



































1 "



















10 BLOOD CORPUSCLES.

Feeding of Colourless Corpuscles.—We have now to stud
the faculty possessed by the colourless corpuscles of taking, by
virtue of their ameeboid movement, solid particles into their sub-
stance. Forthis purposewe employ either finely-divided fatty sub-
stances or colouring matters. The subject is of great interest in
relation to the mode in which amceboid cells take in nourishment.
To the histologist it is further of importance, as affordine him a
means by which to mark individual corpuscles, so as to follow them
in their wanderings throughthe organism. The materialsused are
the following :—a. Vermilion. This is prepared by prolonged
trituration in a half per cent. solution of common salt. &.
Carmine.—Carmine is dissolved in as little liguor ammonie as
possible, in a small beaker, and filtered. Common concentrated
(commercial) acetic acid is then added with agitation, until a
drop of the mixture, when examined under a low power, is seen
to contain granules. If too much is added, the precipitate is
not fine enough, The latter is then to be separated by careful
decantation, and suspended in a half per cent. salt solution as
before. It is well to dilute the liquild with its bulk of serum
before using it. e. Aniline Blue is dissolved in common me-
thylated spirit, and filtered. Water or salt solution must then be
added gradually, so as to obtain a fine precipitate, the resulting
liquid being mixed with serum as above. d. Fresh Milk,

[f it is intended to watch the process of feeding, a small dro
of blood, to which one of the liquids above mentioned has been
added, is examined, either in the ordinary way, in the case of
amphibian blood, or on the warm stage if mammalian blood is
employed. If our object is merely to observe corpuscles already
fed, the liquids in question may be injected either into the jugu-
lar vein (of rabbits or guineapigs) or into the abdominal vein
(of frogs), care being taken to employ a sufficiently large quan-
tity. After 10-30 mmutes, a drop of blood may be taken for
examination. (See Chapter V1L, as to injection into the veins,
and Chapter VIII., as to the lymphatic system.) Whichever
plan is adopted, it is alike possible to satisfy ourselves that the
cells not only take in foreign bodies, but that they also have
the faculty of discharging them, and further, that when one cell
comes into contact with another, it often gives up to it the
solid bodies which it has itself before inge_sl:_ed. In general,
the tendency to ingestion varies with the activity of the amee-
boid movement, for the first thing observed is an adhesion,
either of the surface of the central part of the corpuscle, or ot
a process to the foreign body, followed by a retraction of the
adherent part into its substance.

Application of Liquid Reagents.—It is, in the first place,
of importance to ascertain what liquids can be added without
































































































42 CONNECTIVE TISSUES,

networks of large coarsely granulated cells, containing flattened
oblong nuclel, and with branches which run for the most part
parallel with the surface. This structure must be prepared with
chloride of gold, in exactly the same way as the cornea,
Pigment Cells.—These are closely related to the fixed cells
now under consideration. They are more or less branched cor-
uscles, which are sometimes isn{ﬁted, sometimes form a network.
Ihey are, in general, larger than the ordinary connective tissue
corpuscles. Each contains an oblong clear nucleus, while both
their bodies and processes are beset with pigment granules.
In mammalia they are found, as is well known, especially in
the skin, and in the sclerotie, iris, and choroid. In the lower
vertebrates, e.g., in the frog, they are very numerous, not only in
the skin, but in the peritoneum, and in several mucous membranes.
Pigment cells can be made to retract their pigmented processes,
when stimulated either mechanically, chemically, or electrically,
as well as under the influence of light., Let us examine them
(@) in the web, (4) in the mesentery of the frog, (¢)in the tail
of the tadpole, and (d) in the choroid of a mammal. (&) A
common frog (R. temporaria) is secured on a plate similar to that
shown in Fig. 11, and the toes are extended by ligatures at-
tached to their tips. With this view, the hole O is surrounded
by five or six small perforations, into which wooden pins can
be stuck; the ends of the ligatures are drawn through the
holes and fastened with the pins. In those parts of the web,
which appear to the naked eye dark, it is seen, even with a
linear magnification of 100, that the pigment cells are con-
nected by an extraordinary number of fine dark processes,
which are either penicilliated or dendritic. Often the distinction
between body and process is not marked ; it looks rather as if
the whole network were made up of processes. In other parts,
which are not so dark to the naked eye, groups of pigment
cells are found, in which the bodies are round or oblong, and
the processes broader and less numerous—the latter being either
in continuity with those of neighbouring corpuscles, or broken
off abruptly by a gnawed edge. The pigment granules do not
extend to the end of these broad processes; so that it is possible
to see that the substance in which they are embedded is hyaline.
If the dark parts are touched once or twice with a camel-
hair pencil (especially if it has been dipped in oil of turpentine),
the processes are gradually retracted, while, part passu, the skin
becomes visibly paler. On resuming the observation, after the
lapse of oue or two hours, it is found that the pigmented net-
work is as dense, and the processes are as numerous, as at the
beginning of the observation. It is a remarkable fact that the
projection of the processesis much aceelerated by the application
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90 METHODS.

large, it is apt to become putrid in the centre, while the outside is
too hard. If the objects are smeared with foreign matters, as,
e.g., intestine by intestinal eontents, blood or muecus, it is desir-
able to rinse them in water coloured yellow by bichromate of potash,
before introducing them into the hardening liquid. The quantity
of liquid must be large in proportion to the size of the object, If
the process does not go on quickly enough, the liquid must be
renewed. Chromic acid hardens much more readily than bichro-
mate or Miiller’s liquid, from two to five days being often enough
for the former, while as many weeks are required for the latter.
Its greatest disadvantage is that the tissue becomes brittle if it is
left in it beyond the time that 1s necessary. Itis, on this account,
a good plan to transfer the objects to common aleohol before the
have acquired the requisite consistence. The aleohol not only
serves to complete the hardening, but to preserve the objects in a
state fit for use. For some tissues, chromie acid 1s not smtable
to begin with, e.g., retina, ovary, or kidneys. Tor all these
organs, the bichromate of potash must be used. After two or
three weeks they are transferred to chromie acid or alcohol, to
complete the hardening.

Embedding.—It has been several times mentioned that small
portions of hardened tissues must be embedded. This is effected by
immersing the bits in a fluid mass, which can be rendered solid
either by cooling it or depriving it of water ; the purpose being, first,
to render it possible to hold the bit, and secondly, to facilitate the
cutting of sections equally thin throughout. Mixtures are used of
stearin and oil, stearin and wax, paraffin and oil, paraffin and wax,
pavaffin spermaceti and oil, wax and oil, gum arabic, gelatin,
gelatin and glycerin.  Among the fatty mixtures, the best,
cheapest, and easiest to prepare, is wax and oil. Next comes the
mixture of paraffin spermaceti and oil. For portions of tissue
which have an uneven surface, especially if the inegualities are
close together, embedding in gelatin or gum is more to be
recommended, especially to those who have not had much
practice.

Embedding in Wax and Oil.—For this purpose pure white
wax and pure olive-oil should be used. Egqual quantities of these
ingredients are warmed in a capsule till all the wax is fused;
they are then thoroughly mixed with a glass rod. It is better to
prepare a considerable guantity at a time, although only very little
is required for one embedding. The proportion of wax to oil
depends on the consistence of the object to be embedded ; the
more wax being employed the firmer the object, and wvice versd.
When sections of compact tissnes (e.g., glands of the organs of
digestion, trachea, larynx and muscle, bone, the eye and its
appendages) are to be made, the mode of procedure 1s as
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04 METHODS.

the former case, although the colour is less intense, the different
tissues ave rendered distinet by the different degrees to which they
are stained. I use the carmine solution for this purpose as fol-
lows :—The sections baving been allowed to remain for twenty or
twenty-four hours in a liquid consisting of one part of carmine
solution and nine-twelfth parts of distilled water, are washed for
a short time in distilled water, and transferred either to glycerin
(if it is intended to mount them in this medinm), or to alcohol (if
they are to be mounted in Dammar). If the sections have not
been previously in alcobol, it promotes the staining to put them
for a few minutes into that liquid, If it is intended to preserve
the sections in glycerin, it is desirable to add a few dvops of it
to the staining liquid, The well-known liquid used by Beale for
staining fresh tissues may be also employed for staining sections ;
but, in preparing it for this purpose, the alecohol may be omitted.
The composition of Beale’s liquid is as follows :—

Beale’s Solution.—Ten grains of carmine are heated in
half a drachm of lignor ammonie. As soon as the liquid is cold,
two ounces of distilled water, two ounces of pure glycerin, and
half an ounce of aleohol are added. The solution is then either
filtered or decanted from the undissolved ecarmine. This liguid
requires no dilution. A small quantity must be warmed in a
watch-glass to get rid of the ammonia, and it is then ready for
use, We shall find that, in the preparation of the mucous mem-
brane of the stomach, it i1s of special value.

Anilin,—Anilin is used in aqueous and aleoholic solution ;
the former being most useful. It is obtained by treating anilin
blue with sulphuric acid. Two centigrammes of the soluble product
are dissolved in twenty-five centimeters of distilled water, and
twenty to twenty-five drops of aleohol. This solution colours
sections which have been in alcohol very rapidly.

Picric Acid is used in very dilute solution for the purpose of
staining sections yellow. Sections may be first stained in pierie
acid, then in carmine, in which case the muscles are coloured
yellow. Whatever the staining liquid employed, the sections
must be transferred, as soon as they ave sufficiently coloured, to
distilled water with or without the addition of a trace of .acid.

