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PREFACE TO THE SECOND EDITION.

Tue extension of the medical curriculum to a period of four
vears and the lengthening of the individual courses composing it
present opportunities for the instruction of medical students in
physiology which were not possible under the old system of
medical education. If, in addition to this, the advances which
have been made within recent years in physiologic science are
taken into consideration, hoth I|iu advantage of and the necessity
for an enlargement and thorough revision of the first edition
of this volume are apparent.

The same subdivision of the subject into Physiologic Chemistry,
and Nutritive, Nervouns, and Reproductive Functions has been
retained, while so mueh of Histology has been added, not only in
a section under that heading, but also thronghont the text, as will
enable the student better to understand the physiologic anatomy
of the organs whose functions he studies.

Special attention has been given to the subject of al Lulml in
connection with its influence npon month digestion and gastrie
digestion, copious references being made to the experiments of
Chittenden, Mendel, and Jackson, and to those of Atwater in the
work of the Committee of Fifty for the Investigation of the
Drink Problem.

The experiments of Cannon and Moser in connection with
deglutition, and of the former of these investigators in connection
with the movements of the stomach, in which use was made of
the Rontgen rays to elucidate the questions involved, have received
extensive and well-deserved mention.

In the discussion of the funetions of the stomach, the results
of the removal of that organ by Schlatter and Brigham have been
deseribed, to which has been added a detailed history of the cases
operated upon by them, so far as relates to the points of physio-
logie interest conneeted thervewith.

The subjects of internal secretion, especially of the thyroid,
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10) PREFACE TO THE SECOND EDITION.

and the rationale of the nse of thyroid extract in the treatment of
myxedema ; the coagulation of the blood ; the absorption of fat ;
and the most recent contribution of Chittenden to the genesis of
urie acid, have been concisely thongh not exhaunstively considered,

A portion of the volume which the author considers as especially
worthy of attention is that which deseribes the results of photo-
graphing the larynx by Prof. French, whose labors in this field
have revolutionized the theories of voice-production,

In the portion of the volume devoted to the Nervous Funetions
many changes have been necessary by reason of the now generally
accepted “ neurone theory 7 ; and the sections devoted to the senses
of =ight and hearing have been greatly elaborated.

[n the disenssion of the Reproductive Funetions inereased
stress has been laid upon the divergent views held by writers as
to the relation of menstruation and ovulation.

Students {](*,—'-i[‘lu;_r; fuller ]{Imwh'{lg[: of the hwman functions
are referred to the American Text-book of Physiology, where they
will be found diseussed in extenso by leading physiologists of the
present day.

In connection with this, as with anv other text-hook on phy-
siology, thorongh laboratory practice is highly recommended for all
students who desire to master the subject ; indeed, without it the
knowledge obtained must of necessity be incomplete and soon
forgotten.

The author desires to express his appreciation of the pains-
taking eare of the publishers in the preparation of this volume
and of their liberality in supplying the illustrations, to the
number of which they have set no limit. He also desires to
express his thanks to authors and publishers who have permitted
the nse of their writings and their illustrations, due credit for
which he has endeavored to give in the text where they oecur,
If this has been overlooked in any instance, it has been through
inadvertence.
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UNMAN PHYSIOLOGY.

INTRODUCTION.

Definitions.—Physiology is the science which {reats of func-
tions. By the term funefion is meant the characteristic work
performed by an organ. An organ may be defined as a structure
which performs a function or finections, for the special or char-
acteristic work of an organ may not .be limited to a single
function: thus the pancreas secretes not only pancreatic juice,
which is its exfernal seeretion, but also another product, which is
its infernal secretion (p. 233). Lifeless things perform no funetions,
hence physiology has no dealings with inanimate things, Rocks,
stones, and other members of the mineral kingdom at no time
possess life ; consequently they perform no funct tions, and with
them phy -udncrw. has no concern: we cannot ~||LllL of the physi-
ology of mine rals. Plants and animals are sometimes living and
sometimes dead : when living they perform funetions, when dead
they perform no functions ; in the latter condition Iim_ are like
the rocks =0 far as function is concerned, and with them physiology
has nothing whatever to do. It iz only when they are living that
they perform functions, and it is then and nnlv then that with
them physiology concerns itself.

Another definition which might be given of physiology is,
that it is the science which treats aof 1 H_'rrf phenomena, A hrll‘f
consideration of this definition will bring us to the same conelu-
sion as did that of the preceding definition. Of life in its essence
we know nothing., Metaphysicians have endeavored to explain
life, and =ome Imu‘* even ventured to ]lmut out its seat, but the
fact remains that we are utterly ignorant of its nature, We only
know that it exists by certain manifestations which it presents.
When we see a growing plant or a moving animal, we say of eacl
that it is alive. In the higher forms of animals .mnI p]:mt-.- it is
easy, under ordinary circumstances, to determine whether they are
lumg or not ; but in the lower forms this determination is some-
times a most difficult task. The evidences upon which reliance

slaced to determine the presence or the absence of life are
spDILLn of as vital phenomena, Thus, if in examining an animal
we find that its heart beats, we say that the animal is alive ; but

2 17



18 INTRODUCTION.

if the heart is motionless, we say that the animal is dead. This
heating of the heart, therefore, is a vital phenomenon—that is,
a manifestation of life. We speak also of this beating of the
heart as its function; hence the first definition of ]}}nhlulﬂgv
that it iz the seience which treats of functions, and the second
definition, that it is the secience which treats of vital phenomena,
amount to the same thing.

Definition of “Organ.”—An organ has already been defined as
a strueture which performs a function or functions.  In speaking
of the organs of an animal reference is usually had to such struet-
ures as the heart, the lungs, and the stomach, inasmuch as their size
and the i lml}u:'l.tul work t!w perform force them upon our attention,
These are indeed organs, for they 1JE‘Ih}IIEI funetions ; thus the
function of the heart is to receive blood in one portion and to
proj el 1t from another portion, that of the lungs is to aérate the
h|{_}u{l, and that of the stomach is to digest certain kinds of food ;
but the term organ, as used in phy ~|u|mr\ has a much |mmdf,r
signification. A musele, a nerve, and a blood-vessel are as truly
organs as are the greater ones above spoken of, for each has its
own function, Hma the function of a muscle is to contract, that
of a nerve is to transfer nervous impulses, and that of a blood-
vessel is to convey blood. At first sight it might seem that these
funetions were unimportant, and that the struetures which per-
formed them were hardly worthy of so dignified a name as organs ;
but a moment’s reflection will show tlnt without the rnntr*u*tlun
of muscles, the transference of nervous impulses, or the earrving
of blood the life of an animal would as certainly cease as it it
was deprived of its heart, of its lungs, or of its stomach.

