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2 ' PHYSIOLOGICAL CHEMISTRY.

nivora, upon plant-life, from which they derive the three chief
groups of organic nutritive matter— proteids, carbohydrates, and
fat. These bodies, of which the protein substances and fat form
the chief mass of the animal body, undergo within the animal
organism a splitting and oxidation, and yield as final products ex-
actly the above-mentioned chief components of the nutrition of
plants, namely, carbon dioxide, water, and ammonia derivatives,
which are rich in oxygen and have a feeble chemical tension. The
chemical tension, which is partly combined with the free oxygen
and partly stored up in the above-mentioned more complex chemi-
cal compounds, is transformed into vis vivae, heat, and mechanical
work., While in the plant reduction processes and syntheses, which
are active in the conversion of living force into potential energy or
chemical tension, are the prevailing forces, we find in the animal
body the reverse of this, namely, splitting and oxidation processes,
which convert chemical tension into living force (vis wviva).

This difference between animals and plants must not be over-
rated, nor must we consider that there exists a sharp boundary-line
between the two. This is not the case. There are not only lower
plants, free from chlorophyll, which in regard to chemical processes
represent intermediate steps between higher plants and animals,
but the difference existing between the higher plants and animals
is more of a guantitative than a qualitative kind. Plants require
oxygen as peremptorily ag do animals. Like the animal, the plant
also, in the dark and by means of those parts which are free from
chlorophyll, takes up oxygen and eliminates carbon dioxide, while
in the light the oxidation processes going on in the green parts are
overshadowed or hidden beneath the more intense reduction pro-
cesses. Like the animal the vegetable ferments transform chemi-
cal tension into living energy and heat; and even in a few of the
higher plants—as the aroide@ when bearing fruit—a considerable
development of heat has been observed. The reverse is found in
the animal organism, for, besides oxidation and splitting, reduction
processes and syntheses also take place. The contrast which
seemingly exists between animals and plants consists merely in
that in the animal organism the processes of oxidation and split-
ting are prevalent, while in the plant those of reduction and syn-
thesis have mostly been observed.






4 PHYSIOLOGICAL CHEMISTRY.

opinion that it iz connected with the form-elements and the tis-
sues. 'The question how this oxidation in the form-elements pros
ceeds and how it-is induced cannot be answered with certainty.

In conformity with the views of PFLUGER and others, it is often
asgerted that the albumin outside of the organism, and also that
which cireunlates in the blood and fluids, is to be regarded as “ dead
albumin,” as distinguished from that which is converted by the work
of the living, active cell into living protoplasm—*living albumin.”
The statement has also been made that this living protoplasm
albumin is differentiated from the “ dead albumin” by a greater
mobility of the atoms within the molecule, and it may be char-
acterized by a greater inelination towards intramolecular changes
of position of these atoms. The reason for this greater inner
movement PFLUGER ascribes to the presence of certain groups,
such as cyanogen, while Loew attributes it to the presence of alde-
hydie groups in the albumen molecule.

In these differences between ordinary albumins and living
protoplasm albumin PFLUGER sees the reason for the animal oxi-
dation processes which show certain similarity to the oxidation of
phosphorus in air containing oxygen. In the last-mentioned
process the phosphorus is not only itself oxidized, but, as it splits
the oxygen molecule and sets free oxygen atoms (active oxygen),
it may also have at the same time an indirect or secondary
oxidizing action upon other bodies present. In an analogous way
the living protoplasm albumin, which is not, like the dead albm-
min, indifferent to neutral oxygen, can disintegrate the oxygen
molecule, thus becoming itself oxidized, and at the same time the
getting free of oxygen atoms may cause a secondary oxidation of
other less oxidizable substances.

Another very widely-diffused view exists in regard to the origin
of the activity of the oxygen, so that by the decomposition pro-
cesses in the tissues reducing substances are formed which split
the neutral oxygen molecule, uniting with one oxygen atom and
getting the other free.

The formation of reducing substances by fermentation and
putrefaction is generally known. The butyric fermentation of
gngar in which hydrogen is set free—C,H,,0, = C H,0, 4 2C0,
+ 2(H,)—is an example of this kind. Another example is the






6 PHYSIOLOGICAL CHEMISTRY.

just described. In combustion in ‘the ordinary sense, as, for
example, the burning of wood or oil, we must not forget that
the substances themselves do not combine with oxygen. It is
only after the action of heat has decomposed these bodies to a
certain degree that the oxidation of the products of such decom-
position takes place and is accompanied by the phenomenon of
light.

% The numerous intermediary products of decomposition which
we observe in the animal body teach us that the oxidations and
splittings of the components of the body do not take place at once
and suddenly, but only very gradually, step by step, until the final
products of exchange are reached.

A very instructive example of such a gradual decomposition
outside of the organism has been shown by DRECHSEL in his in-
vestigation on the electrolysis of phenol by an alternating current.
By experiments with alternating electric currents we obtain, of
course, in the watery solution of the substance, at each electrode
alternately, oxygen and hydrogen in great rapidity. Therefore
oxidations and reductions must take place alternately, and we ob-
tain syntheses as well as splittings with oxidations,

If phenol in watery solution is treated with such an alternating
current, we produce, by the combined action of reduction and
oxidation processes, where all double linking in the benzol ring is
broken by the ageregation of hydrogen atoms with simultaneous
golution, and followed by an oxidation with the elimination of
hydrogen atoms, a new body, hydro-phenoketon, CJH,,0, or

CH,
it
E:gi 18% . From the hydro-phenoketon a compound of the

CH,
fatty series is produced by the fixation of O 4 2H accompanied
with the splitting of the benzol ring, namely, normal caproic acid,
CH,

Y0
C,H,O0,, or EHEL\)EE?H By further electrolysis of the ca-
CH

proic acid, with the removal of carbon as carbon dioxide and of
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The processes taking place in the living muscle yields an example
of this kind. A removed muscle, which gives no oxygen when in
a vacuum, may, as HERMANN has shown, work, at least for a time, in
an atmosphere devoid of oxygen, and give off earbon dioxide at the
same time.

We call processes of splitting which are accompanied by a de-
composition of water and then a taking up of its constituents (H,
and O) hydrolytic splittings. These splittings, which play an im-
portant role within the animal body, and which are most frequently
met with in the process of digestion, are, for example, the trans-
formation of starch into sngar and the splitting of neutral fats into
the corresponding fatty acid and glycerin.

C,H,(C,H,0,), + 3 H,0 = C,H,(0H), + 3(C,H,,0,).

Tristearin. Glyeerin, Stearic acid.

As a rule the hydrolytic splitting processes as they occur in the
animal body may be performed outside of it by means of higher
temperatures with or without the simultaneous action of acids or
alkalies. Conszidering the two above-mentioned examples, we know
that starch is converted into sugar when it is boiled with dilute
acids, and also that the fats are split into fatty acids and glycerin
on heating them with canstic alkalies or by the action of super-
heated steam. 'The heat of the chemical reagents which are unsed
for the performance of these reactions would cause immediate
death if applied to the living system. Consequently the animal
organism must have other means at its disposal which will act
similarly, but in such a manner that they may work without
endangering the life or normal constitution of the tissues. Such
means have been recognized in the so-called formiless fermenis or
enzymes. -

Aleoholic fermentation, as well as other processez of fermenta-
tion and putrefaction, is dependent upon the presence of living
organisms, ferment fungi and splitting fungi of different kinds; and
according to the researches of PASTEUR, these processes are to be
considered as phases of life of these organisms. The name orga-
nized ferments or ferments has been given to such micro-organisms
of which ordinary yeast is an example. However, the same name has
algo been given to certain bodies or mixtures of bodies of unknown
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16 FPHYSIOLOGIUCAL CHEMISTRY, ¥

weight of the albumins has not been determined, therefore it is
impossible to give formul®., For the alkali albuminate, in whose
formation from native albumins a part of the nitrogen and the
loosely-bound sulphur is split off, LIEBEREUHN has given the
formula C_H, N 50, :

The constitution of the albuminous bodies, notwithstanding
numerous investigations, is still unknown. By heating albumin
with barium hydrate and water in sealed tubes at 150°-200° C. for
several days, SCHUTZENBERGER obtained a number of products
among which were ammonia, carbon dioxide, oxalic acid, acetic
acid, and, as chief produect, a mixture of amido-acids. This mix-
ture contained, besides a little tyrosin and a few other bodies,
chiefly acids of the series C,H;,,,NO, (lewcines) and C,H,,_,NO,
(leuceines). The sulphur of the albumins yields sulphites. The
three bodies, earbon dioxide, oxalic acid, and ammonia, are formed
in the same relative proportion as in the decomposition of urea
and oxamid; therefore SCHUTZENBERGER suggests that perhaps
albumin may be considered as a very complex ureid or oxamid.
Such a conclusion cannot be derived from the above decomposition
processes for several reasons, and the attempts to prepare urea
directly by splitting albumin by means of trypsin, or by oxidation,
have given negafive, or at least not positive, results.

On fusing albumin with ecaustic alkali, ammonia and other
volatile products are generated; among these leucin, from which
volatile fatty acids, such as acetic acid, valerianic acid, and also
butyric acid, are formed; also tyrosin, from which phenol, indol,
and skatol are produced. The majority of these products are
found as a result of putrefaction (see Chap. VII). On boiling
with mineral acids, or still better by boiling with hydrochlorie
acid and zine chloride {HrasiwEeTz and HABERMANN), the albumins
yields amido-acids, such as leucin, aspartic acid, glutamic acid, and
tyrosin (and from vegetable albumin ScHULZE and BARBIERI ob-
tained a-phenylamido-propionic acid), also sulphuretted hydrogen,
ammonia, and nitrogenized bases (DRECHSEL). As an essential
difference between the action of acids and alkalies (barium hydrate)
on albumins, DRECHSEL suggests that by the action of acids ear-
bon dioxide, oxalic and acetic acids are not produced.

By the putrefaction of albumins, as well as by decomposition
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in the eggs of certain fishes and amphibians does not consist of
pure albumin, but of an albumin containing large amounts of
lecithin which seems to be combined with mineral substances.
Crystalline combinations of albumin with mineral substances have
been prepared from seeds of various plants, and lately erystallized
animal albumin in combination with salts has been prepared
(HormersTer). In the dry condition the albuminious bodies ap-
pear as a white powder, or when in thin layers as yellowish, hard,
transparent plates. A few are soluble in water, others only soluble
in salty or faintly alkaline, or acid solutions while others are insol-
uble in these solvents. All albuminous bodies when burnt leave
an ash, and 1t is therefore questionable whether there exists an al-
buminous body which is soluble in water without the aid of mineral
substances. Nevertheless it has not been thus far successfully
proved that a native albuminous body can be prepared perfectly
free from mineral substances without changing its constitution or
its properties. The albuminous bodies are in most cases strong
colloids. They diffuse, if at all, only very slightly through animal
membranes or parchment-paper, and the albumins have generally
avery high osmotic equivalent. All albuminous bodies are optically
active and turn the ray of polarized light to the left.

On heating a solution of albumin to the temperatures depending
on the albumin present, and with the proper reactions and in
favorable external conditions,—as, for example, in the presence of
nentral salts,—most albuminons bodies separate in the solid state as
a crude or “coagulated ” albumin. The different temperatures at
which the various albuminous bodies coagulate in neatral, salty
solutions give in many cases a good means for detecting and sepa-
rating these bodies.

The general reactions for the albuminous bodies are numerons,
but only the most important will be given here. To facilitate the
study of these they have been divided into the two following groups.

A. Precipitation Reactions of the Albuminous Bodies.

—~w o 1. Coagulation Test. An alkaline albumin solution does not co-
agulate on boiling, a neutral solution only partly and incompletely,
and the reaction must therefore be acid for coagulation. The
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with hydrochloric acid.+9. Precipiiation by Picric Acid in solu-
tiong acidified by organic acids,

B. Color Reactions for Albuminous Bodies.

1. Millow's reaction.' A solution of mercuric nitrate in nitrie
acid containing some nitrous acid gives a precipitate in albumin
solutions which at the ordinary temperature is slowly, but at the
boiling-point more quickly, colored red ; and the solution may also be
colored a feeble or bright red, depending on the amount of albumin.
Solid albuminous bodies, when treated by this reagent, give the same
coloration. 'This reaction, which depends on the presence of the
aromatic group in the albumin, is also given by tyrosin and other
benzol derivatives with a hydroxyl group in the benzol nucleus.
2. Xanthoproteic reaction. With strong nifrie acid the albuminous
bodies give, on heating to boiling, yellow flakes or a yellow solution.
After saturating with ammonia or alkalies the color becomes orange-
yellow. 3. Adamkiewics’ reaction. If a little albumin is added to
a mixture of 1 vol. concentrated sulphuric acid and 2 vols. glacial
acetic acid a reddish-violet color is obtained slowly at ordinary
temperatures, but more quickly on heating. Gelatine does not give
this reaction. 4. Biuret fest. If an albumin solution be first
treated with caustic potash or soda and then a dilute copper
sulphate solution be added drop by drop, first a reddish, then a
reddish-violet, and, lastly, a violet-blue color is obtained. 5. Al-
bumin is soluble on heating with concentrated hydrochloric acid,
producing a violet color, and when the albumin is first boiled with
alcohol and then washed with ether (LIEBERMANN) it gives a
beauntiful blue solution. 6. With concentrated sulphuric acid and
sugar (in small quantities) the albuminous bodies give a beautiful
red coloration. These color reactions apply to all albuminous
bodies.

The delicacy of the same albumin reagent differs for the differ-

1 The reagent is obtained in the following way : 1 pt. mercury is dissolved
in 2 pts. of nitric acid (of sp. gr. 1.42), first when cold and later by warming.
After complete solution of the mercury, add 1 volume of the solution to 2
volumes of water. Allow this to stand a few hours and decant the super
patant liguid.
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24 PHYSIOLOGICAL CHEMISTRY.

These modifications, which may be obtained in a solid gelatinous
condition by sufficient concentration, are called acid albuminates
or acid albumin, sometimes also syntonin, though we prefer to call
that acid albuminate syntonin which is obtained by extracting
museles with hydrochloric acid of 1 p. m.

The alkali and acid albuminates have the following reactions in
common: They are nearly insoluble in water and dilute common-
galt solutions (see previous page), but they dissolve easily in water
after the addition of a very small quantity of acid or alkali. Such
a solution or one nearly neutral does not coagulate on boiling, but
is precipitated at the normal temperature on neuntralizing the sol-
vent by an alkali or an acid. A solution of an alkali or acid albu-
minate in acid is easily precipitated on saturating with NaCl, but
a solution in alkali is precipitated with difficulty or not at all,
according to the amount of alkali it contains. The nearly neutral
solutions are precipitated by mineral acids in excess, also by many
metallic salts.

Notwithstanding this agreement in the reactions, the acid and
alkali albuminates are essentially different, and by dissolving an
alkali albuminate in some acid no acid albuminate solution is
obtained, nor is an alkali albuminate formed on dissolving an aecid
albuminate in water by the aid of a little alkali. The alkali
albuminates are relatively strong acids. They may be dissolved in
water with the addition of CaCO,, with the elimination of CO,,
which does not occur with typical acid albuminates, and they
show in opposition to the acid albuminates also other variations
which stand in connection with their strongly-marked acid nature.
Dilute solutions of alkalies act more energetically on albumin than
do acids of the same concentration. In the first case a part of the
nitrogen, and often also the sulphur, is split off, and from this
property we may obtain an alkali albuminate by the action of an
alkali upon an acid albuminate; but we cannot obtain an aecid
albuminate by the reverse reaction. (K. MORNER.)

The preparation of the albuminates has been given above. By
the action of alkalies or acids upon an albumin solution the corre-
sponding albuminate may be precipitated by neutralizing with acid
or alkali. The washed precipitate is dissolved in water by the aid
of a little alkali or acid, and again precipitated by neutralizing the
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acetic acid and potassium ferrocyanide, nor by neutral salts and
acid.

The reactions and properties which the albumoses and peptones
had in common were formerly considered as the following: They
give all the color reactions of the albumins, but with the biuret test
they give a more beautiful red color than the ordinary albumin.
They are precipitated by ammoniacal lead acetate, by mercuric
chloride, aleohol, tannie, phospho-tungstic, phospho-molybdic acids,
potassinm-mercuric iodide and hydrochlorie acid, and lastly by
picric acid. The albumoses and peptones have also a greater
diffusive power than native albuminous bodies, and the diffusive
power is greater the nearer the gquestionable substance stands to
the final produect, the so-called pure peptone.

These old views have undergone an essential change in the last
few years. After HEYN8IUS' observation that ammonium sulphate
was a general precipitant for albumin, also peptone in the old
gense, KUHNE and his pupils proposed this salt as a means of sepa-
rating albumoses and peptones. Those products of digestion which
separate on saturating their solution with ammonium sulphate are
considered by Kvua~E and indeed by most of the modern investi-
gators as albumoses, while those which remain in solution are called
peptones or pure peptone. This pure peptone is formed in rela-
tively large amounts in the pancreatic digestion, while in the pepsin
digestion it is only small in quantity unless after prolonged diges-
tion.

According to SCHUTZENBERGER and KUHNE the albumins yield
two chief groups of new albuminous bodies when decomposed by
dilute acids or with proteolytic enzymes; of these the anti group
shows a greater resistance to further action of the acid and enzyme
than the other, namely, the hemi group. Corresponding to these
views KUHNE divides the albumoses into two chief groups, the
antialbwmoses and hemialbumoses, and the peptones into two chief
groups, the antipeptones and the hemipepfones. In the pepsin
digestion we obtain, besides different albumoses, a mixture of anti-
and hemipeptone, which mixtnre KUHNE called amphopeptone.
In the digestion with trypsin (the proteolytic enzyme of the pan-
creas) the hemipeptone is further split into leucin, tyrosin, and
other substances, while the antipeptone remains unchanged. Only

%
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tated either by picric acid or by potassium-mercuric iodide and
acid. The primary albumoses are completely precipitated by
phospho-molybdic or phospho-tungstic acid, while the secondary
are not quite completely precipitated, and the true peptones very
incompletely. The peptones are also precipitated by mereuric
chloride in neutral solutions, and also by tannic acid in liquids con-
taining acetic acid. This precipitate may be dissolved in an excess
of tannic acid (SEBELIEN).

The study of the albumoses and peptones, as above indicated,
has undergone in the last few years an essential transformation.
It may still be doubtful whether the behavior of a single salf, the
ammonium sulphate, yields sufficient basis for the characterization
of two groups of albuminous bodies, the albumoses and peptones;
and this question is warranted since, according to NEUMEISTER, we
have a deuteroalbumose (found in the pepsin digestion) which is
not completely precipitated by ammonium sulphate. It seems that
the transformation of albumins into peptones takes place through a
number of intermediate steps such as starch undergoes in passing
from dextrine into glucose. A complete separation of these several
intermediate products, as well as their purification, is an extremely
difficnlt task.

What relationship do the albumoses and peptones bear to the
albnmin from which they are formed? HEerTH has found that
fibrin albumose and fibrin have a similar constitution. KUHNE
and CHITTTENDEN, a8 also CHITTENDEN and his pupils, have ana-
lyzed the different albumoses from fibrin, globulin, egg-albumin,
myosin, and casein, and found in a few albumoses an increase
and in others a decrease in the amount of carbon, nitrogen, and
sulphur as compared with the mother-albumin. From the results
of their analyses it has been found that, with the probable excep-
tion of the peptone standing closest to the albumoses, the difference
in the constitntion of the original albumins and the corresponding
albumose is sometimes in one direction and sometimes in another,
and is nnessential.

According to the analyses of peptones (in the old sense) made
by Mary, HeErTH, and HENNINGER, they seem to have the same
constitution as the albumin. According to the analyses by KUHNE
and CHITTENDEN of “true” fibrin peptone, part amphopeptone
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32 PHYSIOLOGICAL CHEMISIRY.

Troe mucins are secreted by the larger mucous glands, by certain
mucous membranes, also by the skin of snails and other animals, True
mucin also oceurs in the connective tissue and navel-cord. Some-
times, as in snails and in the membrane of the frog-egg (Gracosa),
a mother - substance of muecin, a mucinogen, has been found,
which may be converted into mucin by alkalies. Mucoid substances
are found in cartilage, certain cysts, etc. As the mucin question
has been very little studied, it is at the present tine impessible
to give any positive statements in regard to the occurrence of
mucins and mucoids, especially as without doubt in many cases
non-mucinous substances have been described as mucins. Se much
is sure, that mucins or nearly-related bodies oceur widely diffused in
the organism of certain tissues. From their decomposition prod-
ucts we derive a great deal of knowledge in regard to the forma-
tion and splitting of carbohydrates or kindred bodies (glycuronic
acid) from other complex atoms.

True Mucin. Thus far we have been able to obtain only a few
mueins in a pure and unchanged condition due to the reagents
uged. The elementary analyses of these mucins have given the
following results:

C H N S L]
Mucin from snail......... 5032 6.84 13.65 1.75 27.44 (HAMMARSTEN.)
Muecin from nerve........ 4880 6.44 11.75 0.81 32.70 (LokeiscH.)
Mucin from sub-maxillaris 48 84 6.80 12,32 0.84 B81.20 (HAMMARSTEN.)

The muein of the snail-skin, which stands closest to keratin,
contains more sulphur than the other mueins. The sulphur is
moreover, at least in certain mucins, part in loose and part in strong
chemical union.

By the action of snperheated steam on mucin a carbohydrate,
animal gum (LANDWEHR), is split off. On boiling muecin with
dilute mineral acids, acid albuminate and bodies similar to albu-
mose or peptone are obtained, besides a reducing substance which
has not been closely studied. By the acfion of stronger acids we
obtain among other bodies lencin, tyrosin, and l=vulinic acid
(LAxpwEHR). Certain mucins, as the submaxillaris muein, are
easily changed by very dilute alkalies, as lime-water, while others,
such as nerve-mucin, are not affected (Loesiscm). If a strong
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may be prepared in the same way.'! The nerve muecin s prepared
from nerves which have first been freed from albumin by common-
galt solution and water. They are extracted with lime-water, the
filtrate is precipitated with acetic acid, and the precipitate purified
by redissolving in dilute alkali or lime-water, precipitating with
acid, and washing with water (RoLrLerT, LoEBiscH). Lastly, the
mucin is treated with aleohol.

2. Mucoids or Mucinoids. To this group belong pseudomucin,
which oeccurs in ovarial liquids, colloid, which is probably related
thereto, and chondromucoid, which occurs in cartilage. These
bodies will be treated of later in their respective chapters.

Hyalogen. Under this name KnukeNperc has designated a number of
differing protein bodies, which are characterized by the following: By the
action of alkalies they change, with the splitting off of sulphur and nit_ros:n,
into a soluble nitrogenized product called by him /hyaline and which yields a
pure carbohydrate by further decomposition. Within this group the most
widely differing substances may find place, as for instance true mucin and
mucoid, the so-called mucin of the holothuria, neossin of the edible bird’snest,
the giycoproteid of the vineyard snail, the enuphin and a‘m'f'Ofmpkin, and other
substances from the lower animals. It is of very little value to collect into
one group all these differing substances, which have very little in common,

until we have learned with some degree of certainty the nature of the re-
ducible substances and other products obtained from them.

1I1. Albumoids or Albuminoids.

Under this name we collect into a special group all those pro-
tein bodies which cannot be placed in either of the other two
groups, although they differ essentially among themselves and from
a chemical standpoint do not show any prevailing difference from
the ordinary albuminous bodies. The most important and abun-
dant of the bodies belonging to this group are important con-
stituents of the animal skeleton or the animal structure. They
oceur as a rule in an insoluble state in the organism, and they are
marked in most cases by a great resistance to reagents which dis-
solve albuming or to chemical reagents in general.

The Keratin Group. Keratin is the chief constituent of the
horny structure, of the epidermis, of hair, wool, of the nails, hoofs,
horng, feathers, of tortoise-shell, ete., ete. Keratin is also found as
neurokeratin (KUHNE) in the brain and nerves. The shell-mem-
brane of the hen’s egg seems also to contain keratin.

1 The author has not been able to obtain this pure, so the analysis has
not been given in the previous table of the mucins.
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tions with MILLON’S reagent, even though they are not always
typical. '

In the preparation of keratin a finely-divided horny structure
is treated first with boiling water, then consecutively with diluted
acid, pepsin-hydrochloric acid, and alkaline trypsin solution, and,
lastly, with water, aleohol, and ether.

Elastin occurs in the connective tissue of higher animals, some-
times in so large quantities that it forms a special tissue. It occurs
most abundantly in the cervical ligament (ligamentum nuchs).
It seems that there is more than one kind of elastin.

Elastin, according to the general view, is free from sulphur.
According to the investigations of CHITTENDEN and HART, it 1s a
question whether or not elastin contains sulphur which is removed
by the action of the alkali in its preparation. The most trust-
worthy analyses of elastin from the cervical ligament have given
the following resunlts:

C H N O
04,32 6.949 16.75 214 (HoRBACZEWSEL)
54.24 T8 16.70 - 21.79 (CHrrrENDEN and HART.)