Methods of Mounting Sections.—Sections may be covered
either in glycerin, in mixtures of gelatin and glycerin, of glyce-
rin and acetic acid, of glycerin acetic acid and aleohol, in Canada
balsam, or in Dammar varnish. If glyeerin is to be used, the
sections should, if they have been in alcohol, be previously placed
in water. Glycerin alone, answers best for sections of tissues
treated with gold or silver. Sections of organs treated with
osmic acid must be placed in acetate of potash. Very thin un-
stained sections of glandular orgavs and of connective tissue may







































































































































































































160 STUDY OF INFLAMED TISSUES.

lacunze are seen to contain groups of young cells, instead of the
ordinary branched cells.

Inflammatory Changes in the Liver Cells.— Inflammation
of the tissue of the liver may be induced by passing a needle
into the organ. Twenty-four to forty-cight hours after the injury,
the animal must be killed. The liver cells exhibit distinet appear-
ances of division and germination. Similar appearances are seen
in the neighbourhood of the so-called psorosperm nodules in the
liver of the rabbit.

Inflammation of the Cornea.—Inflammation of the cornea
may be studied in the frog in two ways:—The cornea may be
cauterized at the centre, to such a depth as almost to perforate it,
or a thread may be drawn through it entering at the centre and
passing out through the sclerotic, beyond the margin, the ends
of which are then tied. After cauterization it is necessary to
wash the part with a few drops of solution of common salt. In
either case the animal is placed in a beaker glass, with some
moist blotting-paper at the bottom of it. To study the suceessive
stages of the process, half-a~dozen corneas should be prepared in
this way at a time, which can then be excised after 8, 12, 18, 24,
36 and 48 hours, The best preparations are obtained from rana
esculenta, during the summer months, from 8 to 24 hours after
the introduction of a silk thread as above deseribed. The cornea
should be studied first in the fresh state, and then stained with
gold. It is excised in the manner directed in Chapter II. and
prepared in humor aqueus, care being taken to protect it from
pressure by inserting slips of fine paper under the edges of
the cover-glass. The contrast between a cornea twelve hours
after injury and a normal one lies, first, in the immense
number of migrating cells it contains, and secondly, in the marked
distinctness of the branched corpuscles. The migrating cells are
most numerous towards the periphery, occurring more and more
seantily towards the centre. Th&{ are mwasses of protoplasm
of irregular form, beset with knob-like prominences, and exhibit
very active amoeboid movement. To study their changes, the
preparation must be irrigated with serum. For this purpose, a
frog is decapitated and the blood received in a porcelain capsule
and allowed to coagulate. The serum is collected in capillary glass
tubes. The irrigation is performed as before directed (Chapter L.),
a very small strip of blotting-paper being used. Under the im-
mersion objective, the most active motions can then be observed;
and if a single corpuscle is kept under observation for a length of
time, it s sometimes possible to make out an appearance as if 1t
were about to divide. A line presents itself on the surface,
which after a time assumes the character of a furrow. Oeccasion-
ally the furrow is scen to deepen till the two parts are severed. In

























168 THE BLOOD,

therefore, as it flows from the animal, be subjected to this tem-
perature, and kept under its protective influence. For this pur-
%nse a cylindrical vessel made of tinplate, of the form shown in

ig. 191, is used. This vessel is not only surrounded with ice
externally, but contains in its axis a smaller eylinder, closed at
its lower end, which is also filled with ice. Between the external
surface of the smaller cylinder and the internal surface of the
larger, there is an interval which does not exeeed half an inch in
width, so that the whole of the liquid which occupies it is kept
at freezing temperature. In the course of two hours or less the
blood has separated into two layers, of which the lower con-
tains all the corpuscles. The upper stratum consists entirely of
plasma—a liquid which in its general aspect resembles ordinary
serum, but is not so transparent. The most obvious as well as the
most important property which it possesses is that of coagulation.
So long as it 1s kept at (° C. it remains liquid ; but if the tem-
perature is allowed to rise even a few degrees above freezing
point, the whole mass is converted into a gelatinous clot.

3. Experiments Illustrative of the Properties of Plasma
and Fibrin.—1, Transfer some of the plasma, with the aid
of a cooled pipette, to a small narrow test glass, surrounded
with ice and water contained in a small beaker. As the
ice gradually wastes, the liquid becomes gelatinous. The
surface by which the mass adheres to the glass is so extensive
as compared with its volume, that the adhesion is permanent.
Consequently, if the tube is examined after having been left to
itself for several hours, it is found that the plasma has not (as
in other cases of coagulation) separated into clot and serum, but
that it appears to be entirely semi-transparent and gelatinous.

2. Another quantity of plasma is allowed to coagulatein a wide
vessel. At first the process seems to go onin a similar manner,
and for a time the mass adheres to the sides of the vessel. After-
wards, as it contracts, drops of serum collect, first on the surface,
then between the clot and the sides of the glass. Soon the clot
detaches itself wholly from the vessel, at the same time diminish-
ing in volume. Eventually we have a clear liquid (serum) in
which an opaque white cast of the beaker floats. As, 1n conse-
quence of the adhesion of the coagulum to the sides, contraction
is more resisted in the horizontal direction than in the vertical;
the upper surface always becomes more or less concave.

3. Preparation of Fibrin.—a. The clot from 2 is removed from
the liquid, divided into small fragments, and washed with water
until 1t is absclufely colourless. In this condition 1t differs
strikingly from the semi-transparent gelatinous mass which is
obtained in 1. It is dense, fibrous, and opaque, and extremel
elastic. &. A fresh poriion of plasma is buiskly agitated with







































































































202 THE BLOOD.

and others, With a view to the analysis of the gases of drinking
water, Frankland has introduced an apparatus o%a;reat smmplicity
(see Fig. 200), the working of which will be readily understood by
the diagram. It consists of two parts, viz., a laboratory tube (%),
in which the gas to be analyzed is first received, and a measur-
ing apparatus, to which it can be transferred from the labora-
tory, in order that its volume may be determined before and
after each absorption. The measuring apparatus consists of
two tubes (a, 0), fixed vertically side by side in a stand, surrounded
by a chamber containing water (n). They communicate below both
with each other and (by the long flexible tube) with a mercury-
holder (1), like that of Alvergniat’s pump. One of them can
be brought into communication by the arm (g) with the labora-
tory tube; the other (b) is open at the top. A scale of milli-
meters is engraved on if, the zero of which is opposite 0. A
corresponding scale, starting from a zero at the same level, is
engraved on the measuring tube. The apparatus is filled with
mercury by raising the mercury-holder (¢) to a sufficient height,
the stopcock () remaining open; in doing which the surface
of the mercury in # must not be more than a few millimeters
higher than the tap. Assoon as mercury appears at g, the stop-
cock is closed. The next step is to fill the laboratory tube.
Having inverted it in the trough, which has been previously
raised to the proper height, the operator draws out most of the
air by means of a bent tube, the point of which rises to the top
of the laboratory tube, and shuts the stopcock as soon as the
mercury rises. The removal of the air is completed by joining
g and ¢’ so as to connect the laboratory tube with the measuring
apparatus, and then causing the air contained in the former to
pass over into the latter, by depressing £. The stopcock % must
now be closed and g and g’ disconnected to allow of the expul-
sion of the air from a. This having been accomplished, g and
g are again brought together and carefully secured. ‘“The whole
apparatus is now full of mercury; as soon as it has been ascer-
tained that the joint is air-tight at all pressures, it is ready for
use. Before proceeding further, however, the measuring tube,
which, as already stated, is graduated in millimeters measured
from an arbitrary zero line near the bottom, must be calibrated.
In other words, it must be ascertained as regards each principal
mark of the graduation, what volume of air or water (as the
case may be) the tube contains, when the upper convex surface
of the mercury stands exactly level with it. For this purpose
the orifice a is connected by means of an india-rubber tube with
a reservoir (a funnel) containing distilled water. The mercurial
column is then allowed to descend until it stands exactly at zero.
A weighed beaker having been then placed under a, water 1s ex-



























































































































































































































































































































































































































































































































































































































































































































































































456 CHEMISTRY OF THE TISSUES,

In its reactions it resembles :anthine, but differs from it in being
precipitated by silver nitrate.

66. Xanthine.—To the mother liquor (¢) of the hypoxanthine
add ammonia in excess. A flocculent precipitate of nitrate of
silver and xanthine will fall. Wash it by decantation ; suspend it
in boiling water, and decompose it by hydrogen sulphide. Filter
and evaporate. The xanthine will separate as a scaly film.
~ Tests,—Put a little xanthine in ammonia. It will dissolve.
Add a little nitric acid to a portion of xanthine in a porcelain
capsule ; evaporate to dryness. A yellow residue will remain., Add
a drop of caustic soda to it, and it will become red. Heat it, and
the colour will change to purple red.

Put liquor sod in a watch-glass with a little chloride of lime;
stir it, and introduce a portion of xanthine, A ring will form
round it, at first dark green, but soon becoming brown, and then
disappearing.

67 Urie Acid.—Suspend the lead precipitate (a) in water; de-
compose it completely by hydrogen-sulphide ; filter ; concentrate
the filtrate in a water-bath. Uric acid will separate gradually.

Filter, and set the filtrate aside (d). Wash the erystals on the
filter with a little water and then with alcohol. If desired, they
may be further purified by dissolving them in a little liquor
sode, precipitating by ammonium chloride ; filtering and decom-
posing by dilute hydrochloric acid. -

Murezide Test.—Put a small portion of uric acid on a watch-
glass, with one or two drops of nitric acid, and evaporate to
dryness at a moderate temperature. A vyellow residoe will
remain, which becomes red when quite dry. Put a drop of
ammonia on the side of the glass, and let it run gently down to
the uric acid, which will then become of a beautiful purple.
If a drop of liquor potasse or liquor sod= is used instead of
ammonia, a bluish-violet colour will be produced.

