry tal are obtained when the fluid 
is cooled nry lowly. It mu t not be agitated during 
cooling. 
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This is an excellerrt test for clinical work. It requires 
slightly more time than Haines' test, but more than compen
sates for this by increased accuracy. It i fully as sensitive 
as Haines', and has practically no fallacies excepting levulose, 
which is a fallacy for all tests but the polariscope. Other 
carbohydrates which are capable of forming crystals with 
phenylhydrazin are extremely w1likely to do o when the test 
is applied directly to the urine by the method just detailed. 
Even if not u cd routinely, this test should always be resorted 
to when Haines' test gives a positive reaction in doubtful 
cases. 

Quantitative Estirnation.--In quantitative work Feh
ling's solution, for so many years the standard, has been 
largely displaced by Purdy's, which avoids the heavy 
precipitate that so greatly obscures the end-reaction in 
Fehling's method. The older method i still preferred 
by many, and both are, therefore, given. The new 
method of Benedict is likewise included, since it appears 
to be more exact than any other titration method 
available for sugar work. Should the urine contain 
much glucose, it must be diluted before making 
any quantitative test, allowance being made for the 
dilution in the subsequent calculation. Albumin, if 
present, mu t be removed by acidifying a considerable 
quantity of urine with acetic acid, boiling, and filtering. 
The precipitate should then be wa bed with water and 
the washings added to the urine to bring it to its original 
volume. 

(r) Purdy's Method.- Take exactly 35 c.c. of Purdy's 
solution in a flask or beaker, add twice it volume of di tilled 
water, hea t to boiling, and, still keeping the solution hot, add 
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the urine very slowly from a bur t until the blue color enlir ly 
di appear . Read o!I the amount of urine added; con ide ring 
the strength of Purdy' solution, il is readily seen that thi 
amount of urine contains o.o2 gm. of gluco e, from which the 
amount in the twenty-four-hour urine, or the percentage, can 
ea ily be calculated. Example: uppose that 2.5 c. c. of 
urine discharged the blue color of 35 c.c. of Purdy's solution. 
Thi am unt of urine, therefore, contain exactly o.o2 gm. 
gluco e, and the percentage is obtained from the equation: 
2.5 : roo : : o.o2 : .r, and x equals o.8 per enl. If, then, 
the twenty-four-hour quantity of urine were 3ooo c.c., the 
twenty-four-hour elimination of glucose would be found as 
follows: roo : 3000 : : o.8 : .r, and .r equals 24 gm. 

It will be found that after the te t is completed the blue 
color lowly return . Thi is due to reoxidation, and hould 
not be mistaken for incomplete reduction. 

A omewhat simpler application of this method, which i 
accurate enough f r clinical purpo. e , is as follow : Take 
81 c .. (roughly, 9 c.c.) of Purdy' sol ution in a large test
tube, dilute with an equal volume of water, heat to boiling, 
and, whil keeping the solution hot but nol Loiling, add the 
urine drop by drop from a meclicine-dropper until the blue 
color i entirely gone. Toward the end add the drop very 
lmvly not more than 4 or - a minute. DiYide ro by the 

number of drops required to clischarge the blue color; the 
quotient will be the percentage of gluco e. If 20 drops were 
requi\ed , the percentage \Yould be ro-o- 2o=o.5 per cent. 
It i imperati,·e that the drops be of uch size that 20 of them 
will make r c.c. Te t the dropper with urine, not \Yater. If 
the drop are too large draw out the tip of the dropper; if 
too mall, file off the tip. 

Purdy's solution con i t of pure cry talline copper ulphate 
4· 7-2 "'m.; pota ium hydroxid, 23 .5 gm.; ammonia CC'. . P. · 
p. ar., o.g) 3 -o c. c.· glycerin, 3 c.c.; di tilled water, to make 
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1000 c.c. Dissolve the copper sulphate and glycerin in 200 

c.c. of the water by aid of gentle heat. I n another 200 c.c. 
of water dissolve the potassium hydroxid. Mix the two solu
tions, and when cool, add the ammonia. Lastly, bring the 
whole up to IOoo c.c. with distilled water. This solution is 
of such strength that the copper in 35 c.c. wil l be reduced by 
exactly o.o2 gm. of glucose. 

(2) Fehling's M ethod.- Take ro c. c. Fehling's solution 
(made by mixing 5 c.c. each of the copper and alkaline solu
tions described on page uo) in a flask or beaker, add three or 

Fig. 29.-Einhorn 's saccharimeter. 

four volumes of water, boil, and add the urine very lowly from 
a buret until the solution is completely decolorized, hiating 
but not boiling after each addition. 

The chief objection to Fehling' m thod is the difficulty 
of determining the end-point. The u e of an "outside indi
cator," however, obYiates this. When reduction is though t 
to be complete, a few drops of the solution are filtered through 
·a fine-grained filter-paper on to a porcelain plate, quickly 
acidified with acetic acid, and mi...,.ed with a drop of ro per 
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cenl. p tas ium ferr cyanid. Immediate appearance of a 
red-brown color . hows the pre ence of unreduced opp r. 

Fehling's olution i of su h str ngth that the c pp r in 
ro c.c. will be redu ed by exactly o.o5 gm. of gluco e. There
fore, the amount of urine required to decolorize th te t olu
tion contains ju t o.o5 gm. gluco e, and lhe per enlag 
easily calculated. 

(3) Ben edict's M ethod.- The following modification of 
hi copper solution has recently been offered by Benedict 
for quantitative estimation 

The reagent consists of: 

Copper sulphate (pure cry tallized), 
odium carbonate (cry tallized), 
(or roo gm. of the anhydrou salt). 

r8.o gm. 
200.0 

It 

odium or pota ium citrate, 2oo.o " 
Pota sium sulphocyanate, 125.0 " 

5 per cent. potas ium ferrocyanid solution, 5.0 c.c. 
Di tilled water, to make rooo.o " 

\ ith lhe aid of heat di olve the carbonate, citrate, and 
ulphocyanate in about Boo · c.c. of the water and filter. 

Di olve the copper in roo c.c. of water and pour lowly 
into the other fluid, stirring c n tantly. Add the ferro
cyanic! olution, cool, and dilute to rooo c.c. Only the 
copp r need be accurately weighed. Thi olution i of uch 
trength that 25 c.c. are reduced by o.os aram gluco e. It 

keep well. 

To make a sugar e timation, take 25 c.c. of the reaa nt in 
a porcelain e\·aporating di h, add ro to 20 gram odium 
carbonate crystal (or one-half thi "\\·eight of the anhydrou 
_alt) and a mall quantity of po,Ydered pumice- tone or tal
cum. Heat to boiling and add the urine rather rapidly 
from a buret until a chalk-white precipitate form and 
the blue color of the reagent beain to fade. After this 
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point is reached, add the urine a few drops at a time until 
the last trace of blue just disappears. This end-point is 
easily recognized. During the whole of the titra tion the 
mixture must be kept vigorou ly boiling. Lo by evap
oration must be made up by adding wate r. The quantity 
of urine required to discharge the blue color contains exactly 
o.os gram glacose, and the percentage contained in the 
original sample is easily calculated. 

(4) Fermentation M ethod.- This is convenient and satis
factory, its chief disadvantage begin the time required. It de
pends upon the fact that glucose is fermented by yeast with 
evolution of C02 • The amount of gas ev:olved is an index of 
the amount of glucose. Einhorn 's saccharimeter (Fig. 29) i 
the simplest apparatus. 

The urine must be o diluted as to contain not more than 
r per cent. of glucose. A fragment of fresh yeast cake about 
the size of a split-pea is mi;xed with a definite quantity of the 
urine measured in the tube which accompanies the appa
ratu . It should form an emulsion free from lumps or air
bubbles. The long arm of the apparatus is then filled with 
the mixture. At the end of :fifteen to twenty-four hours fer
mentation will be complete, and the percentage of glucose can 
be read off upon the side of the tube. The result must then 
be multiplied by the degree of dilution. Since yeast itself 
sometimes gives off gas, a control test must be carried out 
with normal urine and the amount of gas evolved must be 
subtracted from that of the te t. A control should also be 
made with a known glucose solution to make ure that the 
yeast i active. 

(s) Robert's Differ ential Density M ethod.- While this 
method gives only approxin1ate results, it is convenient, and 
require no pecial apparatu but an accurate urinometer. 
~Iix a quarter of a yea t-cake with about 4 oz. of urine. 
Take the specific gravity and record it. Set the urine in a 
warm place for twenty-four hour or until fe rmentation i com-
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plele. Then cool to th temperature at whi h th' specifi 
gravity was originally taken, and take it again . The differ
ence between the two readings give the number of grain 
of sugar per ounce, and this, multiplied by 0. 234, give th 
pcrcwtage of sugar. If the original reading is 1.03.), and that 
after f rmentation i r.o:w , the urine con tains 1.035-1.020 
= 15 grain of sugar p r fluidounce; and the percentage eq ua ls 

IS X 0.234 = 3·5· 

(2) Levulose, or fruit-sugar, is Yery rarely pre ent in 
th urine except in a sociation with gluco e, and ha 
about the ame irrnii1cance. It name is d rived from 
the fact that it rota tes polarized light to the left. It be
haves the ame a gluco e with all the ordinary te ts, 
and i not readily di tingui h d ex ept by polarization. 