As splitting produets we find leuncin, tyrosin (in small quantity),
glycocoll, amido-valerianic acid, ammonia, and others. No indol
or phenol is obtained on putrefaction. On heating with water in
closed vessels, on boiling with dilute acids, or by the action of a
proteolytic enzym, the elastin dissolves and eplits into two ehief
products, calied by HorBACZEWSKI hemielastin and elastinpeptone.
According to CHITTENDEN and HART, these products correspond
to two albumoses designated by them profoelasiose and deufero-
elastose. The first issoluble in cold water and separates on heating,
and its solution is precipitated by mineral acid as well as by acetic
acid and potassium ferrocyanide. The watery solution of the other
does not become cloudy on heating, and is not precipitated by the
above-mentioned reagents.

Pure dry elastin is a yellowish-white powder; in the moist state
it appears like yellowish-white threads or membranes. It is insol-
nble in water, alcohol, or ether, and shows a resistance against the
action of chemical reagents. It is not dissolved by strong caustic






38 PHYSIOLOGICAL CHEMISTRY.

neither tyrosin nor indol, in which it deviates from e albumins.
Still the aromatic group is not absent in gelatine, and it acts like
the oxidized albumin, the oxyprotsulphonic acid giving benzoic
acid (MarLy). On treating gelatine with hydrochloric acid and
aleohol and then acting on this with a nitrite, BuceENER and Cug-
TIUS obtained an ester of a diazo-fatty acid, probably diazo-oxyacry-
lic acid ester, and it is therefore also possible that the nucleus of
the gelatine is formed of amido-acrolein.

Collagen is insoluble in water, salt solutions, dilute acids, and
alkalies, but it swells up in dilute acids. By continuous boeiling
with water it is converted into gelatine. It is dissolved by the
mastrie juice and also by the pancreatic juice (trypsin solution)
when it has previously been treated with acid or heated with
water above - 70° C. By the action of ferrous sulphate, corrosive
sublimate, or tannic acid, collagen shrinks. Collagen treated by
these bodies does not putrefy, and the tannic acid is therefore of
great importance in the preparation of leather.

Gelatine or glue is colorless, amorphous, and transparent in thin
layers. It swells in cold water without dissolving. It dissolves in
warm water, forming a sticky liquid, which solidifies on eooling
when sufficiently concentrated. The solution 1s levogyrate; aj at
4 30° C. = — 130°. Acetic acid and alkalies diminish the specific
rotary power. Gelatine solutions on boiling are not precipitated
either by mineral acids, acetic acid, alum, lead acetate, or mineral
salts in general. A gelatine solution acidified with acetic acid may
be precipitated by potassium ferrocyanide on carefully adding the
reagent, but on the addition of too much potassinm ferroeyanide
the liguid remains clear. Gelatine solutions are precipitated
by tannie acid in the presence of salt; by acetic acid and common
gsalt in .substance; mercuric chloride in the presence of HCIl and
NaCl; phosphomolybdic acid in the presence of acid; and lastly by
alcohol, especially when neutral salts are present. Gelatine solu-
tions do not diffuse. Gelatine gives the biuret reaction, but not
Apauriewricz’s. It gives MILLON’S reaction and the xanthoproteic
acid reaction so faintly that it probably ocenrs from an impurity
consisting of albumin. By continuous boiling with water,—espe-
cially in the presence of dilute acid,—also by digesting with gastrie
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juice or trypsin solution, gelatine loses the property of gelatin-
izing and is transformed into gelatine-peptone.

According to HorMEIRTER it splits into two substances, semiglutin and
hemicollin. The former is insoluble in alcohol of 70-80g, and is precipitated
by platinum chloride. The latter, which is not precipitated by platinum
{:g]oride. dissolves in aleohol.

Collagen may be obtained from bones by extracting with hydro-
ehloric acid (which dissolves the earthy matters) and then carefully
removing the acid with water. It may be obtained from tendons
treated with lime-water (which dissolves the albumin and mucin),
and then thoroughly washing with water. Gelatine is obtained by
boiling collagen with water. The finest commercial gelatine con-
tains a little albumin, which may be removed by allowing the finely-
divided gelatine to swell in cold water and extracting thoroughly
with large t%uantities of fresh water. In regard to the preparation
of gelatine from cartilage see Chapter VIIL.

Chondrin is only a mixture of glue with the gpecific constituents of cartil
and their transformation products. Spongin forms the great mass of the oﬁ
nary sponge. It gives no gelatine, and on boiling with acids it yields leucin
and glycocoll, but no tyrosin. Conchiolin iz found in the shells of mussels
and snails, and also in the egg-shells of these animals. Tt yields leucin but no
tyrosin. Byssus contlains a substance, closely related to conchiolin, which is
soluble with difficulty. Cornein forms the axial system of the Antipathes and
Gorgonia. It gives leucin and a erystallizable substance, eornterystallin (Kru-
KENBERG). Fibroin and Bericin are the two chief constituents of raw silk,
By the action of superheated water the sericin dissolves and gelatinizes on
cooling (silk gelatine), while the more difficultly soluble fibroin remains un-
dissolved in the shape of the original fibre. On boiling with acid the fibroin

ields alanin (WEYL), glycoeoll, and a great deal (5-82) of tyrosin. Fibroin is

issolved in cold concentrated hydrochloric acid with the expulsion of 1€ ni-
trogen as ammonia, and it is converted into another, nearly-related substance
called sericoin (WEYL). Sericin yields no glycocoll but leucin and a erystal-
lizable substance called serin. The composition of the above-mentioned
bodies is as follows :

C H N ) 0
Conchiolin (from snail-eggs) 50.92 6.88 17.86 0.31 24.34 (ERUKENEBERG )
a1 e R AR R 46.50 6.30 16.20 0.5 27.50 (CROOCKEWITT,)
T e e R 48.75 6.35 1640 .... .....(PossELT)
Cornein.......oo0vevvene.. 4896 590 1681 .... 928383 (ERUKENBERG.)
e an] |1 e e e e s 43.28 6.27 18.831 .... 27.19 (CRAMER.)
&riﬁin LR B LA B R R O N B R I 4‘1.3;3 Erlﬂ lﬁdau L 3“].2“ (CRAHEEIJ

Amyloid, so called by VircHow, is a protein substance appear-
ing under pathological conditions in the internal organs, such as
the spleen, liver, and kidneys, as infiltrations; and in serons mem-
branes as granules with concentric layers. It probably also oceurs
as a constituent of a few prostate caleculi. Amyloid has not been
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will be found in their respective chapters, we will here only discuss
the chemical constituents of the young cells or the cells in general.
We must first differentiate between the protoplasm and the
nucleus.
- The Protoplasm of the generative cell consists during life of a
semi-solid body contractile under certain conditions, very rich in
water, and the mass of which consists mainly of albuminous bodies.
If the cell be deprived of the physiological conditions of life, or if
exposed to destructive exterior influences, such as the action of high
temperatures, of chemical agents, or indeed of distilled water, the
protoplasm dies. The albuminous bodies which it contains eo-
agulate at least partially, and other chemical changes are found to
take place. The alkaline reaction of the living cell may be converted
into an acid by the appearance of paralactic acid, and the carbohy-
drate, the glycogen, which habitually oceurs in the young genera-
tive cell may after its death be quickly changed and consumed.
The albuminous bodies of the protoplaesm econsist, according to
the general view, chiefly of globulins, but albumins are also found.
The occurrence of globulins in the animal as well as in the vegetable
cell has been specially shown by HoprPe-SEYLER, and according to
this investigator two globulin substances, witellin and. myosin,
oceur in all protoplasm. HALLIBURTON has lately closely studied
the albuminous bodies of the lymphatic cells, and found two
globuling besides an albumin probably identical with serum albu-
min (see Chapter IV). Of the globulins, one which occurs only in
small quantities coagulates at the temperature of 48-50° C., while
the other, which occurs in abundance, is coagulated like sernm
globulin by a 5% solution of Mg30, at 75° C. The widespread
occurrence of globulins and also of albumins in the protoplasm of
the animal cell has been unquestionably demonstrated, but these
two groups of albuminous bodies do not, at least in many cases,
form the chief mass of the protoplasm. The protoplasm seems fo
consist in great part of very complex protein substances, the
proteids on one side and the nucleoalbumins on the other. Of all
these the nucleoalbumins appear to be regulm constituents of the
protoplasm, and they do not only appear in the pus cells or in the
cells of the lymphatic glands (HALLIBURTON), but also in almost all
varieties of glandular cells. The chief mass of the albumins found
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glycerophosphoric acid (perhaps also distearylglycerophosphorie
acid) we have large quantities of free phosphoric acid split off.

GLYCEROPHOSPHORIC AcID (HO),PO.0.C H (OH), is a bibasic
acid, which probably only oceurs in the animal fluids and tissues =
as splitting product of lecithin, The cHoLIN, which seems to be
identical with the bases SINKALIN (in mustard-seed) and AMANITIN
(in agaricus musecarius), has the formula HO.N(CH,),.C_H,.OH and
is therefore considered as trimethylethoxylinm hydrate. Cholin ac-
cording to BRIEGER is not identical with the base, NEURIN, prepared
by LIEBREICH as a decomposition product from the brain, which is
considered as trimethylvinylium hydrate, HO.N(CH,),.C_H,. The
combination of cholin with hydrochloric acid gives with platinum
chloride a crystalline double combination which is easily soluble in
water, insoluble in aleohol and ether, and which crystallizes in six-
sided orange-colored plates. This combination is used in defecting
this base.

Lecithin occurs, as HoprPE-SEYLER has especially shown, widely
diffused in the vegetable and animal kingdoms. According {o this
investigator, it occurs also in many cases in combination with
other bodies, such as albuminouns bodies, haamoglobin, and others,
Lecithin, according to HopPPE-SEYLER, is found in nearly all animal
and vegetable cells thus far studied, and also in nearly all fluids,
It is specially abundant in the brain, nerves, fish-eggs, yolk of the
egg, electrical organs of the gymnotus electricus, semen and pus,
and also in the muscles and blood-corpuscles, blood-plasma, lymph,
milk, and bile, az well as in other animal juicez and liguids.
Lecithin is also found in pathological tissues or liquids. ;

Lecithin may be obtained in grains or warty masses composed
of small erystalline plates by strongly cooling its solution in
strong aleohol. In the dry state it has a waxy appearance, is
mouldable and soluble in aleohol, especially on heating (to 40°-50°
C.); it is less soluble in ether. It is dissolved also by chloroform,
carbon disulphide, benzol, and fatty oils. It swells in water to a
pasty mass which shows under the miecroscope slimy, oily drops
and threads, so-called myelin forms (see Chap. X). On warming
this swollen mass or the concentrated alcoholic soluntion, decom-
position takes place with the production of a brown ceolor. On
allowing the selution or the swollen mass to stand, decomposition
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The Cell Nucleus, as far as investigated, contains nuelein as
chief constituent.

Nucleins, By this name Hoprpe-SEYLER and MiEscHER desig-
nated the chief constituent of the nucleus of the pus cell first
isolated by them. Since that time, as by continuous investigations
the same body is found very widely diffused in the animal and
vegetable kingdoms, especially in organs rich in cells, we now desig-
nate as nueclein a number of phosphorized bodies which are
partly obtained as splitting products of the nuclecalbumins, and
partly the chief constituents of the cell nuclens.

According to HoPPE-SEYLER, these bodies may be divided into
three gronps. The first, to which belong the nuclein of yeast, pus,
nucleated red blood-corpuscles, and probably the cell nucleus in
general, on boiling with acids yields as splitting products albumin-
ous bodies, xanthin bodies, and phosphoric acid. To the second
group, which yields as splitting products albumin and phosphorie
acid, belong the nueclein of the yolk of the egg and casein—in other
words, from the nucleo-albuminsg in general, and to the third group,
which gives as splitting products only phosphorie acid and hypoxan-
thin, belongs only the nuclein of the sperm of the salmon. LieBeg-
MANN has split off metaphosphoric acid from the nuclein of yeast,
and he has also found that the metaphosphoric acid gives a com-
bination with albumin which acts like a nuclein of the second
group. PoHL has also come to the same result in so far as he has
been able to prepare a combination of metaphosphoric aeid with
sernm albumin and albumose which is similar to nuclein. LIEBER-
MANN therefore considers nuclein as a combination between albumin
and metaphosphoric acid. The xanthin bodies, which, acecording
to KossEL, are decomposition products of the nueleins, according to
LiEBERMANN probably come from admixture.

That we find different constitutions for nucleins of different
origin is not remarkable. A variation of 3.2-9.6% in the amount
of phosphorus has been found in different nucleins. Under such
conditions, and as the nuclein question is at present domnbtful, it
is hardly of any use to give the results of the elementary analyses
of the different nueleins.

The nuecleins are colorless, amorphous, insoluble, or only slightly
goluble in water. They are insoluble in aleohol and ether. They
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also of oxygen, which, by their constitution, show a relationship
not only among themselves, but also with uric acid. These bodies
are wanthin, hypozanthin, guanin, adenin, heterozanthin, para-
zanthin, and carnin. "The bodies THEOBROMIN and THEOPHYLLIN
(both dimethyl xanthin) and cAFFEIN (trimethyl xanthin) occur-
ring in the vegetable kingdom also belong to this group. The
relation of these bodies to one another is shown in the following
list:

Eelemeld: o cian nnna e CsH,N,O,
2T 41 o SRR R 1171 11 LB
Hypozanthin: . ..o, C:H,N,O
[ E | Bt e e e SRR e e OsHNO
a‘.!!..dﬂlliﬂ ...................... {.1;H ;N;

Heteroxanthin......oovvveenne CsHsN,Oy
LS T L e i e S CoH N0,
T i i A A oo s e CHN,O;

tuanin may be converted into xanthin, and adenin into hypo-
xanthin, by nitrous acid, also by putrefaction. Carnin is converted
into hydrobromic-acid hypoxanthin by bromine-water. Adenin, as
is shown by its formula, is a polymeric substance of hydrocyanie
acid, and on its decomposition with alkali yields alkali eyanides.
The relationship of these bodies to cyanogen is also shown by
GAUTIER, who prepared xanthin synthetically from hydrocyanic
acid.

The significance of the xanthin bodies as decomposition prod-
ucts of the cell nuclens and of nuclein was first pointed out by
KosseL, who discovered the two bodies adenin and theophyllin,
and his researches have greatly contributed towards the knowledge
of xanthin products. In those tissues in which, as in the glands,
the cells have kept their original state, the xanthin bodies are not
found free, but in combination with other atomic groups (nu-
eleins). In such tissue, on the contrary, as in musecles, which are
poor in cell nuclei, the xanthin bodies are found in the free state.
If the xanthin bodies, as suggested by KossgL, stand in close rela-
tionship to the cell nuclens, it is easy to understand why the mass
of these bodies is so greatly increased when large quantities of nu-
cleated cells appear in such places as were before relatively poorly
endowed. As an example of this we have in leucemia blood
extremely rich in leucocytes. In such blood KossgrL found 1.04
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and add the xanthin to this mixture, at first a dark green and then
quickly a brownish halo forms around the xanthin grains and then
disappears (HorreE-SeYLER). If xanthin be warmed in a small
vessel on the water-bath with chlorine-water and a trace of nitrie
acid and evaporated to dryness, when the residue is exposed under
a bell-jar to the vapors of ammonia a red or purple-violet color is
produced (WEIDEL's reaction). If is still a question whether en-
tirely pure xanthin will give this reaction.

Hypoxanthin or Sarkin, C,H,N,0. This body is found in the
tissues containing xanthin, It is especially abundant in the sperm
of salmon and carp. It occurs also in the marrow. In normal
urine it appears in very small quantities, and it seems also to be
found in milk. 1t is found in rather significant quantities in the
blood and urine in leucocyth@mia.

Hypoxanthin forms very small colorless erystalline needles. If
ie more soluble than xanthin. It dissolves in 300 parts cold and
78 parts boiling water. It is nearly insoluble in aleohol, but it is
dissolved by alkalies and acids. The combination with hydroehlorie
acid erystallizes and is more soluble than the corresponding xanthin
combination. It acts in ammoniacal solution like xanthin with
silver nitrate. The silver combination of hypoxanthin disselves
with difficulty in boiling nitric acid of 1.1 sp. gr., and on cooling
the double combination separates as erystalline needles. Treated
like xanthin with nitrie acid, hypoxanthin gives a nearly colorless
residuum which does not become red by heating with alkali. Hypo-
xanthin does not give WEIDEL'S reaction. After the action of
hydrochloric acid and zine a hypoxanthin solution becomes first
ruby-red and then brownish red in color on the addition of an excess
of alkali (KossgL).

Guanin, CILN.0 = ypr.GiNg . gy >00. Guanin i
found in organs rich in cells, such as the liver, spleen, pancreas, testi-
eles, and in salmon-sperm. It is further found in the musecles (in very
gmall amounts), in the seales and in the air-bladder of certain fishes
as iridescent erystals of guanin lime; in the retina epithelium of
fishes, in gnano, and in the excrement of spiders it is found as chief
constituent. Under pathological conditions it has been found in
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acetate, and the new filtrate is treated with sulphuretted hydrogen
to remove the lead, again filtered, concentrated, and, after adding
an excess of ammonia, precipitated with silver nitrate. The silver
combination (with the addition of some urea to prevent nitrification)
is dissolved in not too large a quantity of boiling nitrie acid of sp.
gr. 1.1, and this solution filtered boiling hot. On cooling the silver
xanthin remains in the solution, while the double combination of
guanin, hypoxanthin, and adenin crystallizes. The xanthin silver
may be removed from the filtrate by the addition of ammonia, and
the xanthin set free by means of sulphuretted hydrogen. The
three above-mentioned silver nifrate combinations are decomposed
in water with ammoninm sulphide and heat; the silver snlphide is
filtered, the filtrate concentrated, saturated with ammonia, and
digested on the wafter-bath. The guanin remains undissolved,
while the other two bases pass into solution. A part of the gnanin
ig still retained by the silver sulphide, and may be liberated by
boiling it with dilute hydrochloric acid and then saturating the
filtrate with ammonia. When the above filtrate, containing the
adenin and  hypoxanthin, which has been, if necessary, freed
from ammonia %]’ evaporation, is allowed to cool, the adenin
separates, while the hypoxanthin remains in solution. The chief
points in the above 'method are used for the quantitative esti-
mation of the xanthin bodies. If the solution of adenin and
hypoxanthin is evaporated to dryness, the residue weighed, and the
amount of nitrogen determined, from this determination and from
the amount of nitrogen in hypoxanthin (41.17¢) and in adenin
(51.87%) the quantity of each of these bodies may be caleulated.

In the generative animal cells, and especially in those which
develop embryonic tissue, CL. BERNARD and HENSEN have dis-
covered a carbohydrate, the glycogen. According to HoPPE-
SEYLER it seems to be a never-failing constitnent of the cells as
soon as they show embryonic movements, and he found this ecarbo-
hydrate in the white blood-corpuscles but not in the developed
motionless pus-corpuseles. The relationship which exists between
the consumption of glycogen and muscular work (see Chapter IX)
leads ms to suppose that such a consumption takes place in the
movements of the animal protoplasm. On the other side the
widely-diffused occurrence of glycogen in embryonic tissues, as
also its ocenrrence in pathological swellings and in abundant cell-
formations, seems of the greatest importance in the formation and
development of the cell.

In grown animals the glycogen iz found in the muscles and .
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ferment, thnmu%hly beaten with a glass rod or whale-bone, and the
separated coagulum is washed first in water, and then with a 5%
common-salt solution, and again with water, and lastly extracted
with alcohol and ether.

A pure fibrinogen golution may be kept at the ordinary tempera-
ture until putrefaction begins without showing a trace of fibrin
coagulation. But if to this =olution we add a water-washed fibrin
clot or a little blood-serum, it immediately coagulates and may
yield perfectly typical fibrin. The transformation of the fibro-
gen into fibrin requires the presence of another body contained
in the blood-clot and in the serum. This body, whose importance
in the coagulation of fibrin was first observed by BUCHANAN, was
later rediscovered by ALEXANDER SCHMIDT, and designated “ fibrin
ferment.” The nature of this enzymotic body has not been ascer-
tained. According to the investigations of GAMGEE, LEA, and
GrEEN and Harvisurtow, the “fibrin ferment ” seems to be a
substance of the nature of the globulins. According to HALLI-
BURTON, it is a body derived from the lymphoid cells, a special
elobulin, * ecell-globulin,” which differs from serum globulin partly by
fibrino-plastic properties and partly by having another temperature
of coagulation (4 60° C., or somewhat higher in a solution contain-
ing 10 NaCl). The so-called fibrin ferment corresponds to the
enzymes in that only the very smallest amounts of it are required
for action, and further that on heating the solution it becomes in-
active.

The isolation of the fibrin ferment has been tried in several
ways. Ordinarily it may be prepared by the following method
proposed by ALEX. SCHMIDT : Precipitate the sernm or defibrinated
blood with 15-20 vols. of aleohol and allow it to stand a few months.
The precipitate is then filtered and dried over sulphuric acid. The
ferment may be extracted from the dried powder by means of
water.

If a fibrinogen solution containing salt, as above described, is
treated with a solution of “fibrin ferment,” it coagulates at the
ordinary temperature more or less quickly and yields a typical
fibrin, Besides the fibrin ferment the presence of neutral salts is
necessary, for without them ArLex. ScHMIDT has shown the coagn-
lation of fibrin does not take place. The amount of fibrin obtained
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Serum globulin may be easily separated as a fine floceulent pre-
cipitate from blood-serum by neutralizing or making faintly acid
with acetic acid and then diluting with 10-20 vols. of water. For
further purification this precipitate is dissolved in dilute common-
galt solution, or in water by the aid of the smallest possible amount
of alkali, and then reprecipitated by dilnting with water or by the
addition of a little acetic acid. The serum globulin may also be
separated from the serum by means of magnesium or ammonium
sulphate; in these cases it is difficult to completely remove the salt
by dialysis. The serum globulin from blood-serum is always con-
taminated by lecithin and the so-called fibrin ferment. A serum
globulin free from fibrin ferment may be prepared from ferment-
free transudations, as sometimes from hydrocele fluids, and this
shows that the serum globulin and the fibrin ferment are different
bodies. For the detection and the quantitative estimation of serum
globulin we may use the precipitation by magnesium sulphate.
added to saturation (AUTHOR), or by an equal volume of a saturated
neutral ammonium sulphate solution (HorMEeISTER and KAUDER
and Pomrr). In the quantitative estimation the precipitate is col-
lected on a weighed filter, washed with the salt solution emplﬂjed.,
dried with the filter at about 115° C., then washed with boiling-
hot water, so as to completely remove the salt, extracted wit
aleohol and ether, dried, weighed and burnt to determine the
ash,

Serum Albumin is found in large quantities in blood-sernm,
Llood-plasma, lymph, transudations, and exudations. Probably it
also occurs in other animal liquids and tissnes. The albumin
which passes into the urine under pathological conditions consists
largely of serum albumin.

In the dry state sernm albumin forms a transparent, gummy,
brittle, hygroscopic mass, or a white powder which may be heated
to 100° C. without decomposing. Its solution in water gives the
ordinary reactions for albumin; the specific rotary power for sernm
albumin free from paraglobulin, obtained from human transuda-
tions, is, according to STARE, a(D) = — 62.6° to — 64.6°. The
coagulation temperature of a serumalbumin solution is 4 70° to
-+ 75 C., according to most authorities, but this varies to a great
extent with a varying concentration and amount of salt. A 1-2%
albumin solution may, in the presence of very little NaCl, coagu-
late at 4 50° C. or below; in the presence of 5% NaCl it coagnlates
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at 4 75° to 4 90° C. By the careful addition of acid the coagula-
tion temperature may be lowered; by the addition of alkali it may
be raised. In blood-serum from certain animals and in human
transndations HALLIBURTON found the coagulation to take place
on heating to the following temperatures: 4 70° to 73° C.; 77° to
78% C.; and 82° to 85° C. He therefore considers the serum
albumin a mixture of three albumins, a, 6, and y, which coagulate
at the three points mentioned. In cold-blooded animals he found
only the albumin a.

The serum albumin differs from the albumin of the white of
the hen’s egg in the following particulars: it is more levogyrate;
the precipitate formed by hydrochloric acid easily dissolves in an
excess of the acid; it is much less insoluble in alcohol; and lastly
it acts differently inside of the organism. If egg-albumin is intro-
duced into the blood system it passes into the urine, while the
serum albumin does not. A solution of serum albumin positively
free from mineral bodies has never yet been prepared. A solution
as poor as possible in salts does not coagulate either on boiling
or on the addition of alecohol. After the addition of a little
common salt it coagulates in both cases.