Inasmunech as minerals, on the one hand, possess no organs,
they perform no work—that is, they have no funetions ; therefore
we do not speak of the physiology of a mineral. Plants and ani-
mals, on the other hand, possess organs, each of which performs its
gpecial function ; and it is with them, as has been said, that
physiology has to do.  As we find organs in the animal. so do we
find them in the |1| it ; not the same organs, it is true, but struet-
ures which are as truh organs, for they respond to the same test.
The roots of a plant absorh moisture and nourishment from the
soil, this being their function; the green leaves take up from
the air t--nlmmr acid, with “luf:h and with water they form starch
that is utilized by the plant, while oxygen is set free, this being
the function of hu, leaves ; thn:- anthers and the ovaries of flowers
are concerned in reproducing plants by ‘fmlmllg new ones, this
being their function. Thus we might continue to show that as in
animals, so in plants, the different organs have their respective
functions.

Definition of ** Organic” and “Inorganic.”—We can now under-
stand the meaning of two very important terms—organic and
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inorganic.  These terms are used in two senses : first, as to sfirvef-
wre, and, second, as to produet.  When we say that a plant or an
animal is organie, we mean that it is made up of organs—that is,
of structures ’ulm'll pertform funetions.  The plant or the animal
may be simple or may be complex, but, however simple or
hﬂ".'.'{'\‘['l‘ Llll'l‘l]l]i.*.‘{ its l}d]h do nntm-llun o) that ‘-HIJII'IIJ]I\_: i:—uln_:'
the function of the part which acts We say, therefore, that
the plant or animal is organic, meaning that it is composed of
ul‘gﬂnﬁ—ul'g':mil', then, as to structure, The rock has no argans,
therefore it is non-organie, or is inorganic. These terms are used
also in another sense. Thus we speak of honey as organie.  Mani-
festly, we do not mean organic as to strueture, for imm-\' has no
organs, that is, no parts which ]wrfulm functions, but it is the
]H‘lulllvt of the bee, which is an organic strocture ; hence honey

I$ an organic |:1mll|l' The nectary of a flower is organic as to
structure, and the nectar which it produces is also or ganic,
inasmuch as it is the product of the nectary.

But organs do not act each for itself: “they are, as a rule,
associated in the performance of a common funetion, and 1|Jlt-_u
associated iurm a system. Thus the group of organs which are
concerned in digestion forms the digestive system ; those which
together accomplizh the cireulation of the biood, the circulatory
system. An attempt has been made to distinguish an apparatus
from a system ; the former being defined as a group of organs
concerned in the performance of a eommon funetion, no matter
how dissimilar their strueture, while organs similar in strueture
irrespective of their funetion would be regarded as a system.
Similarity of function, under this definition, would characterize
an apparatus, and similarity of structure a m.-tmn The organs
whose funections are to digest food would be regarded as an appa-
ratus, constituting the digestive apparatus ; the bones, on the other
ha.ml would form the osseous svstem. Praectically, however, such
a [llfﬁ:-l'mltl.ltmn iz of no use, and the two terms apparatus and
svstem may therefore be used interchangeably.

Branches of Physiology.—rom " these elementary con-
siderations it is evident that physiology has to do with living
plants and animals onlyv—that is, with organic struetures and inei-
dentally with their pml] ucts, That branch of the science which
treats of the functions of plants is denominated Vegetable Physi-
ology, and that which dun]lz-':. with the funetions of animals is called
Animal Physiology.

Vegetable Physiology.—We are concerned but indirectly with
vegetable physiology, or so far only as its study helps us to under-
stand some of the more obscure processes in animals, Some of these
processes, being simpler in plants, are more easily studied in them,
and what is there learned is of great assistance in understanding
analogous processes in man. Thus a knowledge of fertilization as
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it oecurs in the vegetable Lm;jdum aids very much in elucidating
the process of reproduction in the human species. '

Animal Physiology.—The same organs in different animals per-
form their functions in different ways. Thus the stomach of the
cow and that of the dog act very cha-lm]l.nl\j and a knowledge
of the one would aid very little in .|[{|n|||1|"' a knowledge of the
other. What is true of the stomach is true of other organs to a
greater or lesser degree.  Kach class of animals has its own peeuli-
arities as to function—that is, has its own lrhxnmln;_ru. One who
intends to devote his life to thL treatment ot the diseases of the
lower animals must study the functions of those animals, while
one who is preparing himself for the cure of human (lla&l%ﬁ must
understand the funetions of the organs of the human body, or
Human Physiology.

Many hints, it is true, may be obtained by the student of
human pln-mlncrx from a atmh of the processes which take place
in the lower animals, and many of the most valuable contributions
made to physiologic science have heen based upon such a study ;
but it must ever be borne in mind that specifie differences exist,
and that we cannot infer too much from such observations. Thus
one who studies the process of stomach digestion in a ruminant,
such as the cow, will make a most serious blunder should he sup-
pose that the process is the same in man. Errors of a similar
character, though perhaps less ;_J:l.u*lnw have been made, notably
in the proecess of reproduction. This process is so obscure that
many opportunities which have presented themselves for investi-
gation, both in the lower and in the higher animals, have been
seized upon ; but theories which have been accepted as proved,
and which have largely depended on such observations, are now,
in the light of more recent study, being qmmtmnml Notwith-
standing “this disadvantage, had it not been for such studies many
of the most important facts of mediecal science would have re-
mained undiscovered.  Inasmuch as functions cease with life,
these observations can only be made upon living animals.  Viei-
seclion, therefore, has been of the greatest benefit to the human
race, and those who decry it are tlmh reaping the results which
it has attained, and which conld never have been attained with-
out it. Wanton and unnecessary experiments are to be condemned,
but no terms of praise are too exalted to bestow upon those patient
investigators who, through many long vears, have laborionsly and
.ri_‘nl.imlalv 1]1]1‘5[]{‘[1 their studies and L‘.\[!L'Hlll{‘llt'ﬁ with no other
end in view than to add to the sum of human knowledge and to
contribute to the relief of human suffering.