(3) Lactose, or milk-sugar, i ~ ometimes pre ent in 
the urine of nur ing women and in that of women who 
have recently mi carried . It is of interest chiefly be
cause it may be mi taken for gluco e. It reduces copper, 
but does not ferment with yeast. In trong olution it can 
form cry tals with phenylhydrazin, but is xtremely 
unlikely to do o ·when the te t i applied directly to the 
unne. 

(+) Pentoses.- The e ugar are o named be au e 
they contain five atom of oxygen. Vegetable gums 
form their chief ource. They reduce copper trongly 
but lowly, and give cry tal with phenylhydrazin, but 
do not ferment \\'ith yea t. 

Pento uria i uncommon. It ha been noted after in
ge tion of larae quantitie of pento e-rich ub tance , 
uch a cherrie-, plum . and fruit-juice , and i aid to 

be fairlv constant in habitual u e of morphin. It orne
time- accompanie alyco uria in diabete-. An ob cure 
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chronic form o~ pentosuria without clinical symptoms 
has been observed. 

Bial's Orcin Test.- D extrose is first removed by fermen
tation. About 5 c.c. of Bial's reagent are heated in a test
tube, and after removing from the flame the urine is added 
drop by drop, not exceeding twenty drops in all. The ap
pearance of a green color denotes pento e. 

The reagent consists of: 

30 per cent. hydrochloric acid. . . . . . . sao c.c. 
roper cent. ferric chlorid solution . . . . . 25 drops 
Orcin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r gram. 

3. Acetone Bodies .- This is a group of closely related 
substances- acetone, diacetic acid, and beta-oxybutyric 
acid. Acetone is derived from decompo ition of diacetic 
acid, and this in turn from beta-oxybutyric acid by oxida
tion. The origin of beta-oxybutyric acid is not definitely 
known, but it is probable that its chief, if not its only, 
source is in some obscure metabolic disturbance with 
abnormal destruction of fats. The three substances 
generally appear in the urine in the order mentioned. 
When the disturbance is mild, acetone only appear ; a it 
becomes more marked, diacetic acid is added, and :finally 
beta-oxybutyric acid appears. The presence of beta
oxybutyric acid in the blood is probably the chief cau e 
of the form of auto-intoxication known a " acid intoxi
cation." 

(r) Acetone.- Minute traces, too small for the ordi-, 
nary tests, may be present in the urine under normal 
condition . Larger amounts are not un ommon in 
£eyer , gastro-inte tinal disturbance , and certain ner-
vou disorder . notable d gr e of acetonuria ha 
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likewi e b en ob erved in p rniciou \'Omitinrr of preg
nancy and in eclamp ia. 

A etonuria is practi ally always ob 'erved in a id 
intoxication, and, together with diaceturia, con ' titutes 
it mo t ignificant diagno ·tic ign. similar or identi-
al toxic condition, alway ac ompanied by a etonuria 

and often fatal, is now recognized a a not infrequent 
late e1Tect of anesthe ia, particularly of chloroform ane -
the ia. This po tane theti toxemia is more likely to 
appear, and is more severe wh n the urine contains any 
notable amount of acetone before operation, whi h ug
rre ts the importance of routine examination for acet ne 
in u rgical ca es. 

cetone is present in con iderable amount in many 
ca e of diabete mellitus, and i always pre ent in evere 
ca es. It amount is a better indication of the everity 
of the disease than is the amount of sugar. progres-
ive increa e is a grave prognostic ign. It can be 

dimini hed temporarily by more liberal allowance of 
carbohydrates in the diet. 

ccording to Folin, acetone is pre ent in only mall 
amounts in these condition , the sub tance hown by 
the u ual test , particularly after di tillation of the 
urine , being really diacetic acid. In thi connection, 
Frommer' te t i to be recommended, ince it doe not 
require di tillation, and doe not react to diacetic acid 
unle too great beat i applied. 

Detectiou of Acelone.- The urine may be te ted di
rectly, but it i be t to di til it after adding a little pho -
pbo!'ic or hydrochloric acid to prennt foaming, and to 
t t the fir t few cubic centimeter- of di tillate. A 
simple di tilling apparatu i hmm in Fig. 30. The 
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test-tube may be attached to the delivery tube by means 
of a two-hole rubber cork as shown, the second hole 
serving as air vent, or, what is much less satisfactory, 
it may be tied in place with a string. hould the vapor 
not condense well, the te~t-tube :r'nay be immersed in a 
glass of cold water. 

Fig. 30.- A simple distilling apparatus. 

When diacetic acid is present, a considerable pro
portion will be converted into acetone during distilla
tion. 

(1) Gunning's Test.- To a few cubic centimeters of urine 
or distillate in a test-tube add a few drops of tincture of iodin 
and of ammonia alternately until a heavy black cloud appears. 
This cloud will gradually clear up, and if acetone be present, 
iodoform, u ually crystal line, will separate out. The iodoform 
can be recognized by it odor, e pecially upon heating (there 
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i danger of explo ion if the mixture be heated befor th 
black cloud di appears), r by detection of the rystal · mi
croscopically. The Jatt r only i · safe, unless one has an 
unu"ually acute sen e f mell. I odoform rystals arc ycl
lowi h ix-pointed star · or ix- ided plates (Fig. v ) . 

Thi modification of Li ben' test is le s nsiti vc than the 
original, but i suffi icnt for all clinical work ; it has the ad
vantage that alcohol doe not cau e confusion, and especially 
that the ediment of iodof rm i practically alway · crystall in . 
When ar plied directly to the urine, phosphatts a re pre ipi-

0 

* 0 
® 

Fig. JL-lodoform crystals obtained in several te5ts for acetone by Gunning 's method 
( X about 6oo). 

tated and may form tar- haped cry tal which are \·ery con
fu ing to the inexperienced. Albumin pre\·ent formation 
of the cry-tals, and when it i- pre-cnt, the urine mu L be di -
tilled for the te t. 

(2) Lange 's Test.-This i a modification of the w ll
knmm Legal te- t. It i more en iti ,·e and gi\·e a harper 
end-reaction. To a mall quantity of urine add about one
l\Yentieth iL \·olume ( r drop for each I c.c. of glacial acetic 
acid and a few drops of fre:h concentrated aqueou ~olution of 
odium nitropru_ -id and hently run a little ammonia upon it 
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surface. If acetone be present, a purple ring will form within 
a few minutes at the junction of the two fluids. 

(3) Frommer 's Test.- This test has proved very satis
factory in the hand of the writer. The urine need not be 
distilled. Alkalinize about IO c.c. of the urine with 2 or 3 c.c. 
of 4 0 per cent. caustic soda solution, add IO or I 2 drops of 
Io per cent. alcoholic solution of salicylous acid (salicyl 
aldehyd), heat the upper portion to about 70 ° C. (it should 
not reach the boiling-point), and keep at this temperature 
five minutes or longer. In the presence of acetone an orange 
color, changing to deep red , appears in the heated portion. 

The test can be made more definite by adding the caustic 
soda in sub tance (about I gram), and before it goes into 
solution adding the salicyl aldehyd and warming the lower 
portion. 

(2) Diacetic acid occurs in the same condi tions as 

acetone, but i less frequent and has more serious signifi

cance. In diabetes its presence is a grave sympt om and 
often forewarns of approaching coma. It r arely or never 

occur without ace tone. 

Detection.- The urine must be fresh . 

(r) Gerhardt' s Test.- To a few cubic centimeters of the 
urine add solution of ferric chlorid (about ro per cent.) drop 
by drop until the phosphates are precipitated; fil ter and add 
more of the ferric chlorid . If diacetic acid be present, the 
urine will a sume a Bordeaux-red color which disappears 
upon boiling. A red or violet color which does not disappear 
upon boiling may be produced by other ub tances, as phenol, 
salicylate , and antipyrin. 

(2) Lindemann' s Test.- To about ro c.c. of urine add 
5 drops 30 p r cent. acetic acid, 5 drop Lugol' olution, and 
2 or 3 c.c. chloroform, and hake. The chloroform does not 
change color if diacetic acid be pre ent, but becomes reddish 
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violet in it ab ence. Thi te t is claimed by its ad,·ocate · to 
be more en ilive and more reliable than Gerhardt's. 

(3) Oxybutyric acid ha mu h the ame ignifi ance 
a· dia etic acid but i- of more erious import. Ther is 
no sati factory clinical te t for it. 

4. Bile.-·Bil appear in the urine in all dis a es whi h 
produ e jaundice often some day before th skin be
come yellow· and in many disorders of th liver not 
enre enough to cau e jaundice. It al o occur in dis

ea e with exten ive and rapid destruction of red blood
corpu des. Both bile-pigm nt and bile acid may be 
found. They aenerally occur together, but the pigment 
i not infrequently present alone. Bilirubin, only o -
cur in fre hly voided urine, the other pigments (bili
verdin, bilifuscin , tc.) being produced from thi by 
oxidation as the urine tand . The acid are almo t 
ne, ·er pre ent without the pigments, and are , therefore, 
el !om tested for clinically. 

Detection of Bile-pigment.- Bile-pigment gives the 
urine a greeni h-yellow, yellow, or brown olor, which 
upon baking i imparted to the foam. Cell , ca t , and 
other tructure in the ediment may be tained bro\Yn or 
yellow. Thi , however, hould not be accepted a prov
ing the presence of bile without further te t . 

