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The Kaxamination of Urine

J. L. Grech M.D. :
(from the Department of Pathology,
St. Luke’s Hospital — Malta)

The examination of urine should un-
failingly constitute part of the clinical
examination. It should be-looked upon
in no other way than as part of a routine.
The time spent by the clinician ‘n care-
fully testing a patient’s urine is well re-
payed in go many instances. A diagnosis
and a line of treatment may in quite a
few cases have to be revised ‘n view of
the urine findings. It should always be
born in mind that the urine does not
reflect only what is happening in the
kidneys, but in the whole body; suffice
it to mention that the presence of gluc-
ose in the urine does not necessarily ‘n-
dicate g lésion in the kidneys.

The technical methods which will be
outlined have been selected because of
their practicability, simplcity and
seleetivity. If carefully carried out they
are as informative as the more elaborate
tests.

Collection and Preservation of the Urine
Sample

If any dependable datfa -are desired
regarding the quantitative composition
of the urine, the examination of the
mixed excretion for 24 hours is absolutely
necessary, i.e. 8.00 a.m. urine is discarded
then all urine passed up to and includ-
ing that passed at 8.00 a.m. the next day
is mixed, and a specimen is taken and
tested.

When a 24-hour specimen is not prac-
ticable, an early morning sample may
be obtained. However, if one is testing
for reducing substances and acetone
bodies on a random sample, that passed
about 14-2 hours after a meal should
he selected.

If possible all urines should be tested
soon after they are passed i.e. within
three hours; but if this is impossible

such preservatives as a crystal of cam-
phor of thymol to 8 ounces of urine, or
better still 10 drops of formaldehyde,
would not interfere with the tests for
the major urinary constituents.

In some instances both the day and
night urine may have to be tested se-
parately for constituents e.g. Addison’s
disease. )

In several instances, especially in
women, catheterization may be required
to avoid contamination from vaginal
or rectal discha‘rges.

As in the physical examination of the
patient, the examination of a specimen
of urine is carried out in a methodical

way following an established scheme.
The scheme suggested is:
1. Physical Charcaters:—  colour,

turbidity; deposit; odour; volume; pH;

specific gravity.

2. Chemical Analysis:—
a) Tests for Protein
b) Tests for Reducing Substances
¢) Tests for Ketone Bodies
d) Tests for Bile pigments, Uro-
bilinogen and Urobilin (when necessary)
¢) Test-for Chlorides (when neces-
sary) 4
3. Microscopical Examination.

The Normal Urine =

The normal urine is subject to cer-
tin variations, and variability in colour
(within a certain limit), volume, pH and
specific gravity, is an indication of nor-
mality. The average colour is straw or
light amber, the intensity depending
on the degree of concentration. One to
two litres of urine are excreted by the
normal adult under average conditions,
and volume depends naturally on such
factors as fluid intake and water elimi-
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nation through other channels. Odour
is ‘sue generis’ unless alkaline ferment-
ation has set in when it will be ammon-
‘iacal. The urine is clear; g faint turbi-
dity or a light deposit may be due to a
cloud of mucus. Under ordinary circum-
stances the reaction is slightly acid to
lithmus. The specific gravity range is
1.015-1.025.

Normal wurine containg minimal
amounts of protein chiefly mucoprotein,
not detectable by ordinary tests. An or-
dinary specimen from a female may con-
tain a detectable amount of protein of-
ten due to contamination from vaginal
discharges.

Reducing substances may be present
in traces in an odd specimen but this
may be quite within normal limits. Ke-
tone bodies are not usually present in
detectable quantities.

Bilirubin should be absent, and uro-
bilin ' and urobilinogen should not be
present in any €xcess.

Microscopical examination should re-
veal on constituents whatsoever, or at
most a very rare erythrocyte, leucocyte
or hyaline cast. The presence of squa-
‘mous epithelial cells alone is of no sig-
n’ficance, and calcium oxalate or triple
phosphate crystals may be present.