Inosite.—Evaporate the filtrate () till a permanent turbidity
is produced by the addition of aleohol. Then add its own
volume of alcohol to it and warm it, when the turbidity will
disappear, Set it aside for several days. Inosite may then erys-
tallize out. If it does not,add ether; and if still no erystals form,
evaporate almost to dryness; add a little nitric acid, evaporate
to dryness; moisten it with caleium chloride, and evaporate to
dryness again. If inosite is present, a rosy red spot will
remain, :

[f crystals have been formed, dissolve somein water, in which
they are easily soluble, and apply the same test.

68. Brain.—The brain contains cholesterin, lecithin, and cere-
brin, besides albuminous substances, which chiefly form the axis




BY DR, LAUDER BRUNTON. 457

cylinders, and are insoluble in water. Cerebrin probably
belongs to the white substance of nerves. ‘ ;

The specific gravity of the brain may be ascertained in the
manner directecfin App. § 216, and the amount of water it con-
tains by weighing it, drying it in a hot chamber, or over sulphuric
acid, and esti mating the loss. To separate the substances con-
tained in the brain, remove the membranes and vessels as much
as possible from it, wash its surface with water, and rub
it to a paste in a mortar. Mix it with great excess of alcohol,
and let it stand for several days, stirring it frequently. Separate
the alcohol by filtration, and set it aside for the preparation of
lecithin. ; . . ; : 3 : ! - (a3

Rub up the brain again, and extract it with large quantities
of ether, as lng as they tuke up much lecithin or cholesterin.
This is known by evapomating a small quantity of the ether
each time it is taken from the brain. Put the ether aside ; ex-
tract the brain with hot alcohol several times, and filter it hot.
On eooling, cerebrin will crystallize out, mixed with lecithin.

69. Cerebrin,— Purification.—Filter oft the alcohol from the
crystals, wash them with cold ether, and boil them for an hour
with baryta water. Pass CO, through the liquid to precipitate
the excess of baryta; filter, and wash the precipitate first with
cold water and then with cold alcohol. Put the precipitate in
a beaker with alcohol and heat it, to extract the cerebrin from
it, and filter it hot. On cooling, crystals of cerebrin will be
deposited, which should be again dissolved in hot aleohol,
allowed to crystallize out again, washed with ether, and dried at
a moderate temperature.

Cerebrin forms a white hygroscopic powder. Put a little on
a piece of platinum foil and heat it. It will become brown,
melt, and then burn.

From the mode of preparation, itis evident that it is insoluble
in cold but soluble in hot alcohol, and that it is not destroyed
by boiling with baryta water.

Put itin water. It will slowly swell up, somewhat like starch.

70. Lecithin.—Add to the alcoholic extract (a) a solution of
platinum chloride, acidified with hydrochloric acid. A yellow
flocculent precipitate of lecithin platmum chloride will fall. Filter,
and dissolve the precipitate in ether ; pass hydrogen sulphide
through the solution to precipitate the platioum. Filter and
evaporate. Lecithin chloride will remain as a waxy mass,

Decomposition.—When treated with acids or with boiling
baryta water it is decm;upnsed, and yields glyneruplmsphnric
acid, neurin, and fatty acids,

Dissolve some lecithin chloride in alcohol and pour it into



















































474 DIGESTION. -

cited, a few drops of secretion may be discharged, but the quantity
is so small that unless care is taken that the cannula and duct are
quite full before the key is opened, the effect will be scarcely per-
ceptible,  The secretion thus obtained is so thick and viscid, that
the cannula is apt to become choked by it.

*# 06. Demonstration of the Influence of Excitation of the
Chorda, and of the Vascular Filaments on the Circulation
of the Submaxillary Gland.—For this purpose it is necessary
to insert a cannula into the jugular vein, which has been exposed
for this purpose (see direction 15). In doing so, great care must
be taken that the vein is not twisted, and that the canuulais
properly inserted so as to allow the blood to flow freely out ot 1t
from the gland ; it will be remembered that all the tributaries of
the vein, excepting those from the gland, have been previously
tied. On exciting the chorda, the blood flows from the eannula
more rapidly, and acquires a brighter colour. The opposite effect
is produced by exeiting the vascular filaments.

97. Simultaneous or Alternate Excitation of the Chorda
Tympani and Vascular Filaments of the Submaxillary
Gland.—The same degree of excitation of the chorda which 1s
sufficient to induce a marked increase of the secretion of the gland,
is without effect if the sympathetic filaments are excited at the same
time. Hence it 1s concluded that the functions of the two sets of
fibres are antagonistic to each other, not only in relation to the
cireulation of the gland, but as regards their direet influence on
secretion. The experimental proof of this consists in first exciting
the chorda with the secondary coil at such a distance that the
effect produced is only just appreciable, and then repeating the
excitation while the vascular filaments are excited at the same time.
In the latter case, the effect of the excitation of the chorda is
annulled. If with a Pohl’s commutator the same induced currents
are directed alternately through the chorda and the sympathetic
filaments at short intervals, the preventive influence of excitation
of the latter manifests itself in the same way as if the excitation
were simultaneous. IHere, as before, the effect must be verified by
comparative experiments. :

98. Simultaneous Section of the Chorda Tympani and Vas-
cular Nerves.— Paralytic Secretion.—After division of both nerves,
the secretion of the submaxillary gland, which in the normal state
only goes on when the gland is directly or reflexly excited, becomes
constant and abundant, This effect does not occur until some
time after section, and may last for days or weeks, A similar
condition of the gland is produced by the introduction of curare
into the blood, which is supplied to the gland by its arteries. To
show this, proceed as follows :—Find the facial artery and prepare
it. Then imsert and secure a eannula, to which an end of india-
rubber tubing has been previously fitted in the usual way. Fill
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490 DIGESTION,

Briicke in “ Moleschotts Untersuchungen” for 1860, p. 490, and
from this the following description has been taken :—

t Pepsin Test with Fibrin.—To test for the presence of pepsin
in any substance or organ (as for example, any part of the diges-
tive system of an invertebrate animal), it must be finely divided,
treated with distilled water, and then allowed to stand for some
time, with frequent stirring, and filtered. If the filtrate is alka-
line 1t must be neutralized, after which as much hydrochlorie acid
must be added to it as will bring the percentage of acid to one-
tenth. A bit of fibrin is then thrown into it; if it swells it is
allowed to stand, but if it does not swell, dilute acid is added
by drops at intervals till the edges and free fibres of the bits of
fibrin become translucent. If the filtrate is acid, a bit of fibrin
is thrown into 1t ; if it swells up, it is allowed to stand, if not, acid
is added as before directed till 1t does swell ; the digestion is then
allowed to go on at the temperature of the room, and the result
observed.

The residue which remains on the filter, is introduced into a
beaker covered with 01 per cent. hydrochloric acid, and placed
in the water-bath at 40° C. for an hour and a half or two hours, or
allowed to stand 24 hours at the temperature of the room, with
frequent stirring. It is then filtered, and the filtrate used in
the same manner as before. The reason why Briicke recommends
that the watery extract should be tested separately from the acid
extract, is that by this means pepsin already excreted from
the peptic cells ean be distinguished from pepsin still con-
tained in them, inasmuch as the former is easily taken up by
water alone, while the latter is taken up with difficulty by water,
but easily by dilute acid. This process has also the advantage
that when soluble albuminous bodies are present in any quantity,
they are, for the most part, .vemoved by the watery extract. If
neither of these objects 1s of importance, the substance may be at
once treated with dilute hydrochlore acid, and when 1t 1s small, as, for
example, the salivary glands of insects, it may be at once thrown
with a bit of fibrin into dilute hydrochloric acid, and digestion
looked for. If a fluid 1s to be examined it must be filtered, and
the filtrate and residue treated as above directed for solids.

Pepsin Test with White of Egg.—White of egg 1s more readily
got than fibrin, but it dissolves more slowly, so that the test takes
a longer time. Hard boiled white of egg, cut into dice, may be
left for a long time in dilute hydrochloric acid without undergoing
any changes, but the coagulum which is produced by boiling white
of egg diluted with water undergoes partial solution pretty rapidly.
The free alkali contained in white of egg 1s the cause of this differ-
ence in its behaviour when prepared in these different ways, and
the inconstaney of its amount renders it difficult to determine what
degree of acidity must be given to the liquid. To obviate this,
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off fumes in which sulphurous acid is recognized by its smell. Tf
the crystals are ignited with sodium carbonate, and a little acid is
poured over the residue, hydrie-sulphide is evolved. If they are
dissolved in caustic potash, and the solution concentrated by boil-
ing, ammonia is given off, and potassium sulphate and acetate left
in solution,

146. Cholic Acid. (C,, H,, 0,)— Preparation.—Boil bile (or so-
lution of glycocholie acid) with strong solution of caustic potash, or
hot saturated solution of baryta water for twelve or fourteen hours,
precipitate by hydrochloric acid, wash the precipitate with water,
dissolve it in a little liquor potasse, add ether, precipitate by
hydrochloric acid, and allow the liquid to stand for several days.
The ether causes it to become erystalline, and form quadrilateral
prisms with pyramidal ends. Pour off the ether, dry the crystals
between folds of blotting paper, dissolve them in hot aleohol,
and add a little water untila turbidity just coramences. Cholie
acid crystallizes out on cooling in tetrahedra. Cholic acid exists
in two conditions. In ome it is soft and waxy, and somewhat
soluble in water ; in ether tolerably, and in alcohol very readily
solable. In the crystalline condition it is insoluble 1n water and
ether, but tolerably soluble in alechol. When heated on plati-
num foil, it becomes brown, melts and burns, giving off incense-
like fumes. Heat, or boiling with sulphuric acid, converts it into
resinous-looking substances, choloidinic acid and dyslysin.