Human Physiology Defined.—Human physiology is the
seience which treats of the hwman funetions. This science, together
with anatomy, which treats of structure, and with chemistr 11, which
treats of composition, lies at the foundation of rational medicine,
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No one can be a successful physician who does not understand
at least the more important functions of the human body, and the
greater the knowledge he possesses of physiology, the broader will
be the scientific groundwork on which he has to build.  Disease
is a departure from the normal or physiologic condition. A dis-
eased organ performs its function in an abnormal manner, and to
sueeeed in correcting the diseased condition one must first be able
to recognize this abnormal action, which can only be done by
knowing how the organ acts in health—that is, by understanding
its physiology. Even with this knowledge one may be unable to
accomplish the desired object, for the structure of the organ may
be so changed that no means ean be applied which will restore it
to its normal condition ; but one is certainly more likely to succeed
if possessed of a knowledge of its physiology than if ignorant of it.
The study of human physiology is but the study of the human
functions, and when these functions are thoroughly understood
the science is mastered,

Classification of Functions.—The functions of the body
may be classified as follows : 1. Nutritive Functions, which include
those concerned dirveetly with the maintenance of the individual,
such as digestion, respiration, cireulation, ete.; 2. Nervous Fune-
tions, which include those that bring the different organs of the
body into harmonious relations with one another, and, in addition,
bring the individual, through the special senses sight, hearing,
ete.—into relation with the world outside him ; and 3. Reproductive
Funetions, which are concerned not with the individual, but with
the species, which they perpetuate.

Histology of the Human Body.—Anatomy, as we have
already learned, is the science which treats of structure ; and this
is true as well of the minute or microscopic as of the gross or
macroscopic structure ; but it will be of advantage to the student
of physiology to have distinetly in mind so much of the histology
or minute strueture of the body as is necessary to a full under-
standing of its functions, and to appreciate the discussion of them.
With this end in view, the histology of each organ will be given
in connection with its funetion, but preliminary to all this we shall
diseuss the tissues of the body which go to make up these organs.
For fuller details the student is referred to the many excellent
treatises on human histology.

Physiologic Chemistry.—Although physiology, strietly
speaking, has nothing to do with composition, still, as a matter
of necessity as well as of convenience, it is usual to preface the
study of the functions of the human body with a greater or lesser
consideration of its composition. This consideration’is necessary,
beeanse, as a rule, medieal students have an insufficient knowledge
of this branch of chemistry—physiologic chemistry—to take up
at once the study of the functions with profit, and should the
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attempt be made confusion and loss of time would inevitably
result.  As an illustration we may refer to the funetion or series
of funetions by which the food is prepared for absorption—that is,
digestion.  Food is the material which is taken into the body to
supply the waste of its tissnes, and it must be of such a composi-
tion as will meet this want. To seleet the proper food-materials
we must know of what the body is composed, and what are the
changes which take place in its composition—what parts are
wasted., For these reasons a study of physiologic chemistry must
precede a study of the functions of digestion. This is but one of
many illustrations which might be given to show the importance
of prefacing the study of ]}|l"u-1mill;-_="'- proper with a study of the
chemistry of the body and of the food.

Arrangement of Topics.—The topics treated of in this work
will therefore be arranged in the following order: I. Histology
of the Human Body ; 11. Physiologic Chemistry ; I11. Nutritive
Funetions; IV. Nervous Functions; V. Reproductive Funetions.



. HISTOLOGY OF THE HUMAN BODY.

ORGANS on minute examination are found to be made up of
tissues, or elementary tissues as they are sometimes called.

Of elementary tissues there are four: 1. Epithelial ; 2. Con-
nective : 3. Muscular; and 4. Nervous. B! .

Some organs contain all four kinds of tissues, while others,
more simple in their strueture, contain but one or two.

If these tissues are still further :ul:ll}':ﬂ:wl, they are seen to con-
sist of cells or fibers, or of both together in varying proportions :
thus the epithelial tissues are made up of cells alone ; the con-
nective tissue, principally of fibers ; and the nervous, of both cells
and fibers. )

Cells (Fig. 1).—A cell consists of protoplasm, a nucleus, and
a centrosome and attraction-sphere. A cell-membrane enclos-

Vacuoles,
=

Chromatin network.
Apangioplazm,
Linin network. iS¢ - Hyaloplasm.

Nuclear fluid}--= 0
Nucleolus

Nuclear membrane, : _
~—t-Chromatin net-knot.

Cell-membranel)-{ -
i Centrosome,

| Centrosphere,
Exoplasm. :

Ii-‘umigu inclosures. Metaplasm,
Fia. 1.—Diagram of a cell (Huber)
ing the protoplasm may or may not be present; it is not an

essential part of a cell as are the other structures. A centrosome
23
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and attraction-sphere have been found in so many cells that they
may be regarded as essential constituents of every cell.

Protoplasm.— This is the principal part of a cell, and is of an
albuminous nature. Chemically it consists of water (75 per cent.
or more), proteids, lecithin, cholesterin, and phosphates and chlo-
rids of sodium, potassium, and calcium, and sometimes fat and
glycogen. Mieroscopically examined it is found to be made up of
spongioplasm and hyaloplasm. :

Spongioplasm.—Under high powers of the microscope the pro-
toplasm of a cell presents the appearance of a fine network, called
reticulum, spongework, or spongioplasm, This network has in it
knots, which give to it a granular appearance. These knots or
granules are of the same chemic nature as the network—that is,
are albuminous or proteid. It is still undecided whether these
granules are constituent parts of the protoplasm or are its products.
Colleetively they are denominated granuloplesm.  Other granules
may be present which are not connected with the network, and
which are not proteid in character, but fatty or starchy or con-
tain coloring-matter. In some instances they are of an inor-
ganic nature. Granules of this latter kind constitute paraplasm ;
by which is meant any and all material contained in a cell, not
being an actual part of it, whether there as pabulum or food for
the cell, or as waste material to be exereted.