1. Physical Characters
a) Colour: The straw coilour of normal
urine is due to the presence of a pig-
ment urochrome, but in pathological
states urines present a great variability
in colour ranging from the extremely
pale yellow specimen of chronic neph-
" ritis to the dark brown urine of haemo-
globinuria. In addition, the colour of a
urine may be due directly or indirectly
to the excretion of ingested dyes or
drugs e.g. methylene blue, pyramidon.
The use of the spectroscope may be
required to establish the presence of
certain coloured substances in virtue of
the specific absorption bands they pro-
duce. '
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b) Turbidity: Clear urine very rarely -
contains any pathological constituenss.
Even normal urine may show g bouyant -
cloud of mucus or a definite turbidity of
bhosphates on stand:ng. Urines which
show a definite turbidity when passed -
are always pathological.

Turbidity may vary from a scanty uni-

form opalescence to the formation of
thick floccules; this flocculation is usual-
ly associated with a depos't. Turbidity
is due to substances in suspension, and
such elements may be:
1) bacteria 1ii) cellular elements (ery-
throcytes, leucocytes and epithelial cells
iii) casts iv) amorphous and crystalline
substances v) prostatic shreds, and vi)
contaminants — notably yeast cells,
cotton fibres, ete.

When turbidity is marked, it is usual-
1y associated with g deposit, the quan-
tity of the sediment being directly re-
lated to the density.

¢) A cloud of mucus may settle to the
bottom of the container. Concentrated
acid urines may show a bulky pinkish
deposit of wurates which dissolves im-
mediately on warming to 60° C. A sandy
deposit resembling red cayenne pepper
is due to uric acid. A white flocculent de-
posit in alkaline or neutral urine is due
to phosphates; this is cleared at once
by the addition of a few drops of 5%
acetic acid. Ozxalates may deposit in
both acid and alkal'ne urines and their
true nature can only be detected on
microscopy. Prostatic. shreds can easily
be identified on inspection as floating
elongated threads. )

d) Odour: The faintly aromalic odour
of a freshly voided urine specimen is
due to undetermined volatile acids. On
standing an ammoniacal smell is evolved
as the result of fermentation. Peculiar
odours may be detected following the
ingestion of certain' substances e.g. as-
paragus, turpentine, ete.

e) Volume: Volumes above or below
the normal range may be an indication
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of serious disorder. There is an increase
in the 24-hour volume in such conditions
as diabetes mellitus, diabetes insipidus,
nephrosis, and following the adminis-
tration of drugs like digitalis, mercurial
diuretics, ‘Diamox’, acetates and sali-
cylates. Urine output is decreased in
dehydration, vomiting, fevers, actute
nephritis, heart failure and uraemia.

f) pH or reaction to lithmus: The pH
of a urine must be ascertained early in
the examination, prior to the heat and
acid test for protein and microscopy.
The pH may vary within an appreciable
range (Ph 4. 8-8. 0) in health depending
on several factors. On an average the
PH is 6.0 i.e. slightly on the acid side of
neutrality; a value which.is due to the
presence of mono-sodium salts of phos-
phoric acid.

The urine may be alkaline following
& heavy meal (alkaline tide) or after the
ingestion of alkalies. In cystitis the
urine is alkaline in reaction because of
bacterial fermentation in the infected
urinary bladder. In cardio-renal disease
when the renal tubules fail in their
_compensatory mechanism, the reaction
of the urine is well on the acid side.

For ordinary bed-side work lithmus
paper is used. Blue lithmug paper turns
red or remains blue according to whether
the reaction is acid or alkaline respect-
ively. Red lithmus [paper turns blue in
alkaline urines. Sometimes both red and
blue lithmus paper change their colour,
and the urine is then said to be am-
photeric.

In routine laboratory practice use is
made either of a series of liquid indi-
cators or of speécial nitrazine indicator
papers. With these methods it is the
actual pH rather than the reaction that
is determined.-

g) Specifii Gravity: The specific gra-
vity varies directly as the amount of
solids in solution and inversely as the
volume. A large amount of sediment
nearly always raises the specific gravity.
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The normal range, under varying con-
ditions of diet and fluid intake, and of
fluid loss varies between 1.015-1.025.
The specific gravity of a random sample
is scarcely ever of any clinical sgnifi-
cance.