(r) Smith' s Test.-0verlay the urine with tincture of iodin 
diluted with nine time its volume of alcohol. An emerald
areen ring at the zone of contact hows the pre ence of bile
piament . It i convenient to u_e a conical te t-gla , one 
icle of which is painted " ·hite. 

(2) Gmelin 's Test.-Thi con ~ i t in bringing lightly 
y llow nitric acid into contact with the urine. A play of 
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colors, of which green and violet are most distinctive, denotes 
the presence of bile-pigment. Colorless nitric acid will be
come yellow upon standing in the sunlight. The test may be 
applied in various ways: by overlaying the acid with the urine; 
by bringing a drop of each together upon a porcelain plate ; 
by filtering the urine through thick filter-paper, and touching 
the paper with a drop of the acid ; and, probably best of all, 
by precipitating with lime-water, filtering, and touching the 
precipitate with a drop of the acid. In the last method bili
rubin is carried down as an insoluble calcium compound. 

Detection of Bile Acids.- Hay's test is simple, sensi
tive, and fairly reliable, and will , therefore , appeal to 
the practitioner. It depends upon the fact that bile 
acids lower surface tension. Other t t require isola
tion of the acids for any degree of accuracy. 

H ay's Test.- Upon th surface of the urine, which must no t 
be warm, sprinkle a little finely powdered ulphur. If it 
sinks a t once, bile acids are present to the amount of o.or 
per cent. or more; if only after gentle shaking, o.o025 per 
cent. or more. If it remains floating, even after gentle 
shaking, bile acids are absent. 

5. Hemoglobin .- The presence in the urine of hemo
globin or pigments directly derived from it, accompanied 
by few, if any, red corpuscles, constitutes hemoglobinuria. 

It is a rare condition, and must be di tinguished from 
hematuria , or blood in the urine, which i common. In 
both conditions chemic tests will show hemoglobin, but 
in the latter the microscope will reveal the presence of 
red corpuscle . Urines which contain notable amounts 
of hemoglobin haYe a reddish or brown color, and may 
depo it a ediment of brown, granular pigment. 
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Hemoglobinuria o cur· when there is u h extensi\'e 
de tru Lion of red blood-cells within the body that the 
li\' r cannot transform all the h moglobin se t free into 
bil -pigmenl. The most important examples are ·een in 
poi oning, a by mu ·hrooms and pota ·ium chlorate, 
in ~ urvy and purpura, in malignant malaria (blackwater 
f ver), and in the obscure condition known a ·" paroxys
mal hemoglobinuria." Thi Ia t is char::tcterized by the 
appearance of large quantitic of hemoglobin at inter
val , u ually following expo ure to cold, the urine remain
ing free from hemoglobin between Lh attacks. 

Detection. Teichmann test (p. 274) may be applied 
to the precipitate after boiling and filterincr, but the 
guaiac t st i more convenient in routine work. 

Guaiac Test.- ?o.Iix equal parts f " ozonized " turpentine 
and fre h tincture of guaiac which has been diluted with 
alcohol to a light ·herry-\Yine cot r. In a te t-tube or conical 
gla overlay the urine with thi · mixture. A bright blue ring 
\Yill appear at the zone of contact within a f w minute if 
hem globin be pres nt. The guaiac hould be kept in an 
amber-colored bottle. Fre h turpentine can be ''ozonized " 
by allowing it to tand a f w day in an p n '" I in the 
unlicrht. 

Thi te~ t i ,·ery en itiw, and a negatiYe rc ult proY the 
ab ·ence of hemoglobin . Po itiYc rc!::ult are not conclu iYe, 
becau e numerou other ub tancc--few of them likely to be 
found in the urine--may produce the blue color. That mo t 
lik ly to cau_e confusion i- pu , but the blue color produced 
by it disappear· upon heating. The thin film of carper 
oft n left in a te t-tube after te tin')" for ugar may gi,·e the 
rea tion, a may al o the fume· from an open bottle of bromin. 
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6. Alkapton Bodies.- The name, alkaptonuria, has 
been given to a condition in which the urine turns 
reddish-brown upon standing and strongly reduces 
copper (but not bismuth), owing to the presence of 
certain substances which result from imperfect protein 
metaboli m. The change of color takes place quickly 
when fresh urine is alkalinized, hence the name, alkapton 
bodies . 

Alkaptonuria is unaccompanied by other symptoms, 
and has little clinical importance. Only about forty-five 
cases, mostly congenital , have been r ported. The 
change in color of the urine and the reduction of copper 
with no reduction of bismuth nor fermentation with 
yeast would suggest the condition . 

7. Melanin.- Urine which contains melanin likewise 
darkens upon exposure to the air, assuming a dark 
brown or black color. This is due to the fac t that the 
substance is eliminated as a chromogen- melanogen
which is later converted into the pigment. 

Melanuria occurs in most , but not all , cases of mela
notic sarcoma. Its diagnostic value is lessened by the 
fact that it has been observed in other wasting diseases . 

Tests for Melanin.-(r) Addition of ferric chlorid gives a 
gray precipitate which blackens on standing. 

(2) Bromin water cau es a yellow precipitate which 
gradually turns black. 

8. Diazo Substances .- Certain unknown ub tances 
sometime pre ent in the urine give a characteristic 
color reaction- the "diazo reaction " of Ehrlich- when 
treated with diazo-benzol-sulphonic acid and ammonia. 
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Thi · rea lion ha mu h clinical value, provided its limi
laliow be re ognized. It is at be ·t an 'mpirical lc l 
and mu l be interpreted in the light of lini al ymptom, . 

llh ugh it ha been mel with in a con id rable number 
of di a , iL u ·cfulnes i practically limited Lo ty
ph id fever Luber ulo i , and mea le . 

(r) Typhoid Fever.-Practically all ca e give a 
po itive reaction, which varie in int.en ·ity with th 
scnrity of the di ease. lL i so con tantly pr ent that 
i t. i ometime aid to be " negatively pathognomonic ": 
if negative upon everal u ce si,·e days at a stage of th 
di ea e when it hould be po itive, typhoid i almo t 
certainly ab ent. Upon the other hand, a reaction 
when the urine is highly diluL d (r: so or more) ha 
much po iti,·e diagno tic value, ince this dilution pre
vent the reartion in mo t condition which might. be 
mi· taken for typhoid; but it hould b noted that mild 
ca e of typhoid may not gi,·e it at thi dilution. Ordi
narily the diazo appear a little earlier than the \Yidal 
reaction,-about the fourth or fifth day - but it may be 
delayed. In contrast to the \Vidal, it begin to fade 
about the end of the econd week, and oon thereafter 
entirely di appear . An early di appearance i a fa,·or
able io-n. It reappear during a relap e, and Lhu help 
to di tino-ui h between a relap e and a complication in 
which it doe not reappear. 

(1) Tuberculosis.- The diazo reaction ha been ob
tained in many form of the di-ea e. It ha little or 
no diao-no-tic value. It continued pre ence in pul
monary tuberculo-i i , however, a grave proo-no tic 
irn. enn when the phy ical irn are li ht. Aft r i 

once appear it o-enerally per i t more or le- intermit-
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t ently until death, the average length of life after its 
appearance being about six months. The reaction is 
often temporarily present in mild ca e during febrile 
complications, and has tben no significance. 

(3) Measles.- A positive reaction is usually obtained 
in measles, and may help to di tinguish this disease 
from German measles, in which it does not occur. It 
generally appears before the eruption and remains about 

five days. 

Technic.- Although the test is really a very simple one, 
careful attention to technic is imperative. Many of the early 
workers were very lax in this regard. Faulty technic and 
failure to record the stage of the disea e in ·which the tests 
were made have probably been responsible for the bulk of the 
conflicting results reported. 

Certain drugs often given in tuberculo i and typhoid 
interfere \Yith or prevent the reaction. The chief are creosote, 
tannic acid and it compounds, opium and its alkaloids, salol, 
phenol, and the iodids. The reagents are: 

(I) Saturated solution sulphanilic acid in 5 per cent. 
hydrochloric acid. 

(2) o.s per cent. aqueous solution sodium nitrite. 
(3) trong ammonia. 

Mix IOO parts of (I) and one part of (2). In a test-tube 
take eq ual parts of this mixture and the urine, and pour I or 
2 c.c. of the ammonia upon it urface. If the reaction be 
positive, a garnet ring will form at the junction of the two 
fluids; and upon baking, a distinct pink color v.~ll be imparted 
to the foam. The color of the foam i the essential feature. 
If desired , the mixture may be well shaken before the ammonia 
is added : the pink color will then in tantly appear in that 
portion of the foam which the ammonia ha reached, and can 
be readily een . The color Yarie from eo in-pink to deep 
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rimson, depending upon the inten::.ity of the rea lion. ll is 
a pure pi,zk or red; a,zy truce of yc!lcrii• or orange dcnolls a 
ncgati:•c reaction. A doubtful reaction should b' con::.iduLd 
negaliYe. 