Hyaloplasm.—In the meshes of the spongioplasm is the Ayalo-
lasin, a elear substance differing but slightly in its consistence
rom the spongioplasm, although it is less solid,

Ameboid Movement.—Protoplasm is endowed with the power
of motion, which from its resemblance to the motion of the ameba,
a minute animal, which is but a mass of protoplasm, is called
ameboid. Examined under the microscope the ameba puts out
from its sides projections of its protoplasm—psendopodia ; and
later the whole mass flows into one or more of these projections,
thus changing its position and its shape. This amthﬂid[ movement
takes place in the white blood-corpuscle, and in some other cells
as well as in the ameba. The psendopudia are frequently drawn
back into the protoplasm, or retract, thus illustrating the posses-
sion by the protoplasm of contractility. Their formation is due to
an outflowing of the hyaloplasm, and their retraction to return
of the hvaloplasm to the interstices of the retieulum. Ameboid
movement is said to be spontaneous ; but if so, it can also be pro-
duced by the action of heat, by dilute solutions of =alt, by mod-
erate currents of electricity, and by many other agents, all of
which are called stimuli, because of their power to stimulate this
movement. On the other hand, certain agents have the power of
stopping or inhibiting the movement if it has begun. Thus a
temperature above 40° C. or below 0° C. acts as an inhibitant,
while if the high temperature is continued the protoplasm is coag-

1
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ulated and its life destroved. Acids and strong alkalies have the

wer of destroving the movement altogether, while chloroform
inhibits it tempor: arilv. This property of nmpmulln;: to a stimnlus
is known as irritability, and the fact that a stimulus applied to one
part of a mass of protoplasm will produce results in other and
distant parts demonstrates the presence of conduetivity.

Nutrition.— Another property possessed by living protoplasm
is that of nutrition ; by which is meant the power to : ‘absorb mate-
rial, to convert it into protoplasm, and to get rid of such waste
products as have served their purpose or are formed as a result of
th{I activity of the protoplasm. That portion of the process which
is concerned in the building up of the pmtnphl-m 15 asstmilation
or anabolisin, while that concerned with its breaking down or
destruction is disassimilation or Latabolism.

A fourth property of protoplasm is that of reproduction, which
will be treated of under the heading Division of Cells.

Nuecleus.— Embedded in the protoplasm is a vesicle of various
5]]3[}{-}-‘-——-—‘-]]][(‘]'.11”11 oval, or irregular—which is to be regarded as
of great importance, espe cl.ﬂh‘ in the process of cell-subdivision
by which new ecells are formed and growth thus brought about.
It consists of an external enveloping membrane, the nuclear
membrane, enclosing the chromoplasm or ints anuelear netw ork,
a material re-..emhlmg spongioplazsm, and in the interstices of this
12 the nwelear matriz. In addition to these there arve nueleoli,
some of which are thickenings of the network like the knots in
the spongioplasm, and are ealled psendonucleoli, while others are
free, the latter being the ]'lllfll‘ﬂll proper, or the true nucleoli. A
51112]13 true nucleolus is usually found, although this is not always
the case,

Chromatin and Achromatin.—W hen cells are stained with hema-
toxvlin the nuelear membrane, the chromoplasm, and the nuecleoli
take up the staining-fluid readily, while the nuclear matrix does
not ; hence the former are said to be made up of ehromatin, or to
be elhiromatic ; while the latter is acliromatin, or iz said to be acliro-
matie. Other dves, such as safranin, methyl-green, and carmine,
produce the same effect. Chromatin is but another name for
nuelein, which is the principal constituent of the nucleus. It is
closely allied to the proteids, but is characterized by containing
a considerable percentage of phosphorns; some analyses give as
much as 8 per cent. Nuclein is a mmpmmd of nucleic acid with
proteids, and it is to the affinity of this acid for the coloring-
matter that the staining of chromatin is due. It is more correct to
gpeak of nueleins rather than of a single substance, as the compo-
sition of nuclein is not always the same. For a further discussion
of this subject the reader is referred to the chapter dealing with
Proteids.

Centrosome.—As already stated, this is probably to be regarded
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Figs. 8-12.—Diagrammatie representation of the processes of mitotic cell- and
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In Fig. 9 it is seen that the cell-body is also beginning to divide.



28 CELLS.

as an essential element of the ecell, inasmuch as the more the sub-
ject is investigated the more fn-qmiutlt is this strocture found.
It is also known by the name of atfraction-particle. Radiating
from it as a center are fine fibers, which together with it constitute
the centrosphere (Fig. 2). Usually there are two of these spheres
in a cell; especially is this the case when the cell is about to
divide, and they are connected by fibers forming an achromatic
or ecentral .septm-l’r'f*.

Division of Cells.—Cells divide and then multiply in two
ways : 1. By direct division ; 2. By indirect division,

Direct Division of Cells.—This may be either by gemmation or
by fission. In the former a portion of the nucleus and proto-
]1] ism forms a bud-like projection from the parent cell, from which
it subsequently separates, The bud dev r]nlh into a ('1']1 similar in
all respeets to that from which it had its origin. In fission the
original nueleus divides into two, and then the protoplasm divides
in such manner that each half shall possess its own nueleus, and
two new cells are thus produced. Direct division is, however, not
the method by which cells, as a rule, reproduce their I-.nu.l indeed,
it is regarded as very infrequent.

Indirect Division, Karyokinesis, Karyomitosis, Mitosis ( i s, 2-17).
Tt is to this method of division that we must look for the com-
prehension of the processes by which the tissues produce and re-
produce themselves, It has been studied in them all—e pithelial,
connective, muscular, and nervons.  While in direct division the
nucleus divides into two equal halves, in karyokinesis the changes
whieh take lﬂace in the nuelens are {*umpllt':ltul, and it is Dtlh’
after a long series that new cells are produoced.

The statement is made by some authors that the division of
a cell is preceded by the division of its attraction-sphere, and that
the division of the nucleus follows ; indeed, some regard the chmlgﬁ
taking place in the attraction-sphere as [lctm'miuin;r or causing the
division of the nuveleus; but inasmueh as instances have been
observed in which the nuclear changes preceded, they are evidently
not under all cirenmstances dependent upon the influence of the
attraction-sphere.