* 147. Cholesterin.—Cholesterin is not generally prepared di-
rectly from bile, but from gall stones, most of which consist chiefly
of cholesterin, along with a little bile pigment and earthy salts,
Preparation.—Extract pulverized gall stones with boiling aleohol,
and filter while boiling. Crystals of cholesterin separate
from the filtrate when cool. In order to purify it, boil the
crystals with alcoholic solution of caustic potash. On cooling
they will again separate. Wash the product with cold alcohol, and
then with water; dissolve it in a mixture of alcohol and ether;
allow it to evaporate. Crystallized cholesterin forms rhombie
plates, the corners of which are often broken (fig. 314). It 1s

uite insoluble in water and in cold aleohol. In boiling aleohol

it dissolves with ease. Cholesterin may be conveniently prepared
from the ethereal extract of gall stones obtained in the preparation
of bilirubin by evaporation. The crystals must be purified as
above directed. Reactions.—(1) Put a few crystals of cholesterin
under the microscope ; add a drop of a mixture of five volumes
of sulphuric acid and one of water, and warm the object-glass
gently, The edges of the crystals will acquire a carmine colour.
If three parts of acid are used to one of water, the edges are

violet, and if it is still more dilute they become lilac and dissolve =

in the acid. (2) Add to some crystals strong sulphuric acid,
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should be in apposition, the mucous membrane, which is
turned outwards by the contraction of the muscular coat, must
be first turned inwards, and the closure effected by sutures,
applied as shown in fiz. 318. The closed end is then replaced
in the abdomen, and the continuity of the intestine again re-
stored by joining the cut ends of the duodenum and jejunum.
In doing this, the two ligatures, with the parts constricted by
them, must be cut off in the manner previously directed. The
ligatures applied to the vessels should include a little of the
adjoining intestinal wall, so as to give them a firmer hold. The
two cut ends are now brought into apposition, and the ligatures
firmly tied together so as to retain the ends in their proper
relation, and held in the hand of an assistant. The first stitch
15 put through the intestines in such a way as to include both
bundles of vessels, and should be drawn very tight and tied,
so that it not only unites the ends, but serves as an additional
ligature for the vessels.

To prevent the ligature from cutting the intestine, it should
either be made of very thick soft silk, or of two or three fine
ligatures used together. Five or six similar stitches made at
a little distance from each other on each side of the first are
sufficient to join the mesenteric edge of the two pieces of in-
testine, which then lie with their axes parallel (fig. 318). To
complete the junction, the two ends mustbe brought into the same
straight line and sewn together. The application of the final
sutures is a matter of considerable difficulty, principally on ac-
count of the tendency ofthe mucous membrane to become everted,
The mode of applying the sutures so as to accomplish this object,
will be at once understood by a reference to fig. 319. Several
threads, each with a needle at each end, must ]_JE pl‘EpaTE‘d.
For the first suture, one needle enters the intestine from its
serous aspect at a, and is brought outat b, the other enters
at a, and is brought out at &. The two ends, b and ¥, are
drawn tight and knotted together. For the second suture, one
needle enters at b, and is brought out at ¢, the other enters at
¥, and is brought out at ¢, and so on. To coenclude the opera-
tion, the wound in the abdominal wall is brought together by
sutures, and the open end of the cul-de-sac sewn into it. Itis
also desirable that the junction of the divided intestine should
be secured to the wound by a suture, in order to prevent the
induction of general peritonitis by its locomotion. ‘

#% 174, Artificial Intestinal Juice.—Remove the small intes-
tine from a pig, dog, or rabbit, as soon after death as possible;;
put a ligature round its upper end, attach the lower end to the
tap, and fill it with water under pressure. Close the lower end
by compressing it between the finger and thumb, and raise, first
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gradually in rhombic prisms. It differs from glucose in its
crystalline form, (the latter generally occurring in warty erumb-
ling masses,) in fermenting less readily, and in being insoluble in
absolute aleohol.

The Inorganic Salls of milk, are chlorides, sulphates, phos-
phates and carbonates of the alkaline and earthy bases. They
can only be investigated in the ash. For the method of igni-
tion see § 214, -

Fais.—The fats may be separated by either of the following
methods :—1. Evaporate the mixture of alcoliol and ether with
which the coagnlum was exhausted, and the fat remains,

2. Add to 15 or 20 c. c. of milk, 10 e. c. ofa moderately strong
solution of caustic soda; shake it vigorously with twice or
thrice its volume of ether. Remove the layer of ether, and
evaporate it in a water bath, and the fat remains. Ether does
not remove the fat from fresh milk, as the casein envelopes the
globules, and protects the fat from its action ; but soda dissolves
these envelopes. Ether will remove 90 per cent. of the butter
from milk which has become acid by standing.

## 180, Mode of Estimating the Quantity of Butter Con-
tained in Milk.—A rough method of doing this, is to measure
the cream which separates from it by Chevallier’s cremometer.
This is a cylindrical vessel, graduated into a hundred parts. The
percentage amount of cream is indicated by the number of divi-
sions it occupies when the vessel is filled with milk to the zero
point. This method is quite unreliable.

Vogel's Test.—A much more exact method is that devised
by Vogel, which depends on the fact that the opacity of milk is
due to the globules it contains, and is in proportion to their
number,

The apparatus required for this test are—I1. A eylindrical
bottle, in which to mix the milk and water. It should hold
about 200 c. e., and have a mark on the side at the height of
100 c.e. 2. A test-glass, with parallel glass sides, exactly § a
centimeter apart, and supported vertically on a metal foot.
3. A pipette gradunated in fifths of a cubic centimeter.

Application of the Test.—Before applying this test, it must
be ascertained by microscopical examination that the milk does
not contain starch granules, or an¥‘other impurity in suspension
which might inerease its opacity. Fill the bottle up to the 100¢. c.
mark, with clear spring water. Fill the pipette up to zero }vlt_h
milk (App. § 217), and let 3 c.c. run into the bottle. Mix it
well with the water, and fill the test-glass with the mixture.
Put it in a tolerably dark room, place a stearine candle at a dis-
tance of about three feet from it, and look at the candle through
the plass, If the contour of the flame can be readily perceived,
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60 c.c. milk, corresponds to  0:61 per cent of butter,
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If cream is to be tested, only one cubic centimeter is to be
added at first, and a hlf c. c. at a time afterwards.

Vogel found that about 6 c. c. of pure cow’s milk, or 3:7 of
cream, added to 100 ¢, ¢, of water, were sufficient to form a mix-
ture which quite obscured a candle flame. When 8 c.ec. are
required, the milk contains about 30 per cent. more water than
it ought to do, either from the addition of water, or of creamed

milk. When 12 c. c. are necessary, the milk contains 50 per
cent. too much water.

THE URINE.

##% 181, Characters of Urine.—The healthy urine of man is a
clear liquid of a golden colour, possessed of a characteristic odour,
and having a speeific gravity which generally varies from 1018 to
1023, although it may sink as low as 1005, or rise, under opposite
circumstances, as high as 1030.

The reaction of the mixed urine of man under normal eirenm-
stances is acid. By the term mized wurine, we understand a mix-
ture of the different portions of urine passed during twenty-four
hours.

When urine is allowed to stand for some hours, it deposits a
slight clondy sediment, which is called the mucous cloud, and
which consists of mueuns holding in suspension a few epithelial
cells, derived from the genito-urinary passages. It 1s usually
affirmed that the urine, on exposure to the air, in clean vessels,
becomes, after some hours, much more acid than it was when
passed. To this change the name of the acid fermentation has
been given. There are no facts which prove the constant oceur-
rence of this acid change. When the urine is, however, placed
for periods which vary very greatly, in open vessels, exposed to
air, 1t ultimately invariably undergoes the so-called alkalire fer-
mentation, i.e., its reaction becomes exceedingly alkaline, it emits
an ammoniacal odour, and it becomes turbid, in consequence of
the precipitation of phosphate of magnesium and ammonium, of
phosphate of caleium, and urate of ammonium.

The acid reaction of healthy human urine is probably due, n
great part, to free carbonic acid, to uric and to hippuric acids; it
has been commonly believed, however, that acid phosphate of
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The normal urine of man consists chiefly of a watery solution of
urea and common salt, mixed with smaller though important quan-
tities of other substances, viz., hippuric acid, creatinine, uric acid,
colouring matters yet not accurately investigated, indican, traces of
fat, besides ammonium and potassium chlorides, sulphates of po-
tassium and sodium, phosphates of calcium and magnesium, acid
phosphate of sodium, silicic acid and iron. To the list of organic
substances present in urine, we may add unknown substances
which contain sulphur and phosphorus in an unoxidized condi-
tion, besides well-known bodies which are certainly present in the
urine in certain cases of disease, but which cannot positively be
classed among the normal constituents.

The abnormal urine of man may contain albumin, grape-sugar,
lactic acid and lactates (?), bile colouring matter and bile acids,
blood serum and blood cells, heemoglobin, pus serum and pus
cells, carbonate of ammonium, sulphuretted hydrogen, oxalate of
lime, xanthine, hypoxanthine, leucine, tyrosine and inosite.

The urine may contain, in addition to the substances which
have been previously named, others which have been itroduced
into the body as drugs or poisons, and which, being excreted
by the kidneys, find their way into the urine ; this is the case with
- many, although probably not with all the metallic salts, with most
-alkaloids, and with organic bodies of different constitution, as
carbolie acid, aleohol, and various vegetable colouring matters.