In pathological states the specific
gravity may vary from 1.001 to 1.060,
and the relationship between it and
volume may be lost. In chronic nephri-
tis the specific gravity tends to be low
and fixed from failure of the tubules to
concentrate the excreted urine. A low
specific gravity is also met with in dia-
betes insipidus. In acute glomerulo-
nephritis, it is usually high because small
volumes of a highly concentrated urine
containing an excessive amount of pro-
tein, are passed. High figures of specific
gravity are also met with in cases of dia-
betes mellitus when the sugar in the
urine is raised.

The specific gravity is measured by
means of the urinometer which is based
exactly on the hydrometer; the scale
being marked from 1.000 1.060.

Points to be observed in using the
urinometer are: :

i) The urinometer should float
freely without touching the glass cylin-
der. R

il) The reading should be made
from the bottom of the meniscus.

iil) No froth should be present.

iv) For small amounts of urine,
dilute with an equal volume of distilled
water and read the specific gravity after
adequate mixing. Then multiply the last
two figures of the reading by 2.

2. Chemical Analysis

a) Protegn

The term “proteinuria” is preferred to
the term “albuminuria’” because al-
bumin is not the only protein that may
be present in urine. The commoner pro-
teins to be found in pathological con-
ditlons are: plasma albumin, plasma
globulin, mucus, fibrin, haemoglobin,
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~ methaemoglobin, proteoses and Bence-
Jones protein. '

Tests for Protein

Several tests are described; the most
convenient and satisfactory being the
heat and acid test, -and the salicyl-
sulphenic acid test. Ag all tests depend
upon the appearance of a turbidity or
precipitate, it is essential that a clear
specimen  be obtained by filtering or
centrifuging. ,

i) Heat and acid test: Urines should
ke slightly acid to lithmus prior to boil-
ing; an alkaline urine is to be acidified
by the -addition of a few drops of 5%
acetic acid. If an alkaline urine is heated
any protein present is changed into
metaprotein — a soluble, and therefore,
not coagulable substance. Once the

. medium has been acidified, metaprotein
precipitates readily and is immediately
coagulated by heat. The addition of too
much acid should be avoided since it
will cause the protein to go into solution.

For carrying out this test the tube
should be three parts full. It should be
held over a flame from the lower end,
and at an angle, the upper layer being
heated. Turbidity in the heated layer
rﬁay be due to the presense of protein
and/or phosphates; turbidity due to
phosphates disappears after the addi-
tion of one drop of 5% acetic acid. If
turbidity develops at a temperature of
50-60°C and disappears on boiling,
Bence-Jones proteinuria should be sus-
pected. '

i?) Salicylsulphonic acid test: Add 8
drops of 259 salicylsulphonic acid to
5 ml.. of clear urine. Turbidity or preci-
pitate indicates the presence of pro-
tein. More reagent may have to be added
if the urine is alkaline.

This test has the disadvantage that
it does not discriminate between Bence-
Jones and other profeins, and may give
a false positive reaction in the presence
of uric acid and uroselectan (or iodoxyl).

‘commended in preference to

This can be differentiated in that a pre-

.cipitate of uric acid redissolves on heat-

ing to about 60°C, and the furbidity
formed with uroselectan is a white crys-
talline precipitate.

The results of these tests for protein
are recorded as follows:

absent: no turbidity V

slight trace: cloudiness against a black

background
trace: cloud distinet without black

background ‘

T : cloud distinet and granular —
no flocculation ‘

T :cloud dense — marked floceitia-
tion '

T :heavy precipitate to boiling
solid.

b) Reducing Substances
The term ‘reducing substances’ is re-
‘sugars’
because the chemical reagents used may
be reduced by substances other than
sugars. This occurrence is commonly
met with in practice following the ad-
ministration of salicylates, antipyrin,
para-amino-salicylic acid, chloral, ete.