9. ancreatic Reaction. ammidge ha shO\m tha t 
in ca- - of pancreatili · a sub lance capaLle of forming 

rystal with phenylhyclrazin can be deYelop d by boiling 
th ' urine with a mineral a id, and ha alTered th follow
in <r tc t a· an aid in diagnosis of thi ob cur on eli lion. 
The nature both of this sub tan e and the antecedent. 
ub · tance from 1vhich it i derived i not known. As 

originally propo ed, the te t. wa complicated and prob
ably not tru tworthy, but with his improved and im
rlified t. hnic, Cammidge has had very promi ing r . uiL. 
In 200 con ecutive examination in which th e diagnosis 
wa confirm d, postmortem or a t operation, 67 cas of 
pancreatiti · (65 chronic, 2 acute) gave positin rca tions ; 
4- ca e of cancer of tbc pancrca were po itiYc, 12 nega
tive ; 4- ca es in 1vhich no pancrea titis wa 'round w •re 
positi,·e, rr3 were negative. Kormal urines do not give 
the rea tion. The difficulty and importance of diag
nosi in pancrea titi warrant inclusion of the method 
here, c\·en thouah more recent \York indicate that it 
value i not o great as ori!!inally claimed. 

\ -hile the te· t i- ·omewhat tediou , all the manipula
tion are imple and require no appa ratu but fla~ks 
te· t-tube , and funnel . 

Technic.-Careful attention to detail i imperative. An 
ordinary routine examination i firt made. AJbumin and 
_ ugar. if pre_ent, mu· t be remoYed: the former, by acidifying 
with acetic acid, boiling, and filter1ncr: the latter by fermenta-

9 
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tion with yeast after the first step of the method proper. An 
alkaline urine should be made slightly acid with hydrochloric 
acid. 

(r) Forty cubic centimeters of the urine, which has been 
rendered perfectly clear by repeated fi ltra tion through the 
same filter-paper are placed in a small flask, treated with 1 

c.c. concentrated hydrochloric acid and gently boiled on a 

Fig. 32.-" Pancreatic reaction" flasks fitted with funnel condense rs oa a sand-bath 
(Robson and Cammidgc). 

sand-bath for ten minutes, a funnel with long stem being 
placed in the neck of the fla k to act as a conden er (Fig. 32) . 
After boiling, the urine is cooled in a str am of cold water and 
brought to its original bulk with disti lled " ·ater ; 8 gm. of 
lead carbonate are then added to neutralize the acid. The 
fluid is a llowed to tand a fe\Y minute and then fi lt red 
through well-moi tened fine-grain fi lter-paper un til perfectly 

clear. 
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(2) The filtrate is shaken up with gm. powd red tribasi 
lead ac tate and fil tercel. The ex c::-s of lead i · th n remon 'cl 
b pa ·sing hydrogen sulphicl ga · through the iluid ( ·cc page 
r·s ) or by haking well with 4 gm. finely powdered sodium 
ulphate, heating to boiling, cooling to a low a temperature 

a · p ssible in a stream of " ·a t ' r , and filtering as before until 
perfectly clear. 

Fi~: . JJ.-lmpro,·ed .. pancreatic reaction." (!)·,tal' obtained from a ca'e of chronic 
pancreatitis "ith gall-,tone" in the common duct ( >oo) from a photo by P. ] . Cam
mid·'e). 

( ) Ten cubic c ntimeter of the filtrate a re th n made 
up to Ij c.c. \Yith eli -tilled \\·ater. and added to a mi:'l:ture of 
o. ' gm. phenylhydrazin hydrochlorate. 2 gm. powd red o
dium acetate. and r c.c. -o p r cent. acetic acid in a _mall fta_k 
with funnel condenser. Thi i boiled on a _and-bath for ten 
minutes. and filtered while hot through filter-paper moi_ ened 
\Yith hot ,,·ater into a te_t-tube \\ith a r - c.c. mark. hould 
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the filtrate not reach thi mark, make up to I 5 c.c. \Yith hot 
distilled water. Allow to cool slowly. 

(4) In well-marked cases of pancreatitis a yellow pre
cipitate appears within a few hours; in milder cases, it may not 
appear for twelve hours. The microscope shows this"sediment 
to consist of " long, ligh t yellow, flexible, hair-like crystals 
arranged in sheaves, which, when irrigated with 33 per cent. 
sulphuric acid, melt away and disappear in ten to fifteen sec
ond after the acid first touches them " (Fig. 33) . 

(s) To excl ude traces of glucose which might be overlooked 
in the preliminary examination a control te t hould be carried 
out in the same manner with omission of step r. 

I 0 . Drugs.- ·The effect of various drugs upon the 
color of the urine has been mentioned (p. 71). Mo t 
poison are eliminated in the urine, but their detection 
is more properly discussed in works upon toxicology. A 
few drugs which are of interest to the practitioner, and 
which can be detected by comparatively imple methods, 
are mentioned here. 

Acetanilid and Phenacetin .- The urine is evaporated 
by gentle heat to about half its volume, boiled for a few 
minutes with about one-fifth its volume of trong hydro
chloric acid, and shaken out \>;ith ether. The ether i 
evaporated, the residue dissolved in water, and the 
following te_ t applied: To about ro c.c. are added a few 
cubic centimeters of 3 per cent . phenol, followed by a 
weak solution of chromium trioxid (chromic acid) drop 
by drop. The fluid assumes a red color, which changes 
to blue when ammonia i added. If the urine is very 
pale, extraction with ether may be omitted. 

Antipyrin.- Thi drug giYes a dark-red color when a 
few drop of ro per cent. ferric chlorid are added to the 
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urine . The color does not di~appear upon boiling, which 
ex ·Jude · diace lic a ·id. 

Arsenic. Reinsch's Test. .\ del lo the urine in a te~l
tube or ·mall fla k abou t one-seventh it:, , ·olume of hy
dro hlori acid, introcluc ' a piece of bright copper-foil 
about one-eighth inch ·quare, and boil for . cn·ral min
ute ·. If arsenic be pre ·cnl, a clark-gray film i~ depo~itcd 
upon Lhe copper. The te · t is more delicate if the urine 
be oncentrated by low vaporation. This test is w II 
known and i · wid ly us d, but is not . o reliable as the 
following. 

Cutzcit's Tcst.- In a large lest-tube place a little 
ar enic-free zinc, and add s to ro c.c. pure dilute hyclro-
hloric a id and a f w dr p of iodin olulion (Gram's 

solution will an wer), then add 5 to ro c.c. of the urine. 
\t on e cover the mouth of the tube with a filt r-paper 
ap moi tened with atural d aqueous olution of ilver 

nitrate (r: r). If ar eni be pre enl, the paper quickly 
b c me lemon-yellow, owina to formation of a com
pound of ·ilnr arsenid and ·ilvcr nitrate, and turn~ black 
when touch d with a drop of water. To make . ur that 
the r agent , are ar eni -free, the paper cap may be ap
plied for a few minute · before the urine i · added. 

Atropin will cau-e dilatation of the pupil when a few 
dr p · of the urine are placed in the eye of a cat or rabbit. 

Bromids can be dete ted by acidifyina about ro c.c. of 
the urine "~ith dilute ulphuric acid. adding a few drop 
of fuming nitric acid and a fe"· cubic centimeter · of 
chloroform. and hakina. In the pre-ence of bromin the 
chloroform. \\·hich ettl to the bottom. a -ume- a yell w 
olor. 

Iodin from inge tion of iodid:: or ab-orption from 
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iodoform dressings is tested for in the same way as the 
bromids, the chloroform assuming a pink to reddi h
violet color. To detect traces, a large quantity of urine 
should be rendered alkaline with sodium carbonate and 
greatly concentrated by evaporation before testing. 

,Lead.- No siniple method is sufficiently sensitive to 
detect the traces of lead which occur in the urine in 
chronic poisoning. Of the more sensitive method , that 
of Arthur Lederer is probably best suited to the prac
titioner : 

It is essential that all apparatus used be lead-free. 
Five hundred cubic centimeters of the urine are acidifi.ed 
with 70 c.c. pure sulphuric acid, and heated in a beaker 
or porcelain dish. About 20 to 25 gm. of potassium 
persulphate are added a little at a time. Thi should 
decolorize the urine, leaving it only slightly yellow. If 
it darkens upon heating, a few more crys tals of potassium 
persulphate are added, the burner being first removed to 
prevent boiling over ; if it becomes cloudy, a small amount 
of sulphuric acid is added. It is lhen boiled until it has 
evaporated to 250 c.c. or less. After cooling, an equ~l 

volume of alcohol is added, and the mixture allowed to 
stand in a cool place for four or five hours, during which 
time all the lead will be precipitated as insoluble sulphate. 

The mixture is then filte red through a small clo e
grained filter-paper (preferably an ashle s, quantitative 
fi lter-paper), and any sediment remaining in the beaker 
or dish is carefully wa hed out with alcohol and filtered. 
A test-tube is placed underneath the funnel; a hole is 
punched through the tip o(the filter with a mall gla s rod, 
and all the precipitate (which may be o light a to be 
scarcely visible) washed down into the te t-tube with a 
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jet of distilled water from a \Ya ·h-bottlc, using as little 
wat 'r as po sib! . Ten ubic c nt imct r · will usuc_,lly 
sui1i c. This fluid is th n heated, adding ry tal· of 
·odium acetate until it become · perfectly clear. Il now 
con tain- all the I ad of th' soo c .. urine in the form of 
lcacl acetate. It is allowed to cool, and hydr g n sulphid 
ga · i pa cd through it for about five minut · . The 
slierhte t yellowi h-bro\\'n eli ·coloration indi at th pr s-
n c of lead. \ very light d i ·coloration cau be be ·t ccn 

r;,_ 34· .-\. simple hyd ro~cn .. ulphitl ~enerator. 

wh n looked at from above. For compari on, the era 
may be 1 as-cd through a tc · t-tube containina an equal 
amount of di -tilled water. The quantity of lead an b 
detcrmin<.:d by comparing the di coloration with that 
produced by pa~ ing the era - throuerh lead ace tat ( .:ugar 
of lead) :::olution of knmm trenerth. One QTam of lead 
acetate crystals contain- o.: -t erram of lead. Hydrogen 
ulphid i- easily prepar din the simple apparatus -hown 

in Fier. : -+· :\. _mall quantity of iron -ulphid i placed 
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in the test-tube; a little dilute hydrochloric acid is added; 
the cork i replaced; and the delivery tube is inserted to 
the bottom of the fluid to be tested. 