The changes which take place in the process of karyokinesis
may be concisely deseribed as follows: Prior to the beginning of
the process the cell consists of pmtn]ﬂd%m containing a nucleus,
with one or more contained nucleoli, and enclosed by the uuclmr
membrane, and a centrosome and attraction-sphere. A elose ex-
amination of the chromoplasm of the nucleus shows it to be made
up of some fibers which form loops at the ends or poles of the
nuelens, and are the primary loops, while others less prominent
and which help to give to the chromoplasm its reticular or net-
work form are secondary fibers,

When indirect division begins the first change usually, though
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not always, consists in the division of the centrosome and of the
attraction-sphere into two; then the following changes take place
in the nucleus : The nucleoli and the secondary fibers disappear,
while the primary loops remain as chromosomes. These latter
become less twisted, forming a spirem or skein, and split into two
sets, forming a dispirem or double skein, thus doubling the number

Figs. 13-17.—Mitotie cell-division of fertilized whitefish eggs—Coregonus albus
(Huber).
F1G. 13, Cell with resting nucleus, centrosome, and centrosphere to the right
of the nueclens; Fia. 14, cell with two centrospheres, with polar rays at opposite
poles of nuclens; FiG, 15, spirem ; Fi6. 16, monaster ; Fic. 17, metakinesis stage.

of ehromosomes (Fig. 10, 11). The number of chromosomes is
subject to cnnsirlemhﬁz-variatinn in different animal cells. In some,
four have been seen, in others as many as twenty-four.

The achromatic spindle (Fig. 6) now appears. This consists
of a spindle-shaped structure, at each end of which is a centro-
some, the two having been formed from the original centrosome
of the cell. These are connected by achromatin fibers—i. e., fibers
which are not colored by the staining-material used in the study
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of the karvokinetic process. Whether these fibers are formed
from the attraction-sphere or from the achromatin of the nueleus
is unknown. Each of these ecentrosomes forms a pole of the
spindle.  The nuelear membrane now disappears, and there 1s
nothing between the protoplasm of the cell and the nuelear matrix.
The protoplasm in contact with the nuclens is clear, while that
ontside of this clear space is granular.  In some cells these gran-
ules have the appearance of fine fibers radiating from the centro-
somes or poles, and constitute the amphiaster.

The next stage is characterized by the settling of the chromo-
somes to the equator of the spindle, where they form a star or
aster, which being single is called monaster : this is known as the
equatorial stage.

The chromosomes now separate o as to form two distinet
groups, constituting the stage of metakinesis.  One group passes
to one end or pole and the other to the other, thus forming a star
at cach end and giving rise to the term diaster or double star.
This passage of the ehromosome from the equator to the poles is
believed to be accomplished by the contraction of the achromatin
fibers of the spindle. Thus from the chromoplasm of the nueleus
two new nuelei, or danghter-nnelei, are formed, each aster passing
into a resting niiclens by a process the reverse of that by which it
was formed, through the dispirem stage. A nuclear membrane
forms around each new nuclens, and the protoplasm of the original
cell subdivides into two, each half enclosing a new nucleus : at the
same time the spindle dizappears,

ELEMENTARY TISSUES.

EPITHELIAL TISSUE.

Distributed over the surface of the body, lining its many
cavities and canals, and in the duects of glands, epithelinm is
found of several varieties and arrangement. The varieties are
as follows: Pavement or sealy, eubical, colummar, goblet-cell,
spheroidal or glandular, and eiliated.

Pavement or Scaly Epithelium (Fig. 158).—As its name
implies, the cells of this variety of epithelium are thin and flat,
and are arranced like the stones of a pavement. They are bound
together by a small amount of cement-substance. They are found
in the lung-alveoli, in the ducts of the mammary glands, and in
the kidney in the tubes of Henle, and lining Bowman’s capsules.
These cells are also found covering serous membranes, as the peri-
cardium, and lining blood-vessels and lymphaties, and in that ease
receive the name of endothelinm.

Cubical Epithelium.—This kind of epithelium is of a
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cubical shape, and oceurs in the tubules of the testis and in the
alveoli of the thyroid gland.

: “"'?

——

Fra. 18.—Tsolated eells of squamons epithelinm (surface cells of the stratified
squamous epithelinm lining the mouth): a, a, cells presenting under surface;
b, cell with two nuclei {Huber).

Columnar Epithelium (Fig. 20).—Columnar epithelinm is
sometimes deseribed as eylindrie epithelivm. The cells are of a
prismatic shape, and usually rest upon
a basement-membrane.  When looked
at from the free Lmi, they present the
appearance of mosaie ; when obh-
served from thv side, the free edge
is seen to be striated.

This variety of epithelinm lines
the stomach and intestines, and the
g]1|1(l+-_. which open into these cavi-
ties. It covers the mucous mem-
brane of most of the urethra, the vas  F16. 19.—Surface view of squa-

: mous epithelivm from skin of a
deferens, prostate, Cowper’s glands,  frog; 400 (Bohm and Davidof).
and the duets of most -rI;uulh The
germinal epithelivm which covers the ovary 1s of this type.

Goblet-cell (Fig. 22).—A peculiar modification of columnar

Goblet-cell.

- | Coticular border.

F16. 20.—Simple columnar epithelium from the small intestine of man: a, isu]atnﬂ.
cells; b, surface view; ¢, longitudinal section (Huber).
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epithelium is seen in the goblet-cell.  This oecurs in the intestine,
for example ; the muein, which is the produet of the cell, distends
the upper part of it, and the cell bursts (Fig. 22). The muecin is
discharged as mueus, and the open, cup-like end of the cell gives
to it the peculiar appearance characteristic of the goblet-cell.

Goblet-cell.

—Cilia.

Fic. 21, —Cross-section of stratified ciliated colnmnar epithelinm from the trachea
of a rabbit (Huber).

Formerly regarded as a simple modification of the columnar cell,
these goblet-cells are probably more properly to be considered as
a special kind of epithelium which is of a permanent nature, and
whose funection is to seerete mucus; hence they are sometimes
called mucus-secreting cells,

Spheroidal or Glandular Epithelium.—This is charac-
terized by its polyhedral or spheroidal shape, and oceurs in secreting

Ciliﬂ- A ES e -

Muein

FIG. 22.—Goblet-cells from the bronchus of a dog: the middle cell still pos-
sesses its cilin: that to the right has already emptied its mucous contents (collapsed
gohlet-cell) ; = 600 (Bihm and Davidoff).

clands; as, the salivary glands, liver, and pancreas. The secretion
of these glands is the product of the protoplasm of the glandular
epithelium.