In preparing serum albumin, first remove the globulins by
saturating with magnesium sulphate at about 4 30° %}., and filter
at the same temperature. The cooled filtrate is separated from
the erystallized salt and is treated with acetic acid of about 1%.
The precipitate formed is filtered, pressed, dissolved in water
with the addition of alkali to neutral reaction, and the solution
freed from salt by dialysis. The serum albumin may also be sepa-
rated from the filtrate saturated with magnesium sulphate by
adding sodium sulphate to saturation at about -+ 40° . The
pressed precipitate is also in this case dissolved in water and the
solution freed from salt by dialysis. The albumin may be obtained
in a solid form from the dialyzed solution either by evaporatin

the solution to dryness at gentle heat or by precipitating with
alcohol, which must be removed quickly. In the detection and
quantitative estimation of serum albumin, the filtrate from the
lobulins which have been removed by magnesium sulphate is
1eated to hui]in;f, after the addition of a little acetie acid if neces-

sary. The simplest way is to consider the difference between the
total albumins and the globulins as serum albumin.
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Summary of the elementary composition of the above mentioned and
described albuminous bodies:

C H N B8 0
Fibrinogen. .. ..... 5398 690  16.66 1.25  22.26 (HAMMARSTEN.)
Fibrin ... ......... 52.68 6.83 16 91 1.10 22.48 o
Fibrin globulin. ... 52.70 L 16.06 L it =5
Serum globulin.... 52.91 T7.01 1583 111  23.34 £
Sernm albumin (1).. 53.06 6.85 16.04 1.80 2226 e

Serum albumin (2).. 52,25 6.65 15.88 225 22.95

The serum albumin (2) came from a human exudation, and the other bodies
from the blood of a horse, The fibrin was prepared from a filtered common-
salt plasma.

The Blood-serum.

As above stated, the blood-gerum is the clear liquid which is
pressed out by the contraction of the blood-clot. It differs chiefly
from the plasma in the absence of fibrinogen and the presence of a
little fibrin globulin and an abundance of fibrin ferment. Consid-
ered qualitatively the blood-serum contains the same chief con-
stituents as the blood-plasma.

If undiluted serum be sufficiently acidified with acetic acid, a precipitate is
obtained consisting of partly unchanged serum globulin, fibrin globulin, leci-
thin, and, in zome cases, coloring matters (bile coloring matters in the serum
of the horse). By the same process WooLDRIDGE precipitated from the
blood-serum of the sheep and dog a substance which is closely related to
fibrinogen and was called by him ** serum fibrinogen.”

Blood-serum is a sticky liquid which is more alkaline than the
plasma. The specific gravity in man is 1.027 to 1.032, average 1.028
The color is strongly or faintly yellow; in human blood-serum it is
pale yellow with a shade towards green, and In horses it is offen
amber-yellow. The serum is ordinarily clear; after a meal it may
be opalescent, cloudy, or milky-white, according to the amount of
fat contained in the food.

Besides the above-mentioned bodieg, the following constituents
are found in the blood-plasma or blood-serum: :

Fat occurs from 1-7 p. m. in fasting animals. After partaking
of food the amount is increased, and if the food is rich in fat as
much as 12.5 p. m. has been found in the blood of dogs (ROHRIG).
We also find soaps (HorPE-SEYLER), cholesterin, and lecithin.

Gilucose seems to be a physiological constituent of the plasma.
According to the investigations of ABELES, EwaLp, KuLz, -and
SEEGEN, the sugar found in the plasma is glucose. Orro found in
the plasma, besides glucose, another reducing, non-fermentable sub-
stance. The amount of glucose in the blood is about 1-1.5 p. m.
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II. The Form-elements of the Blood.
The Red Blood-corpuscles.

The blood-corpuscles are round, biconcave disks without mem-
brane and nucleus in man and mammalia (with the exception of -
the llama, the camel, and their congeners). In the latter animals,
as also in birds, amphibia, and fishes (with the exception of
the cyelustnms;], the corpuscles have in general a nucleus, are
biconvex and more or less elliptical. The size varies in differ-
ent animals. In man they have an average diameter of ¥
to 8 u (u=0.001 mm.) and a maximum thickness of 1.9 u.
Their specific gravity is 1.088 to 1.089 (C. ScmMmIDT) or 1.105
(WeLckER). They are heavier than the blood-plasma or serum,
and therefore sink in these liquids. In the discharged blood they
may lie sometimes with their flat surfaces together, forming a
cylinder like a roll of coin. The reason for this is unknown, but
as it may be observed in defibrinated blood it seems probable that
the formation of fibrin has nothing to do with it. Seen with the
microscope, each blood-corpuscle has a pale yellow color, and only
in moderately thick layers is the color gomewhat reddish.

The number of red blood-corpuscles is different in the blood of
various animals. In the blood of man there are generally 5 million
red corpuscles in 1 e.mm., and in woman 4 to 4.5 million.

On diluting the blood with water and alternately freezing and
thawing it, as also on shaking it with ether, or by the action of
ehloroform or bile, a remarkable change takes place. The blood-
coloring matters, which are hardly free in the blood-corpuscles, but
rather, according to the view of HopPE-SEYLER, are combined
with some other substance, perhaps lecithin, are by this means
set free from these combinations and pass into solution, while
the remainder of each blood-corpuscle forms a swollen mass,
By the action of carbon dioxide, by the careful addition of acids,
acid galts, tincture of iodine, or certain other bodies, this residue,
rich in albumin, condenses and in many cases the form of the
blood-corpuscles may be again obtained. This residue has been
called the stroma of the red blood-corpuscles,
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The most important constituent of the blood-corpuscles from a
physiological standpoint is the red coloring matter.

Blood-coloring Matters,

According to HoPPE-SEYLER the coloring matter of the red
blood-corpuscles is not in a free state but combined with some
other substance. The ecrystalline coloring matter, the h@mo-
globin or oxyh@moglobin, which may be isolated from the blood, is
considered, according to HopPPE-SEYLER, as a splitting product of
this combination, and it acts in many ways like the questionable
combination itself. This combination is insoluble in water and
uncrystallizable. It strongly decomposes hydrogen peroxide with-
out being oxidized itself; it shows a greater resistance to certain
chemical reagents (as potassinm ferricyanide) than the free color-
ing matter, and lastly it gives off its loosely-combined oxygen much
more easily in vacuum than the free coloring matter. To dis-
tingnish between the splitting products, the hzemoglobin and the
oxyhsamoglobin, we may call the combination of the blood-coloring
matter of the venous blood-corpuscles plhlebin, and that of the arte-
rial arferin (HorpPE-SEYLER). Since the above-mentioned combi-
nation of the blood-coloring matters with other bodies, for example
(if they really do exist) with lecithin, have not been closely studied,
the following statements will only apply to the free coloring matter,
the hamoglobin.

The color of the blood depends in part on hemoglobin and in
part on a molecular combination of this with oxygen, the ozyh@mo-
globin. We find in blood after suffocation almost exclusively heemo-
globin, in arterial blood disproportionately large amounts of oxyhe-
moglobin, and in venous blood a mixture of both. Blood-coloring
matters are found also in striated as well as in certain smooth mus-
cles, and lastly in solution in different invertebrata. The guantity of
hzmoglobin in human blood may indeed be somewhat variable under
different cireumstances, but amounts averaging abont 14% or 8.5
grammes have been determined for each kilo of the weight of the
body.

The hemoglobin belongs to the group of proteids, and yields as
splitting products, besides very small amounts of volatile fatty acids






70 PHYSIOLOGICAL CHEMISTRY.

HiFNER as 1.582 c. c. (at 0° C. and 760 m.m. Hg). The ability
of hemoglobin to take up oxygen seems to be a function of the iron
it contains, and when this is calenlated as about 0.33-0.40%, then
1 atom of iron in the h@moglobin corresponds to abount 2 atoms = 1
molecule of oxygen. The combination of h&moglobin with oxygen
is, as has been stated, loose and dissociatable, and the gquantity
of oxygen faken up by a hemoglobin solution depends upon the
pressure of the oxygen at that temperature. If this latter be
decreased by means of a vacuum, especially on gently heating or
by passing some indifferent gas through the solution, all of the
oxygen may be expelled from an oxyh®moglobin solution so that
only heemoglobin remains. The reverse of this is true of a heemo-
globin solution which by its remarkable attraction for oxygen may
be converted into oxyhsemoglobin. Oxyh®moglobin is generally
considered as a weak acid.

Oxyh@zmoglobin has been obtained in crystals from several
varieties of blood. These crystals, first observed by REICHERT
and FUXKE, are blood-red, transparent, silky, and may be 2-3 m.m.
long. The oxyhmmoglobin from squirrel’s blood erystallizes in six-
sided plates of the hexagonal system; the other varieties of blood
yield needles, prisms, tetrahedra, or plates which belong to the
rhombic system. The quantity of water of erystallization varies
between 3-104 for the different oxyh@moglobins. When com-
pletely dried at a low temperature over sulphuric acid the crys-
tals may be heated to 110°-115° C. without decomposing. At
higher temperatures, somewhat above 160° C., they decompose,
giving an odor of burnt horn, and leave, after complete combus-
tion, an ash consisting of oxide of iron. The oxyhm=moglobin
crystals from difficultly-crystallizable kinds of blood, for exam-
ple from such as ox’s, human, and pig’s blood, are easily soluble in
water. The oxyhamoglobin from easily-crystallizable blood, as
from that of the horse, dog, squirrel, and guninea-pig, are soluble
with diffieulty in the order ahove given. The oxyhzmoglobin
dissolves more easily in a very dilute solution of alkali carbonate
than in pure water, and this solution may be kept. The presence
of a little too much alkali causes the oxyhamoglobin to quickly
decompose. The crystals are insoluble without decolorization
in absolute alcohol. According to NENCKI, it is converted
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the blood solution to evaporate in an open dish in the air, cool the
filtered blood solution to 0° C., add while stirring 4 vol. of alcohol
also cooled, and allow to stand a few days at — 5° to — 10° C.
The erystals which separate may be repeatedly recrystallized by dis-
solving in water of about 35° C, cooling and adding cooled alcohol
as above, Lastly, they are washed with cooled water containing
aleohol (} vol. aleohol) and dried in vaecuum at 0° C. or a lower
temperature. According to (GSCHEIDLEN'S investigations, oxy-
hemoglobin crystals may be obtained from difficulty crystallizable
varieties of blood by allowing the blood first to putrify slightly
in sealed tubes. After shalking with air by which the blood is
again arterialized, proceed as above.

For the preparation of oxyh®moglobin erystals in small quanti-
ties from h}oo easily ecrystallized, it is often sufficient to stir a
drop of blood with a little water on a microscope slide and allow the
mixture to evaporate so that the drop is surrounded by a dried ring,
After covering with a thin glass, the crystals gradually appear radiat-
ing from the ring. These crystals are formed in a surer manner if
the blood is first mixed with some water in a test-tube and shaken
with ether and a drop of the lower deep-colored liquid treated as
above on the slide.

Hemoglobin, also called Repuvcep HEM0GLOBIN or PURPLE
CrUORIN (STOKES), occurs only in very small quantities in arterial
blood, in larger quantities in venous blood, and is nearly the only
blood-coloring matter after suffocation.

H=zmoglobin is much more soluble than the oxyhsemoglobin, and
it can therefore only be obtained as crystals with difficulty. These
erystals are as a rule isomorphous to the corresponding oxyhszmo-
globin crystals, but are darker, having a shade towards the blue or
purple, and are decidedly more pleochromatic. Its solutions in
water are darker and more violet or purplish than solutions of oxy-
hemoglobin of the same concentration. They absorb the blue and
the violet rays of the spectrum in a less marked degree, but strongly
absorb the rays lying between € and /). In proper dilution the
solution shows a spectrum with one broad, not sharply-defined band
between D and A. This band does not lie in the middle between
D and ¥, but is towards the red end of the spectrum, a little over
the line /). A h@moglobin solution actively absorbs oxygen from
the air and is converted into an oxyhamoglobin solution.

A solution of oxyhamoglobin may be easily converted into a
hsemoglobin solution by means of a vacuum, by passing an indiffer-



THE BLOOD 73

ent gas through, or by the addition of a red_ucing substance, as, for
example, an ammoniacal ferrotartrate solution (SToKES' reduction-
lignid)., If an oxyh@moglobin solution or arterial blood is kept
in a sealed tube, we observe a gradual reduction of the oxyhamo-
globin into hemoglobin. If the solution has a proper concentration,
a crystallization of hmmoglobin may oceur in the tube at lower
temperatures (HUFNER).

Carbon Monoxide Hemoglobin is the molecular eombination be-
tween 1 mol. hemoglobin and 1 mol. CO. This combination is
stronger than the oxygen combination of hemoglobin. The oxygen
is for this reason easily driven off by ecarbon monoxide, and this ex-
plains the poisonous action of carbon monoxide, which kills by the
expulsion of the oxygen of the blood.

Carbon monoxide ha&moglobin is formed by saturating blood or
a heemoglobin solution with earbon monoxide, and may be obtained
as crystals by the same means as oxyhemoglobin. These erystals
are isomorphous to the oxyhamoglobin crystals, but are less soluble,
more constant, and their bluish-red color is more marked. For the
detection of carbon monoxide hamoglobin its absorption spectrum
is of the greatest importance. This spectrum shows two bands which
are very similar to those of oxyhmmoglobin, but they ocenr more
towards the violet part of the spectrum. These bands do not change
noticeably on the addition of reducing substances; this constitutes
an important difference between carbon monoxide and oxyhsemo-
globin. If the blood contains oxyhamoglobin and carbon monoxide
h®moglobin at the same time, we will obtain on the addition of a
reducing substance (ammoniacal ferrotartrate solution) a mixed
spectrum originating from the hsemoglobin and carbon monoxide
ha&moglobin.

A great many reactions have been suggested for the testing of
carbon-monoxide hmmoglobin in medico-legal cases. A simple
and at the same time a good one is HoPPE-SEYLER'S soda test.
The blood is treated with double its volume of caustic-soda solution
of 1.3 sp. gr., by which ordinary blood is converted into a dingy
brownish mass, which when spread out on porcelain is brown
with a shade of green. Carbon-monoxide blood gives under the
same conditions a red mass, which if spread out on porcelain
shows a beautiful red color. Several modifications of this test have
been proposed.
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Nitric - oxide Hemoglobin is also a erystalline molecular com-
bination which is even stronger than the carbon-monoxide hamo-
globin. Its solution shows two absorption-bands which are paler
and less sharp than the carbon-monoxide ha@moglobin bands, and
_they disappear on the addition of reducing bodies.

Hm=moglobin forms also & molecular combination with acefylene. It is also
claimed that it forms a combination with Aydrocyanic acid.

Carbon - dioxide Hazemoglobin, Haemoglobin forms a molecular
combination with carbon dioxide whose spectrum is similar to that
of heemoglobin (Torur). By the action of carbon dioxide on
hamoglobin part of the latter is decomposed with the separation of
albumin (Boug, Torur), and the combination seems to be rather
carbon-dioxide hemochromogen (see below : Hemochromogen).

Methsemoglobin. This name has been given to a coloring matter
which is easily obtained from the oxyh@moglobin as a transforma-
tion product and which has been correspondingly found in transuda-
tions and cystin fluids containing blood, in urine, in haeematuria or
hemoglobinuria, also in urine and blood on poisoning with potas-
sinm chlorate, amyl nitrite or alkali nitrite, and many other
bodies.

Methamoglobin does not contain any oxygen in molecular or
dissociable combination, but still the oxygen seems to be of im-
portance in the formation of methemoglobin. If arterial blood be
sealed up in a tube, it gradually consumes its oxygen and becomes
venous, and by this absorption of oxygen a little methemoglobin is
formed. The same occurs on the addition of a small quantity of
acid to the blood. By the spontaneous decomposition of blood
some meths@moglobin is formed, and by the action of ozone, potas-
sinm permanganate, potassium ferricyanide, and certain other
bodies on the blood an abundant formation of methsmoglobin
takes place,

According to a few investigators, among others Sorey and
JADERHOLM, the meth®moglobin confains more oxygen than
oxyhzmoglobin, while according to others, among whom may be
mentioned HoPPE-SEYLER, it contains less. HuUFNER and OrTo
claim that it contains just as much oxygen, but that it is more
strongly combined. JADERHOLM and SasarBAcH claim that a
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ig obtained which is called by Horre-SeEYLER h@mochromogen, by
other investigators (SToxEs) reduced hematin. In the presence
of oxygen, hemochromogen is quickly oxidized to hsmatin, and
we obtain in this case as a colored decomposition product
another coloring matter, hematin. As hmmochromogen is easily
converted by oxygen into h@matin, so this latter may be reconverted
into hemochromogen by reducing substances.

H=mochromogen was discovered by HoPPE-SEYLER to whom of
all investigators we are more indebted for our knowledge in regard
to the blood-coloring matters and their decomposition products. He
has also lately been able to obtain this coloring matter as erystals.
Hemochromogen is, according to HorrPe-SEYLER, the colored
atomic group of h@moglobin and its combination with gases,
and this atomie group is combined with albumin in the coloring
matter. The characteristic absorption of -light depends on the
h@mochromogen, and it is also this atomic group which binds in
the oxyhazmoglobin 1 mol. oxygen and in the carbon monoxide
hzmoglobin 1 mol. carbon monoxide with 1 atom iron. HoppPE-
SEYLER has observed a combination between h@&mochromogen and
carbon monoxide, and this combination shows the speetral appear-
ance of carbon monoxide hzmoglobin.

An alkaline h&mochromogen solution has a beautiful red color.
It showstwo absorption-bands, first described by SroxEs, of which
the one is darker and lies between /) and £, and the other, broader
but not so dark, covers the lines £/ and & In acid solution hemo-
chromogen shows four bands, which according to JADERHOLM de-
pend on a mixture of hemochromogen and hamatoporphyrin (see
below), this last formed by a partial decomposition resnlting from the
action of the acid.

Heemochromogen may be obtained as erystals by the aetion of
canstic soda on hamoglobin at 100° C, in the absence of oxygen
(Horre-SEYLER). By the decomposition of heemoglobin by acids
(of course in the absence of air) we obtain hamochromogen con-
taminated with a little hematoporphyrin. An alkaline hseemochro-
mogen solution iz easily obtained by the action of a reducing sub-
stance (STokEs’ reduction liquid) in an alkaline hematin solution.

Hzmatin, also called Oxyhematin, is sometimes found in old
transudations. It is formed by the action of gastric or panereatic
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presence of air, forming a purple-red liquid. The iron is here
split off and the new coloring matter, called hematoporphyrin by
HoPPE-SEYLER, is iron-free. The hamatin yields with concentrat-
ed sulphurie acid, in the absence of air, a second iron-free coloring
matter called kematolin (Hopre-SEYLER)., Hematoporphyrin may
also be prepared by the action of glacial acetic acid saturated with
hydrobromic acid on hemin crystals (NENCKI and SIEBER). This
coloring matter is, according to NENCKI and SIEBER, an isomer
of the bile-coloring matter bilirubin, and the formula is, aceording
to them, C,H;N,0;, The formation of hematoporphyrin from
hs#matin occurs according to the following equation:

G%HHNiO-IFE ‘+—' 21120 — FE j— E(GHHJ.E.NE-G!!J'

The combinations of heematoporphyrin with Na and with HCI
have been obtained as crystals by NENcED and SIEBER. The
h@matoporphyrin prepared by them does not seem to be identical
with that prepared by Horpe-SEYLER even though they have the
same spectrum. A dilute solution with alkali carbonate shows a
gpectrum with four absorption-bands, namely, a band between ('
and D; a second, broader, surrounding 72 and with its broadest
part between D and F; a third, lighter and narrower, between [
and £; and lastly a fourth, broad and dark band between & and ¥,
By the action of reducing agents on hematoporphyrin a coloring
matter has been obtained which stands closely related fo urobi-
lin (HopPE-SEYLER, NENcKI and Sieser). Haematoporphyrin
occurs also in the animal kingdom preformed (MAcMUNN).

Hemin, HaMIix Crystars, or TEIcHMANN'S CrRYSTALS. Ha-
min, according to HoPPE-SEYLER, is a combination between hz-
matin and hydrochloric acid, having the formula CyHsN,FeO, HCL
NENCKI and SIEBER designate as haemin, on the contrary (see page
77), a body not yet isolated, of the formula C;H,N,FeO;, which
may be considered as h@matin — H,0 or CuHgN,FeO, — H,0.
The hemin crystals are, according_to the latest views, a combina-
tion of this substance, hemin, and HCI, according to the formula
CyHy N, FeO, HCL,

According to the same experimenters,the heemin erystals are a double com-
bination with the solvent, amyl aleohol or acetic acid, which is used in their
preparation; while Hopre-SEVLER claims that the solvent is only held me-
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chanically by the crystals. The formula of the heemin erystals prepared by
means of amyl alcohol is, according to NENCKI and SIEBER,

{'UagHmN Jelz. HCI . CaHyO,

Heaemin erystals form in large masses a bluish-black powder, but
are 8o small individually that they can only be seen by the micro-
gcope, They consist of dark-brown or nearly brownish-black, long,
rhombic, or spool-like ecrystals, isolated, or grouped as crosses,
rosettes, or starry forms, They are insoluble in water, dilute acids
at the normal temperature, alcohol, ether, and chloroform. They
are slightly dissolved by glacial acetic acid and warmth. They
dissolve in acidified alcohol, as also in dilute caunstic or carbonated
alkalies; and in the last case they form, besides alkali chlorides,
goluble h@&matin alkali, from which the hamatin may be precipi-
tated by an acid.

The preparation of haemin erystals is always the starting-point
for the preparation of hmmatin, Aeccording to Horre-SEYLER,
shake the blood-corpuscles which have been washed with common-
salt solution (see page 66) with water and ether, then filter the solu-
tion of blood-coloring matters, concentrate strongly, mix with 10-20
vols. glacial acetic acid, and heat for 1-2 hours on the water-bath.
After diluting with several volumes of water, allow the liguid to
stand a few days. The crystals which separate are then washed
with water, boiled with acetic acid, and tEen washed again with
water, alcohol, and ether. NENcKI and SIEBER coagulate the
sediment of the blood-corpuscles by alkali, allow the coagulum to
dry incompletely in the air, rub it fine, and then boil it with amyl
aleohol after the addition of a little hydrochloric acid. The
tals which separate from the filtrate after cooling are washed with
water, alcohol, and ether. If hamin crystals be dissolved in dilute
caustic alkali, heematin may be precipitated from the solution by
the addition of acid; and from tﬁis h®ematin pure heemin crystals
may be prepared by heating with glacial acetic acid and a little
common zalt.

In preparing h@emin erystals in small amounts proceed in the
following manner: The blood is dried after the addition of a small
quantity of common salt, or the dried blood may be rubbed with a
trace of common salt. The dry powder is placed on a microscope-
glide, moistened with glacial acetic acid, fmt;lJ then covered with the
eover-glass. Add, by means of a glass rod, more glacial acetic acid
by applying the drop at the edge of the cover-glass, until the space
between the slide and the cover-glass is full. Now warm over a ver
small flame, with the precaution that the acetic acid does not boil
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and pass with the powder from under the cover-glass. If no crys-
tals appear after the first warming and cooling, warm again, and if
necessary add some more acetic acid. After cooling, if the experi-
ment has been properly performed, a number of dark-brown or
nearly black hemin crystals of varying forms will be seen.

Hzematoidin, thus called by VircHow, is a coloring matter
which crystallizes in orange-colored rhombic plates, and which
occurs in old blood extravasations, and whose origin from the
blood-coloring matters seems to be established (LANGHANS,
ClorpUA, QUINCKE, and others). A solution of heematoidin shows
no absorption-bands, but only a strong absorption of the violet
to the green (Ewarp). According to most observers, hmma-
toidin is identical with the bile-coloring matter bilirubin. It is
not identical with the erystallizable lutein from the corpora lutea
of the ovaries of the cow (Prccoro and Liesen, KUHNE and

EwaLp).

In the detection of the above-described blood-coloring matters
the spectroscope is the only entirely trustworthy means of investi-
gation. If it is only necessary to detect blood in general and not
to determine definitely whether the coloring matter is heemoglobin,
methemoglobin, or haematin, then the presence of hemin crystals
is an absolute positive proof. The reader is referred to more
extended text-books for exacter methods for the detection of blood
in chemico-legal cases, and it is perhaps sufficient to give here the
chief points of the investigation.

If spots on clothes, linen, wood, ete., are to be tested for the pres-
ence of blood, it is best, when possible, to seratch or shave off as
much as possible, rub with common salt, and from this prepare the
hemin crystals. On obtaining positive results the presence of
blood is not to be doubted. If you do not obtain sufficient material
by the above means, then soak the spot with a few drops of water
in a watch-erystal. If a colored solution is thus obtained, then
remove the fibres, wood-shavings, and the like as far as possible,
and dry all the golution in a watch-glass. The dried residue may
be partly used for the spectroscope test directly, and part may be
employed in the preparation of the heemin erystals. It also serves
to é)etect hemochromogen in alkaline solution after previous treat-
ment with alkali and the addition of reducing substances.

If a colorless solution is obtained after soaking with water, or
the spots are on rusty iron, then digest with a little dilute alkali
(5 p. m.). In the presence of blood the solution gives, after nen-
trﬂ.lIi]zatinn with hydrochloric acid and drying, a residue which may
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tration (the amount of coloring matter in grams in 1 e. ¢.) by C,
then C=A.F.