Mercury.- Traces can be detected in the urine for a 
considerable time after the use of mercury compounds 
by ingestion or inunction. 

About a liter of urine is acidified with ro c.c. hydro
chloric acid, and a small piece of copper-foil or gauze is 
introduced. This is gently heated for an hour, and 
allowed to stand for twenty-four hour . The metal is 
then removed, and washed successively with very dilu te 
sodium hydroxid solution, alcohol, and ether. When 
dry, it is placed in a long, slender test- tul:e, and the lower 
portion of the tube i heated to redness. If mercury be 
present, it will volatilize and conden e in the upper por
tion of the tube as small , shining globules which can be 
seen with a hand-magnifier or low po;yer of the micro
scope. If , now, a crystal of iodin be dropped into the 
tube and gently heated, the mercury upon the side of the 
tube is changed first to the yellow iodid, and la ter to the 
red iodid, which are recognized by their color. 

Morphin.- Add sufficient ammonia to the urine to 
render it di tinctly ammoniacal and shake thoroughly 
with a considerable quantity of pure acetic ether. Sepa
rate the ether and evaporate to dryness. To a little of 
the residue in a watch-glass or porcelain dish add a few 
drops of formaldehyd-sulphuric a id, which has been 
freshly prepared by adding one drop of formalin to r c.c. 
pure concentrated ulphuric acid. If morphin be pres
ent, this will produce a purple-red color, which change 
to violet, blue-violet. and finally nearly pure blue. 

PhenoL- A· ha been stated, the urine following 
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phenol poi oninJ turns oliv -gre n and then brownish
bla k upon tanding. T ·ts are of value in r ·ognizing 
poisoning from ingestion and in dele ling ab orpli n 
from carbolized dre ·sing ·. 

The urine i acidulated with hydrochlori a icl ancl 
disti~lecl. To the fwt few uLic centimet rs of distilh tc 
i · added ro per cent. ~ o uti n of ferric chlorid dr p by 
dro1 . The pr n f ph no] au e a deep am thyst
blu' color, a in ffelmann' te t fer Jacti acid. 

Phenolphthalein, which i now widely u ed a: a ca
thartic, gives a bright pink color when the urine is r n
der d alkaline with au ti oda. 

Quinin. \ con id rable quantity of the urine i ren
d red alkaline \\'ith ammonia and extracted with eth r; 
the ether i e, ·aporated, and a portion of the re idue eli -
olved in about twenty drop of dilute alcohol. The 

a! oholic -obtioa i acidulated with dilute ulphuric 
acid, a drop of an alcoholi olution of iodin (tincture 
f i din diluted about ten time ) is added, and the mix

ture i warmed . pon cooling an iodin ompound of 
quinin (herapathite) will eparate out in the form of a 
microcry talline ediment of green plate . 

Th remainder of the re -idue may be di ·solnd in a 
little dilute sulp!1Uri - acid. Thi- olution will how a 
characteri-tic blue f uore- ence when quinin i- pre enl. 

Resinous drugs cau_e a white precipitate like that of 
albumin \Yhen trong nitri acid i added to the urine. 
Thi i- dissoh·ed by alcohol. 

Salicylates, salol, and irnilar drug- give a blui h
\-.iolet olor. which di appear upon heating. upon addi
tion of a few drop of ro p r cent. ferric chlorid -olution. 
\\nen the quantity of alicylate- i- -mall. the urine may 
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be acidified with hydrochloric acid and extracted with 
ether, the ether evaporated, and the test applied to an 
aqueous solution of the residue. 

Tannin and its compounds appear in the urine as 
gallic acid, and the urine becomes greenish-black (inky, 
if much gal ic acid be present) when treated with a solu
tion of ferric chlorid. 

III. MICROSCOPIC EXAMINATION 

A careful microscopic examination will often reveal 
structures of great diagnostic importance in urine which 
seems perfectly clear, and from which only very slight 
sediment can be obtained with the centrifuge. Upon the 
other hand, cloudy urines with abundant sediment are 
often shown by the microscope to contain nothing of 
clinical significance. 

Since the nature of the sediment soon changes, the 
urine must be examined while fresh, preferably within six 
hours after it is voided. The sediment is best obtained 
by means of the centrifuge. If a centrifuge is not 
available, the urine may be allowed to tand in a conical 
test-glass for six to twenty-four hours after adding some 
preservative (p. 69). The " torfuge " (Fig. 35) is said 
to be a very satisfactory sub titute for the centrifuge, 
and is readily portable. 

A small amount of the sediment should be transferred 
to a slide by means of a pipet. It is very important to do 
this properly. The best pipet is a small glass tube which 
has been drawn out at one end to a tip with ra ther mall 
op ning. T he tube or gla s containing the ediment i 
held on a level with the ye, the larger end of the pipet L 
closed ·with the index-finger, which mu t be dry and the 
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ti1 i arried down inlo lhc cdirncnl. By ar fully 
loo · ning the finger , but not entirely remoYinrr it a mall 
am unt of the ·cdiment is then all w d to run lowly int 
the pipel. lightly rotating the pipet will aid in accom 
pli hing this, and a t the arne lime will erY t loo~ 'n 
any tru ture which ling t the bottom of th tube. 

fl r wi1 ing ofT the urine which adhere to th outsid e, 
a dr p from the pipet i placed upon a I an :; lid . 
\ hair is th n placed in th drop. and a large covcr-gla. s 

Fig. Js.-\\'etherill's torfu:(e 

applied. 1any \Yorkers u e no conr. Thi otT r a 
thicker layer and larger area of urine, the chanc of find
ing canty tructure being proportionately increa ed. It 
ha the di advantage that any jarrina of the room (a by 
per on- " ·alkina about) et- the micro copic field into 
Yibratory motion and make it impo ible to ee anythina 
clearly; and _ince it doc not allow of the u e of high
power objectiYe . one cannot examine detail- a one often 
"·i-he to do. . larue cover -gla - "-i th a hair ben a th it 
aYoid thes di ad,·anta<Yes. and Q}ve- enough urine to 
find any -tructure which are pre-ent in uffi ient 
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number to have clinical significance, provided other 
points in the technic have been right. lt is be t , h~w
ever, to examine several drops; and, when the sediment 
is abundant, drops from the upper and lower portions 

·should be examined separately . 
In examining urinary sediments microscopically no 

fault is so common, nor so fatal to good results, as im
proper illumination (see Fig. 4), and none is o ea ily 
corrected. The light should be central and very sub
dued for ordinary work, but oblique illumination, ob
tained by swinging the mirror a little out of the optical 
axis, will be- found helpful in identifying certain delicate 
structures like hyaline casts. The r6 mm . objective 
should be used as a finder, while the 4 mm. is reserved 
for examining details. An experienced worker will rely 
almost wholly upon the lower PO\":er. 

It is well to empha ize that the m ost common errors 
which result in fai lu re to find im portant structures, when 
present , are lack of care in transferring the sediment to the 

slide, too strong ilLumination, and too great magn~f7ca tio11. 

In order to distingui sh between imil ar structure it is 
often necessary to watch the effect upon them of certain 
reagent . This i especially true of the various unorgan
ized sediments. They very frequently cannot be identi
fied from their form alone. With the structures still in 
focus, a drop of the reagent may be placed at one edge of 
the cover-gla sand drawn undernea th it by the uction of 
a piece of blottino--paper touched to the opposite edge; 
or a mall drop of the reagent and of the urine may be 
placed close together upon a lide and a coYer gently 
lowered oYer them. A the two flu id mingle, the effect 
upon ,·ariou t ructu re may be een. 
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Urin a ry sedimen ts m ay be s tud ied und er three heads : 
A. Unorganized diment ·. B. Organized sediments. C. 
Extraneo u s tru ctures . 

• \. ' O RC.\ NI ZE D , E DIMENT 

In genera l the e have lilli e d iagno ·tic or p rogno ·Lic 
signi fi an e. :\1 s l of th em a rc ub la nces norm ally 
present in olulion, whi ch hav b n precipita ted either 

b cause pr ·sent in ex · ss iv a mou n ls, or , mo re fr quenll y, 
be a usc of som a ll ra li n in Lh ur ine (as in rca Li on , 

on ·cnlra.Lion, elc.) whi ch may be purely phy: iologi , 
d p endin g upon ha ng '. in diet or ha iJiL ·. a ri ou 
subs lan cs arc a l w~Lys pre ip ila l ·d clurin rr de ompo

sition , whi h may la k pia · ·ilh ·r within or without 

~ , 
( -:·.· -!i" ~ ' '1- / 

I 

Fig . 36. Un usua l u rinary cry, Lals (drawn from various a u lhor<): ' · Calci um sul
pha Lc· (colorl ·os) ; 2, choi ·;,Lcrin (c., lo rl t·") , 1. hippuri acid (c.>lorlc") ; 1. hemato idi n 

(lmHvn); 5, fatly acids (colurl c;,s); h , iudigo (h luc); 7, s Jdi um uralc (vc lluwbh ). 

th e body. Unorgan iz ·cl s •dim nls may b ·las ·ifi cd 
accordin g lo Lh c rca ·Lion uf the ur ine in whi ·h lhey a rc 

most lilwly lobe foun d: 
· f n acid urine: ri c a ·i I, a morph ous ural s, od ium 

urate, a l ium oxalat , I u in a nd ly rosin , cys tin , and 
fa l-g lobul •s . n a icl , the ura tes, and ca l ium oxala.t 
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are the common deposits of acid urine ; the others are 
less frequent, and depend less upon the reaction of the 
urine. 