A number of tests have been devised
for the detection of reducing substances
in the urine, but only Benedict’s and
Fehling’s methods are commonly used
in clinical medicine. Benedict's quali-
tative test is preferred because it is the
more sensitive. Both methods are based
on the reduction of copper sulphate to
cuprous oxide or hydroxide in the pre~
sence of a strong alkali. In both tests,
a change in colour as well as the forma-
tion of a coloured precipate constitute
a positive reaction. The decomposition
products arising from g large amount
of protein may reduce cupric soluticns
giving- rise to a false positive resaction
In such cases the protéins must first be
coagulated by heating; the solution is
then filtered, and the test for reducing
substances carried out on the filtrate.

i) Benedict’s test: The reagent con-
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sists of copper sulphate; anhydrous
jsodiumy carbonate and sodium citrate
in aqueous solution,

Five ml. of reagent are mixed with
0.5 ml. of urine (8 drops) and boiled in
a water bath for five minutes (or over a
flame for two minutes). Allow to cool
(10-15 minutes). A faint green precipit-
ate may be neglected, but a yellow or red
precipitate -indicates g definitely posi-
tive reaction. '

. A white or greyish-white precipitate
is due to earthy phosphates and can be
neglected.

ii) Fehling’s test: ' The reagent con-
sists of 1) copper sulphate in aqueous
solution; 2) potassium sodium tatrate
and potassium hydroxide in aqueous
solution.

Mix about I ml, of solution 1) with an
. equal volume of solution 2), and in a
separate test tube take about 2 ml. of
urine. Heat both tubes over a flame,
and when boiling pour the urine into
the tube containing the reagent; allow
to stand without further heating. A
precipitate will soon develop if the test
is positive. ‘

Because of the stronger alkali present
in Fehling’s solution, a greenish pre-
cipitate is more likely to develop even
in normal urines and therefore has to
be neglected.

c) Ketone Bodies

Acetone, aceto-acetic acid, beta-hyd-
roxybhutyric acid and their salts are col-
lectively known as ketone bodies. The
presence of these substances in an ab-
normal quantity in the general circula-
tion is referred to as ‘ke’conaemia’; the
term ‘ketonuria’ is applied when these
substances are passed in the urine; the
clinical syndrome being referred to as
the state of ‘ketosis’.

Al ‘urfnes containing reducing sub-
stances should  be tested for ketone

bodies. However, this does not imply
that ketone bodies may not be present
when| tleducing substances are absent.
Ketonuria is usually associated with un-
controlled diabetes mellitus; it is also
met with in’ conditions where there is
restricted intake of carbohydrate or
fallure of its absorption. Thus ketonuria
readily occurs in persistent = vomiting
from any cause, following short-cir-
cuiting operations on the bowel, per-
sistent diarrhoea, ete.

Only qualitative tests for acetone and
aceto-acetic acid are used as a rout‘ne
in clinical practice. Aceto-acetic acid
is the most toxic ketone body, and tests
for its detection in a urine (Rothera’s
test, Gerhardt’s test) form an important
part of the chemical analyss.

i) Rothera’s test (for acetone and
aceto-acetic acid). Place about #in.
level of crystals of ammonium sulphate
in a test tube and add about 5 ml. of
urine. Shake well until most of the am-
monium sulphate has dissolved. Add 3-4
drops of a fresh 2.5% solution of sodium
nitroprusside and 1ml. of liguor ammon
fortis. Mix well by shaking and allow
to stand.

The appearance of a deep perman-
ganate colour indicates g positive result,
and its rate of development gives g rough
indication of the amount of ketone
bodies present. Rothera’s test will detect
both acetone and aceto-acetic acid; it
is more sensitive for the latter. It de-
tects one part of acetone in 10,000, and
one part of aceto-acetic acid in 125,000
palrts of urine. Because of {this sen-
sitiveness glight colour production should
be ignored. ‘

ii) Gerhardl’s test (for aceto-acetic
acid). To about 10ml. of urine add solu-
tion of ferric chloride (109%) drop by
drop mixing well after each addition. A~
white precipitate of ferric phosphate
forms. Add more reagent slowly until’
the maximum precipitate has been ob-
tained. Filter, and if the filtrate is free
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from any marked reddish colour, add
another drop of ferric chloride solution.
- If the phosphates have not been fully
precipitated a further precipitate will
result and the fluid must again be fil-
tered, and more reagent is added till
the maximum red colour is obtained.