Ciliated Epithelium (Fig. 23).—The characteristic of this
variety is the cilia or hair-like or eyelash-like appendages attached
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to the free surface of the cells. The cells which bear the cilia are
usually of the columnar variety,

Ciliated epithelinm covers the mucons membrane of the respir-
atory tract, which begins with the nose and ends in the alveoli of
the lung, with the following exeeptions: The olfactory membrane
(that part of the mucous mem-
brane of the nose to which the
olfactory nerves .I.'I‘L‘lll-;l‘.llllllt['(l],
the lower part of the pharynx,
the surface of the voeal cords,
the ultimate bronehi, and the
|ung-:th‘mﬂi. It covers also
the muecons membrane of the
tvmpanum, except the roof,
promontory, ossicles, and mem-
brana tympani, where the epi-
thelium is of the pavement ,
variety and non-ciliated, Cil- ¢
iated epithelium occurs also in _ Fr6. 23.—Ciliated cells from. the bron-

o 1 2 chus of the dog, the left ecell with two
the Eustachian ttlb‘-‘ the Fal- nuelei: * 600 | Bohm and Davidoff ).
lopian tube, the eavity of the
body of the uterns and of the upper two-thirds of the cervix, the
vasa efferentia and coni vasculosi of the testicle, the ventricles
of the brain, and the central canal of the spinal cord. Some
ohzervers have seen ciliated epithelium in the convoluted tubules
of the kidney.

Ciliary Motion.—Cilia are composed of protoplasm, and,
like other protoplasm, have the power of motion; but t=1]mn'
motion, though in some respeets like that known as ameboid, is in
other respects quite different, Instead of being slow, it is very
rapid—ten times and more a second—so much so th.lt w |1+:-11 active,
the individual cilia which produce it are indistinguishable. It has
been likened to the movement of a field of wheat over which a
breeze is passing. The effect of this movement is to produece
a current alwavs in one dirvection, and this eurrent iz often of con-
siderable ])h\‘hm]mr][' importance : thus it is to its influence that
the ovam is carried down the Fallopian tube in the human female ;
and, according to some authors, were it not for the ciliated e;nthe-
lium in this eanal the ovum wuul:l not find its way into the tube,
but at the time it escapes from the ovary would fall into the
peritoneal cavity and degenerate,

Various explanations have been given to account for ciliary
motion, One which seems reasonable is that it is due to the same
cauze which pmducns ameboid movement, namely, the flow of the
hvaloplasm into and out of the npangmplanm It is a well-known
fact that if cilia are severed from the cells of which they form
a part, this motion ceases, so that intimate connection with the

3

~——Cilia.

e Cell-hody.

i
#

==== Wucleus.

——
STk




54 CONNECTIVE TISSUE.

cells is essential. The protoplasm composing the cilia being thus
in direct communication with that of the epithelium, being in fact
a prolongation of it, the hy: l’ﬁpld‘ﬂll can flow in and out without
hindrance ; the inflow causing them to straighten, the outtow
causing thc-m to resume their original condition, which is eurved ;

this rapid inflow and outflow pri oduce the characteristic motion.

External agenecies affect this motion as they do that of other
protoplasm.  Chloroform inhibits it, as do temperatures above

40° C, or below 0° C.; while dilute alkalies favor it.

Simple Epithelium.—When epithelium of either of these
varieties is arranged in a single laver it iz known as simple epi-
thelinm.

Stratified Epithelium (Iig. 21).—When the epithelial cells
are arranged in many lavers they form stratified epitheliuvm, the
cells of each layer differi ing i -h.l]w Thus in the tp]iILrn‘ll'-i the
epithelinm of which is of this variety, the deepest layer is columnar
in character ; next to this is a trl.lllll]dl layer of -]1||H.]]1;>-'-lj iped
cells ; then one of closely packed cells ; and, most superficial of all,
are -m*er.ll lavers of dry, horny scales,

Stratified epithelinm 'is also found ¢ overing the mucous mem-
brane of the mouth, the lower part of the pharvnx, the esophagus,
vagina, and outer third of the cavity of the cervix uteri, and the
conjunectiva.

Transitional Epithelium.—This term is applied to epithe-
linm which is arranged in a few lavers—two, three, or four. The
line of demarcation between stratified and transitional epithelium
is not very distinet. This variety exists in the ureters and bladder
in three layers, [|1( inner ||ur i composed of cuboidal cells,
the next of pear-shaped cells, between the lower elongated ends
of which is a third laver of small ecells. ’

The hair, the nails, and the enamel of the teeth are of an
epithelial mture thuuull in a much modified form. Epithelium
is nourished by ]\'mph and with few rare exceptions is not ﬁllll‘.i-
plied with nerves : such execeptions are the epithelium covering the
cornea and that in the deep layers of the epidermis,

CONNECTIVE TISSUE.

The term * connective ' as '1|'-plim] to this large group of tissues
implies that they are concerned in binding the |mdv together into
one organie whole, without which the tissues would be disconneeted
and the body 'l{,k the support which these structures afford. The
following are the varieties : 1. Areolar; 2. Adipose ; 3. Retiform ;
4. Lymphoid ; 5. Elastic; 6. Fibrous; 7. Jelly-like; 8. Cartilage ;
9. Bone; 10. Dentin.

Areolar Tissue.—Areolar tissue consists of bundles of fibers
presenting a wavy appearance (Fig. 24) running in various diree-
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tions, together with elastic fibers (Fig. 25) which do not form
bundles and are not wavy. These fibers are bound together hy
a cementing-material or ground-substance. The irregular erossing
of the fibers leaves spaces, called areolae, which give the name to
the tissue. In these are connective-tissue cells or corpuseles, of
which there are several varieties, the protoplasm of which pro-
duces the fibers and the gmuml-ﬁuhst:lIu*v. These varieties are :

F16. 25.—Elastic fibers from the
Fig. 24.—Cell-spaces in the ground-sub- ligamentum nuchse of the ox, teased

stance of areolar connective tissue (subeu- fresh ; = 500, At e the fiber is curved
taneons) of a4 young rat; stained in silver in a characteristic manner (Béohm
nitrate (Huber). and Davidoff).

1. Lamellar cells ; 2. Plasma-cells of Waldever; 3. Granule-cells.
Lymph-corpuscles are not infrequently seen, and in some places,
as in the choroid coat of the eye, the corpuseles contain coloring-
matter or pigment,

Areolar tissue occurs under the skin as subeutaneous tissue,
beneath serous membranes as subserons, and beneath mucous mem-

Fia. 26.—Scheme of a fat-cell (Bohm and Davidoff).

branes as submucous, connecting these membranes loosely to the
structures upon which they lie. Enclosing muscle, blood-vessels,
and nerves, it forms their sheaths. Tt is also found in glands con-
necting the various parts with one another.