183. Urinary deposits.—Qwing to deficiency in the quantity of
the urinary water, excess in the quantity of normal ingredients, or
presence of substances which are not normally present, we are
-apt to have urinary sediments or deposits, some of which are com-
posed of structural elements, not usually present, others of the
normal or abnormal proximate principles. Amongst such sedi-
‘ments we find most frequently uric acid, urates, ammoniaco-
magnesian phosphate, calcium phosphate, calcium oxalate, blood
corpuscles, mucus, epithelinm, pus, &e.,

%% 184, Reactions of Urine treated with some common
reagents.

Before commencing a systematic account of the mode of sepa-
rating the chief constituents of urine, the student may with
advantage study the action on this fluid of a few of the common
reagents which indicate the presence of the chief ingredients con-
tained. Put about 15 eubic centimeters of urine into a series
of test tubes, and try the following experiments :—

1. Add about 5 cubic centimeters of strong nitrie acid. No
precipitate will oceur, either immediately or after standing for
some time. The colour of the urine will, however, become darker.

2. To a portion of fresh urine in a test tube add an equal
- volume of liquor potassee. ~ After some time a transparent flaky







536 THE SECRETIONS.

a porous tile, and, if necessary, again dissolved in spivit and pe-
crystallized,

Although urea can be readily obtained from urine, it is more
convenient to make use of artificial urea in the experiments
which are required to demonstrate its characteristic properties.

As it 1s altogether beyond the province of this book to refer to

matters which concern pure chemistry, it may be merely stated
‘that the artificial urea, which can now be readily purchased, is
prepared by mixing, in certain proportions, aqueous solutions of
potassium cyanate and ammonium sulphate, evaporating to dryness
and extracting the residue with aleohol.  During the process
ammonium cyanate is first formed, and subsequently this is trans-
formed into its 1somer, urea. In order to determine the chief
reactions of urea, perform the following experiments :—

1. Take a crystal of urea, and placing it in a water-glass add a
few drops of distilled water. It will dissolve with great readiness.
Take a couple of drops of the solution and allow it to erystallize on
a glass slide, which may be gently heated. A residue 1s obtained
‘which presents to the naked eye a crystalline appearance, and
‘which under the mieroscope is seen to be formed of transparent
four-sided prisms, terminated by one or two oblique facets (fig.
322).

2. Place a fragment of urea on the tongue, and observe that it
possesses a cool, nitre-like taste.

3. Heat a fragment of urea on a piece of platinum foil, or on a
platinum spatula, over a gas or spirit-lamp. The urea will
first melt, then solidify, and ultimately burn away rapidly witheut
‘leaving a trace of ash or unburned carbon. :

4. ‘Place a tiny crystal of urea on a glass slide ; dissolve it in dis-
tilled water, and then add a drop of strong and perfectly colourless
nitric acid. Crystals will form which consist of a compound of
nitric acid and urea (C H; N, O, H N O,). These are much less
soluble than crystals of urea. Nitrate of urea is comparatively
insoluble in dilute nitric acid. Nitrate of urea crystallizes generally
in the form of six-sided tables (fig. 323). "

From highly concentrated urine of man, large guantities of
nitrate of urea may be sometimes obtained, without any previous
evaporation, by merely adding pure nitric acid. In any case,
however, nitrate of urea may be obtained in a crystalline form by
evaporating urine nearly to a syrupy consistence, decanting the
liquid from the salts which have separated out, and then adding an
equal volume of pure nitric acid. :

5. Perform an experiment similar to the preceding one,
substituting a solution of oxalic acid for the mitric acid.
crystallization of oxalate of urea (C H,N,0,C,H,0,) 1s obtained
(fig. 824),
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and sometimes puzzling. The typical erystals of uric acid are
undoubtedly rhombic plates with extremely obtuse angles; the
typical form is, however, very frequently modified ; thus, spindle-
shaped figures are formed by the rounding of the obtuse angles, or
the primary form is so modified that needles are formed which ocenr
in groups (fig. 305). Not at all unfrequently we have the primary
form so modified that the crystals resemble hexagonal plates.
Experience gained by a frequent comparison with accurate draw-
ings of the varions forms of erystals of uric acid, can alone enable
the observer rapidly to identify uric acid. When any doubts
exist as to the identity, it is well to dissolve the suspected erystals
in liquor potasse, and to proceed as directed above, for by nen-
tralizing an alkaline urate with acid, some of the commoner, and
therefore easily identified shapes of urie acid crystals, are obtained.

2. Place a very small quantity of the reddish erystalline deposit
in a watch glass; add four or five drops of nitric acid and heat ver
cautiously over a smallspirvit-lamp flame. The uric acid will dissolve,
and on evaporating to dryness, a reddish-yellow residue is obtained.
On exposing this residue to the vapour of ammeonia, or adding, by
means of a thin glass rod, a small quantity of solution of ammonia,
a beautiful purple red colour is developed, which, onthe subsequent
addition of a little solution of caustic potash. assumes a violet tint.
This reaction has received the name of the Murexide Test. .

* 187. Separation of Hippuric Acid (C, H, NO,).— After
urea, hippuric acid is the organic compound present in largest
quantity in the urine of man, the mean quantity excreted per diem
amounting at least to one gramme. The difficulties attending the
separation of hippuric acid from the urine of man are, however,
great, and it is therefore advisable that the student should learn to
isulate this substance when it is present in larger quantities than
normal in the urine. As the urine of herbivora contains large
quantities of hippuric acid, it may be advantageous to use for the
experiment to be described cows’ or horses’ urine, or the urine of
men in whom an excessive excretion of hippuric acid has been in-
duced ; this may be done by administering to a man ten or fifteen
grammes of benzoic acid ten or twelve hours before the urine 1s
collected. e

It is a fact worthy of remembrance that when henzoic acid is
administered to healthy men, large quantities of hippuric (glyco-
benzoic) acid are excreted. There appears to be always in the
system a quantity of glycocine (C, H; (N H,) O,), which al-
though it is never exereted as such, is capable of being seized
upon by the radical of benzoic acid, so as to yield hippuric ac!d-
By comparing the formule of glycocine and hippuric acid,
exhibited below, it will be seen that the latter can be represented

as derived from the former by the substitution of (C, H; O) for
=4H - thide's : : :
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alcoholie solution of chloride of zine, absolutely free from the least
trace of acid, and stir for some time. Set the beaker aside for
three or four days in a cellar. At the end of that time the whole
of the creatinine will have separated in combination with zine
chloride. It should be collected on a filter and washed with pure
spirit; the substance left on the filter consists of chemically
pure chloride of zinec-creatinine (C, H, N, O), Zn Cl,). This
most characteristic compound is very slightly soluble in cold water
and insoluble in cold alevhol ; it erystallizes from urine in the form
of bundles of needles,

From chloride of zinec-creatinine, the pure substance is
obtained by boiling with freshly prepared and thoroughly
washed hydrate oxide of lead for half an hour or longer. On
filtering the fluid, and evaporating to dryness, creatinine is
obtained, which may be dissolved in alcohol and erystallized.

Creatinmne is very soluble in-cold aleohol. The following
experiments may be performed with it :—

1. When a few drops of a solution are allowed to evaporate
spontaneously, colourless prisms are obtained (fig. 302).

2. The taste of the solution is strongly alkaline.

3. The reaction to test-paper is intensely alkaline.

4. A concentrated solution of chloride of zine added to
creatinine, causes the immediate precipitation of the zine com-
pound, which is always crystalline. :

## 189, Separation of the colouring matters of Urine.—
Under various names, among others, that of Urohematine, different
writers have described the substance, or mixture of substances,
which they considered to be the cause of the colour of healthy
urine (Scherer, Harley, Heller). We are now perfectly convinced
that no one colouring matter, capable of accounting for the
normal golden or amber color of human urine, has been
separated,

The following experiments may be performed, as they throw
some light on the reactions of the normal wurinary colouring
matter :(—

1. Take 200 cubic centimeters of urine and precipitate with
neutral acetate of lead; an abundant precipitate falls, which
consists of lead salts of acids present,in the urine and which
contains a portion of the urinary colouring matter. Filter, and
observe that the filtrate from this precipitate is not altogether
eolonrless. Add to the filtrate basic acetate of lead, when a
further precipitate will form, which, when separated, leaves a
colourless filtrate, :

Now unite the precipitates caused by neutral and basic acetates
of lead, and treat the mixture with alcohol am:}ulatcd with
hydrochloric acid. A red fluid will be obtained, which, on filtra-
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In the production of indigo-blue from indiean there are other sub-
stances formed, such as a form of sugar, which is an isomer of
glucose, but unfermentable, and the imperfectly investigated body,
ndigo-red, which has already been alluded to. *

The following reactions may be tried with indigo-blue :—

(@.) Shake a fragment of indigo-blue with ether ; the substance
1s found to be very seantily soluble. Ether, however, dissolves
enough to acquire a faint blue tint. |

(b.) Place a fragment in a narrow glass tube and heat; it will
sublime and be deposited in the cool part of the tube. If the
latter be very narrow and thin, it may be examined microscopically.
The sublimate of indigo is then seen to consist of microscopic
needles and plates,

METHODS POR THE QUANTITATIVE AXarTvsis oF URINE.

##% 190. Determination of the total quantity of Urine
passed in a given time.—Before describing briefly the methods
which are employed for the determination of the more important
urinary constituents, attention must be drawn to the fact that, as a
general 1ule, quantitative analysis of urine throws little or no light
on the rate and character of the tissue changes going on in the
animal body, unless the analysis be made of a specimen of urine
which represents the average excretion of a known period, during
which the conditions of the animal have been ascertained as ac-
curately as possible.