Different apparatus have been constrncted (VIiERorDT and
HuUFNER) for the determination of the extinetion coefficient which
is equal to the negative logarithm of those rays of light which
remain after the passage of the light through a layer 1 em. thick
of an absorbing liquid. In regard to these apparatus the reader is
referred to other text-books.

As control the extinction coefficients are determined in two different
regions of the spectrum, namely, D32K — D54F and D63E — DB4E. The
constants or the absorption ratio for these two regions of the spectrum are
designated by HUrser by A and A'. Before the determination the blood
must be diluted with water, and if the proportion of dilution of the bicod be
represented by ¥, then the concentration or the amount of coloring matter in
100 parts of the undiluted blood is

C=10. ¥. A.E and
C=10. F. A" . E".

The absorption ratio or the conslants in the two above-mentioned regions
of the spectrum bhave been determined for oxyhsmoglobin, hemoglobin,
carbon monoxide h&moglobin, and methemoglobin.

The figures for the above coloring matters obtained from canine blood are
as follows:

Oxyhemoglobin ............. A, = 0.001330 and 4, = 0.001000
Hemoglobin.......covuuinns A, = 0001081 * A, = 0.001851
Carbon monoxide b@moglobin 4, = 0.001130 “ A, = 0.001000
Methemoglobin......ouvon... Ap= 0.003696 * A,'= 0.002798

The quantity of each coloring matter may be determined in a mixture of
two blood-coloring matters by this method, which is of special importance in
the determination of the quantity of oxyh®moglobin and hemoglobin present
in blood at the same time. If we represent by Fand E ' the extinction co-
efficients of the mixture in the above-mentioned regions of the spectrum, by
A, and A, and A, and A4,” the constants for oxyhsemoglobin and reduced
hemoglobin, and by ¥ the degree of dilution of the blood, then the percentage
of oxyhsmoglobin I, and of (reduced) hemoglobin H; is

3 4,4, (BA, — E'Ar)
s Ve et

and

4,4,/(FA/— BAY)

B =100. V. S0 s

Among the many apparatus constructed for clinical purposes
for the qﬁantitati?e}resggmtion of hemoglobin the hmmoﬁt&r of
FreiscHL is to be preferred. The determination by this apparatus
is made by comparing the color of the blood diluted with water
with the color of a wedge-shaped movable prism of red glass. If
the blood shows the same color as the glass prism, then the amount
of h®moglobin in the blood may be directly read from the scale.
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The Colorless Blood-corpuscles and the Blood-tablets, !

The Colorless Blood - corpuscles, also called LEUCOCYTES or
Lymphoid Cells, which occur in the blood in varying forms and
sizes, form in a state of rest spherical lumps of a sticky, highly
refractive power, capable of motion, non-membranous protoplasm,
which show 1-4 nuclei on the addition of water or acetic acid. In
human and mammalial blood they are larger than the red blood-
corpuscles. They have also a lower specific gravity than the red
corpuscles, move in the cirenlating blood nearer to the walls of the
vessel, and have also a slower motion,

The number of colorless blood-corpuscles varies not only in the
different blood-vessels, but also under different physiological econ-
ditions. As an average we have only 1 colorless corpuscle for 350-
500 red corpuscles. According to the investigations of ALEX.
ScaMIpT and his pupils, the lencocytes are destroyed in great part
—about 71% in the blood of the horse, according to HEYL—on the
diecharge of the blood before and during coagulation, so that dis-
charged blood is much poorer in lencocytes than the circulating
blood. The correctness of this statement has been denied by other
investigators.

From a histological standpoint we generally distingnish the
different kinds of colorless blood-corpuseles; chemically considered,
however, there is no known essential difference between them.
With regard to their importance in the coagulation of fibrin
ALEX. ScHMIDT and his pupils distingnish between fhe lencocytes
which are destroyed by the coagulation and those which are not.
The last mentioned are colored quickly by carmine and give with
alkalies or common-salt solutions a slimy mass; the first do not
gshow such behavior.

The protoplasm of the lencocytes has cduring life ameeboid
movements which partly make possible the wandering of the cells
and partly the taking up of smaller grains or foreign bodies
within the same. On these grounds the occurrence of myosin in
them has been admitted even without any special proof thereof.
ALEX. ScuMiDT found serum globulin in equine-blood leucocytes
which had been washed with ice-cold water. There are also
at least certain lencocytes which yield a slimy mass when treated
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claim that they may, at least in part, be formed from the colorless
blood-corpuscles, while LOWIT claims that they are formed by the
withdrawal of globulin substance from the white blood-corpuscles.
Bizzozero and several other investigators consider the blood-tablets
as the starting-point for the coagulation of the blood, while ALEX.
ScuMIpT’s pupils deny this, LOWIT claims that the blood-tablets
are formed from globulin substance, and has therefore given them
the name globulin tablets. The relationship of these blood-tablets
to the fibrin coagulation will be spoken of shortly.

I1I. The Blood as a Mixture of Plasma and Blooa-
corpuscles.

The blood in itself is a thick, sticky, lighter or darker red opaque
liguid having a salty taste and even in thin layers a faint odor dif-
fering in different kinds of animals. On the addition of sulphurie
acid to the blood the odor is more pronounced. In adult human
beings the specific gravity averages 1.055, ranging between 1.045
and 1.075. According to ScHERRENZISS the feetal blood has a lower
specific gravity than the blood of grown persons. Lroyp E. JoNEs
found that the specific gravity is highest at birth and lowest in
children when about two years old and in pregnant women.

The reaction of the blood is alkaline. The amount of alkali,
calculated as Na,CO,;, is in the dog about 2 (ZuNTz), In rabbits
about 2.5 (LAssAr), and in man 3.38-3.90 p. m. (v. JAKsCH).
The alkaline reaction diminishes outside of the body, and indeed
the more quickly the greater the original alkalinity of the blood.
" This depends on the formation of acid in the blood, in which the
red blood-corpuscles seem to take part in some way or another.
After excessive muscular aectivity the alkalinity is diminished on
account of the formation of acid in the muscles, and it is also
decreased after the continuous use of acids (LASSAR).

The color of the blood is red—light scarlet-red in the arteries and
dark bluish-red in the veins. Blood free from oxygen is dichroitic,
dark red by reflected light, and green by transmitted light. The
blood-coloring matters oceur in the blood-corpuseles. For this
reason blond is opaque in thin layers and acts as a “deckfarbe.”
If the hamoglobin is removed from the stroma or dissolved from
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iation coagulates more slowly than arterial blood. The coagulation
may be retarded or prevented by the addition of acids, alkalies, or
ammonia, even in small quantities ; by concentrated solutions of
neutral salts or alkalies and alkaline earths; also by egg-albumin, -
solutions of sugar or gum, glycerin, or much water; also by receiv-
ing the blood in oil. The coagulation may be prevented by the in-
jection of an albumose solution or by an infusion of the leech into
the circulating blood, but this infusion of the leech acts in the
same way on blood just expelled. The coagulation may be faeil-
itated by raising the temperature; by contact with foreign bodies,
to which the blood adheres ; by stirring or beating it; by admission
of air; by diluting with very small amounts of water; by the ad-
dition of platinum-black or finely-powdered carbon; by the addition
of lac-colored blood, which does not act by the presence of dissolved
blood-coloring matters, but by the stromata of the blood-corpuscles
{WooLDRIDGE, NUCK), and also by the addition of the leucocytes
from the lymphatic glands, or a watery saline extract of the lymph-
atic glands, testicles, or thymus. The active constituent of such a
watery extract is, according to WOOLDRIDGE, an albuminous body
containing lecithin, which he calls fissue fibrinogen.

An important question to answer is why the blood remains
fluid in the circulation while it quickly coagulates when it leaves
the circulation. '

When the blood leaves the vein it comes under new, abnormal
conditions. It cools off, it comes in contact with the air, its
motion stops, and it is deprived of the influence of the living
walls of the vessels. That the cooling is not the reason of the
coagulation is proved by the fact that cooling is a good means of
retarding coagulation. That the contact with air is not essential
is shown by the fact that when blood is collected over mercury, so
that it cannot absorb or expel any gas, it likewise coagulates.
That the cessation of the motion does not cause the coagulation
follows, since blood collected over mercury coagulates whether it is
shaken or not, and further from the fact that motion, such as
beating the blood, facilitates the coagulation.

The reason why blood coagnlates on leaving the body is there-
fore to be sought for in the influence which the walls of the living
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last, however, was previougly present in the plasma. Under the
action of the fibrin ferment the eerum globulin and fibrinogen unite
forming fibrin. In the coagulation a reciprocal action takes place
between the protoplasm of the leucocytes and the plasma, so that
the plasma quickly destroys the lencocytes and is itself destroyed by
the setting free of fibrin-ferment with the separation of fibrin
(ScEyipT and RAUSCHENBACH). Such an exchange action not only
takes place between the blood-plasma and the leucoeytes, but also
hetween blood-plasma and animal protoplasm in general—indeed,
even between vegetable protoplasm and blood-plasma (ScHMIDT and
GroEMANN). While the blood-gerum in general acts as a conser-
vator on the cells, the blood-plasma on the contrary has a destrne-
tive action, and this action develops the fibrin ferment. This last-
mentioned is chiefly a decomposition product of the cells (SommipT,
RavscEENBACH; Foa and PELLACANI), and it may therefore be
called “ profozym ” (RAUSCHENBACH)., A destruction of the lenco-
eytes may also ocenr in the blood under physiological conditions, and
therefore traces of fibrin ferment are habitually formed in the blood.
Within certain limits the organism may be gnarded from a danger-
ous increase in these processes. According to ScHMIDT and GROTH,
and ScayMIDT and KRUGER, the injection of lencocytes into the eiren-
lating blood may produce an intravasenlar coagunlation, but the cor-
rectness of this statement is denied by WoorLpripGE. According
to him, the pure, washed leucocytes are inactive and the action ob-
gerved by ScuMIDT and his pupils is cansed by contamination with
« lymphfibrinogen.” The lymphfibrinogen is a representative of an
entire group of protein substances which are precipitated by acetic
acid, contain lecithin, which oceur in many organs and tissues but
which have not been clogely studied and which WooLDRIDGE has
named “ tissue fibrinogens.”

According to ALEX. ScEMIDT, the coagulation of the blood is an
enzymotic process, produced by the fibrin ferment, in which two
protein substances, the serum globulin and the fibrinogen, form the
material substrata of the fibrin. There is no basis for the assnmp-
tion that the serum globulin in the newly-formed fibrin exists
otherwise than as a mechanical contamination. It ie true indeed
that the strongly-contaminated serum globulin prepared from
gerum containing enzymes accelerates coagulation, and the amount
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colorless blood-corpuscles in the coagulation. On the contrary, he
has observed that in erab’s blood a so-called * plasmoschise,” which
is the exit of constituents of the cells in the plasma, takes place
before the coagulation, and this process, he claims, stands in close
relationship to the coagulation of the blood. If we do not give too
much weight to the destruction of the leucocytes,—and we admit
as most essential this part of ScaMIDT’S theory that the impulse to
the coagulation comes from the colorless blood-corpuscles, and that
the constituents of the same, passing into the plasma, take part in
the coagulation,—then ScHMIDT’S theory is not disproved by the
investigations of the last years, but it is even supported by them.
In opposition to the view of ALEX. ScHMIDT, who considers
the fibrin coagulation as an enzymotic process, WOOLDRIDGE is of
the opinion that the fibrin ferment is not the cause of the coagu-
lation, but is a product of the chemical processes taking place
during coagulation. WooOLDRIDGE claims, on the contrary, that
lecithin and proteid substances confaining lecithin are of the
greatest importance in the coagulation. This produet is obtained
by eooling the peptone-plasma which has been centrifugated, and
the substance which separates has been called by WoOLDRIDGE
A-fibrinogen. The plasma, according to WoOLDRIDGE, contains
in itself all qualities necessary to produce a coagulation, and the
form-elements are only of a secondary importance. Peptone-plasma
which has been centrifugated and which is entirely free from form-

elements, but contains the 4-fibrinogen, coagnlates on diluting

with water, by the passage of carbon dioxide throngh the ligunid, or
after the addition of a little acetic acid, and the fibrin ferment is
thereby formed. WooLDRIDGE designates as C-fibrinogen the ordi-
nary fibrinogen isolated by the method suggested on page 56. This
fibrinogen occurs indeed in transudations, but it only oceurs in the
peptone-plasma in very small quantities. A third fibrinogen
occurs in the greatest amounts in the peptone-plasma, and this is
the mother-substance of the C-fibrinogen, and called B-fibrinogen
by WoorLpringeE. The B-fibrinogen is converted into fibrin by
lecithin and lencocytes from the lymphatic glands, but not by

fibrin ferment or blood-serum. After the previous action of serum

or fibrin ferment the B-fibrinogen yields fibrin on diluting with
water. The one most essential for the fibrin coagulation is, ac-

|
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the cause of coagulation has been just as little proved as the asser-
tion that the coagulation of milk in the preparation of cheese is
produced by the caleium phosphate becoming insoluble without
the action of the rennet ferment on the casein. The untenability -
of FREUGND'S theory has been shown by LATSCHENBERGER.

According to DoeIEL and HorLzmMANN, the coagulation of the
fibrin is an oxidation of the fibrimogen. The relation of oxygen to the
coagulation is not quite clear; a certain influence, however, on the
coagulation cannot be denied. But as the coagulation may take
place also in the absence of free oxygen, the above statement seems
not to be well grounded.

The very dark and complicated process of the intravascular
coagulation and the relationship of the so-called tissue fibrinogen
(WooLpRIDGE) to the same have been so insufficiently studied that
we cannot enter here into a discussion of this interesting question.

IV. The Gases of the Blood.

Since the pioneer investigations of MaeNUs and LoTHAR
MEYER the gases of the blood have been subjects for repeated, care-
ful investigations by prominent experimenters, among whom we
must mention first C. Lupwis and his pupils and E. PFLUGER
and his sechool. By these investigations not only has science been
enriched by a mass of facts, but also the methods themselves have
been made more perfect and aceurate. In regard to these methods,
as alzo in regard to the laws of the absorpiion of gases by liquids,
dissociation, and other questions belonging here, the reader is
referred to complete text-books on physiology, on physies, and on
gasometric analysis.

The gases occurring in blood under physiological conditions are
oxygen, carbon diozide, and nitrogen. The last-mentioned gas is
only found in very small amounts, on an average of 1.8 vol, per cent.
The amount is here, as in all following experiments, calculated for
0° C. and 760 mm. pressure. The nitrogen seems to be simply ab-
sorbed into the bluod, at least in great part. It appears to play no
part in the processes of life, and its amount varies but slightly in
the blood of different blood-vessels.

The oxygen and carbon dioxide behave otherwise, as their
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arterial blood is saturated with oxygen, as immediately after bleed-
ing a loss of oxygen always takes place, Still it seems to be un-
questionable that it is not quite completely saturated with oxygen
in life. Arterial canine blood, according to PrLUGER, is saturated
_to % with oxygen, according to HUFNER to }4.

The question whether ozone oceurs in the blood is to be answered
decidedly in the negative. It is not only impossible to detect ozone
in the blood, but the possibility of the occurrence of ozone in the
fluids and tissues is even ¢ priori to be denied. Ozone acts as nascent
oxygen; and as easily-oxidized substances occur in the organism
which combine with nascent oxygen, ozone, if such a formation
should fake place at all, would be destroyed instantly, But such a
formation of ozone in the animal body cannot be admitted. Ozone
may indeed be formed by slow oxidation, since the nascent oxygen
formed in consequence combines with neutral oxygen forming
ozone; but in the animal organism the nascent oxygen must be
bound by the oxidized substances before it can form ozone.

It was formerly believed that the hemoglobin acted as an
“ pzone-exciter,” possessing the property of converting the inactive
oxygen of the air into ozone. The red blood-corpuscles can by
themselves also give a blue color with tineture of gnaiacum, which
is markedly seen when this tincture is dried on blotting-paper and
a drop of blood previously diluted with 5-10 vols. water is added.
According to PFLUGER, we are here dealing with a decomposition
and gradual oxidation of hsemoglobin, in which processes the neu-
tral oxygen is split, setting free oxygen atoms.

The earbon dioxide of the blood occurs in part, and indeed, ac-
cording to the investigations of ALex. ScuMipT and L. FREDERICQ,
generally 4 in the blood-corpuscles, and it also occurs in part, and
in fact the greatest part, in the plasma and serum respectively. Of
the earbon dioxide in the form-elements a small part, according to
SETSCHENOW, occurs in the colorless corpuseles (probably combined
with the globulin alkali), while the chief mass exists in the red
blood-corpuscles.

The carbon dioxide of the red corpuscles is loosely combined, and
the constituent uniting with the CO, of the same seems to be the
alkali combined with phosphoric acid, oxyhsemoglobin or heemoglobin
and globulin on one side and the h@moglobin itself on the other
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h@&moglobin at 4 18.4° C. and a pressure of 30 mm. 2.4 ¢. em. carbon
dioxide are combined ; and since in the arterial blood nearly all the
h@moglobin exists as oxyhzmoglobin, it is diffieult to obtain, at
least from the arterial blood, an appreciable fraction of the carbon
dioxide as carbon-dioxide haeemoglobin. It cannot be denied that a
not insignificant part of the carbon dioxide of the blood is held by

the red corpuseles in loose combination; but how this combination -

takes place requires further investigation before it ean be answered.

The chief part of the carbon dioxide of the blood is found in the
blood-plasma or the blood-serum, which follows from the fact that
the serum is richer in carbon dioxide than the correspond-
ing blood itself. By experiments with the air-pump on blood-
gerum it has been found that the chief part of the carbon dioxide
contained in the serum is given off in a vacuum, while a smaller
part can only be pumped out after the addition of an acid. The
red corpuscles also act as an acid, and therefore in blood all the
earbon dioxide is expelled in vacuo. A part of the carbon dioxide
is firmly chemically combined in the serum.

Absorption experiments with blood-serum have shown us
further that the carbon dioxide which can be pumped out is in
great part loosely chemically combined, and from this loose combi-
nation of the carbon dioxide it necessarily follows that the sernm
must also contain simply-absorbed carbon dioxide. For the form
of binding of the carbon dioxide contained in the serum or the
plasma we find the three following possibilities: 1. A part of the
carbon dioxide is simply absorbed; 2. Another part is loosely
chemically combined; and 3. A third part is in firm chemical
combination.

The quantity of simply-absorbed carbon dioxide has not been
exactly determined. SgrscHENow considers the quantity in dog-
gernm to be about 4 of the total quantity of carbon dioxide.
According to the tension of the carbon dioxide in the blood and its
absorption coefficient, the quantity seems to be still smaller.

The quantity of firmly chemically combined carbon dioxide in
the blood-sernm is the same as the quantity of simple alkali carbon-
ate in the serum. This quantity is not known, and it eannot be
determined either by the alkalinity found by titration, nor can it be
caleulated from the excess of alkali found in the ash, becanse the
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investigations of FERNET; but the quantity of these salts in the
sernm is, at least in certain kinds of blood, for example in ox-
gerum, so small that it can hardly be of importance. In regard to
the globulins SETSCHENOW ig of the opinion that they do mot act
as acids themselves, but form a combination with carbon dioxide,
producing carboglobulinie acid which unites with the alkali. Ae-
cording to SERTOLI, whose views have lately found a supporter in
Torvp, the globulins themselves are the acids combined with the
alkali of the blood-serum. In both cases the globulin weuld
form, directly or indirectly, that chief constituent of the plasma or
of the blood-serum which, according to the law of the action of
masses, contends with the carbon dioxide for the alkalies. By a
greater partial pressure of the carbon dioxide the latter deprives
the globulin alkali of a part of its alkali, and bicarbonate is formed ;
by low partial pressure the carbon dioxide escapes, and the bicar-
bonate is taken up by the globulin alkali.

In the above statements it has been emphasized that the oxygen
in the blood oceurs in a dissociable combination with the hamo-
globin, and for the formation of this combination, the oxyhzmo-
globin, a certain partial pressure of the oxygen is necessary at any
temperature. Also the carbon dioxide of the blood, that which is
econtained in the blood-corpuscles as well as that in the plasma, oe-
eurs mostly in combinations which are dependent to a great extent
upon the partial pressure of the carbon dioxide. For the study of
the exchange of gases between the blood and the alveolar air on
one side, and the blood and the tissues on the other, special regard
must be paid to the question as to how far this exchange of gases
is the result of the law of diffusion and how far other forces take
part in it; also the tension of the oxygen and the carbon dioxide
is of the greatest importance.

The law of the dizsociation of oxyhzmoglobin has been studied
by many investigators. Of the greatest physiological interest are
those investigations which relate to the dissociation at the temper-
ature of the body. Inregard to these, many investigators (P. BERT,
HerTER, and HurNER) have found, partly by experiments on the
living animal and partly by experiments with blood or pure hemo-
globin solutions, that the tension of the oxygen of the blood at the
temperature of the body corresponds to an oxygen partial pressure
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the elimination of carbon dioxide and the combustion of the sugar
of the blood, was lowered. By raising the oxygen pressure of the
air to 3 atmospheres the amount of oxygen contained in the blood
is somewhat increased. It seems that the amount of oxygen which
is here taken up corresponds to that quantity which is simply ab-
gorbed by the blood at that pressure.

It is also of special interest to know to what extent the partial
pressure of the oxygen of the air can be lowered withount causing any
injurious action or danger to life. A great many observations have
been made on this subject, partly on man (P. BERT, SIVEL and
OROCE-SPINELLI, LEBLANC, and others) and partly on animals (by
W. MuLLER, HOPPE-SEYLER, STROGANOW, BERT, FRIEDLANDER
and HERTER, FRANKEL and GEPPERT). From these observations
it seems that the partial pressure of the oxygen in the atmosphere
may sink to one half without causing a disturbance. The respira-
tion is hindered by an oxygen tension of 7-8% of an atmosphere,
and at a still lower tension a lowering of the temperature is ob-
served, lassitude, inability of muscular movement, and insensibility.
At an oxygen tension which corresponds to about 3-3.5% of an
atmosphere, death occurs,

In regard to the amount of oxygen in the blood at lower air-
pressures, the observations of FRANKEL and GEPPERT on dogs must
be mentioned. At an air-pressure of 410 mm, mercury the amount
of oxygen in the arterial blood was normal; at an air-pressure of
378-365 mm. it was a little diminished, and only at a lowering of the
pressure to 300 mm. was a marked decrease of the oxygen observed.

The tension of the carbon dioxide in the blood has been deter-
mined in different ways by PrLUGER and his pupils, WoLFBERG,
STRASSBURG, and NUsspaUM. According to the density method,
the blood is allowed to flow directly from the artery or vein
throngh a glass tube which contains a gas mixture of a known
constitution. If the tension of the earbon dioxide in the blood is
greater than the gas mixture, then the blood gives up earbon
dioxide; while in the reverse case it takes up carbon dioxide from
the gas mixture. The analysis of the gas mixture after passing
the blood through it will also decide if the tension of the earbon
dioxide in the blood is greater or less than in the gas mixture; and
by a sufficiently great number of determinations, especially when
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Another method, suggested by HoPPE-SEYLER, is to determine
the total amount of heemoglobin and albumin in a portion of blood,
and on the other hand the amount of hemoeglobin and albumin in
the blood-corpuscles of an equal portion of the same blood which
have been sufﬁcieut-]y washed with common-salt solution by centrif-
ugal force. The figures obtained as a difference between these two
determinations corjeapml{l to the amount of albumin which was
contained in the serum of the first portion of blood. If we now
determine the albumin in a special portion of serum of the same
blood, then the amount of serum in the blood is easily determined.
The usefulness of this method has been confirmed by BUNGE by
the control experiments with the sodinm determinations. If the
amount of serum and blood-corpuscles in the blood is known, and
we then determine the amount of the different blood-constituents
in the blood-serum on one side and of the total blood on the
other, the distribution of these different blood-constituents in the
two chief components of the blood, plasma and blood-corpuscles
may be ascertained. According to ‘the just-mentioned procedure,
the following analyses of pig’s lﬁﬂﬂﬂ and ox’s blood have been made
by BUNGE. Am,l}rsea of human blood have been made for some
time by C. ScHMIDT according to another method, which perha 8
have given rather too high results for the “'e1g]1t of the blo
corpuscles. All figures mpresent parts in 1000 parts of blood.