A positive result is obtained if a cha-
racteristic Bordeaux-red colour results;
orange or orange-brown shades should
be disregarded. False negative results
will be obtained if too much ferric
chloride is added.

- A positive Gerhardt reaction is given
by aceto-acetic acid but not by acetone,
and as this test is less - sensitive than
Rothera’s, a genuine positive result in-
dicates a fairly marked degree of ketosis.
On the other hand, Gerhardt’s test is
not specific for aceto-acetic acid, and
positive results are obtained by the €x-
cretion products of several common
drugs as salicylates, aspirin, para-
- amono-salicylic acid, phenacetin, ami-
dopyrin, etc.

A positive test due to one of the above-
mentioned drugs can be differentiated
in the following way. Boil the filtrate,
obtained in Gerhardt’s test, for several
minutes in g test-tube. On boiling, aceto-
acetic acid is decomposed to acetone
and carbon dioxide, and these are in
turn volatilized; the excretion products
of drugs are unaffected. If the colour of
the filirate turns yellowish-brown,
aceto-acetoc achid is present. Persis-
tence of the original red colour indi-
cates that the reaction is due to excre-
tion products of one of these drugs.

d) Bile Pigments

Urines should be tested for bile pig-
ments in thé presence of jaundice or on
account of the urine being coloured
orange to deep-brown. On standing,
urines containing bilirubin attain a
froth easily forms on shaking. These
features are only detectable if the urine
is examined in daylight.

Normal urines contain no bilirubin or

only a faint trace. Bilirubin is present
in appreciable amounts in biliary ob-
struction, in hepatic disease, or when
excessive haemolysis is taking place.

The tests for bilirubin to be described
all depend on the oxidation of bilirubin
to green (biliverdin) or blue (bil: cyanln)

" pigments.

iy Iodine test: Take about 10 ml. of
urine and pour slowly down the side of
the tube 1 ml. of dilute iodine solution
(1 part liquor iodii fortis diluted with
20 parts of water). A green ring deve-
loping at the line of junction of the two
liquids indicates the presence of hile
pigment.

i) Rosenbach’s modification of Gme-
lin’s test. Filter 5 ml. of urine through
a small filter paper; open out the filter
paper and allow it to dry for some
minutes. Pour a drop of concentrated
nitric acid — a green ring indicates bili-’
verdin, a blue ring bilicyanin.

iii) Fouchet’s test. Add 2ml. of 109%
barium chloride solution to about 10 ml.
of urine; mix well and filter. Bile pig-
ments are adsorbéd by the precipitated
barium sulphate and phosphate. The
filter paper is allowed to dry and is then
opened out on another filter paper, and
two drops of Fouchet’s reagent (trich-
loracetic acid and ferric chloride in
aqueous solution) are dropped in the
centre. A green or greenish blue colour
ind’cates the presence of bile pigments.

Fouchet’s test 'is the most reliable
method for the detection of small quan-
tities of bile pigments.

Gilles and Stokes (1945) have intro-
duced a ‘methylene blue’ test: 5 drops of
0.29%, solution of methylene blue are ad-
ded to 5 ml. of urine. Normal urine ap-
pears blue on ingpection by transmit-
ted l‘ght; a urine containg bilirubin is
coloured green. This test is quick but
not specific for bilirubin. Furthermore,
it is not as sensitve as the oxidation
methods; and Fouchet’s test is recom-
mended for the investigation of indi-
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vidual cases. ,

When excessive haemolysis is taking
place or when the lives is diseased, uro-
bilin or its chromogen, urobilinogen,
appears in the urine. In practice uro-
bilin is usually more abundantly pre-
sent than urobilinogen because it is
the oxidation preduct of the latter. Be-
sides, there is no point in clinical
medicine to distnguish between uro-
bilin and urobilinogen as both have the
same significance. In fact, in testing
for the former the urobilinogen is con-
verted into urobiln before proceeding
further. '

Nomal urine contains minimal
amounts of either, and when urine con-~
tains urobilin (but not wurobilinogen
which is colourless) it Is coloured yel-
fow or orange.