In alkaline urine: Phosphates, calcium carbon ate, and 
ammonium urate. 

Other crystalline sediments (Fig. 36) which are rare 
and require no further mention are: Calcium sulphate, 
cholesterin, hippuric acid, hematoidin, fatty acids, and 
indigo. 

Fig. 37.-Forms of uric acid: I , Rhombic plates; 2 , whetstone forms; 3, J , quadrate 
forms; 4, s . prolonged in to points; 6, 8, rosets; 7, pointed bundles; 9, barrel forms pre· 
cipita ted by adding hyd rochloric acid to uri ne (Ogden). 

I. In Acid Urine.-(1) Uric-acid Crystals.- The e 
crystals are the red grains- " gravel " or '' red sand "
which are often seen adhering to the side and bottom 
of a ve el containing urine. Iicro copically, they are 
yellow or reddi h-brown crystals, which diffe r greatly in 
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Uric-aLit! rystal s with anwrphuus urate (afll:r I'cyr r). 
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size and shape. The most chara teristic form:::. (Pla te III 
and Fig. 37) are "whet ton s "; ro et-like clusters of 
prism s and whet tone ; and rhombic plates, which 
have usually a paler ol r than lh other form and are 
ometimes colorle . A v ry rare form i a olorle s 

hexagonal plate re embling cy tin. Recognition of the 
ry t als depend le upon th ir hape than upon th ir 
olor, the reacti on of lh urine, and the fact lhal they 

are olubl e in causti da oluli n and in olu bl in hy
drochloric or ace tic a id. Wh n ammon ia is added, 
th y dis olve and cry tal f ammonium ural appear. 

A d po it f uri ·-a id ry: la ls ha no ign iJi an un-
le it oc ur · before r v ·ry n after the urin i voided. 
Every urin e, if kept acid , will in tim d po it ils uri 
a i I. F a lor whi h fav r an arly lc1 o: il ar high 
a idity, dimini ·hed urinary pigm nls , an l x x-

retion of uri a id. Th hi ·f lini cal inl rc l of the 
crysta ls lie in th ir lend en ·y l f rm al uli , ' ing lo 
the r ad in s with whi h lh y · II cl ab ul any solid 
obj t. Their pr 'S n in Lh fr shl y vo id ed urin ' in 

lu t rs of cry La ls sugg ·sls stone in th kicln 'Y r 
bladd er, e pe ia ll y if blood is a lso pr sent. ( Fig. 65.) 

(2) Amorphous Urates. Th se ar hi eDy ura l of 
sod ium and potassium whi ·h a r ' thrown oul f ·oluli n 
a a yellow or r d " brick-dust " cl eposil. In pal 
ur in s this sed iment is a lmost whit'. H di app a rs upon 
h a ling. A deposit of amorphous ural ' is v •ry omm on 
in on ntrated and strongly ac id urin es, spc ia ll y in 
old weather, and ha no li ni a l signit1 an ncl er 

Lh e m i ros ope it appears as fin e ye ll owish granu l , 
oft n so abundant as Lo bs u re a ll th r slru Lur 
(PiaL III). I n su h ases the ur ine shou ld b warm d 
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before examining. Amorphous ura tes are readily sol
uble in caustic soda solutions. When treated with hy
drochloric or ace tic acid, they slowly dissoive and rhombic 
crystals of uric acid appear. 

Rarely, sodium urate occurs in crystalline form
slender prisms, arranged in fan- or sheaf-like structures 
(Fig. 36). 

(3) Calcium Oxala te .- Characteristic of calcium oxa
la te are colorl ess. glistening, octahedral crystals, giving 
the appearance of small squares eros ed by two intersect-

0 

Fig. 38.- Va rious forms of calcium oxalate crystals (Ogden). 

ing diagonal lines--the so-called " envelop crystals " 
(Fig. 5 r). They vary greatly in ize, being sometimes 
so small as to seem mere points of light with medium
power objectives. Unusual forms, which , however, 
seldom occur except in conjunction with the octahedra, 
are colorle s dumb-bells, spheres, and Yaria tions of the 
octahedra (Fig. 38). The spheres might be mistaken for 
globules of fa t or red blood-corpuscles. Crystal of 
calcium oxalate are insoluble in acetic acid or caustic 
soda. They are dj olved by strong hydrochloric acid, 
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and recrystallize as oc tahedra upon addition of ammonia. 
They are sometimes encountered in alkaline urine. 

The cry tals are ommonly found in lhe urine after 
ingestion of vegetable ri h in oxalic acid, a toma toes, 
spinach, a paragus and rhubarb. They hav no de
finite significance pa lhologi ally. They oflcn appear 
in digestive disturbanc · , in ncura lhenia, and wh n the 
oxidizing power of lhc y l m i d im ini h d. \i\"hen 
abundant, th ey arc generally a ciatecl wilh a little 
mucus; and, in men, fr JU nll y with a few sp rmalozoa. 
Like uric acid, lh ir chi f linical interes t li e. in their 
tenden y to form a l uli , a ncl their prcscn ·c in frc h 
urin , tog thcr with •vi l ·n · s of r nal r cy li e irrita tion , 
should be vi wed with ·u pi i n , 1 a rticul a rl y if th y ar 
clumped in mall rn a s •s . 

(4) Leucin and Tyrosin. ry ·ta l a r d posit d on ly 
wh n lhc su i tan c. a rc pr nt in considcrabl ' amount. 
Wh n pre cnt in ·ma ll ·r amount, th y will usuall y be 
deposit d if a lilli e of th urine be slowly vaporat d up n 
a slid . Addili n of al oh 1 fa\'ors lh dcp it. They 
g n rall y app ar togcth ·r, and arc of comparaliv ly 
rar o urrcn e, u uall y in li a ting s vcr fa tly d ·. tru -
lion of the liv r, su h as o ur · in a utc y I low alr phy 
and phosphoru ·-1 ois ning. 

The rystals cannot l c id nlific I from th eir morph ol
ogy a lone, sin c olhcr subslan s, notably calcium phos
phate (I• ig. 4 2) and ammon ium urate, may tal ' simil ar 
or icl nti a l forms. 

Leucin crystals (F ig. 39) as lh y app ar in th' urin 
do n l r present the pur ' substan c. Th y arc sli gh lly 
yellow, oily-look ing sph •r s, many of them with radial 
and cone ntric striations. Some may be m ·rg d to-

10 
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gether in clusters. They are not soluble in hydrochloric 
acid nor in ether. 

Tyrosin crystallizes in very fine colorless needles, 
usually arranged in sheaves, with a marked constriction 
at the middle (Fig. 39) . It is soluble in ammonia and 
hydrochloric acid, but not in acetic acid. 

(s) Cystin crystals are colorless, highly refractive, 
rather thick, hexagonal plates with well-defined edges. 
They lie either singly or superimposed to form more or 
less irregular clusters (Fig. 40). Uric acid sometimes 

Fig. 39.-Leucin spheres and tyrosin needles (Stengell. 

takes this form and must be excluded. Cystin is soluble 
in hydrochloric acid, insoluble in acetic; it is readily 
soluble in ammonia and recrystallizes upon addi tion of 
acetic acid. 

Cystin is one of the amino-acids formed in decompo
sition of the protein molecule, and is pre ent in traces in 
norma] urine. Crystals are deposited only when the sub
stance is pre ent in excessive amount. Their presence 
is known a cystinuria. It i a rare condition due to an 
obscure abnormality of protein metaboli m and u ually 
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continues throughout life. There are rarely any ymp
tom save those referable to rena l or cystic alculus, to 
which the condition trongly predisposes. 

(6) Fat-globules. Fat appear in the urine as highly 
refractive globules of various. ize , frequently very small. 
These globule ar easil y re ognizeJ from the fact tha t 
they are tained black by o. mi a id and orange or red 
J?y udan III. The lain may I applied up n lhe !ide, 

0·, ''d '} 
0 

@ 

Fig. 40.- ystin crysta ls from urin e or pati ent with cystin cal ulus (X 200) (photogra 1 h b> 
the a uthor ). 

as a lready descriu d (p. 140). smic acid h uld b 
u · d in 1 per cent. aqueous oluLion ; ' ud an HI in a lu
ra ted solution in 70 1 er enl. al ohoJ, lo whi h on -ha lf 
volum of ro per enl. formalin may advantageously 
be add d . 

Fat in th e urine i usua ll y a contamin a tion from un-
1 an vessel , oil d athct rs, t . A very small amount 

may b present after inges ti on of la rge quantiti s of od-
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liver oil or other fats. In fatty degeneration of the 
kidney, as in phosphorus-poisoning and chronic paren
chymatous nephritis, fat-globules are commonly seen, 
both free in the urine and embedded in cells and tube
casts. 