P T

Human Blood,

Pig's Blood. Ox's Blood.
Man's, Woman's.
Blood- Blood- | Blood- Blood-
Cor- cor= | cor- cor-
puscles Serum puscles| Serum puscles Serum puscles Berum
436.8 | 5632 | 318.7 | 6B1.3 51302 | 486.98 | 596.24 | 603.76
T o e 976,100 517.900) 191.200| 622,200 349,690 430.020) 272 560) 551.990
Bolids.. .. | 160700 45.300( 127.500] 59.100| 163.330 4T.ﬁ£l]t 123.680) 51.7V0
H=mo lobin and .
ATbigitn 1’ o] 161,600 38.100) 125.600) 49.900\} 159 pogy 43.800] 120,130, 48.700
ERemaining org. ho-dles 5.200( 2,800 2_-101]# 5. 800
Inorganic bodies,. 3.8000 4.300, 1.500( 5.400 3,740 4.140] 3.550( 5.070
r SR e | RaRI| 0| 0.2 0.178|  1.586 0.153| 1.412] 0.200
o B S LA E 2.406) 0.667) 2064 0.241) 1.661) 0.645) 1.916
EEI ............................. N T e [ [ ||| ] PR IR] et S o o o it oo
i b L e s 0.0689  0.031 G005 COOBL). L s e | e e e
Fﬂ‘gﬂg 0,006 .. [TV e o] I Rl IR
(o FE e A e e, 0.657] 2.084| o0.521] 2.532 0.808| 1.722| 0.362] 0.144
Py . 0.106| 0.224] 0.181 0.695 0.071) 0.643] 2.202

HorPE-SEYLER, SACHARJIN, and OTT0 found 584.9-693.5 p. m.
plasma and 415.1-306.5 p. m. blood-corpuscles in horse’s blood.
BuxeE found, on the contrary, in an analysis 468.5 p. m. serum
and 531.5 p. m. blood-corpuscles—more blood-corpuseles, therefore,
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blood-corpuscles seems to decrease. In regard to the amount of
h@moglobin the statements are somewhat contradictory.

The Blood at Different Periods of Life. Foeetal blood is
strikingly poorer in blood-corpuscles and hamoglobin than the
blood of the adult. The feetal blood at the moment of birth has,
according to SCHERRENZISS, a lower specific gravity, a mark-

edly lower amount of h@moglobin, and a little less fibrin, but a -

creater amount of mineral bodies, especially proportionally more
sodinm (but less potassium) than the blood of adults. A few,
hours after birth the blood of the child has the same quantity of
hamoglobin as the blood of the mother (CouNsTEIN, ZUNTZ, OTTO).
The amount of hemoglobin and of blood-corpuscles then quickly
increases; still they do not both increase at the same rate, as the
amount of hemoglobin increases much faster. Two to three days
after birth the hsemoglobin reaches a maximum (20-21%), which is
greater than at any other period of life. Thisis the cause of the
great abundance of solids in the blood of new-born infants as
observed by DENIs, PANUM, and other investigators. The quan-
tity of hazmoglobin and blood-corpuscles sinks gradually from this
first maximum to a minimum of about 11% hsmoglobin, which
minimum appears in human beings between the fourth and eighth
year. The quantity of hmoglobin then increases again until about
the twentieth year, when a second maximum of 13.7-15% is reached.
The hemoglcbin remains at this point only towards the forty-fifth
year, and then gradumally and slowly decreases (LEICHTENSTERN,
Orro). According to older statements, the blood at old age is
poorer in blood-corpuscles and albuminous bodies but richer in
water and salts. -

The Influence of Food on the Blood. In complete starvation a
decrease in the amount of solid blood constituents is found to take
place (PANUM and others). The amount of hemoglobin is a little
increased (Sussorix, OTT0), and also the number of red blood-cor-
puscles is greater (Worm MULLER, BuNTZEN), which probably
depends on the fact that the blood-corpuscles are not so quickly
transformed as the serum. As after-effect the inanition causes an
anemic condition (WorM MULLER, O1T0, BUNTZEN).

After a rich meal the relative number of blood-corpuseles,
especially after secretion of digestive juices or absorption of
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A decrease in the number of red corpuscles oceurs in an@mia
from different causes. Each hemorrhage causes an acute anmmia
or oligemia. Even during the bleeding the remaining blood be-
comes richer in water by diminished secretion and exeretion, as
also by an abundant absorption of parenchymous fluid somewhat
poorer in albumin and strikingly poorer in red blood-corpuscles,
The oligeemia passes soon into a hydreemia. The amount of albumin
then gradually increases again; but the re-formation of the red
blood-corpuscles is slower, and after the hydraemia follows also an
oligocythemia. After a little time the number of blood-corpuscles
rises to normal; but the re-formation of haemoglobin does not keep
pace with the re-formation of the corpuscles, and a chlorotic con-
dition may appear (LaacHr, Buxrzex, Orro). A considerable
decrease in the number of red corpuscles oceurs also in chronie
an®mia and chlorosis; still in such cases an essential decrease in
the amount of hemoglobin cccurs without an essential decrease in
the number of blood-corpuscles. The decrease in the amount of
h@moglobin iz more characteristic of chlorosis than a decrease in
the number of red corpuscles.

A very considerable decrease in the number of red corpuscles
(from 300,000 to 400,000 in 1 ¢. mm.) and diminishing in the amount
of heemoglobin (from { to {;) occurs in malignant anemia (HavyeM,
LEriNE, LascHE, and others). On the contrary, the individual
red corpuscles are larger and richer in heemoglobin than they ordi-
narily are, and the number stands in an inverse relationship to the
amount of heemoglobin (HayEeM).

. The Constitution of the Red Corpuseles. Irrespective of the
changes in the amount of hemoglobin, as just mentioned, the con-
gtitution of the blood-corpuscles may be changed in other ways.
By abundant transndation, as in cholera, the blood-corpusecles may
give up water, potassium, and phosphoric aeid to the concentrated
plasma and become correspondingly richer in organic substances
(C. Scamiprt). By a few other transudations processes, as in dys-
entery and dropsy with albuminuria, a considerable amount of
albnmin passes from the blood, the plasma becomes richer in water,
and the blood-corpuscles may take up water and =o become poorer
in organic substance (C. SCHMIDT).

The nwumber of colorless bluod-corpuscles is found to be in-
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ria, and cholera. v.JAKscH has observed volatile fatty acids in
the blood (LiPacID®EMIA) in febrile diseases and sometimes in dia-
betes.

The amount of salts in the blood is increased in dropsy, dysen-
tery, and in cholera immediately after the first violent attack, but
diminishes later after the attack in cholera, in seurvy, and in
inflammatory diseases. The decrease of alkali salts, especially com-
mon salt, is only trifling, but in pneumonia the salt disappears
almost entirely from the urine. A decrease in the alkalinity of the
blood has been observed in many cases, as in fevers, ursmia, car-
bon-monoxide poisoning, diseases of the liver, lencemia, malignant
an®mia, and diabetes. The above-mentioned (page 104) decrease
in the alkalinity of the blood in diabetes mellitus is of special in-
terest.

The quantity of glucose is increased in diabetes (mellitsemia).
HorPE-SEYLER found in one case 9 p. m. glucose in the blood.
According to CLAUDE BERNARD, when the quantity of glucose in
the blood amounts to 3 p. m. it passes into the urine. The
quantity of «rex is augmented in fevers, also in increased exchange
of albumin, and by an increased formation of urea caused thereby.
A further increase in the amount of urea in the blood occurs in a
retarded micturition, as in cholera as well as in cholera infantum
(K. Mior~ER), and in affections of the kidneys and the urinary
passages. After a ligature of the ureters or after extirpation of
the kidneys of animals an accumulation of urea takes place in the
blood. In ursemia, ammonia may occur in the blood, which origi-
nates from a decomposition of the urea. Urie acid is found in-
creased in the blood in gout (GARROD, SALOMON); oxalic acid was
also found in the blood in the same disease by GARROD.

Among the foreign bodies which are found in the blood the fol-
lowing must be mentioned here: BILIARY ACIDS and BILIARY COL-
oRING MATTERS (which latter may oceur under physiological condi-
tions in a few varieties of blood) in icefterns; LEUCIN and TYROSIN
in acute atrophy of the liver; AcETON specially in fevers (v. JAESCH).
In melanmmia, especially after continuous malarial fever, black,
less often light brown or yellowish, grains of pigment occur in the
blood, which, aceording to the generally-received opinion, come into
the blood from the spleen. After poisoning with potassinm chlo-
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destroyed much more slowly (TscHirRIEW, FORSTER, PANUM, WoRM
MULLER), a polycythsemia is gradunally produced.

If blood of another kind is transfused, then under certain con-
ditions, according to the quantity of blood introduced, more or less
menacing symptoms appear. These appear, for instance, when the
blood-corpuscles of the receiver are dissolved easily by the serum of
the introduced blood, as, for example, the blood-corpuseles of rab-
hits on transfusion with a different kind of blood, or the reverse,
when the blood-corpuscles of the transfused blood are dissolved by
the blood of the receiver; for instance, when the blood of a dog is
tranefused with rabbit’s or lamb’s blood, or the blood of a man with
lamb’s blood (Laxpois). DBefore dissolving, the blood-corpuscles
may unite in tough agglomerated heaps, which clog up the smaller
vessels (LaNDO1s). On the other hand, the stromata of the dissolved
blood- cmpuscles may also give rise m an extensive intravascular
coagulation cansing death.

The transfusion should therefore when possible be made with
the blood of the same kind of animal, and for the resuscitating
action of the blood it is immaterial whether or not it contains the
fibrin or the mother-substance of the same. The action of trans-
fused blood depends on its blood-corpunscles, and therefore defibri-
nated blood acts just like non-defibrinated (PANuM, LANDOIS).

The quantity of blood in the different organs depends essentially
on the activity of the same. During work the exchange of mate-
rial in an organ is more active than when at rest, and the inereased
exchange of material is combined with a more abundant flow of
blood. Although the total quantity of blood in the body remains
constant, the distribution of the blood in the varions organs may
be different at different times. As a rule, the quantity of blood in
an organ can be an approximate measure of the more or less active
exchange of material going on in the same, and from this point of
view the distribution of the blood in the different organs and groups
of organs is of interest. According to RANKE, to whom we are
especially indebted for our knﬁwledg‘e of the relationship of the
activity of the organs to the quantity of blood contained therein, of
the total quantity of blood (in the rabbit) about } comes to the
muscles in rest,  to the heart and the large blood-vessels,  to the
liver, and } to the other organs,
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determined by WuRTz as 0.12-0.28 p. m. The mineral bodies appear
to be the same as in plasma.

As form-elements lewcocyles and red blood-corpuscles are com-
mon to both chyle and Iymph. When it has not left the connivent
valves chyle contains very few leucocytes, but in the vessels mov-
ing on the peritoneal side of the intestines it is richer in leuco-
cytes. The greatest quantity of lencocytes iz found in the chyle
between the great mesenteric gland and the cisterna chyli. The
chyle is poorer in leucocytes in the thoracic duct, probably because
a mixing takes place here with lymph, from other parts of the body
that is poorer in form-constituents.

The red blood-corpuseles oceur in the chyle and lymph in very
small quantities. In these liquids, which seem to be free from
oxygen, the blood-corpuscles are darker-colored, and only after they
have come in contact with the air do they have the light-red color
of oxyhemoglobin and give the surface of the fibrin clot a
beautiful light-red appearance. It has been suggested that this red
color originates from the transition forms between red and white
blood-corpuscles, in which blood-coloring matters are first formed by
the action of the oxygen.

The chyle of starving animals has the appearance of lymph. After
partaking of fat or food rich in fat it is milky, and this is partly
due to the presence of large fat-globules, as in milk, or partly, and
indeed chiefly, the finely-divided fat.  The nature of the fais
oceurring in the chyle depends on the variety of fat in the food.
The disproportionally greater part consists of neutral fats, and even
after feeding with abundant amounts of free fatty acids MuNK and
Lereperr found in the chyle chiefly neuntral fats with a small
quantity of fatty acids or soaps.

The geases of the chyle have not been studied, and it seems
that the gases of an entirely normal human lymph’ have not thus far
been investigated. The gases from dog-lymph contain only traces
of oxygen and consist of 37.4-53.1% CO, and 1.6% N (AvTHOR) caleu-
lated at 0° C. and 760 mm. mercury. The chief mass of the carbon
dioxide of the lymph seems to be firmly chemically combined.
Comparative analyses of blood and lymph have shown that the
lymph contains more carbon dioxide than arterial but less than
venous blood, The tension of the earbon dioxide of lymph is,
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4 was made by C. ScHMIDT, the data being obtained from lymph
from the neck of a colt. The results are in parts per 1000.

1 2 B 4

o SRR ISP SR 939.9 034 8 D57.6 0955.4
SOlOR: st e e 60.1 65.2 42.4 44,6
1 e b e R Sl S 0.5 0.6 0.4 2.8
X bl e e e e L 42.7 42 8 347

Fat, cholesterin, lecithin = 3.8 9.2 el 54.9
Extractive bodies...... 2.7 4.4 Bl

EEIESE:, i ok i e s o 7.8 8.2 7.8 7.5

The mixture of salts found by C. ScuMIDT in the lymph of the
horse has the following composition, calculated in parts per 1000
parts of the lymph:

Bodium chilordde: .o Senio Sk S S R S 5.67
T R ey iy s 1.27
P aRE L L 0.16
Balphirde anld. oo i den s iaiia e e e e e 0.09
Phosporic acid united with alkalies........... ....couvue. 0.02
1 Tt ] T e e e e B 0.26

Under pathological conditions the lymph may be so rich in
finely-divided fat that it appears like chyle. Such lymph has been
investigated by HENSEN in a case of lymph fistula in a ten-year-old
boy, and by LANG in a case of lymph fistula in the left npper part
of the thigh of a girl of seventeen. The lymph investigated by
HENSEN contained as an average of nineteen analyses 19 p. m. of
fat and 0.6 p. m. of cholesterin, while that investigated by LaxNa
contained 24.8 p. m. of fat.

The quantity of chyle and lymph must naturally change con-
siderably, therefore, for this and other reasons, the caleulations of
the quantity in 24 hours are not to be depended upon. The food
plays a very important role in the quantity of chyle and lymph.
Nasse has observed in dogs that the formation of lymph is 36%
more after feeding with meat than after feeding with potatoes, and
about 544 more than after 24 hours’ deprivation of food.

The amount of lymph is increased by the following influences,
namely, by increasing the total quantity of blood, as by transfusion
of blood (Worym MULLER), raising the blood-pressure (LUDWIG and
TonsA), inereased influx of the arterial blood (Lupwie, RAGowicz,
G1aNvzzi), and, above all, by preventing the discharge of the blood
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by tying the veins (BippER, EMMINGHAUS, WEIss). The quantity
of lymph is also increased by strong active or passive muscular
movements (LEssEr). On poisoning with curara the secretion of
lymph is increased (PuscHuriN, Lesser), and the solids of the
lymph are also increased at the same time.

II. Transudations and Exudations.

The serous membranes are normally kept moistened by liquids
whose quantity is only sufficient in a few instances, as in the
pericardial cavity and the arachnoid membrane, for a complete
chemical analysis to be made of them. Under diseased conditions
an abundant transudation may take place from the blood into the
serous cavities, into the subcutaneous tissues, or under the epi-
dermis; and in this way pathological transndations are formed.
Such true transudations, which are similar to lymph, are generally
poor in form-elements and leucocytes, and yield only very little or
almost no fibrin, while the inflammatory transudations, the so-called
exudations, are generally rich in leucocytes and yield proportionally
more fibrin. As a rule, the richer a transudation is in leucocytes
the closer it stands to pus, while when it has a diminished quantity
of lencocytes it is more nearly like real transudations or lymph.

It is ordinarily accepted that filtration is of the greatest im-
portance in the formation of transudations and exudations. The
facts coincide with this view, namely, that all these fluids eontain
the salts and extractive bodies occurring in the blood-plasma in
about the same quautity as the blood-plasma, while the amount of
albumin is habitnally smaller. While the different fluids belong-
ing to this group have about the same quantities of salts and
extractive bodies, they differ from each other chiefly in containing
differing quantities of albumin and form-elements, as well as
varying quantities of transformation and decomposition products
of these latter—changed blood-coloring matters, cholesterin, ete.,
etc. The largest quantity of albumin habitually occurs in in-
flammatory processes with changed permeability of the walls of
the wvessels. The condition of the capillaries in the different
vasenlar regions affects the amount of albumin. For example, the
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amount of albnmin in the PERICARDIAL, PLEURAL, and PERITONEAL
FLUIDS is considerably greater than in those fluids which are found
in the ARACHNOID MEMBRANE, in the SUB-CUTANEOUS TISSUES, or in
the agurovs HuMok. The condition of the blood also greatly
affects the transudations, for in hydraemia the amount of albumin
in the transudation is very small. With the increase of the age of
a transudation, of a hydrocele fluid for instance, the quantity of
albumin is inereased, probably by resorption of water, and indeed
exceptional cases may occur in which the amount of albumin, with-
out any previous bleeding, is greater than in the blood-sernm.
It is natural to suppose that the state of the circulation and the
pressure must have an influence on the quantity and composition
of the transudation even though their action is little known. By
increasing the vein-pressure SENATOR caused an increase in the
quantity of transudation and the amount of albumin contained
therein, while the amount of salts was not essentially changed. Of
the variation in the amount of albumin by simple arterial hyperaemia
nothing is positively known.

The gases of the transudations consist of carbon dioxide besides
small amounts of nitrogen and traces of oxygen. The tension of
the carbon dioxide is greater in the transudations than in the blood
(Ewarp). On mixing with pus the amount of carbon dioxide is
decreased.

The extractives are, as above stated, the same as in the blood-
plasma; but sometimes extractive hodies ocenr, such as allantoin
in dropsical fluids (MoscATELLI), which have not been detected in
the blood. Uren seems to occur in very variable amounts. Glucose,
or at least a substance which reduces copper oxide in alkaline
liquids, occurs in most transudations. Swuecinic acid has been
found in a few cases in hydrocele fluids, while in other cases it is
entirely absent. Lewcin and fyrosin have been found in transuda-
tions from diseased livers and in pus-like transndations which have
decomposed. Among other extractives found in transudations we
must menfion wric acid, allentoin, xanthin, creatin, inosit, and
pyrocatechin.

As above stated, irrespective of the varying number of form-
elements contained in the different transudations, the quantity of
albumin is the most characteristic chemical distinetion in their
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the specific gravity is usually lower than 1.015 and the quantity of
solids averages 20-30 p. m,

The quantity of peritoneal fluid is very small under physiologi-
eal conditions. The investigations refer only to the fluid under
diseased conditions (dropsical or ascites fluid.) The color, trans-
parency, and consistency of these may vary greatly.

In cacheectic conditions the fluid is nearly colorless, milky-opal-
eecent, watery, does not coagulate spontaneously, is of a very low
specific gravity, 1.005-1.015, and nearly free from form-constitnents.
In carcinomatous peritonitis it may have a cloudy, dirty-gray appear-
ance due to its richness in form-elements of various kinds. The
specific gravity is then higher, the quantity of solids greater, and it
often coagulates spontanéously. In inflammatery processes it is
straw- or lemon-yellow in color, somewhat cloudy or reddish, due to
leucocytes and red blood-corpuscles, and from great richness in len-
cocytes it may appear more like pus. It coagulates spontaneonsly,
may be relatively richer in solids, and may have a specific gravity
of 1.030 or more. By rupture of a chylous vessel the dropsical
fluid may be rich in very finely-emulsified fat (CHYLOUS ASCITES).
In such cases 3.86-10.30 p. m. fat has been found in the dropsieal
fluid (GuivocHET, HAY). By admixture of this fluid with the
fluid from an ovarian cyst it may sometimes contain pseudomuein
(see Chapter XI). We also have cases in which the ascitical fluid
contains mucoids which may be precipitated by alcohol after
removal of the albumins by coagulation at boiling temperature.
Such substances, which yield a reducible substance on boiling with
acids, have been found by the author in tuberculous peritonitis and
in cirrhosis hepatis syphilitica. '

In order to show the amount of albumin in ascitic fluids we
give below the results of RUNEBERG’S analyses. They are in parts
per 1000 parts of the fluid,

Max.  Min. Average.

Asecitic fluid in hydremia............... 4.1 0.2 21
£x “ ¢ portal obstruction....... 26.8 8.7 9.7
g % ¢ heart disease............ 28.0 8.4 16.7
k¥ ¢+ carcinomatous peritonitis. 54.2 27.0 356.1

Urea has also been found in ascitical fluids, sometimes only as traces, some-
times in larger quantities (4 p. m. in albuminuria), also uric acid, allantoin in
cirrhosis of the liver (MoscATELLI), zantlin, creatin, cholesterin, and glucose.
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The older statement that the cerebro-spinal fluid differs from the
transudations in a greater wealth of potassium salts has not been
confirmed by recent investigations.

Aqueous Humor. This fluid is clear, alkaline, and has a specific
gravity of 1.003-1.009. The amount of solids is on an average 13
p. m. and the amount of proteids only 0.8-1.2 p. m. The proteids
consists of about equal parts serwin globulin and globulin (KAHX).
According to GRUENHAGEN, it contains paralactic acid, another
dextro-gyrate substance, and a redwucible body which is not similar
to glucose or dextrine. :

Blister-fluid. The content of blisters caused by burns, and of
vesicator blisters and the blisters of the pemphigus chronicus, is
generally a fluid rich in solids and albumin (40-65 p. m.). This
is especially true of the contents of vesicatory blisters, which also
contain a substance that reduces copper oxide. The fluid of the
pemphigus is slimy and alkaline in reaction.

The fluid of subeutaneous cedema. This is, as a rule, very poor
in solids, purely serous, does not contain fibrinogen, and has a spe-
cific gravity of 1.005 to 1.010. The quantity of proteids is in most
cases lower than 10 p.m.,—according to HoFFMANN 1-8 p.m.,—and
in serious affections of the kidneys, generally with amyloid degen-
eration, less than 1 p. m. has been shown (HorrmMaNN). The
edema fluid also habitually contains wrea, 1-2 p. m., and also a
reducible substance.

The FLUID oF THE TAPEWORM cyst is related to the transudations. It is
poor in Pmleids, thin m_.ul‘ m_]-:-rlcs?. and has a specific Fravity_ of 1.005-
1.015. The gquantity of solids is 14-20 p. m. The chemical constituents are
glucose (2.5 p. m.), inosit, traces of wrea, creatin, succinie acid, and salls (8.3-
9.7 p. m.). Albumin is only found in traces, and then only after an infiam-

matory irritation. In the last-mentioned case 7 p. m. albumin has been found
in the fluid.

The Synovial Fluid and Fluid in Synovial Cavities around Joints,
etec. The synovia is hardly a transudation, but it is often treated
as an appendix to the transudations.

The gynovia is an alkaline, sticky, fibrous, yellowish fluid
which is cloudy, from the presence of cell-nuclei and remains of
destroyed cells, but is sometimes clear. It contains also, besides
albumin and ealts, a muein-like nucleoalbumin. The presence of
pure mucin has not been shown. The composition of synovia is
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serum; but sometimes besides these—when, for instance, the pus
has remained in the body for a long time,—it contains a nucleo-
albumin which is precipitated by acetic acid and soluble with great
difficulty in an excess of the acid (pyin of the older authors).
This nuclecalbumin seems to be formed from the hyaline substance
of the pus-cells by maceration. The pus-serum contains, moreover,
at least in many cases, no fibrin ferment. Aeccording to the analy-
ses of HoPPE-SEYLER, the pus-serum contains in 1000 parts:

I. IL.
e Lo R e R S R SNCE e L 013.7 905.65
Bolidascda s e st s 86.3 04,35
Albuminous bodies. ............... 63 23 77.21
B DT T oy S R NG S e o o D A 1.50 0 56
N s e e e e e T 0.26 0.29
T TV L B e | 0.87
Alcobol extractives ... covecinran e 1.52 0.73
Water extractives. . ... ooocvieenan 11.53 6.92
InOrFanic SIS, . oo v eas b s 7.73 T
The ash of pus-serum has the following composition, calculated to 1000
parts of the serum :
15 I1.
1 L B e o o e e e o 7 PP e 5.22 5.39
NﬂzEDq .......................... 0.40 0.3
NazHPO: w2 s s i 0.98 0.46
) g e ety b s e A 0.449 1.13
Cﬂ.g{P(].g}: ........................ 0. 49 0.81
Mes(POs: o oo st vnswate B 0.12
0 N R 05

The pus-corpuscles are generally thought to consist in great
part of emigrated colorless blood-corpuscles (emigration hypothesis),
and their chemical properties have therefore been given above. We
congsider the molecular grains, fat-globules, and red blood-corpuseles
rather as casual form-elements. '

The pus-cells may be separated from the sernm by centrifugal
force or by decantation directly or after dilution with a solution of
sodium sulphate in water (1 vol. saturated sodium-sulphate solution
and 9 vols. water), and then washed by this same solution in the
same manner as the blood-corpuscles.

The chief constituents of the pus-corpuscles are albuminous -

bodies of which the largest proportion seems to be a nucleoalbumi-
ous snbstance which is insoluble in water and which expands into a
tough, slimy mass when treated with a 105 common-salt solution.
This protein substance, which is soluble in alkali but quickly
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wvolatile fatty acids, such as formic acid, butyric acid, valerianic acid.
We also sometimes find chondrin (?) and glutin (?), urea, glucoase
(in diabetes), biliary coloring matters, and bile acids (in catarrhal
icterus).

As more specific but not constant constituents of the pus we
must mention the following : pyin, which seems to be a nucleo-

albnmin precipitable by acetic acid, and also pyinic ecid and chior- -

rhodinic acid, which have been so little studied that they cannot be
more fully treated here. :

In many cases a blue, more rarely a green color, has been observed
in the pus. This depends on the presence of a variety of vibrios
(Lticke) from which Forpos and LUCKE have isolated a crystalliz-
able coloring matter partly blue and partly yellow, pyocyenin and
pyoxanthose.