These remarks will be better understood when it is stated that
we can obtain the most valuable information relating to the
urinary seeretion if we collect, mix, and then measure the whole
of the urine passed in twenty-four hours. Having ascertained
the total volume of urine passed in twenty-four hours, two
hundred cubic centimeters will suffice for the great majority of

uantitative analyses,

The urine of man must be collected in perfectly clean glass
vessels which, in accurate experiments, should, before being used,
be washed with dilute sulphuric acid, and then with water. The
collecting-vessel may be graduated or not ; in the latter case, the
urine is cavefully poured, if necessary, in suceessive portions, after
being mixed, into a cylinder capable of holding a litre of water,
and divided into 200 parts ; so that each division indicates 5 cubic
centimeters. '

It is frequently of use to collect the urine of dogs and rabbits,
especially when experiments are made on the physiological action
of drugs,

* In many cases of disease, urine contains so much indican, that the following re-
action may be observed :—

To five cubic centimeters of fuming hydrochloric acid, 'add from ome to two
cubic centimeters of urine. A violet colour is produced, which passes into red.
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produet represents very closely the weight of the total solids con-
tained in 1,000 parts, by weight, of urine. Subsequent observers
have determined that whilst Dr. Christison’s formula yields very
correct results when applied to urines of specific gravities above
1018, for urines of lower specific gravity greater accuracy is
obtained by substituting the factor 2 for 2:33.

The following example will suffice to show the method of ecaleu-
lating approximately the total solid matter excreted in the urine
in twenty-four hours :—

A man passes in twenty-four hours 1,575 cubic centimeters
of urine of specific gravity 1023, and it is desired to obtain an
approximate estimate of the total urinary solids.

Ist. We find the total solids (expressed in any particular units
of weight) contained in 1,000 parts (expressed in the same units of
weight) by Dr. Christison’s formula, thus, if the unit be the
gramme, and the guantity of solid matter in 1,000 grammes be
represented by x, : .

x = (1023 — 1000) 2-38 = 53-59.

2nd. We require to know the weight of the whole of urine,
As its density 1s 1,023, and the quantity 1,575 cubic centimeters,
the weight in grammes 1s at once found by the, following
proportion : —
1000 £ 1023 :: 1575 ¢ x

1023 x 15675

1500 =61

Ll
X =

3rd. Knowing the weight in grammes of the urine of twenty-
four hours, and the approximate weight of total solid matters in
1,000 parts, by weight, of urine, we obtain the total solids passed
in twenty-four hours expressed in grammes :—

1000 : 53-59 :: 1611 : x
: = 86°33 grammes.

It is to be noted that the result obtained by such ecalculations
is merely an approximation to the actual number which would be
ascertained by the direct method, to be immediately described ;
the approximation is, however, sufficiently close to be useful.

192, Determination of the Total Solid Matters contained
in.Urine.—If we know the total volume of urine passed in twenty-
four hours, and it be desived to ascertain, by direct weighjng, th_e
total quantity of solid matter contained in it, 10 or 15 cubiec centi-
meters of the mixed urine are poured from a very accurately
graduated pipette into a weighed poreelain or glass capsule, which
is heated over the water bath, or in the water oven (fig. 33Y),
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cubic centimeter shall correspond to 10 milligrammes (0:010
grm.) of sodium chloride.

This solution may be made by dissolving twenty grammes of
perfeetly pure metallic mercury in boiling witric acid, until a drop
of the acid fluid does not cause a precipitate when added to a
solution of common salt, The acid fluid is concentrated by
heating over a water bath until it is of syrupy consistence. It is
then diluted with nearly a litre of distilled water.

Unless a great excess of mitric acid has remained after the
evaporation, a white precipitate, consisting of a basic nitrate of
mercury, will fall, and must be separated by filtration. Before
performing the latter operation, a few drops of nitrie acid may,
however, be added, as they will cause the re-solution of a con-
siderable part of the precipitate, without rendering the liquid too
acid. The solution of mercuric nitrate thus made must be set
aside until the other reagents which are required for determining
its strength are prepared.

2nd. A solution made by dissolving in distilled water 20
grammes of pure sodium cloride and diluting to one litre. The
salt 1s fused before being weighed.

Ten cubic centimeters of this solution contain 0200 grm. of
NaCl.

3rd. A solution made by dissolving 4 grammes of pure urea in
distilled water and diluting to 100 e. c.

4th. A solution of sodium sulphate, saturated at ordinary tem-
peratures. :

In order to determine the strength of the solution of mercurie
nitrate, it is poured into a burette (preferably a Mohr’s burette,
with glass stopeock) of a capacity of 50 cubic centimeters, and
divided into 10ths of a cubic centimeter.

Ten cubic centimeters of the standard solution of chloride of
sodium are then measured by means of a pipette, and poured
mto a glass beaker. \

To thisis added 3 cubic centimeters of the solution of urea, and
5 cubic centimeters of the solution of sulphate of sodium.
The solution of nitrate of mercury is now allowed to flow gently
into the beaker; as the drops fall into the fluid contained in
the latter, a white precipitate is seen to form, whlchhhmvever,
dissolves at onee, or when the fluid is stirred. On adding more
of the solution of nitrate of mercury, the fluid becomes opalescent
but no precipitate occurs until the reaction is completed, 7.e.,
until the whole of the chloride of sodium has been decomposed.

The number of cubic centimeters of the solution of mercurie
nitrate which has been added is read off ; if, for example, 137
cubic centimeters of the solution had to be added in order to
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one which delivers exactly 15 cubic centimeters of fluid. The
measured portion of filtvate is wvery slightly acidified by adding,
drop by drop, exceedingly dilute nitric acid, and then the solution
of nitrate of mercury is allowed to flow in, at first rather rapidly,
afterwards guftafim, until a permanent and dense cloud, not
affected by vigorous stirring, makes its appearance.

The number of cubic centimeters used, multiplied by 0:010,
indicates the amount of chlorine, in fractions of a gramme,
calculated as NaCl,, contained in 10 cubic centimeters of urine.
Thus, if 8:56 cubic centimeters of the standard solution of
chlorine were added, the quantity of Cl., caleulated as NaCl.,
in 10 cubic centimeters, would be 0-085 gramme.

It must be remarked that if a urine contains albumin, this
substance must be removed by boiling and filtration before the
determination of chlorine by Liebig’s method can be effected.

194. Determination of chlorine by means of mifrate of silver.
—In cases where the quantity of chlorine is exceedingly small,
the following method is much to be preferred to that already
described.

Ten cubic centimeters of urine are placed in a platinum ecap-
sule, together with 2 grammes of pure potassinm nitrate (quite
free from chlorine), and evaporated to dryness. The residue is
ignited at a moderate heat until the whole of the earbon has
disappeared.

The erucible is allowed to cool, and the saline mass which 1t
contains is dissolvedin distilled water, a little nitricacid being added.
The estimation of chlorine may then be effected by those methods
which are to be found deseribed in text-books on chemical auu]}'@is.
The chief of these methods consist (2) in precipitating the chlorine
as chloride of silver, &e., washing, burning, and weighing the pre-
cipitate; and () in adding to the neutralized solution of the
chloride, mixed with a drop of potassinm chromate, a standard
solution of nitrate of silver. The nitrate of silver causes a white
precipitate of chloride of silver, when added to such a solution,
until the whole of the chlorine has been precipitated. Then, how-
ever, the addition of a single drop more produces a deep salmon-

red colour, due to the formation of silver chromate. ;
%% 195. Determination of the amount of Urea found in

Urine.

I. By Liebig's Method.—In order to determine the amount of
urea by Liebig’s method, we require (@) baryta mixture as used in
the determination of the amount of Cl. in urine, and (b) a standard
solution of nitrate of mercury, prepared in the same manner as that
used for Cl. determinations, but containing much more mercury.
In making this solution, dissolve about 756 grammes of pure mer-
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gramme, contained in 10 cubic centimelers of urine.” The reason
for subtracting 2 cubic centimeters is, that In average urines this
volume of the solution is required to decompose the chlorides, and
does not, therefore, take part in the urea reaction.

If this correction be constantly introduced in a series of ob-
servations, and, as has been already pointed out, the urine be not of
very exceptional composition, results are obtained which are ver
nearly correct, and which are comparable the one with the other
If, however, the urine in cases of pnenmonia or of fevers were
under investigation, the error introduced by the application of this
arbitrary correction would generally be very great,

In such cases we must adopt a more seientific method of avoid-
ing the error introduced by the presence of chlorides. We must
in the first place determine, by the standard solulion of mercuric
nitrate for chlorine, the amount of chlorine, calculated as NaCl.
present in 10 cubie centimeters of the urine, 7.e.,1n 15 cubie centi-
meters of the filtrate obtained .on mixing two volames of urine with
one volume of baryta mixture, and we must then remove the whole of
the Cl. from a fresh quantity of filtrate by a standard solution of
nitrate of silver. To do this we require a solution of mnitrate of
silver exactly equivalent to the solution of mnitrate of mercury
which has been used. If 11601 grammes of fused silver nitrate
be dissolved in distilled water, and diluted to the volame of 1 litre,
the solution will be of the required strength, i.e.,, 1 cubic centi-
meter will exactly precipitate 0°010 grammne of chloride of sodium.

Take 80 cubie centimeters of the filtrate from the mixture of
baryta mixture and urine, and having added a dvop of nitric acid,
pour in from a burette, or from a finely divided pipette, twice as
many cubic centimeters of the nitrate of silver solution as the
number of cubic centimeters of nitrate of mercury solution
required in the chlorine determination. A precipitate of chloride
of silver will fall, and the filtrate may now be subjected to
analysis for urea, i

An example will help to make the course of these operations
clear.