In chyluria, or admixture of chyle with the urine as a 
result of rupture of a lymph-vessel, minute droplet of 
fa t are so numerous as to give the urine a milky appear
ance. The droplets are generally smaller than those of 
milk. The fluid is often blood-tinged. Chyluria occurs 
most frequently as a symptom of infection by filaria 
(p. 357), the embryos of which can usually be found in 
the milky urine. 

2. In Alkaline Urine.-(r) Phosphates.- While most 
common in alkaline urine, phosphates are sometimes 
deposited in amphoteric or feebly acid urines. The usual 
forms are : (a) Ammoniomagnesium pho phate crystals; 
(b) acid calcium phosphate crystals; and (c) amorphous 
phosphates. All are readily soluble in acetic acid. 

(a) Ammoniomagnesium Phosphate Crystals.- They 
are the common " triple phosphate " crystals, which are 
generally easily recognized (Figs. 41 and 66 , and Plate 
IV). They are colorless, except when bile-stained. 
Their usual form is some modifica tion of the pri m, with 
oblique ends. Most typical are the well-known " coffin
lid " and " hip-roof " forms. The long axis of the hip
roof cry tal is often so shortened that it resembles the 
envelop cry tal of calcium oxalate. It does not, how
ever , have the same lu ter ; this , and its solubility in acetic 
acid, will always prevent confusion. 

\Yhen rapidly depo ited, as by artificial precipitation 
triple phosphate often take feathery , tar- or leaf-like 
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forms. These uradual ly develop into the more common 
prism s. X -form m ay be prod uced by p a rtial solution of 
pri m s. 

(b) A cid Calcium, Plwsplwtc Crystals. - In feebly acid, 
ampho teric, or feebly alkal in urine acid calcium phos
phate, wrongly a ll d " n utral calcium pho phate ," 
is not infrequen ll y d po it ·d in the form of co lorl e s 
pri sms a rrang d in s ta r ancl ros ·ts (Fig. 42, r) . The 
ind ividual 1 risms a rc usual ly s lcnclcr, with on b \'Cl d, 

Fil( . 41. Variou' fo rm ~ of triple ph'" flhatc cry>lal s (Ogden). 

wedge-lik end , but a r ' som etimes n 'Cel l -lik . Th 'Y 
may sometimes tak · forms resembling ty rosin ( Fig. ,p, 

2), a lcium sulph a te, or hippuri · ac id , but ar r ·a lil y 
dist ingu ished by th eir so lul ility in a cli c a ·id. 

Cal ·ium phospha te often f rm s la rg , thin , irr •gul a r, 
usua ll y g ra nul a r, olorl ss plates, which a r eas il y rccog
ni z •cl (Fig. 42, 3). 

( ) Amorphous Pl10s jJlwtcs. Th earth y phosphates 

ar thrown out of so lution in rn ost a lka lin ' a nd m any 
amphoteric urin s as a white, amorph ous s ·climent, 
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which may be mi taken for pus macroscopically. Under 
the microscope the sediment is seen to consist of numer
ous colorless granules, distinguished from amorphous 

2 

Fig. 42.- Crystals of calci um phosphate: r , Common form (copied from Rieder's 
Atlas) ; 2, needles resembling tyrosin (drawn from nature); 3, large, irregular plates (from 
nature). 

urates by their color, their solubility in acetic acid, and 
the reaction of the urine. 

The various phosphatic deposits frequently occur 
together. They are sometim es due to excessive excre-

F ig. 43.-I ndist inct crystalline sed iment (dumb-bell crystals) of calcium carbonate . 
Similar crystals are formed by calcium oxalate and calcium sulpha te (after Funke). 

tion of phosphoric acid , but usually merely indicate that 
the urine has become, or is becoming, alkaline. (See 
Phosphate , p. 86 .) 

(2) Calcium carbonate may sometimes be mingled 
with the pho phatic deposits, usually as amorphous 
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S diment of alkaline fermentation (after llofmann and l ' ltzm::tnn ). 
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g ranules, or, more rarely a colorless sphcr s and dumb

bells (Fig. 43), whi h a rc soluble in aceti acid with gas
form a tion. 

(3) Ammonium Urate Crystals . This is Lh only 
ura te d po itcd in a lkalin unn . It form. paq ue 
ye ll w cry lal s, u ual ly in th f rm of ph rc (Pla te IV. 
and Fig. 66) , whi h a r ft n vcred with fm or oar 

Fig. 11· Crystals of amm rmium ura l (o n · h.df o f the form s o picd from Rieder 's ti ns, 
the o th ·rs from natur ·). 

spi ·ul s " th orn-app l ' rys tal s." .'omctim s clumb
b ·li s, compa l sheaves of lin ' n edles, an I irr 'gular 
rhizome form s a r ' s ·en (Fig. 44). 1 on add ition of 
a ·eti acid they disso lv ·, a nd rhombi plates of uri · acid 
appear. 

Th es rys lals ur nl y wh n fr amm oma 1 

pr sent. Th ey a rc g •n ra ll y fou nd a long with th pho -
ph a l 'S in d ' omposin g ur in and have no clini a! 
sign iftcance. 

n. 0RC/\NTZ im Sr.nTMf:NTS 

Th principa l rga niz ·c.l s tru lures ir urinary s cli
mcnls arc: Tube- as ts ; epithelial cells ; pus- orpus Jcs ; 
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red blood-corpuscles; spermatozoa ; bacteria, and animal 
parasites. They are much more important than the 
unorganized sediments just considered. 

l . Tube=casts.- These interesting structures are albu
minous casts of the uriniferous tubules. Their pres
ence in the urine probably always indicates some 
pathologic change in the kidney, although this change 
may be very slight or transitory. Large numbers may 
be present in temporary irritation and congestions. 
They do not in themselves, therefore, imply organic dis
ease of the kidney. They rarely occur in urine which 
does not contain, or has not recently contJ.ined, al
bumin. 

While it is not possible to draw a sharp dividing-line 
between the different varieties, casts may be classified 
as follows: 

(r) H yaline casts. 
(a) Narrow. 
(b) Broad. 

(2) Waxy casts . 
(3) Fibrinous casts. 
(4) Granular casts. 

(a) Finely granukr. 
(b) Coarsely granular. 

(s) Fatty casts. 
(6) Cast containing organized structures. 

(a) Epithelial casts. 
(b) Blood-casts. 
(c) Pus-ca ts. 
(d) Bacterial casts. 

As will be seen later, practically all varieties are 
modification of the hyaline. 
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The signiiicanc of the diffe rent vari ties more 
readily und erstood if one considers their mode of forma
Lion. Albuminous ma terial, Lh source and nature of 
whi h are not definitely known , but which arc doubtless 
nollhe same in a ll cases, probably ntcrs Lh lum n of a 
urinifer us tubule in a nuid or pla Li la te. The 
ma terial has been va ri ou ·Jy thought to be an xudate 
from th e blood , a patho logic !:>C rc tion f lh renal ell s, 
and a prod uct of cpith ·li a l lcgcncra tion . In the tubu le 
il hardens into a cas t which, when washed oul by the 
urin , r ' Lains the shap ·of th e tub ul e, and ontains within 
its ubslan whatever struc t ures and dcb ri · wer lying 
free within th e tu bul 'or w ·rc l oo~ l r•y a ttached to it wall. 
If the tu bule be small and hav' iL usua.l lining of pithc
lium, the asl will L · na rrow; if il be la rge or ntir ly 
cl cn ucl cd of epitheli um, th · ·a ·t will be broad . Jl cast, 
tl!crefore, indicates tl:c conditio 11 oj lite tubu! i:1 1·•/!icli 
it is fo rmed, but docs J!Olnccessarity illd ica tc !I.e condition 
of lite kidney as a ·zd!Olc. 

Th ' sca r ·h for cas ts must b ' car ·full y made. The 
urin · must be fresh, sin · ' hyalin e cas ts soon di ssolv 
when it becomes ;. lkalin ·. IL should be thoroughl y 
enlrifug· l"z ·d . Wh ·n the sediment is al unclant , asls, 

being li ght stru ctures, will be found ncar the lor . In 
cystiti s, where ·asls may be enlir ly hidd ·n by th ' pus, 
Lh bl adder should be irrig·:t. t ·d to r ·mov' as mu ·h of 
the pus as possible and the nexl urin e xaminecl. Tn 
ord •r lo prevent solution of Lh casts lh urin , if al 
kalin ', must be r •nd r ·cl acid by previous admin istra
t ion of hori a id or olh r drugs. II avy s dim nts of 
urales , blood , or vaginal li s may lik wise obscure 
casts and oth •r important stru ctures . Th e last can b ' 
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avoided by catheterization. Urates can be dissolved 
by gently warming before centrifugalizing, care being 
taken not to heat enough to coagulate the albumin. 
The albumin shield of the centrifuge tube may also 
be heated. Blood can be destroyed by centrifugalizing, 
pouring off the upernatant urine, filling the tube with 
water, adding a few drops of dilute acetic acid, mixing 
well , and again centrifugalizing; this process being 
repeated until the blood is completely decolorized. 
T oo much acetic acid will dissolve hyaline casts. 