Appendizx.

Lymphatic Glands, Spleen, etc.

The Lymphatic Glands. According to FosTER and LANKESTER
and HaLLiBUGRTON, we find in the cells of the lymphatic glands the
four albuminous bodies previously mentioned (Chapter I1I, page 42).
Albumoses and peptones may also occur as products of a post-mortem
decomposition. Besides the other ordinary tissue-constituents,
guch as collagen, elastin, and nuclein, we find in the lymphatie
glands also cholesterin, faf, glycogen, zanthin bodies and adenin
{KroxECKER), and lewcin. In the inguinal glands of an old
woman O1pTMANN found 713.84 p. m. water, 285 p. m. organic and
1.16 p. m. inorganic substances. i

The Spleen. The pulp of the spleen cannot be freed from
blood. The mass which is separated from the spleen eapsule and
the structural tissue by pressure and which ordinarily serves as
material for chemieal investigations is therefore a mixture of blood
and spleen constituents. For this reason the albuminous bodies of
the spleen are little known. As characteristic constituents we have
albuminates containing iron and especially a protein substance
which does not coagulate on boiling and which is precipitated by
acetic acid and yields an ash containing much phosphoric acid and
iron oxide (SCHERER).
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we must specially recall the abundant re-formation of lencocytes in
lencemia and the appearance of amyloid substance (see page 39).

The physiological functions of the spleen are little known.
Some consider the spleen as a melting organ of the red blood-cor-
puscles (KoLL1EER, ECKER), and the occurrence of the above-men-
tioned iron deposit seems to confirm this view. Some (GERLACH,
FUNKE, and others) regard the spleen as a blood-forming organ.
Other investigators consider that steps in the modelling of the red
blood-corpuscles occur in the spleen or that young red blood-cor-
puseles occur in the blood of the splenic vein.

The spleen has also been claimed to play an important part in
digestion. The organ is known to enlarge after a meal, and this
enlargement is thought by ScHIFF and HERZEN to be dependent
upon the filling of the pancreas with enzymes. According to the
above-mentioned investigators, after the extirpation of the spleen
the panereas does not produce any enzyme, which digests albumin,
but HerpENHEIM and EwALD have not been able to confirm this
fact. Aeccording to later investigations of HERZEN, an enzyme
which digests albumin is produced in the spleen during its enlarge-
ment.

An increase in the quantity of urie acid eliminated oceurs in leu-
cemia (RANKE, SALKoWsSKI, FLEIsScHER and PENZoLDT, and STADT-
HAGEN), while the reverse of this takes place under the influence
of quinine, which produces an enlargement of the spleen. We have
here a rather positive proof that there is a close relationship between
the spleen and the formation of uric acid. If we assume that the
xanthin bodies ave steps to the formation of urie acid, then the in-
crease in the uric acid in lencemia may perhaps depend on the in-
creased amount of xanthin bodies (hypoxanthin) in the spleen in
this disease.*

The spleen has the same property as the liver of retaining foreign
bodies, metals and metalloids.

The Thymus has been little studied. Besides proteids and sub-
stances belonging to the connective group, we find small quantities

—

* HorBaczeEwskl has lately found in the spleen the first steps in the for-
mation of uric acid, and he has also shown that when the spleen and blood of a
calf are allowed 10 act on each other at the temperature of the blood and in the
presence of air, large quantities of uric acid are formed.
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There is no doubt that the chemical operations going on in this
organ are manifold and must be of the greatest importance for the
organism; but unfortunately we know very little about the kind
and extent of these processes. Among them are two principal
ones which will be fully treated in this chapter, after we have
first described the constituents and the chemical composition of the
liver. One of these processes seems to be of an assimilatory nature
and refers to the formation of glycogen, while the other refers to
the production and secretion of the bile.

The reaction of the liver-cell is alkaline during life, but becomes
acid after death. This change is probably due to the formation of
lactic acid, cansing a coagulation of the albumins of the protoplasm
of the cell. A positive difference between the albuminouns bodies
of the dead and the living, non-coagulated protoplasm has not heen
observed.

The albuminous bodies of the liver were first carefully investi-
gated by Pros’z. He found in the watery extract of the liver an
albuminous substance which coagulates at 4 45° C., also a globulin
which coagulates at 4 75° C., a nucleo-albumin (?) which coagu-
lates at + 70° O, and lastly an albuminous body which is nearly
related to coagulated albumin and which is insoluble in dilute
acids at the ordinary temperature, but dissolves on the application
of heat, being converted into an albuminate. ST. ZALESKI found
in the liver an albuminous body containing iron, in which the iron
1s more or less strongly combined, but it is unknown what relation
this bears to the albuminous bodies isolated by PLos’z.

The fat of the liver occurs partly as very small globules and
partly, especially in nursing children and sucking animals, as also
after food rich in fat, as rather large fat-drops. This infiltration
of fat, which may be made so abundant by proper food that it ap-
pears similar in the highest degree to a pathological fatty liver,
begins in the periphery of the acini and extends towards the cen-
tre. If the amount of fat in the liver is increased by an infiltra-
tion, the water decreases correspondingly, while the quantity of the
other solids remains little changed. In fatty degeneration this is
different. In this process the fat is formed from the protoplasm
of the cell, and the quantity of the other solids is therefore dimin-
ished while the amount of water is only slightly changed. To

By
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Glycogen and the Glycogen Formation.

Glycogen was discovered in 1857 by BERNArD and HENSEX in-
dependently of each other. Itisacarbohydrate closely related to the
starches or dextring with the general formula C,H,0;, perhaps
6(CsH;;,05) 4+ H,0 (Ki¥Lz and BorNTRAGER). The largest quanti-
ties are found in the liver of full-grown animals (BERNARD, HEN-
sEN, and others), and smaller quantities in the mnusecles (NAssE,
BriickE, and others). It is found in very small quantities in many
organs, such as the lungs, skin, the sheath of the roots of the hair
(Wiegrsya, BARrFUTH), the middle coat of the arteries, and also in
certain epithelial cells (ScHIELE, WIiERsMa). Its occurrence in
lymphoid cells and in pus has been mentioned in the previous
chapter. Glycogen has been shown by BERNARD and KUHNE to be
very widely diffused in the embryonic tissue,and it seems habitnally
to be a constituent of tissues in which a rapid cell-formation and
cell-development is taking place (Horpe-SEYLER). It is also
present in rapidly-formed pathological swellings (HoPPE-SEYLER).
It has been found in several organs in diabetes mellitus. Glycogen
is also found in the plant kingdom in the myxomycete.

The quantity of glycogen in the liver, as also in the muscles, de-
pends essentially upon the food. In starvation it disappears after
a short time, but more rapidly in small than in large animals. Ac-
cording to the old views (LUCHSINGER),it disappears earlier from
the muscles than from the liver; but according to more modern
views (ALDEHOFF), the reverse of this takes place. After partaking
of food especially rich in carbohydrates, the liver becomes rich
again in glycogen, the greatest inerement occurring 14 to 16 hours
after eating (KCLz). The quantity of glycogen in the liver may
be 100-120 p. m. or indeed even more after the consumption of
food rich in carbohydrates. Ordinarily it is considerably less or
12-30 to 40 p. m.

Glycogen forms an amorphous, white, tasteless, and inodorouns
powder. It gives an opalescent solution with water which, when al-
lowed to evaporate in the water-bath, forms a pellicle over the surface
that disappears again on cooling. The solution is dextro-gyrate,
() D = + 211° (KuLz). The specific rotary power is given some-
what differently by varions investigators. A solution of glycogen

L
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i8 colored wine-red by iodine. It may hold copper oxyhydrate in
solution in alkaline liquids, but does not reduce it. A solution of
glycogen in water is not precipitated by potassinm-mercuric iodide
and hydrochloric acid, but is precipitated by aleohol or ammoniacal
lead acetate. Glycogen seems to be changed somewhat by prolonged
boiling with dilute caunstic potash (ViNTscHGAU and Dietr). It is
converted into glucose by diastatic enzymes and also by being boiled
with dilute mineral acids.

The preparation of Rura glgcngen (simplest from the liver) is
generally performed by the method suggested by Bruckg, of which
the main points are the following: Immediately after the death of
the animal the liver is thrown into boiling water, then finely divided
and boiled several times with fresh water. The filtered extract is
now sufficiently concentrated, allowed to cool, and the albumin
removed by alternately adding potassium-mercuric iodide and
hydrochloric acid. The glycogen is precipitated from the filtered
liquid by the addition of aleohol unfil the liquid contains 60 vols,
per cent. The glycogen is first washed on the filter with 604 and
then with 954 aleohol, then treated with ether and dried over
gulphurie acid. It is always contaminated with mineral substances,
To be able to extract the glycogen from the liver or especially from
museles and other tissues completely, which is essential in a quanti-
tative estimation, these parts must first be boiled for a few hours
with a dilute solution of caunstic potash, say 4 gms. KOH to 100 gms.
liver (KiLz).

The quantitative determination is ordinarily performed accord-
ing to the above method of BRUCKE, but care must be taken that
the precipitate obtained by the potassinm-merenric iodide and hydro-
chlorie acid is removed at least four times from the filter and stirred
with water to which has been added a few drops of hydrochloric
acid and potassinm-mercuric chloride, and refiltered =o as to be cer-
tain that all the glycogen is obtained in the filtrate (KULz). The
quantity of glycogen may also be determined by the polariscope or
by titration after first converting the glycogen into glucose by boil-
ing with an aeid.

Nuamerouns investigators have endeavored to determine the origin
of glycogen in the body. The quantity of glycogen in the liver is
increased after partaking of many substances, in the first place by

 the varieties of sugar and several other carbohydrates (Pavy and
* others), also by glycerin (vax Deex, WEIss, LUcCHSINGER), gelatin
(WoroscHILOFF), and the glucoside arbutin. Inosit (Kurz) and
mannit (LucHSINGER) have, on the contrary, no action. Fatis
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‘claimed by most investigators to have no influence. The views in
regard to the importance of the proteids in the glycogen formation
are somewhat divided. From many observations, particularly certain
nutrition experiments with boiled meat (NAUNYN) or blood-fibrin
(v. MERrINGS), there is no doubt that the proteids are concerned in
the formation of glycogen. WoLFFBERG has also found that he
obtained a larger glycogen production from a diet of proteids and
carbohydrates in proper proportions than from a diet consisting only
of carbohydrates with very little proteids. It has been shown by
many observers, and lately also by MoszEIK, that a diet of proteids
with carbohydrates cansed a greater increase in the glycogen than a
diet of carbohydrates alone.

The great importance of the carbohydrates in the formation of
glycogen has given rise to the opinion that the glycogen in the liver
is produced from other carbohydrates (glucose) by a synthesis with
the separation of water with a formation of anhydride (LucHSIN-
GER and others). This theory (ankydride theory) has found oppo-
nentsbecause it neither explains the formation of glycogen from such
different bodies as albumin, carbohydrates, glycerine, and others, nor
the cirecumstance that the glycogen is always the same, independent
of the properties of the carbohydrate introduced, whether it is dex-
tro- or levo-gyrate. It is therefore the opinion of many investi-
gators that all glycogen is formed from proteid, and that this splits
into two parts, one containing nitrogen and the other free from
nitrogen: the latter is the glycogen. According to these views, the
carbohydrates act only in that they spare the proteid and the gly-
cogen produced therefrom (Weiss, WoLFFBERG, and others).

In many animal tissues we have proteids from which earbohy-
drates or closely-related bodies may be split off. The occurrence in
the liver of such proteids, from which carbohydrates can be split
off, is from certain observations not at all improbable, but still it
has not been fully proved. Nor has the view of certain investigators,
that in the ordinary sense we have a carbohydrate group preformed
in the albuminous body, been conclusively established. Under snch
circumstances it is not easy to explain the formation of glycogen in
the animal body from proteids. But as it scems to be certain that
glycogen can be produced either from proteids or from carbo-
hydrates, which has lately been further demonstrated by E. Vorr,
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the opinion expressed by PrLUGER has unquestionably been mis-
leading. As the fat may be formed partly from proteids and partly
from carbohydrates by a synthesis after previous splitting, PrLuGER
claims that the glycogen in the liver may also be produced from dif-
ferent substances by a complex splitting and synthesis. There is
no doubt that the glycogen of the liver, which surrounds the nu-
cleus of the liver-cells as amorphous masses, is formed in these cells.
Where does the glycogen oceurring in the other organs, such as the
muscles, originate ? Is the glycogen of the muscles formed on the
gpot or is it transmitted from the liver to the muscles by means of
the blood? These questions cannot yet be answered with positive-
ness, and the investigations on this subject by different experimen-
ters (on frogs by KUrz and on birds by Laves and MINKOWSKY)
have given contradictory results.

Glycogen is considered as a reserve nutritive substance deposited -
in the liver, and, according to the ordinary view, it is transported
by the blood from the liver to the other organs, especially to the
muscles, where it serves as a source of material for work. The im-
portance of glycogen in the formation of heat follows from the fact
that on cooling the animal body the glycogen is quickly exhaunsted.
The possibility that fats may be formed from glycogen, as well as
from other carbohydrates, cannot be denied.

The relationship of glycogen to the formation of sugar is of spe-
cial interest. In a dead liver the glycogen is rapidly converted into
sngar, and this fact naturally leads to the supposition that we have
a sugar formation from glycogen in the liver during life under nor-
mal conditions, a vifale Glykogenie (AUTHOR). As proof of this, CL.
BeEr¥ARD has found that the liver, under physiological conditions,
always contains some sugar, and also that the blood from the hepatic
vein is always somewhat richer in sugar than the blood from the
portal vein. The correctness of either or both of these statements
has been disputed by many investigators, such as Pavy, RiTTER,
ScHiFF, EULENBERG, Lussanxa, ABeLEs and others. It is not
denied that the blood from the hepatic vein may not contain some-
what more sugar under certain circumstances, but it is probably due
to the result of the experiment.

It is impossible to discuss more completely the numerons works
which treat of this question, and it is perhaps sufficient to say here



142 . PHYSIOLOGICAL CHEMISTRY.

that the two above-mentioned opinions stand to-day in opposition
to each other. The existence of a vital formation of sugar from
the glycogen of the liver is denied by certain investigators, but ad-
mitted by others. Those who admif this formation claim that it is
produced by the action of an enzyme which is formed in the blood,
especially on the desiruction of the red blood-corpuscles (TIEGEL).
Other investigators, such as ForsTer, Eves, DasTRE and others,
deny the action of an enzyme, and are of the opinion that the for-
mation of sugar is produced by a vital action of the protoplasm of
the living cell.

SEEGEN claims that the sugar formation in the liver oceurs on a
very large scale under physiological conditions, and that the blood
of the hepatic vein is considerably richer in sugar than the blood
of the portal vein. He also claims that the sugar is not formed
from the glycogen, but from the peptones and fat. The observa-
tions which form the basis of this theory have not been confirmed
by other investigators (CHITTENDEN and LAMBERT).

The question as to a physiological formation of sugar in the
liver is disputable and not settled. There is no doubt that in cer-
tain lesions of the nervous system, by poisoning, ete., an abundant
formation of sugar may appear, which, at least in certain cases, is
derived from the glycogen of the liver, and several investigators
consider with Cr. BErNARD this sugar formation as well as the
elimination sugar in diabetes mellitus, as an increase in the normal
formation of sugar from the glycogen.

A discnssion of the different views in regard to glycosuria
and diabetes mellitus is beyond the plan and scope of this
book. The appearance of glucose in the urine is a symptom
which under different conditions may have essentially different
canses. Under all cireumstances it is necessary to carefully differ-
entiate between those dizeased conditions on the one side which
are grouped under the name diabetes mellitus and the experi-
mental production of glycosuria on the other side. In diabetes, at
least in most cases, we are more probably dealing with a decreased
burning-up of sngar in the organism than an inecreased produetion
of sngar from the glycogen of the liver, or a disturbed storing-up
of glycogen in this organ. On the contrary, in experimental gly-
cosuria in certain cases we have undoubfedly a formation of sugar
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regard to the time necessary after partaking of food before the
secretion reaches its maximum. Formerly it was held that the secre-
tion of bile is increased by food rich in albumin ; in later investi-
zations, by ROSENBERG, it was found, on the contrary, that the fats
give a greater stimulus to the secretion of bile than do the other
nutritive substances. The drinking of water increases the secretion
of bile. The statements of different investigators vary so much in
regard to the action of different medicinal bodies in the secretion of
bile that it is impossible to reach any conclusion on the subject.
All investigators who have worked on this subject seem to agree
that sodium salicylate i3 a true cathartic (RuTHERFORD, VIGNAL,
LEwAscHEW, PREvVosT and Bixer, ROSENBERG). Also furpeniine,
which is a component of the so-called DURAND’S remedy, seems to
increase the secretion (LEwascHEW, PREVOsT and BiNET, ROSEN-
BERG). Olive-0il is a very active cathartic (RosExeEere)., By the
increased secretion of bile the amount of solids does not, as a rule,
increase at the same rate as the water, and the concentration of the
bile decreases. An exception to this is found only in the influence
exerted by the bile itself, acting as it does as a powerful cathartic
by which also the concentration of the secreted bile is inereased.
The bile is a mixture of the secretion of the liver-cells and the
go-called mucus which is secreted by the glands of the biliary
passages and by the mucous membrane of the gall-bladder. The
secretion of the liver, which is generally poorer in solids than the
bile from the gall-bladder, is thin and clear, while the bile collected
in the gall-bladder is more ropy and viscous on account of the ab-
sorption of water and the admixture of “mucus,” and cloudy
because of the admixture of cells, pigments, and the like. The
specific gravity of the bile from the gall-bladder varies consider-
ably, in man between 1.010 and 1.040. Iis reaction is alkaline.
The color changes in different animals: golden yellow, yellowish
brown, olive-brown, brownish green, grass-green, or bluish green.
Bile obtained from an executed person immediately after death
is golden yellow or yellow with a shade of brown. Still cases oceur
in which fresh human bile has a green color. The ordinary
post-mortem bile has a variable color. The bile of certain animals
has a peculiar odor; as example, ox-bile has an odor of musk, espe-
cially on warming. The taste of bile is also different in different
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PETTENKOFER'S fest for bile-acids is performed as follows. A
small quantity of bile in substance is dissolved in a small porcelain
dish in concentrated sulphuric acid and warmed, or some of
the liquid containing the bile-acids is mixed with concentrated
sulphuric acid, taking special care in both cases that the temper-
ature does not rise higher than 60-70° C. Then a 10¢ solution of
cane-sugar is added, drop by drop, continually stirring with a glass
rod. The presence of bile is indicated by the production of a beau-
tiful red liquid, whose color does not disappear at the ordinary
temperature, but becomes more bluish violet in the course cf a day.
This red liquid shows a spectrum with two absorption-bands, the
one at F and the other between D and Z, near E.

This extremely delicate test fails, however, when the solution is
heated too high or if an improper quantity—generally too muech—
of the sugar is added. In the last-mentioned case the sugar easily
carbonizes and the test becomes brown or dark brown. The reac-
tion readily fails if the sulphuric acid contains sulphurous acid or
the lower oxides of nitrogen. Many other substances, such as al-
bumin, oleic acid, amylacohol, morphin, and others, give a similar
reaction, and therefore in doubtful cases the spectroscopic exami-
nation of the red solution must not be forgotten.

PETTENKOFER's test for the bile-acids depends essentially on the
fact that furfurel is formed from the sugar by the sulphuric acid,
and this body can therefore be substituted for the sngar in this test
(Myrivs). According to MYLIUS and v. UDRANSZEY a 1 p. m. solu-
tion of furfurol should be used. Dissolve the bile, which munst
first be purified by animal charcoal, in aleohol. To each c. c. of the
alcoholic solution of bile in a ‘glass add 1 drop of the furfurol solu-
tion and 1 c. ¢. cone. sulphurie aeid, and cool when necessary so that
the test does not become too warm. This reaction, when per-
formed as desecribed, will detect Jy—3; milligram cholalic acid
(v. Upranszgy). Other modifications of PETTENEOFER’S test have
been proposed.

Glycocholic Acid. The constitution of that glycocholic acid
ocenrring in human and ox bile, which has been most studied and
which is identical with the eholie acid of STRECKER and GMELIN, is
represented by the formula C,;H,;NO, Glycocholic acid is absent
or nearly so in the bile of carnivora. On boiling with acids or
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Taurocholic acid may be obtained, though only with difficulty,
in fine needles which deliquesce in the air (PARKE). It is very
soluble in water, and can hold the difficultly-soluble glycocholie
acid in solution. This is the reason why a mixture of glycocholate
with a sufficient quantity of taurocholate, which often occurs in ox-
bile, is not precipitated by a dilute acid. Taurocholic acid is readily
soluble in aleohol but insoluble in ether. Ifs solutions have a bitter-
sweet taste. Its salts are, as a rule, readily soluble in water, and
the solutions of the alkali salts are not precipitated by copper sul-
phate, silver nitrate, or sugar of lead. Basic lead acetate gives, on
the contrary, a precipitate which is soluble in boiling alcohol.

Taurocholic acid is best prepared from decolorized, erystallized
dog-bile, which contains only taurocholate. The solution of this
bile is precipitated by basic lead acetate and ammonia, and the
washed precipitate dissolved in boiling alcohol. The filtrate is now
treated with H.S, and this filtrate is evaporated at a gentle heat to
2 small volume, and treated with an excess of water-free ether.
The acid sometimes partially crystallizes.

Cheno-taurocholic Aeid. This is the most essential acid of goose-hile
and has the formula CeaHiaNSO,.  This acid, though little studied, is known
to be amorphous and soluble in water and alcohol.

As repeatedly mentioned above, the two bile-acids split on
boiling with acids or alkalies into non-nitrogenized cholalic acid
and glycocoll or tanrin. Therefore we will now deseribe the prod-
ncts of this splitting,

Cholalic Acid. The ordinary cholalic acid obtained as a decom-
position product of human and ox bile, which occurs regularly in
the contents of the intestines and in the urine in icterus, and
which is identical with DEMARQAY’S cholic acid, has, according
to STrRECKER and nearly all recent investigators, the constitution
(o H,,05; but others give as the formula CyxH,,0; (LATSCHINOFF).
Acecording to MyrLivs, cholalic acid is a monobasic aleohol-acid with
a secondary and two primary alcohol groups. Its formula may there-

CHOH

fore be written CyHy < (CH.OH),. On oxidation it first yields
COOH

dehydrocholalic acid (AvTHOR), and then B&ilianic acid (CLEVE).
The formulz of these acids (when we take Uy for the cholalic acid)
are (1,0, and C,;H,,0,. On reduection (in putrefaction) cholalic
acid may vield desoxycholalic acid, C,H,0, (MYLIUS).
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more readily soluble than the barium salt of the ordinary cholalie
acid. Choleic acid yields on oxidation, first, deliydrocholeic acid,
CesHyO, , and then cholanie acid, CyHyOp+4 1 H,0 (LATSCHINOFF).

Fellic Acid, CyH,0,, is a cholalic acid, so called by ScHoT-
TEN, and which he obtained from human bile, along with the ordi-
nary acid. This aeid is crystalline, is insoluble in water, and yields
barium and magnesium salts which are very insoluble. It does
not give PETTENKOFER’S reaction easily and gives a more reddish-
blue color.

The hyo-glycocholic and the cheno-taurocholic as well as the
glycocholic acid of the bile of rodents yield corresponding cholalie
acids.

On boiling cholalic acids with acids, by putrefaction in the
intestines, or by heating, they lose water and are converted into an
anhydride, the so-called dyslysin. The dyslysin, CyHgy05, corre-
sponding to ordinary cholalic acid, and which occurs in fazces,
is amorphous, insoluble in water and alkalies. Choloidic acid is
ealled the first anhydride, or an intermediate produet in the forma-
tion of dyslysin. According to HopPPE-SEYLER, choloidic acid
is perhaps only a mixture of cholalic acid and dyslysin. On boiling
dyslysin with caustic alkali it is reconverted into the corresponding
cholalic acid.

Glycocoll, C,H.NO, , or amido-acetic acid, NH,.CH,.COOH, also
called glycine, or sugar of gelatine, has been found in the muscles
of pecten irradians, but it is of special interest as a decomposi-
tion product of certain protein substances—gelatine and spongin
—as also of hippuric acid or glycocholic acid on splitting them by
boiling with acids. :

Glycocoll forms colorless, often large, hard rhombic erystals or
four-sided prisms. The crystals taste sweet and dissolve easily in
cold (4.3 parts) water. They are insoluble in alcohol and ether;
in warm spirits of wine they dissolve, but with difficulty. Glycocoll
ecombines with acids and bases. Under the last-mentioned combi-
nations we must mention those with copper and silver. Glyecocoll
dissolves copper hydroxide in alkaline liquids, but does not
reduce it at the boiling temperature. A boiling-hot solution of
glyeocoll dissolves freshly-precipitated copper hydroxide, forming a
blue liquid from which dark-blue needles crystallize on cooling, it
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with an excess of alecohol. The crystalline precipitate which im-
mediately forms is filtered as soon as possible, and the taurin now
separates, on cooling, into very long needles or prisms. These
crystals may be purified by recrystallization from a little warm water.