Adipose Tissue (Fig. 27).—When the areole of areolar
tissue contain fat-cells, the tissue is called adipose. These fai-
cells or adipose vesicles consist of an envelope or sae, protoplasmic
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in character, within which is the fat in a fluid form. The tem-
perature of the body during life is believed to keep this fat fluid ;

Fi6. 27.—Adipose tissue (Leroy): a, fibrous tissue ; b, fat-cells ; ¢, nueleus of fat-cells;
d, fatty acid erystals in fat-eells.

but after death, when the temperature falls, the fat becomes
solid, Free adipose vesicles would doubtless assume a spheroidal

Reticulum.

Nueleus of
COnnee-
tive-tissne
cell.

Blood-
viEge],

F1c. 28 —Reticular connective tissue from lymph-gland of man; Brush prepara-
tion (Bihm and Davidoif).

shape, but by compression, either of contiguous vesicles or
other structures, they assume various shapes, oval or polyhedral.

&
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Adipose tissue is widely distributed throngh the body ; indeed,
it is an exception to find areolar tissue without some fat
in its areolee. The principal exceptions are the areolar tissue
beneath the skin of the eyelids, the penis, the serotum, and
the labia minora. There is also no adipose tissne within the
eranium, in the liver, or in the lung, except near its root. It
is to be understood that this statement does not apply to fat, but
to adipose tissue, which is characterized by the fact that the fat
is enclosed in a protoplasmic envelope. The fat is formed from
the protoplasmic connective-tissue corpuscles, the cell-wall of
which forms the wall of the vesicle. The nuecleus of the cell
remains, although it is not always readily discernible,

Retiform Tissue (IMig. 28).—This may be defined as arcolar
tissue whose ground-substanee is fluid, and in which but few, if
any, elastic fibers exist, and the white fibers form a close network.
Authorities differ as to the identity of the white fibers of areolar
and those of retiform tissue ; some claim that their different be-
havior to certain reagents demonstrates them not to be the same.
Retiform tissne exists in mucous membranes. ;

Lymphoid Tissue.—When the areole of retiform tissue
contain lymph-corpuseles, which will be deseribed in connection
with the blood, the tis-
sue 18 lymphoid or ade-
noid. It is found in lvm-
phatic glands, the thy-
mus gland, the tonsils,
solitary glands, patches
of Pever, and Malpigh-
ian corpuscles of  the
spleen.

Elastic Tissue
(Fig. 253),—This tissue
is composed of fibers or
membranes which are
characterized by their
elasticity and a vellow
color. By elasticity is
defined “ that property
of matter by virtne of
which a body tends to
return to a former or
normal size, shape, or
attitude, after heing de-
flected or disturbed.” The tissue exists in the ligamenta subflava
of the vertebr, the voeal cords, between the cartilages of the
larynx, in the longitudinal coat of the bronchi, the lungs, the
middle coat of the larger arteries (such as the aorta and caro-

Fra. 20.—Longitudinal section of tendon ; * 270
(Bihm and Davidotl’).



a5 CONNECTIVE TISSUE.

tids), and in the stylohyoid, thyrohyoid, and ericothyroid liga-
ments,

F:lbmus Tissue (Fig. 29).—By reason of its color this kind
of tissue is also called whife j'rfuuux fisswe, It is made up of
white and glistening non-elastie fibers, which give to it great
strength. Itisw I{Il'l'\ distributed, ocenrring in ligaments, tendons,
musenlar fasecia, IH*I]H'}tE'IIII]. liul'lc‘humll'mlu IH‘I"M';LI"‘E]I[IIII lm! dura
mater, ::-Lli'lﬁll(.‘ coat of the eye, tunica d”}ll;_rmt'l of the testis,
capsule of the kidney, epineurium, and the sheaths of the corpora
cavernosa and corpus spongiosum of the penis.  In the ligaments
and tendons the fibers are arranged in bundles, between ‘H]l:l{_h are
many flat connective-tissue corpuscles, the fendon-cells (Fig, 29),

artilage- c=aia L.-@
cell. i = 2

A
[0,
]HE'.' :

K T nCH ek e

Fig. 30.—Hyaline cartilage (costal cartilage of the ox); alecohol preparation ;
# 300 ( Bohm and Davidofl'). The cells are inclosed in their capsules. In the figure
a are represented frequent but by no means chareteristic radiate structines.

JEI]]F -like Connective Tissue.—This consistz of a s=oft
matrix, with a few ‘-|I|]L1'ﬁ]:-f]"l] cells and a few fibers. It is found
in the cmlm-n, as in the jellv of Wharton in the umbilical cord.
The only structure in the adult made of this material is the
vitreous humor of the eve. It consists chemieally of water and
muecinogen, with a small amount of prntvul and salts,

Cartilage.—This tissue exists in the human body in several
varieties; . Hyaline; b, White fibrous; e. Yellow elastic; d.
Cellular.

Hyaline Cartilage {'F;g 30).—This variety is sometimes called
true cartilage. It varies in structure aceording to the location in
which it ocenrs, and by reason of this its location receives different
names : articular and costal,
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Avrtiewlar Cartilage (Fig. 31).—The cartilage-cells of this vari-
ety are usually arranged in small groups in a groumd-substance or
matrie, which is clear except when examined under a high power
of the microscope, when it appears granular. In this matrix there
are no fibers except at the edges, where some fibers may be found
and where the cells are branched. At the edges the cartilage is in

i | White fibrons eon-
,  nective tissue.

' | White fibrocarti-
lage,

Insertion of liga-
mentuim eres.

| { Hyaline cartilage.

Fic. 31.—Insertion of the ligamentum teres into the head of the femur; longi-
tudinal section; * 650 (Bohm and Davidoff ).

communication with the synovial membrane (Fig. 31), and the cells
of the ecartilage are branched and resemble the branched cells of
the connective tissue of the synovial membrane, from which fact
they give to the cartilage the name transitional. Although hyaline
cartilage is deseribed as having a matrix free from fibers, still,
under proper treatment, a fibrous character can be made out.
Articular cartilage covers the ends of bones in the joints
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Fig. 31), where it serves the double purpose of reducing conenssion
by virtue of its elasticity, and of forming a smooth surface for the
motion of the joint. It has no blood-vessels, but is nourished from
both the synovial membrane and the bone. It does not ossify—
that is, become bone.