Ehrlich’s reaction (for urobilinogen).
To 10 ml. of urine add 1 ml. of Ehrilch’s
reagent (para-dimethyl-amino-benzal-
dehyde.) Shake well, and add 1 ml. of
chioroform; mix .and allow to stand. A
cherry-red colour developing withn 3
minutes in the cholorform layer indi-
cates the presence of an excess of uro-
bilinogen.

Schlesinger’s test - (for urobilin). To
10 ml. of urine add 2 drops of liguor
iodii fort’s; mix well (urobilinogen is
oxidiced to urobilin). In another test
tube dissolve 1 gm. of powdered zinc
acetate in 10 ml. of absolute alchohol;
shake well. Pour the contents of one
test tube into the other and mix well
prior to filtration. A definife green
flourescence n the filtrate (viewed by
transmited light) indicatés the presence
of excess of urobilin.

A green flourescence is also obtained
when bilirubin is present. Urine con-
taining bilirubin must therefore be
treated with calcium chloride (add 1

~ml. of 109 calcium chloride solution fo

15 ml urine), and filtered, before Schle-
singer’s test is carried out.
e) Chlorides

The detection (and estimation) of the
level of chorides in the urine is mostly
required in cases of severe sweating,
diarrhoea and vomiting, and in endoc-
rine disturbances especially so in Ad-
dison’s disease. It is also made use of
to determine the point at which a de-
ficiency has been made good.

The average amount of sodium chlo-
ride excreted is 12 gm. in-24 hours. The
level of chloride per litre naturally de-
pends on the degree of concentration
of the urine.

The following is a simple test for
sodium chloride which gives a semi-
quantitative value:

Using a chloride-free pipette, take 10
drops of urine and one drop of 20%
solution of potassium chromate. With-
a separate clean pipette add silver nit-
rate (2.99% solution) drop by drop, mix-
ing well after each drop until there is a
sudden change n colour from yellow to
brown. The number of drops of silver
nitrate required to reach this end point

"is equivalent to the number of grams of

sodium chloride per litre of urine.

3. Miecroscopical:-

examination

It has already been emphasised thatb
m’croscopical examination of uriné is
an absolute necessity whenever protein
is present. Further the nature of a de-
posit previously observed macroscopi-
cally, and the presence of turbidity have
to be accounted for. No chemical tests
are as satisfactory as a microscopical
examination for the identification of
crystals, cellular elements, the detec-
tion of blood and pus, etc.

A centrifuged deposit is usually
examined unless the deposit is a very
heavy one. A drop of the well-mixed
déposit is placed on a slide and covered
with a cover-sl'p. The preparation . is
then examined microscopically under
the low and high power objectives. It
is essential for easier and better identi-
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fication that the condenser be lowered
and the diaphragin be partly closed.
The eléments which may be met with
in a urinary sediment are listed in the
accompanying table; only the more im-
portant of these will be discussed.
1. Cells: _
i) Erythrocytes ,
ii) Leucocytes (or pus cells)
iii) Epithelial cells: a) transition-
al, b) squamous.
2. Casts:
i) Granular:
ii) Hyaline .
iii) Cellular: a) erythrocyte b)
leucocyte <¢) epithelial.
3. Crystals and amorphous
chemical deposits:
i) Uric ac’d and urates
ii) Calcium oxalate '
iii) Phosphates
iv) Carbonates
v) Sulphonamide crystals
more rare'y: cyctin, cholesterol, hip-
puric acid, tyrosine, leucine and
xanthine.

a) fine, b) coarse

4. Miscellaneous:
i) Mucus threads
ii) Bacteria and yeast cells
iii) Prostatic shreds
iv) Parasites
v) Foreign bodies, like halrs, cot-
ton fibres, starch granules, ete.

Erythrocytes appear as round dises
with a more or less hyaline centre and
often g halo can be made out around
the periphery. The outline is usuglly
well defined and regular, but may be
crenated. Their size depends on the
density of the urine. More than one
cell per 10 high-power fields should be
considered abnormal.