Thongh the taurin shows no positive reactions, it is chiefly -
identified by its erystalline form, by its- solubility in water and in-
solubility in alcohol, by its combination with mereuric oxide, by its
non-precipitability by metallic salts, and above all by ifs containing -
sulphur.

Tae DerecrioN oF Bipe-acips IN ANIMAL Fruips. To
obtain the bile-acids pure so that PETTENKOFER'S test can be a
plied to them, the albumins and fat must first be removed. The
albumin is removed by making the liquid first neutral and then
adding a great excess of alcohol, so that the mixture contains at least
85 vols. per cent of water-free alcohol. Now filter, extract the pre-
cipitated albumin with fresh alcohol, unite all filtrates, distil the
aleohol, and evaporate to dryness. The residue is completely ex-
hausted with strong alcohol, filtered, and the alcohol entirely evapo-
rated from the filtrate. The new residue is dissolved in water, and
filtered if necessary, and the solution precipitated by basie lead
acetate and ammonia. The washed precipitate is dissolved in boiling
aleohol, filtered while warm, and a few drops of soda solntion added.
Then evaporate to dryness, extract the residue with absolute alcohol,
filter, and add an excess of ether. The precipitate now formed may
be used for PETTENKOFER'S test. It is not necessary to wait for a
crystallization; but one must not consider the erystals which form
in the liqnid as being positively-crystallized bile. It is also possible
for needles of alkali acetate to be formed. For the detection of bile-
acids in urine see Chapter XIV.

Bile-pigments. The bile-coloring matters known thus far are
relatively numerous, and in all probability there are still more,
Most of the known bile-pigments are not found in the normal bile,
but oceur either in post-mortem bile or, prinecipally, in the bile con-
crements. The pigments which oceur under physiological condi-
tions are the reddish-yellow bilirubin, the green biliverdin, and some-
times there is also observed in fresh human bile a pigment closely
related to kydrobilirubin. The pigments found in gall-stones are
(besides the bilirubin and biliverdin) bilifuscin, biliprasin,
bilihumin, bilicyanin (and choletelin ?). Besides these, others have
been observed in human and animal bile. The two above-mentioned
physiological pigments, bilirnbin and biliverdin, are those which
serve to give the golden-yellow or orange-yellow or sometimes
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in water are precipitated by the soluble salts of the alkaline earths
and also by metallic salts,

1f an alkaline solution of bilirubin be allowed to stand in contact
with the air, it gradually absorbs oxygen and green biliverdin is
formed. Biliverdin is also formed from bilirubin by oxidation under
other conditions, A green coloring matter similar in appearance is
formed by the action of other reagents such as Cl, Br, and I. In these
cases it does not geem to be biliverdin, but a substitution product of
bilirubin (TaUDICHUM, MALY) which is obtained.

IMELIN'S Reaction for Bile-pigments. 1f we carefully pour under
a solution of bilirubin-alkali in water nitric acid containing some
nitrous acid, we obtain a series of colored layers at the juncture of
the two liquids, in the following order from above downwards:
ereen, blue, viplet, red, and reddish yellow. This color reaction,
GMELIN’S test, is very delicate and serves to detect the presence of
one part bilirubin. in 80,000 parts liguid. The green ring must
never be absent; and also the reddish violet must be present at the
same time, otherwise the reaction may be confused with that for
lutein, which gives a blue or greenish ring. The nitric acid must
not contain too much nitrous acid, for then the reaction takes place
too quickly and it does not become typical. Alcohol must not be
- pregent in the lignid, because, as is well known, it gives a play of
eolors, in green or blue, with the acid.

HurpeERT'S Reaction. If a solution of bilirubin-alkali is treated
with milk of lime or with calcium chloride and ammonia, a preeipi-
tute is produced consisting of bilirubin-caleium. If this moist pre-
cipitate, which has been washed with water, is placed in a test-
tube and the tube half filled with alcohol which has been acidified
with sulphuric acid, and heated to boiling for some time, the liguid
becomes emerald-green or bluish green in color. This reaction is a
good and easily-performed test for bile-pigments.

In regard to the modifications of GMELIN’S test and certain
other reactions for bile-pigments, see Chapter XIV (Urine).

That the characteristic play of colors in GMELIN’S test is the
result of an oxidation is generally admitted. The first oxidation
step is the green biliverdin. Then follows a blue coloring matter
which Heinstus and CaMPBELL call bilicyanin and SToxvIs calls
cholecyanin, and which shows a characteristic absorption-gpectrum,
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acids, as well as by calcium, barium, and lead-salts. Biliverdin
gives HupPERT'S and GMELIN’S reactions, commencing with the
blue color. It is converted into hydrobilirubin by nascent hydro-
gen., On allowing the green bile to stand, also by the action of
ammonium sulphide, the biliverdin may be reduced to bilirnbin
(HAYCRAFT and SCOFIELD).

Biliverdin is most simply prepared by allowing a thin layer of

an alkaline solution of bilirubin to stand exposed to the air in a

dish until the color is brownish green. The solntion is then pre-
cipitated by hydrochlorie aecid, the precipitate washed with water
until no HCI reaction is obtained, then dissolved in alcohol and
the pigment again separated by the addition of water. Any biliru-
bin prezent may be removed by means of chloroform.

Bilifusein, so named by STADELER, is an amorphous brown pigment,
soluble in alcohol and alkalies, nearly insoluble in water and ether, and
soluble with great difficulty in chloroform (when bilirubin is not present at
the same time). It is found in pest-mortem bile and gall-stones. Biliprasin
is a green pigment prepared by STADELER from gall-stones, which perhaps is
only a mixture of biliverdin and bilirubin. Bilihiumin is the name given by
STADELER to that brownish amorphous residue which is left after ext.raf:ting
gall-stones with chloroform, aleohol, and ether. It does not give GMELIN'S
test. Bilicyanin is also found in human gall-stones (HeEixsius and Came-
BELL). (holo haemating, so called by MacMuxy, is a pigment often oceurrin
in sheep- and ox-bile and characterized by four absorption-bands, and whie
is formed from hamatin by the action of sodium amalgam. In the dried con-

dition, obtained b;i' the evaporation of the chloroform solution, it is green, and
in aleoholic solution olive-brown.

GMELIN’S and HuprERT's reactions are generally used to detect
the presence of bile-pigments in animal fluids or tissues. The first,
as a rule, can be performed directly, and the presence of albumin
doeg not interfere with it, but, on the contrary, it brings out the
play of eolors more strikingly. If bluod-coloring matters are present
at the same time, the bile-coloring matters are first precipitated b
the addition of sodinm phosphate and milk of lime. This precipi-
tate containing the bile-pigments may be nsed directly in HuPPERT'S
reaction, or may be treated with water and some hydrochlorie acid,
and then shaken with chloroform free from aleohol, and this
chloroform solution used in testing for the bile-pigments.

Besides the bile-acids and bile-pigments we also have in the
bile cholesterin, lectthin, palmitin, stearin, olein, and soaps of the
corresponding fafly acids. In some animals the bile contains a
diastatic enzyme. Cholin and g¢lycero-phosphoric acid, when
they are present, may be considered as decomposition products of
lecithin. Urea ocecurs, though only as traces, as a physiological
constituent of human, ox, and dog bile. The mineral constituents
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The bile of the gall-bladder is, as above stated, richer in solids
than the bile of the liver. Human bile obtained by means of a
fistula contained 22.4-22.8 p. m. solids, according to JACOBSEN,
who determined the mineral substances in the same bile and
found the following, calculated from the dry residue: KCl 12.85,
HH.-GI. 245. 1, Hﬂs?ﬂ* 59;8, Gﬂ;[Pﬂq}g ]ﬁ!?‘, and Nagcog_ 41.8 P. m.

The relationship between the amounts of glycocholates and
taurocholates in the human bile seems to be quite variable.
According to the analyses and observations of the majority of in-
vestigators, the human bile is, in most cases, relatively richer in
glyeocholic acid and correspondingly poor in taurocholic acid.

In animals the relative proportion of the two acids varies very
much. It has been found, on determining the amount of sulphur,
that, so far as the experiments have gone, tanrocholic acid is the
prevailing acid in carnivorous mammalia, birds, snakes, and fishes.
Among the herbivora sheep and goats have a predominance of
taurocholic acid in the bile. Ox-bile sometimes contains tanro-
cholic acid in excess, in other cases glycocholic acid predominates,
and in a few cases the latter occurs almost alone. The bile of the
rabbit, hare, and kangaroo contains, like the bile of the pig, almost
exclusively glycocholic acid. A distinet influence on the relative
amounts of the two bile-acids by different foods has not been de-
tected. RiTTER claims to have found a decrease in the guantity
of taurocholic acid in calves when they pass from the milk to
the plant diet.

The gases of the bile consist of a large quantity of carbon
dioxide, which increases with the amount of alkalies, only traces of
oxygen, and a very small quantity of nitrogen.

Little is known in regard to the properiies of the bile in dizense.” The gquan-
tity of wrec is found to be considerably increased in uremia. Leuecin and
tyrosin arve observed in acute yellow atrophy of the liver and in t.ivplms.
Traces of albwmin (without regard to nucleoalbumin) have several times
been found in the human bile. The so-called pigmentary achelia, or the
secretion of a bile containing bile-acids but no bile-pigments, has also been
repeatedly noticed. In all such cases observed by Ritrer he found a
faily degeneration of the liver-cells, in return for which, even in excessive
fat infiltration, a normal bile containing pigments was secreted. The secre-
tion of a bile nearly free from bile-acids has been observed by HoPPE-SEYLER
in amylaceous degeneration of the iiver, and also by K. MORSER. A number
of substances, such as turpentive, salicylic acid, potassium bromide and

jodide, arsenic, iron, lead, and merenry (PrEvosT and BINgT), are eliminated
by the bile. In animals, dogs, and especially rabbits it has been observed
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who have other views. BaLDI claims that the formation of bile-
acids does not take place only in the liver, but in the entire
organism, and he claims to have detected bile-acids in the nnrma]
circulating blood of different organs.

It has been indubitably proved that the bile-pigments may ve
formed in other organs besides the liver, for, as is generally ad-
mitted, the coloring matter hematoidin, which oceurs in old blood
extravasations, is identical with the bile-pigment bilirubin (see page
80). LATSCHENBERGER has also observed in horses, under physio-
logical conditions, a formation of bile-pigments from the blood-
coloring matters in the tissnes. Also the occurrence of bile-
pigments in the placenta seems to depend on their formation in
that organ, while the occurrence of small quantities of bile-pigments
in the blood-gserum of certain animals pr uhnb]y depends on an ab-
sorption of the same.

Though the bile- pigments may be formed in other organs, it
still seems that their formation under physiological eonditions
occurs mainly in the liver. By experimenting on pigeons STERN
was able to detect bile-pigments in the blood-serum five hours after
tying the biliary passages alone, while after tying all the vessels of
the liver and also the biliary passages no bile-pigments could be
detected either in the blood or the tissues of the animal, which was
killed 10-12 hours after the operation. MINEKowsKI and NAUNYN
have also found that poisoning with arseniuretted hydrogen pro-
duces a liberal formation of bile-pigments and the secretion, after a
short time, of a urine rich in biliverdin in previously healthy geese.
In geese with extirpated livers this does not occur. The great im-
portance of the liver in the formation of bile-pigments seems to be
settled, even though these bodies may be formed also in other organs.

In regard to the materials from which the bile-acids are pro-
duced, it may be said with certainty that the two components,
glycocoll and taurin, which are both nitrogenized, are formed
from the protein bodies. In regard to the origin of the non-nitro-
genized cholalic acid, which was formerly considered as originat-.
ing from the fats, we know nothing positively.

The blood-coloring matters are considered as the mother-
gnbstance of the bile-pigments. If the identity of heematoidin
and bilirubin were beyond doubt, then this view might be consid-






162 PHYSIOLOGICAL CHEMISTRY.

though in reality it is probably more complicated. The question
in what form or combination the iron is split off is of special inter-
est, and also whether it is eliminated by the bile. This latter does

not seem to be the case. In 100 parts of bilirubin which are elimi- -

nated by the bile there are only 1.4-1.5 parts iron, according to
KUuXEEL ; while 100 parts h®matin contain about 9 parts iron.

Mingowskl and BAseriN have also found that the abundant

formation of bile-pigments occurring in poisoning by arseniuretted
hydrogen does not increase the quantity of iron in the bile. The
quantity apparently does not correspond with that in the decom-
posed blood-coloring matters.

On the contrary, it seems as if the iron, at least for a time, is
retained by the liver as a pigment rich in iron. Such a pigment
containing iron, which was formed by the decomposition of
hemoglobin, was observed by NauNYN and MiNgOWSKEI in the
livers of birds, in arseniuretted hydrogen icterus. LATSCHEN-
BERGER claims that a yellow or yellowish red pigment, “ choleglobin,”
is derived from the blood-coloring matters, and acts as a step in the
formation of the bile-pigments; and besides this he mentfions an-
other body consisting of dark grains and containing iron, which he
designates as melanin. NEUMANN has observed in blood extrav-
asations, besides hematoidin, a pigment containing iron, for which
he has proposed the name Lemafosiderii.

An absorption of bile from the liver by the lymphatic vessels
and the passage of the bile-constituents into the blood and urine
ocenrs in retarded discharge of the bile, and usually in the differ-
ent forms of hepatogenic icterns. DBut bile-pigments may also pass
into the urine under other cirenmstances, especially in animals
where a solution or destruction of the red blood-corpuscles takes
place through injection of water or a solution of biliary salts, throngh
poisoning by ether, chloroform, arseniuretted hydrogen, or toluylen-
diamin; and in other cases. This occurs also in man in grave
infections diseases. We have therefore a second form of icterus,
in which the blood-coloring matters are transformed into bile-
pigments elsewhere than in the liver, blood, and tissues—a
hematogenic, chemical, or anhepatogenic icterus. Only bile-pig-
ments oceur in the urine in these cases, while in hepatogenic
icterus the urine contains the bile-pigments and bile-acids at the
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ular constituents of pigment-stones. Manganese and zinc have
also been found a few times. The pigment-stones are generally
heavier than water.

The cholesterin-stones, whose size, form, color, and structure
may vary greatly, are often lighter than water. The fractured sur-
face is radiated, erystalline, and frequently shows crystalline, con-
centric layers. The cleavage fracture is waxy in appearance, and
the fractured surface when rubbed by the nail also becomes like
wax. By rubbing against each other in the gall-bladder they often
become faceted or take other remarkable shapes.  Their surface is
sometimes nearly white and waxlike, but generally their color is
variable. 'The quantity of cholestrin in the stones varies from 642
to 981 p. m. (RirTER). The cholesterin-stones also sometimes con-
tain variable amounts of lime-pigments which give them a very
changeable appearance.

Cholesterin, CUy,H,0, or, according to Remwirzer, CyH,O0.
Cholesterin is generally considered as a monatomic alcohol of the
formula CyH, OH. It yields a colored hydrocarbon (cholesteriline
or cholesterone), of the formula Cy;H,,, with sulphuric acid, and
this hydrocarbon is claimed by WEYL to be nearly related to the
terpene group It has also been claimed that it is closely allied
to cholalic acid.

Cholesterin occurs in small amounts in nearly all animal fluids
and juices. It occurs only rarely in the urine, and then in very
small quantities. It is also found in the different tissnes and organs—
especially abundant in the brain and the nervous system,—further
in the yolk of the egg, in semen, and in wool-fat. It appears (to-
gether with isocholesterin) in the contents of the intestines, in
excrements, and in the meconium. It oceurs pathologically espe-
cially in gall-stones, as well as in atheromatous eysts, in pus, in tu-
berculous masses, old transudations, cystin flnids, exerements, and
tumors. Several kinds of cholesterin seem fo occur in the plant
world

Cholesterin which erystallizes from warm alcohol on cooling,
and that which is pregent in old transudations, containg 1 mol. of
water of erystallization, melts at 137° C., and forms colorless, trans-
parent plates whose sides and angles frequently appear broken and
whose acute angle is often 76° 30 or 87° 30", In large quantities
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contain cells rich in muecin but poor in albumin. A ecell rich in
albumin may also occur in the submaxillary and sublingual glands
between the mucus-cells and the membrana propria, which in a
few cases akes the form of a half-moon (lunula, according to
Graxvzzi), and in other cases the cells rich in mucin are sur-
ronnded as by a ring, and sometimes certain alveoli may be com
pletely filled. By continuous secretion the mucin-cells seem to
give up all their mucin (EwALD, STOHR), so that only albumin-cells
are to be seen (HEIDENHAIN). During rest the muecin-cells are
re-formed. According to the analyses of O1pTMAN, the salivary
glands of a dog contain 790 p. m. water, 200 p. m. organic and 10
p. m. inorganic solids. Among the solids, in addition to albumin,
we find, nucleoalbumin and mucin, diastafic enzyme, in certain
animals nuclein, extractive bodies, leucin, traces of zanihin bodies,
and mineral substances,

The saliva is a mixture of the secretion of the above-mentioned
groups of glands; therefore it is proper that we first study each of
the different secretions by itself, and then the mixed saliva. :

The submaxillary saliva in man may be easily collected by
introducing a canula into the Wharton's duet.

The submaxillary saliva has not always the same composition
or properties; these depend essentially upon the conditions under
which the secretion takes place. That is to say, the secretion is
partly dependent on the cerebral, partly on the sympathetic,
nervous system. In consequence of this dependence the two dis-
tinet varieties of submaxillary secretion are distingnished as chorda-
and sympathetic saliva, A third kind of saliva, the so-called para-
lytic saliva, is secreted after poisoning with curara or after the
severing of the glandular nerves.

The difference between chordal and sympathetic saliva (in dogs)
consists chiefly in their quantitative constitution, namely, the less
abundant sympathetic saliva is more viscons and richer in solids,
especially iIn mucin, than the more abundant chordal saliva. The
specific gravity of the chordal saliva of the dog is 1.0039-1.0046 and
contains from 12 to 14 p. m. solids (EckHARD). The sympathetie
has a specific gravity of 1.0075-1.018, with 16-28 p. m. solids. The
gases of the chordal saliva have been investigated by PFLucEr. He
found 0.5-0.8% oxygen, 0.9-1% nitrogen, and 64.73-85.13% carbon
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dioxide—all results calculated at 0° C.and 760 mm. pressure. The
greater part of the carbon dioxide was chemically combined.

The two kinds of submaxillary secretion just named have not
thus far been separately studied in man. The secretion may be
excited by a psychological conception, by mastication, and by irri-
tating the mucous membrane of the mouth, especially with acid-
tasting substances, The submaxillary saliva in man is ordinarily
clear, rather thin, a little ropy, and froths easily. Its reaction is
alkaline. The specific gravity is 1.002-1.003, and it contains 3.6-4.5
p. m. solids. We find as organic constituents mucin, traces of
albumin and diastatic enzyme is absent in several species of animals,
The inorganic bodies are alkali chlorides, sodium and magnesium
phosphates, besides bicarbonates of the alkalies and calcinm.
OenL finds 0.036 p. m. potassium sulphocyanide in this saliva,

The Sublingual Saliva. The secretion of this saliva is also
inflaenced by the cerebral and the sympathetic nervous system.
The chordal saliva, which is secreted only to a small extent,
contains numerous salivary corpuscles, but is otherwise transparent
and very ropy. Its reaction is alkaline and contains, according to
HEIDENHAIN, 27.5 p. m. solids (in dogs).

The sublingual gecretion in man has been investigated by OEHL.
It was clear, mueilaginous, more alkaline than the submaxillary
saliva, and contained muecin, diastatic enzymes, and potassinm
sulphocyanide,

Buccal mucus can only be obtained pure from animals by the
method of BippEr and ScuMmipT, which consists in tying the exit
to all the large salivary glands and cntting off their secretion from
the mouth. The quantity of liquid secreted under these cireum-
stances (in dogs) was so very small that the investigators named
were able to collect only 2 grms. bucecal mucus in the course of
twenty-four hours. It is a thick, ropy, sticky liguid containing
muein; it is rich in form-elements, above all in flat epithelinm-
cells, mucons cells, and salivary corpuscles. The quantity of solids
in the buccal mucus of the dog is, agcording to BIDDER and
ScHMIDT, 9.98 p. m.

Parotid Saliva. The secretion of this saliva is also partly de-
pendent on the cerebral nervous system (n. glossopharyngeus) and
partly on the sympathetic. The secretion may he excited by
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mental emotions and by irritation of the glandular nerves, either di-
rectly (in animals) or reflexly, by mechanical or chemical irritation
of the mucous membrane of the mouth. Among the chemical irri-
tants the acids take first place, while alkaliesand pungent substances
have little action. Sweet-tasting bodies, such as honey, are said to
have no effect. Mastication has great influence in the secretion of
parotid saliva, which is especially marked in certain herbivora.

Human parotid saliva may be collected by the introduction of a
eanula into the parotid duet. This saliva is thin, less alkaline than
the submaxillary saliva (the first drops are sometimes nentral or
acid), without special odor or taste. It contains a little albumin
but no muecin, which is to be expected from the construction of the
gland. It also contains a diastatic enzyme, which, however, is ab-
sent in many animals. The quantity of solids varies between 5 and
16 p. m. The specific gravity is 1.003-1.012. Potassium sulpho-
cyanide seems to be present, though it is not a constant constituent.”
Kivrz found 1.46% oxygen, 3.24 nitrogen, and in all 66.7% carbon
dioxide in human parotid saliva. The quantity of closely-com-
bined carbon dioxide was 62%.

The mixed buccal saliva in man is a colorless, faintly opales-
cent, slightly ropy, easily frothing liquid without special odor or
taste. It 1s made turbid by epithelinm cells, mucous and salivary
corpuscles, and often by food residues. Like the submazillary
and parotid saliva, on exposure to the air it becomes covered
with an inecrustation consisting of calcinm carbonate and a small
quantity of an organic substance, or it gradually becomes elondy.
Its reaction is alkaline, but occasionally also acid. Acecording
to STICKER, fresh saliva may be acid a few hours after a meal.
Two or three hours after breakfast and four to five hours after
dinner the maximum of acidity occurs, and it may also be faintly
acid from midnight to morning. The specific gravity varies between
1.002 and 1.009, and the quantity of solids between 5 and 10 p.m. The
solids, irrespective of the form-constituents mentioned, consist of
albumin, mucin, piyalin, and mineral bodies. Tt is also claimed
that urea is a normal constituent of the saliva. The mineral bodies
are alkali chlorides. bicarhonates of the alkalies and caleinm, phos-
phates, and traces of sulphates and sulphocyanides.
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Sulphocyanides, which, although not constant, occur in the
galiva of man and certain animals, may be easily detected by first
acidifying the saliva with hydrochloric acid and treating with a very
dilute solution of ferric chloride. 'I'o make the test more conclusive
it is best, as control, to take an equal quantity of acidified water
and then add ferric clalunda Another, simpler method, proposed
by GSCHEIDLEN, consists in putting in a drop or two of t 1e saliva
on filter-paper which has previously been dipped in an amber-
colored solution of ferric chloride containing hydrochloric acid, and
then dried. Each drop of saliva containing sulpllﬂﬁjmmde will

ive a reddish spot. If the quantity of sulphocyanide is so small
that i1t cannot be detected directly, concentrate the saliva after the
addition of a little alkali, acidify strongly with hydrochloric acid,
and shake repeatedly with ether, evaporating the latter after the
addition of water containing alkali over a gentle heat; then test the
remaining liquid.

Ptyalin, or salivary diastase, is the amylolytic ferment of the
galiva. This ferment is found in human saliva, but not in that of
animals. It occurs not only in adunlts, but also in new-born
infants. ZwEeIFEL claims that the ptyalin in new-born infants
occurs only in the parotid gland, but not in the submaxillary. In
the latter it appears only two months after birth.

Ptyalin has not been isolated in a pure form up to the present
time. It was obtained purest by precipitation with calcium phos-
phate (CoaNHEIM). For the study or the demonstration of the
action of ptyalin we may use a watery or glycerin extract of the
salivary glands, or, more simply, the saliva itself.

Ptyalin, like other enzymes, is characterized by its action. This
consists in converting starch into dextrin and sugar. According to
the common acceptation, soluble starch is first forme:d by this action
and then erythro-dextrin, which is further changed 'so that we
obtain at the end achroo-dextrin and maltose with a small admix-
ture of glucose. Like starch, glycogen is also split by ptyalin into
dextrin and sugar (apparently maltose) npon the addition of water.
Ptyalin is not identical with malt diastase; while the first acts with
greatest energy at about + 40° C., diastase acts best at - 50° to
55° C. (CHITTENDEN and MARTIN).

' Ptyalin acts in faintly alkaline,in nentral, and in extremely weak
acid solutions. It seems to act most energetically in nentral or, in
a few cases, in very faint acid reaction (CHITTENDEN and SCHMIDT).
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The amount of action in the latter case is dependent upon several
circumstances, such as the degree of dilution and the presence of
proteids or peptone (CHITTENDEN). Of the greatest physiological
importance, however, is the fact that even very small quantities of
free acids—not only a degree of acidity of about 1 p. m. HCI,
which often occurs in the gastric juice, but even a smaller quantity
of hydrochloric acid (organic acids are less active)—at once pre-
vents the action of the ptyalin and destroys the enzyme. It is also
of interest that boiled starch (starch-paste) is more quickly con-
verted into sugar than unboiled. The time required to change
unboiled starch varies with the kind.