Forty cubic centimeters of the urine of a boy suffering from
typhus fever were mixed with 20 cubic centimeters of baryta
mixture, and the fluid was filtered. 15 cubic centimeters of the
filtrate were placed in a beaker, and the standard solution of
mercury for chlorine was added, unfil a permanent and dense
cloud bad formed. The number of cubic centimeters added was
4:5. As each cubic centimeter of the standard solufion corre-
sponds to 0:010 gramme of Cl. caleulated as NaCl, the quantity
in 10 cubic centimeters amounted to 0°045 gramme. 30 cubic
centimeters of the filtrate from the baryta mixture and urine
were now taken and treated with 45 x 2, 1.e., 9 cubie centimeters













204 THE SECRETIONS,

be determined by means of a standard solution of chloride of
barium ; the method is one, however, which is tedious, and which

cannot be recommended, even on the score of rapidity, as prefer-
able to the one first described.

##199, Detection of Sugar in Urine.—It isstill a matter of
doubt whether the urine in health contains sy gar; the processes
which have been suggested, for the separation of this substance, by
those who maintain its constant oceurrence in healthy urine are,
however, complicated ; and as they have led to very various results
in the hands of different observers, their consideration would be out
of place in this book. (See Pfliiger's Archiv. fiir Physiol. V. pp. 859
and 375.)

When present in abnormal quantities in urine, as in diabetes,
glucose may be very readily detected. The following experiments
will be sufficient to make the student acquainted with the more
common reactions.

Ezxperiment 1. Take 5 cubic centimeters of diabetic urine, or of
a solution of grape sugar, and add to it two or three drops of a
solution of copper sulphate, so that a very slight green tinge is
perceptible; then add to the fluid a solution of caustic soda, or
potash, until the precipitate of hydrate copper oxide, at first
formed, 1s redissolved.

The fluid, which has assumed a blue tint, is now boiled, when
an abundant precipitate of cuprouns oxide falls; before this has
separated, the fluid in which the precipitation is effected becomes
opaque, and presents a reddish yellow colour. This 1s known as
Trommer’s test (see § 77 and § 12).

2. To five cubic centimeters of urine add nearly an equal
volume of a solution of caustic soda, or potash, and boil. 'The
fluid will assume at first a light yellow, then an amber, and lastly
a dark brown coloration, This i1s known as Moore’s test.

3. Some diabetic urine is mixed with a little brewers’ yeast, and
the mixture is poured into a test tube half full of mercury; the
orifice of the tube is closed with the thumb, and the tube is
inverted into a capsule containing mercury.

After a period of twenty-four hours, at ordinary temperatures,
the test-tube will be found to contain large quantities of carbonie
acid gas, which can be readily absorbed by passing up into the
tube a fragment of caustic potash.

In addition to these tests, the student may with advantage
determine, by means of a polariscope, that diabetic urine possesses
the property of rotating the plane of polavized light to the right.

## 200, Determination of the Quantity of Sugar in Urine.
—This may be best effected by one of the two following methods :—
firstly, by determining to what extent a known depth of the saccha-
vine fluid rotates the plane of polarized light to the right; or,
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are added to the contents of the basin, which are again hoiled,
and if necessary, the addition is repeated until the boiled fluid
becomes faintly opaque and of a yellowish colour. These appear-
ances prove that a slight excess of sugar solution has been
added. - The number of cubic centimeters of diluted urine added
1s again read off. If the arithmetic mean of the first and second
results be now taken, a number will be obtained which represents
very accurately the volume of the dilute urine, in eubic centimeters,
which was capable of reducing the whole of the copper in ten
cubic centimeters of the standard solution employed. Now, as this
volume of copper solution is reducible by exactly 0:05 grammes
of diabetic sugar, this quantity must have been present in the
volume of diluted urine made use of. An example will render
the caleulations required, intelligible :—The urine of a diabetic
patient was found to have a specific gravity of 1035. 100 cubic
centimeters were placed in a litre flask, and distilled water added
until the fluid exactly measured 1000 e.e. Ten cubic centi-
meters of standard copper solution required 30°49 e. c. of the
diluted urine in order to be completely reduced, or 30-49 c. ¢. of
the diluted urine contained 0:05 gramme of sugar.  As the urine
had been diluted to ten times its original bulk, the same volume
of the undiluted urine would contain ten times as much sugar,
ie., 0'5 gramme of sugar. From these data we can ecasily
ascertain, how much sugar was passed in the twenty-four hours,

Thus, if the quantity of wrine passed in twenty-four hours, in
the case under eonsideration, amounted to 3000 cubie eentimeters,
the amount of sugar passed during the same period would be at
once found by the following proportion :—

3049 : 0:5 :: 3000 : x
=49'19 grammes.

The student, in carrying out the process just described, must be
careful to dilute the urine to a sufficient extent. In cases where
the percentage of sugar is very large, it is, for instance, convement
to dilute the urine twenty times instead of ten.

## 201, Detection of Albumin in Urine.—Except in very ex-
ceptional cases, which need not be fﬂlud:ed to here, the only albu-
minous body proper which appears in urine possesses the reaction
of serum albumin. Accordingly, when albuminous urine is boiled,
it is found to be coagulable, z.e., the albumin separates in the
insoluble form, and the coagulated albumin is insoluble in nitrie
acid. Nitric acid, when added alone to urine containing albumin,
likewise precipitates that substance and the precipitate is not dis-
pelled by heat. It must be stated, however, that in certam cases,
when mtric acid produces a mere haze, this may disappear on
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point of & small blowpipe flame upon it and extending the heated part (fig.
327). To close a tube at its end, another piece of the same kind of glass
must be joined to it by fusing the ends of both in the same flame. As soon
as the joining has cooled slightly, the tube to be closed is heated again ata
short distance from its end, and drawn out as before.

Annealing —After glass has been strongly heated it must be allowed to
cool as gradually as possible, in order to anneal it.

Mﬂmgulmtiﬂn of CUorks—To fit properly, a cork must be somewhat
larger than the opening it is intrendcdp tofill. Before pushing it in, it should
always be reduced by compression, either with a cork-squeezer or,in its
absence, by rolling it on the floor (protected by a covering of paper) under
the foot. For shaping corks, a shoemaker’s knife which has been sharpened
on a rough stone answers best. Any knife with a keen edge will do. To
perforate a cork, a piece of brass tubing, the edge of one end of which is
sharpened, is used. It is best to work the borer from the opposite ends, the
two bore-holes meeting in the middle, as the holes always require finishing
witg a rat’s tail file. A borer smaller than the intended channel should be
used.

407. Solution and Ebullition.—The different solubility of various
organic substances in reagents, such as water, ether, aleohol, acids, alkalies,
and saline solutions, not only serves as a means of separating them from
each other, but in many instances, ns in the case of albuminous bodies,
furnishes a characteristic by which one substance may be distinguished
from others nearly allied to it. Tests are also more generally and con-
veniently applied to solutions than to bodies themselves. Solution takes
Ela.ca more readily when the body to be dissolved is finely divided. Dry and

ard substances are therefore generally pulverized by pounding and rubbing
in & Wedgwood mortar. If too large to be conveniently triturated at once,
they may be previously broken in an iron mortar,or by wrapping them loosely
in brown paper and pounding them with a hammer. If the substance is con-
stantly shaken or stirred about so as to bring it continually into contact
with fresh portions of the solvent, it will dissolve much more quickly than
if allowed to remain at rest.

For prepaving Solutions.—A beaker is for most purposes the most con-
venient vessel, as its contents can be stirred at the same time that it is
subjected to heat, which always accelerates solution. To avoid risk of
fracture, the benker must not be gaatad over a naked flame, but must be placed
on a piece of wire gauze or sand bath §ﬁg. 328), supported on a tripod. Flasks
may be employed instead of beakers for salution or beiling when stirring is
not required. I'hey have the advantage of preventing loss of fluid during the
process of ebullition, as any particles which spurt up are caught against
the sides of the flasl, especially if it is placed in an inclined position, in-
stead of falling outside as in a beaker.

To prevent Loss by Bvaporation.—Various methods may be used. ' One
of these consists in placing a small funnel in the mouth of the flask ; the
fluid condenses in the funnel and runs back into the flask. Another method
15 to close the neck of the flask with a cork, through *n_rhich a wide glass
‘tube, drawn out to a capiliary opening atits upper end, is passed. A con-
siderable part of the vapour passing from the boiling liquid is condensed in
the tube and falls back into the flask. If the boiling is long continued, the
tube gets very hot and a great deal of va.Eaur escapes. To avoid this, the
escape tube is prolonged and surrounded by a Liebig’s condenser, for which
purpose it must be bent at an angle of about 120°, as seen in fig. 329.

I'o exhaust a substanee with ether, the ether and the substance should be
placed in one flagk, with which a second is connected by a bent glass tube
which passes through the corks of both. The tube which scarcely projects
beyond the under surface of the cork in the first flask, reaches to the bottom
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The tube is closed by a perforated cork or india-rubber stopper
Through this passes a tube, B, with a horizontal limb, 2. Inside = ma:
smaller and shorter tube, ¢, which has a very small openin opposite b,
The sides of B and ¢ are luted together with cement at ¥. %n using this
regulator, a quantity of mercury is poured into A, and of course runs down
into h:!m lower division, partly filling it, and partly compressing the air it
contains.