Leucocytes or pus cells are round discs
with granular cytoplasm and a segment-
ed nucleus; larger in diameter than an
erythrocyte; often found in clumps or
aggregates.  The lobed nucleus may be
made prominent by the addition of a
drop of ecetic acid. An occasional leu-

cocyte may be found even in normal
urines.

Epithelial cells may bhe derived from
any level of the urinary tract as well as
from the vagina. They are large cells
with a prominent nucleus, a well de-
fined cell outline and a finely granulated
cytoplasm. Transitional epithelial cells
may have a polygonal, rounded or
tailed outline, while (vaginal) squamous
cells present an angulated cell border,
are usually larger than transitional cells,
and often occur in groups.

Casts develop within the renal tubul-
les, and they therefore retain the shape
and outline of this structure. Hence all
casts show parallel, well-defined bor-
ders and rounded of fractured ends.
Some confusion may arise when cylin-
droids, hairs or collections of amor-
phous substances are present in a sedi-
ment. Cylindroids, however, possess a
hyaline matrix and a tailed end; whilst
hairs and collections of amorphous sun-
stances show only one of the structural
characteristics of a cast.

Some casts owe their nomenclature
to the cellular elements deposited on

. them, e.g. erythrocyte casts, leucocyte

casts and epithelial casts. Granular
casts are formed by the admixture of
fragmented tubular cytoplasm and al-
buminoid material. Hyaline casts are
refractile elements with a homogeneous
albuminoid matrix. A few hyaline casts
may be met with occasionally in a sedi-
meént of a normal urine. A number of
hyaline casts,. or the presence of other
types of casts iz an indication of renal
damage, though not necessarily signifv-
ing nephritis,

Crystals and amorphous chemical de-
posits. Several types of salts may occur
in urine either in a crystalline or in an
amorphous form. The presence of these
elements is only of significance if they
are to be found in a freshly voided urine
More commonly these deposits are pre-
cipitated when the urine has stood for
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some time. Certain substances are
tarown out of solution in one reaction
but not in another; others may crystal-
lise both in an acid as well as in an al-
kaline reaction.

Deposits occuring in an acid urine:

Urie acid crystallises as barrels, plates,
prisms or needles, and may form roset-
tes, and are often coloured in virtue of
the adsorbed urinary pigments; they
dissolve on heating at a temperature of
60°C, or on the addition of excess of al-
kali.

Urates may occur both in a crystalliné
and in an amorphous form. They dis-
solve on heating and on the addition of
alkali. Sulphonamide crystals or their
acetylated derivatives are more likely
to crystallise out of solution in a con-
centrated acid urine. They usually cry-
stallise as tufts, sheaths of needles de-
pending upon the type of sulphonamide
administered.

Deposits occuring in an alkaline urine.

Ammonium magnesium phosphate or
triple phosphates crystals may be found
when férmentation is present. Crystals
of triple phosphates are seen under the
miicroscope as ‘coffinlids’, ‘knife-rests’,
or-as feathery crytals. They are dis-

solved on the addition of acetic acid.

Ammonium urate is the only urate
which is present when the urine is al-
kaline, e.g. in cases of cystitis. Crystals
of ammonium urate appear as pigment-
ed spheres some of which may show
numerous ‘spines’ i.e. the ‘thorn-apple’
crystals. Carbonates are rarely met with.
They may occur as tiny spheres or dumb-
bells, or as amorphous granules. On the
addition of acetic acid carbonate cry-
stals dissolve with the evolution of gas
(carbon dioxide).

Deposits occuring at any reaction:

Ozxalates, chiefly of calcium, are
rarely of any clinical significance,
though their presence may sometimes’
explain an episode of microscopic hae-
maturia. They occur in two forms,
either as small octahedral (envelope-
shaped) crystals, or as dumb-bells. They
are soluble in hydrochloric acid, but
insoluble in acetic acid or in sodium
hydroxide.

Calcium Phosphate or stellar phos-
phates are rarely met with. They are
prism-shaped crystals occuring singly
or in clusters. Thefy dissolve on the ad-
dition of ammonia. '