The rapidify with which ptyalin acts increases, at least
under conditions otherwise favorable, with the amount of enzyme
and a femperature a little above -+ 40° C. Foreign substances such as
metallie salts, have a different effect. Certain salts even in small
guantities completely arrest the action; for example, Hg(Cl, accom-
plishes this result by the presence of only 0.05 p. m. Other salts,
such as magnesium sulphate, in small quantities (0.25 p. m.) acceler-
ate, and in larger quantities (5 p. m.) check the action. The arecu-
mulation of the products of the amylolytic decomposition also checks
the action of the saliva.

To show the action of saliva or ptyalin on starch the three
ordinary tests for glucose may be used, namely, MoogrEe’s or
TROMMER’S test or the Bismufh test (see Chap. XIV). It is also
necessary, as a control, to first test the starch-paste and the saliva
for the presence of glucose. .

The quantitative composition of the mixed saliva must vary con-
giderably, not only because of individual differences, but also becanse
under varying conditions there may be an unequal division of the -
secretion from the different glands. Analyses of the composition
of human saliva are given in the table on the opposite page. The
ficures are parts per 1000.

The quantity of saliva secreted during 24 hours cannot be exact-
ly determined, but has been calculated by Bipper and ScHMIDT
to be 1500 grms. The most abundant secretion occurs during
meal-times. According to the caleulations and determinations of
Tuczex in man, 1 grm. of gland should yield 13 grms. secretion
in the course of one hour during mastication. These figures
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tion is slower and less abundant (HeipENHAIN). The amount of
galts increases also to a certain degree by an increasing rapidity of
elimination (HEIDENHAIN, WERTHER, LANGLEY and FLETCHER,
Novy).

The chemical changes taking place during secretion are un-
known, but it is probable that, like the secretion processes in gen-
eral, the secretion of saliva is closely connected with the processes
in the cells. HEIDENHAIN claims that the mucin-cells of the sub-
maxillary gland are destroyed (while EwALD and StoHR claim that
they only lose muecin), and in the period of rest the mucin reap-
pears in these cells. These observations still do not throw any light
upon the chemical processes going on.

The Physiological Importance of the Saliva. The quantity of
water in the saliva renders possible the effects of certain bodies on
the organs of taste, and it also serves as a solvent for a part of the
nutritive substances. The importance of the saliva in mastication
is especially marked in herbivora, and there is no question of its
importance in facilitating the act of swallowing. The power of
converting starch into sugar does not belong to the saliva of all
animals, and even when it possesses this property the intensity
varies in different animals. In man, whose saliva forms sngar ra-
pidly, a formation of sugar from (boiled) starch undoubtedly takes
place in the month, but how far this action goes on after the morsel
has entered the stomach depends npon the rapidity with which the
acid gastrie juice mixes with the swallowed food, and also upon the
relative amounts of the gastrie juice and food in the stomach. The
large quantity of water which is swallowed with the saliva must
be absorbed and pass into the blood, and it must go through an
intermediate circulation in the organism, Thus the organism pos-
sesses in the saliva an active medinm by which a constant stream,
conveying the dissolved and finely-divided bodies, passes into the
blood from the intestinal canal during digestion.

Salivari Caleuli. The so-called tartar is yellow, gray, yellowish gray,
brown or black, and has a stratified structure. It may contain more than 200
p. m. organic substances, which consist of mucin, epithelium, and LEPTO-
THRIX. The chief part of the inorganic constituents consists of caleium car-
bonate and phosphate. The salivary stone may vary in size from the size of
a small grain to that of a pea or still larger (a salivary stone has been found
weighing 18.6 grms. ), and it contains a variable quantity of organie substances,
50-380 p. m., which remain on extracting the stone with hydrochleric acid.
The chief inorganic constituent is calcium phosphate.
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by Bassow in 1842 on a dog. VERNEUIL performed the same on &
man in 1877 with snccessful results. These fistulas in animals
afford an excellent means of studying the secretion of gastric
juice and also the stomachic digestion.

In a fasting condition the mucous coat is often nearly dry;
sometimes, especially on certain herbivora, it is covered with a layer
of viscid so-called mucus. If food is introduced into the stomach,
or if the mucous membrane is irritated in some way, then a secre-
tion of a thin, acid fluid, the real gastric juice, takes place, "The
secretion may be produced by mechanical or thermal irritation (in-
troduction of cold water or pieces of ice into the stomach), or by
chemiecal irritants. Among the latter, aleohol and ether when in
too great concentration do not produce a physiological seeretion,
but a transudation of a neutral or faintly alkaline fluid con-
taining albumin (CL. BerNaAwD). To this class of irritants
belong carbon dioxide and hydrochloric acid; the last especially
inereases the secretion of pepsin (JAWORSKY), spices, meat
extracts, neutral salts, such as NaCl (which acts like aleohol in
too great concenfration), and alkali carbonates. The alkali
carbonates are suppoged by certain investigators to first nentralize,
and then produce a continuous secretion of, acid gastric juice.
The statements in regard to the action of different bodies
in the secretion of gastric juice arve still rather uncertain and
often contradictory.

Several investigators state that the secretion of gastric juice
may be stimulated by reflex means.  After the introduction of
water into the stomach a proportionally poor and scanty secretion
takes place, while on the contrary the introduction of digestible
foods eauses a more abundant and continuous secretion (SCHIFF,
HEmENHAIN). But in these cases the secretion does not take
place immediately, but only after the absorption of the soluble
bodies has commenced. This fact justifies the usual custom of
commencing a meal with fluid nutritives such, as soup.

The Qualitative and Quantifative Composition of the Gastrie
Juice. The gastric juice, which ean hardly be obtained pure and
free from residues of the food or from mucus and saliva, is a clear,
or only very faintly elonudy, and in man nearly colorless fluid of an
ingipid, acid taste and strong acid reaction. It contains, as form-
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The physiologically important constituents, besides free nyaro-
chloric acid, are pepsin and rennet.

Pepsin. This enzyme is found, with the exception of certain
fishes, in all vertebrata thus far investigated.

Pepsin occurs in adults and in new-born infants, This condi-
tion is different in new-born animals. While in a few berbivora,
guch as the rabbit, pepsin oceurs in the mueous coat before birth,
this enzyme is entirely absent at the birth of those carnivora which
have thus far been examined, such as the dog and ecat.

In various invertebrates a ferment has also been found which has a prote-
olytic action in acid solutions. KRUKENBERG has shown that this enzyme,
nevertheless is not in all animals, identical with ordinary pepsin. DArRwIN has
further found that eertain plants which feed upon insects secrete an acid
juice which dissolves albumin, but it is still doubtful whether these plants
contain any pepsin. V. GorRUP-BESAXEZ has isolated from vetch-seed an
enzyme which acts like pepsin, but whose identity with pepsin is doubtful.

Pepsin is as difficult to isolate in a pure condition as other
enzymes. The purest pepsin was that prepared by BRUCKE and
SUNDBERG ; this gave negative results with most reagents for
albumin. Pepsin, therefore, does not seem to be a true albuminous
substance. It is, at least in the impure condition, soluble in water
and glycerin. It is precipitated by alcohol, but only slowly de-
stroyed. It is quickly destroyed by heating 1ts watery solution to
boiling ; in the dry state it can, on the contrary, be heated to over
100° C. without losing its physiological action. The only property
which is characteristic of pepsin is that it dissolves albuminous
bodies in acid, but not in neutral or alkaline, solutions with the
formation of albumoses and peptones.

The methods for the preparation of ra]a.tivelﬂf pure pepsin de-
pend, as a rule, upon its property of being thrown down with
finely-divided precipitates of other bodies, such as calcinm phos-
phate or cholesterin. The rather complicated method of BRUCKE
and SUNDBERG is based upon this property. A relatively pure
pepsin golution intended for digestion tests and of effective action
may be prepared by the following method as suggested by MaLy,
The mucous membrane (of the pig’s stomach) is treated with water
containing phosphoric acid, and the filirate precipitated by lime-
water; the precipitate, which contains the pepsin, is then dissolved
i water by the addition of hydrochlorie acid, and the salts removed
by dialysis, by which means the pepsin which does not diffuse re-
maing in the dialyzer. A pepsin solution somewhat impure but
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active and not liable to spoil may be obtained if, as suggested b
v. Wirricas, we extract the finely-divided mucous membrane wi
glycerin, or better with glycerin which contains 1 p. m. HCL. To
each part by weight of the mucous coat add 10-20 Farts glycerin.
This is filtered after 8-14 days. The pepsin (together with much
albumin) may be precipitated by alecohol from this extract. If this
extract is to ge nsed directly for digestion tests, then to 100 e. ¢. of
water which has been acidified with 1-4 p. m. HCIl add 2-3 c. ¢c. of
the extract.

For digestion tests an infusion of the mucous membrane of the
stomach may be used directly in many cases. 'The mucous coat is
carefully washed with water (if a pig's stomach is used) and finely
cut; if a calf’s stomach is employed, only the upper layer of the
mucous coat is scraped off with a watch-glass or the back of a knife.
The pieces of mucous membrane or the slimy masses obtained b
scraping are rubbed with pure quartz-sand, treated with acidifi
water, and allowed to stand for 24 hours in a cool place and then
filtered.

In the preparation of artificial gastrie juice that part only of the
mucous coat richest in pepsin is used, the pyloric is of little value,
A strong, impure infusion may generally be obtained from the
pig’s stomach, while a relatively pure and powerful infusion is ob-
tained from the stomach of birds (hens). The stomachs of fish
(pike) also yield a tolerably pure and active infusion. An active
and rather pure artificial gastric juice may be prepared by scraping
the inner layers of a calf’s stomach from which the pyloric end has
been removed. For a medium-sized calf’s stomach 1000 ec. ¢. of
acidified water must be used.

The degree of acidity required in the infusion depends upon
the use to which the gastric juice is to be put. If it is to be em-

loyed in the digestion of fibrin, an acidity of 1 p. m. HCI must
selected, while, on the contrary, if it is to be used for the diges-
tion of hard-boiled-egg albumin, an acidity of 2-3 p. m. HCI is
referable. This last-mentioned degree of acidity is generally the
efter, because the infusion is preserved thereby, and at all events
it is so rich in pepsin that it may be diluted with water until it has
an acidity of 1 p. m. HCI without losing any of its solvent action
on unboiled fibrin.

The Action of Pepsin on Profeids. Pepsin is inactive in nentral
or alkaline reactions, but in acid liquids it dissolves coagulated
albuminous bodies. The proteid always swells and becomes trans-
parent before it dissolves. Unboiled fibrin swells up in a solution
containing 1 p. m. HCI, forming a gelatinous mass, and does not
dissolve at ordinary temperature within a couple of days. Upon



180 PHYSIOLOGICAL CHEMISTRY.

the addition of a little pepsin, however, this ewollen mass dissolves
quickly at an ordinary temperature. Hard-boiled-egg albumin, cut
in thin pieces with sharp edges, is not perceptibly changed by dilute
acid (2—4 p. m. HCl) at the temperature of the body in the course
of several hours. But the simultaneous presencc of pepsin causes
the edges to become clear and transparent, blunt and swollen, and
the albumin gradually dissolves.

From what has been said above in regard to pepsin, it follows
that albumin may be employed as a means of detecting pepsin in
liquids. Fibrin may be employed as well as hard-boiled-egg albu-
min, which latter is used in the form of slices with sharp edﬁ‘es.
As the fibrin is easily digested at the normal temperature, while
the pepsin test with egg-albumin requires the temperature of the
body, and as the test with fibrin is somewhat more delicate, it is
often preferred to that with egg-albumin., When we speak of the
“ pepsin fest” without further explanation, we ordinarily under-
stand it as the test with fibrin.

This test nevertheless requires care. The unboiled fibrin may
be dissolved by acid alone withont pepsin, but this generally
requires more time, In testing with unboiled fibrin at normal
temperature, it is advisable to make a control test with another
portion of the same fibrin with acid alone. Since at the tempera-
ture of the body unhboiled fibrin is easier dissolved by acid alone, it
is best always to work with boiled fibrin,

As pepsin has not, thus far, been prepared in a positively pure
condition, it is impossible to determine the absolute quantity of
pepsin in a liguid. It is only possible to compare the relative
amounts of pepsin in two or more liguids, which may be done in
several ways. As the best of these we give the following method
as suggested by BRUCKE. ;

If two pepsin solutions A and B are to be compared with each other
relatively to the amounts of pepsin they contain, they must first be brought
to the proper degree of acidity, about 1 p. m. HCI, care being taken that one is
not more diluted than the other, Then prepare a large number of specimens
of each solution by diluting with hydrochiorie acid of 1 p. m. HCI, so that they
contain respectively &, }, 1, v%, %, and so on, the amount of pepsin in the
original liguid being 1. If the original quantity of pepsin in the two liquids
is designated by p and p', we then have the two series of liquids :
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with proteids insoluble or difficultly-soluble combinations. The
alkaloid compounds may also decrease the pepsin digestion (CHIT-
TENDEN and ALLEN). A very large number of observations have
been made in regard to the action of foreign substances on artifieial
pepsin digestion, but as these observations have not given any
direct result in regard to the action of these same substances on
natural digestion, we will not here further discuss them.

The Products of the Digestion of Proleids by Means of Pepsin
and Acid. In the digestion of nucleo-albumin an insoluble residue
of nuclein always remains, Fibrin also yields an insoluble residue,
which consists, at least in great part, of nuclein, derived from the
form-elements enclosed in the blood-clot. This residue which
remains in the digestion of certain albuminous bodies iz called
dyspeptone by MEissNER. If the solution is filtered after a com-
plete digestion and neutralized, it gives in different cases a more
or less abundant precipitate of acid albuminate, or a mixture of
albuminates called parapeptone by MeissNer. After filtering this
precipitate and concentrating the filtrate again, some proteid often
separates. If this precipitate be filtered, the filtrate will now con-
tain albumoses and peplones in the ordinary sense, while the so-
called true peptone of KUHNE may sometimes be entirely absent,
and in general is obtained in quantity worth mentioning only
after a more continuous and intensive digestion. The relationship
between the albumoses and peptones in the ordinary sense changes
very much in different cases and in the digestion of various
albuminous bodies, For instance, a larger quantity of primary
albumoses is obtained from fibrin than from hard-boiled-ege albu-
min or from the proteids of meat. In the digestion of unboiled
fibrin an intermediate produet may be obtained in the earlier stages
of the digestion—a globulin which coagulates at 4 55° C. (Hasg-
BROEE). For information in regard to the different albumoses and
peptones which are formed in pepsin digestion, the reader is
referred to previous pages (25-28.).

KitHNE claimg that the albumoses and peptones are the final
products in the pepsin digestion. Horpe-SEYLER claims, on the
contrary, that amido-acids, leucin and tyrosin, are also found.
HirscHLER has tried to confirm this view by his investigations.
The methods used by him do not seem to be quite trustworthy
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here a proof of the existence of a paired acid, called by C.ScEMIDT
pepsin hydrochlorie acid.

It has been further suggested that this hypothetical acid is possibly decom-
posed into pepsin and a free acid, which in stafu nascendi dissolves proteids -
to a certain degree. The pepsin set free reunites with a new portion of acid,
forming pepsin hydrochloric acid, and in contact with proteids is further
decomposed as above described. It is hardly necessary to mention that this
statement is only an unproved hypothesis.

Rennet or cEYMOSIN (DEscHAMPS) is the second enzyme of the
gastric jnice. According to Boas, it is found in human gastric
under physiological conditions, but may be absent nunder apecial
pathological conditions, such as carcinoma, atrophy of the mucous
membrane, and certain chronic catarrhs (Boas, JoaNson, KLEM-
PERER). It is habitually found in the neutral, watery infusion of
the fourth stomach of the calf and sheep, especially in an infusion
of the fundus part. In other mammalia and in birds it is seldom
found, and in fishes hardly ever in the nentral infusion. Instead
of this rennet-forming substance a rennef zymogen, from which the
rennet is formed by the action of an acid is always found.

Rennet is just as difficult to prepare in a pure state as the other
enzymes. The purest rennet enzyme thus far obtained did not give
the ordinary albumin reactions. On heating its solutions it is de-
stroyed, and indeed more easily in acid than in neutral solutions.
If an active and strong infusion of a mucous coat in water contain-
ing 3 p. m. HCI is heated to 37-40° C. for 48 hours, the rennet is
destroyed, while the pepsin remains. A pepsin solution free from
renuet can be obtained in this way. Rennet is characterized by its
physiological action, which consists in coagulating milk or a casein
solution containing lime, if nentral or faintly alkaline,

Rennet may be earried down by other precipitates like other
enzymes, and thus may be obtained relatively pure. If may also be
obtained, contaminated with a great deal of proteids, by extracting
the mucous coat of the stomach with glycerin,

A comparatively pure solution of rennet may be obtained in the
following way. An infusion of the mucous coat of the stomach in
hydrocholoric acid is prepared and then neutralized, after which it
is repeatedly shaken with new quantities of magnesium carbonate
until the pepsin iz precipitated. The filtrate, which should act
strongly on milk, is precipitated by basic lead acetate, the preci-
pitate decomposed with very dilute sulphuric acid, the acid liquid
filtered and treated with a solution of stearin soap, The rennet is
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mentally proved by several investigators, has nevertheless not yet
been confirmed. On the contrary, the statement of ScHIFF that a
substance forming pepsin,a * pepsinogen ™ or “ propepsin,” oceurs in
the ventricle has been proved. LANGLEY has shown positively the
existence of such a substance in the mucous coat, This snbstance,
propepsin, shows a comparatively strong resistance to dilute alkalies
(a soda solution of 5 p. m.) which easily destroys pepsin (LANGLEY).
Pepsin, on the other hand, withstands better than propepsin the
action of earbon dioxide, which quickly destroys the latter (LANG-
LEY). The occurrence of a rennet zymogen in the mucous coat has
been mentioned above. '

The question in which cells the two zymogens, especially the
propepsin, are produced has been extensively discussed for several
years. Formerly it was the general opinion that the delomorphie
cells were pepsin-cells, but at the present time the theory univer-
sally prevails, based chiefly on the experiments of HEIDENHAIN
and his pupils, supported by LANGLEY and others, that the forma-
tion of pepsin goes on in the adelomorphic or principal cells.

The Pyloric Secretion. That part of the pyloric end of the
dog’s stomach which contains no fundus glands was dissected by
KLEMENSIEWICZ, one end being sewed together in the shape of a
blind sack and the other sewed into the stomach. From the fistula
thus created he was able to obtain the pyloric secretion of a living
animal. This secretion is alkaline, viscous, jelly-like, rich in mucin,
of a specific gravity of 1.009-1.010, and containing 16.5-20.5
p. m. solids. It has no effect on fat, but acts, though very slowly,
on starch, converting it into sngar, and bhabitunally contains pepsin
in rather large amounts. HEIDENHAIN has observed the same in
permanent pyloric fistula.

The secretion of the juices of the stomach is dependent to a
oreat extent upon the excitement acting on the mucous coat of the
stomach, and it follows from this that the quanfity of secretion
under different conditions must vary considerably. The statements
of the quantity of gastric juice secreted in a certain time are there-
fore so unreliable that they need not be taken into account.

The Chyme and the Digestion in the Stomach. By the move-
ments of the walls of the stomach the contents are kneaded and the
food-particles pressed against each other and divided. By means of
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continues, and therefore the presence of dextrin and sugar can be
detected in the contents of the stomach. Besides this the ear
bohydrates in the stomach may in part undergo a lactic-acid fer.
mentation, probably caused by the micro-organisms present.

According to the investigations of ELLENBERGER and Horr-
MEISTER on horses and pigs, after a meal rich in amylaceous bodies
in the first phase of the digestion, an AMYLOLYSE takes place with
the formation of lactic acid; then gastric juice containing hydro-
chloric acid is secreted, then follows a second phase in which the
proteolyse takes place. As a rule, the formation of lactic acid de-
creases as the secretion of hydrochloric acid increases. EWALD
and Boas claim that a similar condition also exists in human
beings. They claim that there is in the first stage of digestion a
predominance of lactic acid in the stomach, in the second a simul-
taneous occurrence of lactic and hydrochlorie acids, and in the third
stage almost exclusively hydrochloric acids. KJAERGAARD has
lately formed the same conclusions from his investigations on
children and robust persons. In persons with altered blood-vessels
due to senility the contents of the stomach show chiefly the presence
of lactic acid. Such persons digest large amounts of earbohydrates,
while the digestion of albuminouns bodies is decreased.

The FaTs which are not flnid at the ordinary temperature melt
in the stomach at the temperature of the body and become fluid.
In the same way the fat of the fatty structure is set free in the
stomach by the gastric juice which digests the cell-membrane. The
gastric juice itself seems to have no action on fats, but, according to
recent statements, a splitting of the neutral fats into fatty acids and
glycerin takes place, though not to a great extent. This splitting is
not dependent on the bacteria of the contents of the stomach, or
at least only to a small extent (KLEMPERER and ScHEURLEN). The
goluble salts of the food naturally are found dissolved in the
liquids of the contents of the stomach; but the insoluble salts may
also be dissolved by the acid of the gastric juice.

Since the hydrochloric acid of the gastric juice prevents the.
contents of the stomach from fermenting with the generation of
gas, those gases which occur in the stomach probably depend, at
least in great measure, upon the swallowed air and saliva, and
upon those gases generated in the intestines and returned through
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albumoses and peptones and the rapidity with which the food is
converted into chyme, or at least so prepared that it may easily
pass into the intestines. This distinetion is especially important
from a practical standpoint. When a proper food is to be decided
upon in cases of diminished stomachic digestion, it is important to
select such foods as, independent of the difficulty or ease with
which their proteid is peptonized, leave the stomach easily and
quickly, and which require as little action as possible on the part
of this organ. From this point of view those foods, as a rule, are
most digestible which are fluid from the start or may be easily
liquefied in the stomach; but these foods are not always the most
digestible in the sense that their proteid is most easily peptonized.
As an example, hard-boiled white of egg is more easily peptonized
than fluid white of egg at a degree of acidity of 1-2 p. m. HCl ;
nevertheless we consider, and justly, that an unboiled or soft-boiled
ege is easier to digest than a hard-boiled one. Likewise uncooked
meat, when it is not chopped very fine, is not more quickly but
more slowly peptonized by the gastric juice than the cooked, but if
it is divided sufliciently fine it is often more quickly peptonized
than the cooked.

The greater or less facility with which the different albuminous
foods are peptonized by the gastric juice has been comparatively
. little studied, and as the conditions in the stomach are more com-
plicated, results obtained with artificial gastrie juice are often of
no value for the practising physician and should in any case be
used only with the greatest caution. Under these circumstances
we cannot enter more deeply into this subjeet, but the reader is
referred to text-books on dietetics and the theory of foods,

As our knowledge of the digestibility of the different foods in
the stomach is slight and dubious so also our knowledge of the
action of other bodies, such as alecoholic drinks, bitter prineiples,
spices, etc., on the natural digestion is very uncertain and imper-
fect, The difficulties which stand in the way of this kind of in-
vestigation are very great, and therefore the resnlts obtained thus
far are often ambiguous or conflict with each other. For example,
one investigator hasseen that small quantities of alcohol or alcoholic
drinks do mnot prevent but rather facilitate digestion; others
observe only a preventive action ; while other investigators believe
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with which the peptonization takes place, the more or less rapid
increase in the amount of hydrochloric acid, and =o on.

It is a well-known faet that the contents of the stomach may
be kept without decomposing for some time by means of hydro-
chloric acid, while, on the contrary, when the acid is neuntralized a
fermentation commences by which lactic acid and other organic
acids are formed. The hydroechloric acid of the gastric juice has
unquestionably an anti-fermentive action, and alse, like dilute
mineral acids, an antiseptic action. This aetion is of importance,
as many disease micro-organisms may be destroyed by the gastric
juice. The bacillus of cholera is killed by the normal acid gastrie
juice, while if it is introduced into the stomach after an injection
of a soda solution it may remain active (KocH, NicaTi and
Rierscu). Also variefies of streptococcus infecting wounds and
the staphylococcus pyog. aureus are killed by the acid gastric juice
(Anapy). Still the gastric juice does not act on all micro-organisms,
and especially in the state of spores they can withstand its action.
As an example, the tubercle-virus is not destroyed by the gastrie
juice (FALK), and the spores of the anthrax bacteria do not seem
to be always destroyed by the hydrochloric acid of the gastrie juiece.

After death, if the stomach still contains food, digesition goes
on of itself not only in the stomach but also in the neighboring
organs during the slow cooling of the body. This leads to the
question, why does the stomach not digest itself during life?
Ever since PAavy has shown that after tying the smaller blood-
vessels of the stomach of dogs the corresponding part of the
mucous membrane was digested, efforts have been made to find the
cause in the neutraliz