The mouth of A is then closed by the cork, and the tube ¢ con-
nected by india-rubber tubing with a gas-pipe, and the tube B with a small
gas-burner. The gas passes down the tube ¢ through its lower open end,
up again between it and B, and out at E, and thence to the burner. The
regulator and a thermometer are then immersed in the water-bath, the gas
lighted, and the bath warmed till the thermometer indicates 40° (., or an
other desired temperature. The tubes B and ¢ are then pushed down ufl'
the mercury touches the lower end of ¢ and closes it. The gas is thus
prevented from passing onwards to the burner, and the flame would go out
entirely were it not that the small hole in ¢, opposite b, allows sufficient

s to pass through it to preserve the flame from being completely ex-
tinguished. As soon as the flame is thus diminished, the water-bath and
the regulator immersed in it begin to cool, and the mercury, and still more
the air in the regulator, consequently contracts. The mercury, therefore, sinks,
and leaves the mouth of ¢ open, so that the gasagain passes freely through it,
the flame increases, and the temperature of the bath again rises, The mer-
cury and air again expand ; and as soon as the temperature is reached to
which the regulator was adjusted, the mercury again closes the mouth of ¢,
and cuts off the gas till the temperature again falls. In this way the tem-

ture may be kept for months at 40 without varying much more than
m a degree. Unless the mercury is very clean, however, it will adhere
slightly to the lower end of ¢, and the variations will thus be greater. The
water in the bath must also be kept at a constant level, as otherwise the
'rpaa:rt of the regulator heated by it 1s sometimes greater and sometimes less.
The mercury consequently does not always expand in the same proportion
to the rise in temperature of the water in which iv is partially immersed,
and variations of several degrees may thus be produced.
. 209. Precipitation.—In precipitating a substance by the addition of
another, the reagent is generally added a little at a time, and mixed by
means of a stirring rod, till a further addition of the reagent produces no
perceptible increase in the amount of the precipitate. In order to ascertain
that tE.:he precipitation is complete, a little of the liquid is tested by throwing
it on a filter, and the reagent added to the clear filtrate. If no further
precipitate oceurs, the precipitation is complete ; but if one is formed, the
filtrate is again mixed with the rest of the fluid and the process repeated.

210. Washing of Precipitates on Filters, — Precipitates are

enerally collected on a filter and washed by directing a stream of water or
aleohol on them by means of a wash-bottle, The filter should never be filled
up to the top, as the upper part of the precipitate cannot then be properly
washed, It is always advisable to let the precipitate settle in the beaker,
and to allow the clear liquid to pass through the filter before tl_lromng the
precipitate itself upon it ; and the whole of the fluid from which the pre-
cipitate has subsided must be allowed to pass through the filter before the
washing is begun. A stream of water is then directed on the part of the
precipitate nearest the edge of the filter, by which it is gradually washed to-
wards the centre. The stream should not be too strong, nor should it strike
the filter or precipitate perpendicularly, as it is then apt to scatter the pre-
cipitate or tear the filter. When the filter is nearly full of water, the whole
should be allowed to run through, and the washing again re eated. :
Washing of Precipitates by Decantation.—When a precipitate subsides
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the other by an ordinary exhausting syringe. It can, however, he more eon-
veniently effected by means of a Bunsen’s water air-pump (fig. 335?,

The principle of this instrument is the same as that of Sprengel’s pump,
with this difference, that water is substituted for mercury. It consists of a
wide air-tight tube, throngh which water descends in a constant stream to a
depth which (if itis desired to produce a complete vacuum) must not be less
than thirty-twofeet. Into the axis of this tube, close to its upper end, a second
tube of much smaller bore projects, the open end of which looks downwards,
i.e., in the direction of the stream. Through this tube, if it is open, air is
constantly drawn ; any closed cavity with which it isin air-ticht communica-
tion is rapidly exhausted. It may thus be used either as an aspirator or as
an air-pump. If, however, the height of the column of water is less than
thirty-two feet, its exhausting power islimited to the production of a dimi-
nished pressure, which is expressed by the difference Eetwcen the height of
the column and thirty-two feet. The usual way of employing it in filtra-
tion is to attach the extraction tube n to a piece of bent glass tubing, which
passes through an india-rubber stopper in one neck of a Woulfe's bottle, in
the other neck of which a funnel is fixed in a similar manner. The air in-
side the bottle being exhausted by the air-pump, the fluid is forced rapidly
through the filter by the pressure of the external atmosphere. I find it
more convenient to use a strong bell jar, with a tubular opening at the top-
Into this opening au india-rubber stopper, which is perforated for the fun-
nel and exhaunsting tube, is fitted. The beaker in which the filtrate is to
be received is placed on a ground-glass plate. The ground edge of the bell
jar having been smeared with resin ointment, it is set on the plate in such
a position that the funmnel is exactly over the beaker. The fluid is then
poured into the filter, and the air exhausted from the bell jar. The pres-
sure of the air would force the liquid through the filter and tear it away
unless it were supported in some way. This is done by taking a semi-cir-
cular piece of platinum foil of suitable size. A snip having been made at
the centre of the straight edge, and at right angles to it, the bit of foil is
heated in the blow-pipe flame, and allowed to cool. It can then be smoothed
out, bent at the snip, and the edges brought together so as to overlap each
other slightly. The hollow cone thus formed is next placed in an iron mould
with a conical cavity, and pressed firmly in with a conical plug. The fun-
nel used must be chosen with sides sloping at the proper angle, and the tube
must not be too wide at the junction with the cone. The platinum foil is
placed in the bottom of the funnel, and pressed with the finger, so as to fit
the funnel smoothly. Instead of platinum foil, fine wire gauze or arch-
ment paper is sometimes used. The filter is then folded and placed with
its apex resting in the platinum, moistened with water, and pressed gently
against the sides of the funnel so as to make it fit tightly to it, and prevent
air from getting down into the receiver between them. Milk, albuminous
solutions, and glycerin can be filtered much more readily through porous
earthenware than through paper. For this purpose the top of a porous
cell, such as is used for galvanic batteries, is closed by an india-rubber cap
with two openings. One of these is connected by a short glass tube and
strong india-rubber tubing with the pump. Throu h the other a glass
tube passes nearly to the bottom of the cylinder, and 1s closed at its upper

end by a piece of india-rubber tubing and a strong clip. This serves as &

pipette to remove a little of the fiuid uqcasiom. ly from the c-.:ll for the
purpose of testing it. The cell is placed in a glass cylinder, little mui:l-e
than wide enough to admit it, and the fluid to be filtered is poured into the
cylinder until it covers the lower part of the india-rubber ecap. The air
being then exhausted from the cell, the fluid filters into it from the eylin-
der. Instead of cells, cones of porous earthenware may be used as ﬁltaﬁ.
A short piece of wide india-rubber tubing is stretched over the top of a funnel,
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Rules for Leading Burettes and other Graduated Instruments used in Volu-
metrical .djmﬁﬁzsah.—\'e'heu liquid is contained in a narrow tube, its surface
is higher at the edges where it touches the glass than elsewhere ; and if we
examine the curved surface by transmitted light, it scems to be formed of
several zones or bands, the lowest of which 1s dark (fig. 350). To avoid
errors and uncertainty, the under border of the dark zone isalways regarded
as indicating the level at which the liquid stands. In reading, the eye
must of course be exactly level with the surface, otberwise the reading
will be either too high or too low. The under surface of the liquid is more
easily seen if a card, with its under half blackened, while its upper half
remains white, be held behind the liquid, so that the division between the
black and white parts is about one-eighth of an inch below its surface.
The lower surface of the liquid then seems to be bounded by a sharp black
line (Sutton). Burettes may be read very easily and with great accuracy b
using Krdmann’s float (fig. 351). This isan elongated glass bulb, weighted witﬁ
mercury at its lower end, so that it floate upright. lts diameter being a very
little less than the calibre of the burette which contains it, it moves freely,
but at the same time steadily, up and down. A horizontal mark round its
middle is taken as indicating the height at which the lignid stands, the
absolute height being disregarded.

Litmus Solution—The solution used in the neutralization of albuminous
liquids is prepared by dissolving a little litmus in distilled water, decanting
the liquid from the sediment and diluting it as required. For determina-
tions of the strength of acid, the litmus solution is made by putting 10
grammes of solid litmus into half a litre of distilled water, letting it stand
tor u few hours in a warm place, decanting the elear fluid, adding a few
drops of dilute nitric acid so as to produce a violet colour, and preserving
it in an open bottle with a narrow neek. If the colour should at any time
partially disappear, it may be restored by exposing the liquid to the air in
an open bottle (Sutton).

Voluwmetric Solution of Soda—~Fill a burette with solution of soda, and
cautiously drop this into 6:3 grammes of purified oxalic acid in crystals,
quite dry but not effloreseed, dissolved in about 70 e. e, of distilled water,
until the acid is exactly neutralized, as indicated by litmus. Note the
number of grain measures (n) of soda solution used, and having then
introduced 900 cub. cent. of it into a graduated jar, augment this quantity

PIRX 1D cub. cent. If, for exam-
T

100
ple, in = 93, the 900 cub. cent. should be augmented to 91}[}9;;; =967:7

cub. cent. 100 cub. cent. contain ;jth of an equivalent in grammes
(4 grammes) of hydrate of soda, and will neutralize {;th of an equivalent
in grammes of an acid. S8

Soda solution for estimating the acidity of gastric juice is made by
diluting 100 e. e. of the above solution to the bulk of a litre.

218. Polariscope.—There are several organic substances whose solu-
tions possess the power of circumpolarization, .e., of mta.l;in%_ to oune side
or another the pﬂ.ug of polarization of a ray of polarized light passing
through them. Some of them, such as glucose, cane-sugar, and tartaric
acid, turn it to the right hand, while others, such as albumin, uncrystal-
lizable sugar, and oil of turpentine, turn it to the left. As the amount of
rotation increases in proportion to the concentration of the solution and
the thickness of the stratum through which the ray passes, it is easy to
ascertain the quantity of a substance held in solution by simply observing
the extent to which a ray is rotated in passing through a stratum of
a definite thickness, The apparatus used for this purpose is shown in ﬁg:
353. It consists of a stand in which are placed two Nicol's prisms, a and

by the addition of water until it becomes
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