Their cylindric shape can be best seen by slightly 
moving the cover-glass while observing them, thus 
causing them to roll. This little manipulation should 
be practised until it can be done sati fac torily . It will 
prove u eful in many examinations. 

Various methods of staining cast so as to render them 
more conspicuous have been proposed. They offer no 
special advantage to one who understands how to use 
the substage mechanism of his microscope. The" nega
tive-s taining " method is as good as any. It consists 
simply in adding a little India-ink to the drop of urine on 
the slide. Casts, cells, etc., will stand out as colorless 
structures on a dark background. 

(I) Hyaline Casts .- Typically, these are colorless, 
homogeneous, emitransparent, cylindric structures, with 
parallel sides and usually rounded ends. ot infre
quently they are more opaque or how a few granules or 
an occasional oil-globule or cell , either adhe-ring to them 
or contained within their substance. Generally they 
are straicrht or curved; less commonly, convoluted. 
T heir length and breadth vary greatly : they are some
time o long as to extend aero several :field of a 
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medium-power objective, but are u ually much hor ler ; 
in breadth, they vary from one to seven or eight lime 

th diam ter of a r d l lo cl - orpu cle. 
46 , and so.) 

Fig.· 4, 45 

Fig. 46.-Va rious kind• or casts: a, I lyalinc a nd ~n c ly gran ul a r cas t; II , ~n cly gra nula r 
cast ; c, coarsely gran ular cast ; rl , bro wn granular ca"' t ; c, granular ca.., l with norma l and 

a bnorma l blood adh •rpnt ; / .!'(ra nula r us t with r ·na l cells adh eren t ; x. granu lM cast wi th 
rat and a ratty rcn'tl c 11 ad her ·n t (Ogden). 

H yaline casts ar lh I as t signil1 anl of a ll Lh as ls, 
and o cur in many slight and Lra n ilory onclilions. 
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Small numbers are common following ether anesthesia, 
in fevers, after excessive exercise, and in congestions and 
irritations of the kidney. They are always present, and 
are usually stained yellow when the urine contain much 
bile. While they are found in all organic diseases of the 
kidney, they are most important in chronic interstitial 
nephritis. Here they are seldom abundant, but their 
constant presence is the most reliable urinary sign of the 
disease. Small areas of chronic interstitial change are 
probably responsible for the few hyaline casts so fre
quently found in the urine of elderly persons. 

Fig. 47.- Waxy casts (upper part of figure ). Fatty a nd fat·bearing cas ts (lower part of 
figure) (from Greene 's" Medical Diagnosis") . 

Very broad hyaline casts commonly indicate complete 
desquamation of the tubular epithelium, such as occurs 
in the late stages of nephritis. 

(2) Waxy Casts.- Like hyaline casts, the e are homo
geneous when typical, but frequently contain a few 
granules or an occasional cell . They are much more 
opaque than the hyaline va6 ety , and are u ually horter 
and broader, with irregular , broken end , and orne
times appear to be segmented. They are grayish or 
colorle , and haYe a dull, wa-xy look a if cut from par-
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affin (Fig . 47 and 64). They are sometime omposed 
of material which gives the amyloid reactions. Waxy 
casts a re found in most advanced cases of nephritis, 
where they are an un favorable ign . They ar perhap 
mo t frequently found in amyloid di ·ea of th e kidney, 
but are not di linctivc of the di ca c, a · i sometime 
sla ted. 

(3) Fibrinous Casts. whi h rc mbl waxy 
a t , but have a di ·t in w color, as if ut from 

bec ·wax, a rc often ccn in a ulc nephriti s. T h y are 

F it;. 41!.-G ran ular and fatty casts and lwo compound gran ular cclb (Stenge l). 

a il ed iibrinou casts, but th name i inapp r pria t , a 
th ey a r not compos d of ltbr in. They a rc oft en las cd 
with waxy casts, but should b disl ingui hcd , a lb ir 
signil1 an c is mu h less ·ri ous. 

(4) Granular Casts . The. c ar m rely hyalin casts 
in wh ich num rous granu les a r mbcdcl cd (F ig . 46, 48, 

and so). 
Finely granular ca Is onta in m any Jill granul s, arc 

u. ua ll y shorter, br adcr, ancl more opa 1uc than th e 
hya line vari ty, and a r mo r con picuous. T h ir color 
is grayish or pale yellow. 
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Coarsely granular casts contain larger granules and are 
darker in color than the finely granular, being often dark 
brown owing to presence of altered blood-pigment. They 
a re usually shorter and more irregular in outline, and 
more frequently have irregularly broken ends. 

(s) Fatty Casts.- Small droplets of fat may at times 
be een in any variet y of cast . Those in which the drop
lets are numerous are called fa tty casts (Figs. 4 7 and 48). 
The fat -globules are not difficult to recognize. Staining 
with osmic acid or Sudan (p . 147) will remove any doubt 
as to their nature. 

The granules and fat-droplets seen in casts a re prod
ucts of epithelial degenera tion. Granular and fatty 
casts, therefore, always indicate partial or complete dis
integration of the renal epithelium. The finely granular 
variety is the leas t significant, and is found when 
the epithelium is only modera tely a ffected . Coarsely 
granular, and especially fa tty casts, if present in con
siderable numbers, indicate a serious pa renchymatou 
nephritis. 

(6) Casts Containing Organized Structures.- Cells 
and other structures are frequently seen adherent to a 
cast or embedded within it. (See Figs. 45 and 46) . 
When numerous, they give name to the cast. 

(a) Epitltelial casts contain epithelial cells from the 
renal tubules. They always imply desquamation of 
epithelium, which rarely occurs except in parenchy
matous inflammations (Figs. 63 and 64). When the 
cells are well p re erved they point to acute nephritis . 

(b) Blood-casts contain red blood-corpuscle , usually 
much degenerated (Figs. 49 and 63). They always 
indicate hemorrhage into the tubules, which is most 
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common in acute nephritis or a n a ute exacerba tion of 
a chronic nephritis. 

(c) Pus-casts (s e Fig. 65) , composed a lmost wholly of 
pu -co rpu ·cl es, a re un ammon, and point to a chronic 
uppura tive pro s in th e kidn y. 

(d) True bacterial casts ar ra re. They in dicate a 
septic condition in th kidney . Bacteria may 1 rmeate 
a cast after the ur ine i voided. 

F ig . 49· R ed IJlood corpu' l ·s and h l c~>d c:"ls (cuurtc,y o f Ur. A .. ot l) (o hj . onc
bix t h) ( Boston) 

Structures Likely to be Mistaken for Casts.-( 1) 
Mucous Threads. 1 ucus fr ·q uentl y appea rs in th ' 
form of long ·trancl s whi ·h s li ghtl y rescmbl · hyaline 
casts (Fig . so) . Th ·y a rc, howeve r, mor · ribbon -lik , 
hav • I ·ss w ·11 -cl efin ·cl edg ·s, and usua ll y show fa int 
longitudina l s tri a tions. Th ·ir ·nel s Lapcr Lo a point or 
a rc split or urlcd upon th emse lves, ancl ar · neve r •venly 
rounded , as is commonl y Lh · as· with hya lin ' casts. 

Su h thread s form a part of th nubecu la o f n rm a l 

urine , and arc especiall y abun !ant when a l ium oxa la t 



r6o THE URINE 

crystals are pre ent. \Vhen there i an excess of mucus, 
as in irritations of the urinary trac t, eYery field may be 
filled with an interlacing meshwork. 

Mucous threads are microscopic and should not be 
confused with urethral shreds, which are macroscopic, 
and consist of a ma trix of mucus in which many epi
thelial and pus-cells are embedded. 

(2) Cylindroids.--This name is sometimes given to the 
mucous threads just described, but is more properly 

Fig. so.-Hyaline and granular casts, mucous threads, and cylindroids. T here are also 
a few epithelial cells from the bladder (Wood). 

applied to certain peculiar tructures more nearly allied 
to casts. They resemble hyaline cast in structure, but 
differ in being broader a t one end and tapering to a 
slender tail, which is often twisted or curled upon it elf 
(Fig. so) . They frequently occur in the urine along 
with hyaline casts, especially in irrita tions of the kidney, 
and have no definite pathologic igni ficance. 

(3) Masses of amorphous urates, or phosphates, or 
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very small crystals (Fig. 51), which accidentally take a 
cylindric form, or shreds of mu u covered with granules, 
closely re emble granular asls. Application of gentle 
heat or appropriate hcmicals will serve to differentiate 
th em. When ur ine ontain both mu us and granul s, 
la rge numbers of th e. e "pseudocasts," all lying in the 
same direction, can b procluc d by slightly moving the 
covcr-gla s from ide l sid e. Il i pos ible- as in urate 
infar ls of infants for ural lo be molded into ylin
clric bodies within the renal tu bules. 

Fig .. S r .-Calcium oxala te c rysta ls, o, hnwing a pscudocasl of sma ll crystals (J akob). 

(4) Hairs and fibers of wool , ollon, cl . Th ··e 
ou ld be mistaken for asls only by b ginner On 

can easil y become fam iliar with their appcara.n by 
susp •ncling th em in water and xamin ing with Lh c mi -ro

s ope (Fig. 6r) . 
(s) Hyphre of molds arc nol infr quenll y mi ·taken 

for hyaline casts. Th ir high r dcgr of r fra lion, 
lh ir jointed or bran hin g slru clure, and lh accom
panying spores will cliff r ntiate them (Fig. 62). 

11 