Costal Cartilage (Fig. 30).—Cartilage of this kind is hyaline,
though in old age a fibrous character is observed. Its individual
cells are larger, and the groups of them are larger than in articular
cartilage. Its tendency to ossify is another difference when com-
pared with the articular variety, Ossification and caleification
must be very carefully distinguished. In the former a formation
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Fi1c. 32.—FElastic cartilage from the external ear of man: a, fine elastic network in
the immediate neighborhood of a eapsule ; = 760 (Bohm and Davidoff).

of bone oceurs ; in the latter there is simply a deposition of lime
salts,

Costal cartilage is found in connection with the ribs, and also
in the larynx, excepting in those minute structures, the cornicula
laryngis or the cartilages of Santorini. It also forms the carti-
laginous structure in the trachea, the nose, and the external andi-
tory meatus.

‘White Fibrous Cartilage or Fibrocartilage (Fig. 31).—White
fibrous connective tissue, with cartilage-cells between the bundles,
characterizes this tissne. It isdeseribed as of four kinds, principally
by reason of the office it serves ; inferarticular, flat plates between
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the articular cartilages of some joints, as the knee and the wrist;
connecting, as between the bodies of the vertebre ; circumfperential,
as in the cotyloid cavity of the hip-joint, which it makes deeper;
and stratiform, where it lines grooves in bone through which
tendons pass. It also oceurs in some tendons, as in that of the
peroneus longus,

Yellow Elastic Cartilage (Fig. 32).—The presence of elastic
fibers in the matrix is the distinguishing feature of thiz variety of
artilage, which is found in the pinna of the ear, the Eustachian
tube, the epiglottis, and the cornicula laryngis,

Cellular Cartilage.—This kind is made up almost wholly of cells ;
sometimes fine fibers are present. The only structure in which it
is found in the human body is the chorda dorsalis or notochord of
the embryo,

Chemical Composition of Cartilage.—The following analvses
were made by Hoppe-Seyler, and represent parts per 1000 :

Costal Cartilage. Articular Cartilage,

OMRRLDE o s i e e a e S DGR 785.9
Solide. oxganie . . v v r0a e o wa  OOLE 248.7
Solde-anOrEAnie T s LooTal ooed = e a2l 15.4

969.9 10043, 0

Orvganie Solids of Cartilage.—~The cells contain, besides the
proteid contents of cells generally, fat and glyeogen. The matrix
contains chondrigen, which on boiling vields chondrin.  This is
the generally accepted theory as to cartilage, but the most recent
analvses seem to show that chondrin is not a simple substance, but
a mixture, and that in the matrix are four substances: 1. Col-
lagen ; 2. An albuminoid, which exists only in later adult life, and
is like elastin, but contains more sulphur ; 3. Chondromucoid ; and
4. Chondroitin-sulphuyic acid.

TInorganie Solids of Cartilage.—Potassinm and sodium sul-
phates, sodium chlorid, and sodium, ealeium, and magnesinm
phosphates represent the inorganic class of physiologic ingredients
of cartilage,

Perichondrium.—This is a fibrous membrane which envelops
cartilage except at the articular ends of bones: it contains blood-
vessels, which assist in nourishing the cartilage.

Bone.—There are two varieties of bone : compaet and ean-
eellous or eancellated. The former is firm and dense, and oceurs
on the exterior of bones; the latter is spongy and more open in
structure, and oceupies the interior. The differences between the
two are not such as to justify their being regarded as two distinet
varieties, for in all essential points they are identieal. Practically,
however, it seems wise to deseribe them separately. When a
cross-section of a bone is examined under the microscope (Fig. 33)
Haversian canals are seen, averaging 0.05 mm. in diameter :
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around these the bone is arranged in rings, lamelle ; between
these are spaces, lacuncee, in which are bone-corpuseles (Fig. 34).
Each canal is connected with the lacun® which are concentrie

lamell®.

L5 Outer cireum-
Argei ferential

.;.1 = ﬁ‘?ﬂ. ﬁt&f&&{ ;-r
e
e v = 1N ,:‘ :__ = 1 .--&:. =
i S0 A =R 51  Haversian or
R P ;};}-;‘ N U RS . concentric
s Bl R Sy e ¥ lamells.
T A S e N,
...' ot l‘ ﬂ._. 1t 3 :

Haversian

Inner eircnm-
ferential
lamellz.

F16. 33.—Segment of a transversely ground section from the shaft of a !nug
bone. showing all the lamellar systems; metacarpus of man; X 56 (Bohm an

Davidofl).

with it, and the lacunz with one another by means of fine canals,
canalieuli, into which project progesses of the bone-corpuscles.
A Haversian canal (Fig. 34) with its lamelle, lacunz, bone-
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corpuscles, and canaliculi form a Haversian system. In a section
of bone several of these svstems may be seen, the spaces between
them being tm'upawl by interstitial lamelle, Lamelle which are
on the surface of the bone, parallel with its circumference, are
eircumferential lamelle. A longitudinal .-'w'tinll ol bone shows
the Haversian ecanals to be what their name indicates, channels
running through the bone. Their communication with one another
is also seen. In each canal are an artery and a vein.

If a piece of bone is treated with dilute nitriec acid, =0 as to
dissolve the lime =alts which it containg, or by some other method
of decaleification, a small portion may be torn off, which upon
examination shows the fibrous structure of the lamellw. Such
specimens also show the perforating fibers of Sharpey, which
hold the lamelle together; elastic fibers may also be observed.

Fic. M.—Portion of a transversely ground disk from the shaft of a human femur:
< 400 (Bohm and Davidoff).

Periosteum.—This 1= a fibrons membrane which encloses the
bones except where covered by cartilage. It is made up of an
outer laver of connective tissue, in which there are blood-vessels
which give off branches that go to the Haversian canals ; and an
inner lm er, in which elastic fibers are present. Between the peri-
osteum and the bone in voung animals are nucleated cells, the
osteoblasts or bmw-,famumg cells,

Bone-marrow.—Marrow is of two kinds, yellow and red. The
yr.".-"nw marrow is found in the interior of th[- shafts nf' long bones,
in the medullary eanal, and consists of fibrous tissue in which are
blood-vessels and cells, fat-cells prineipally, although some mariow-
cells and myeloplares also occur. The composition of vellow mar-
row is: fat, 96 per cent. (no other structure of the body containing
=0 much, adrpme tissue containing but 82.7 per cent.); areolar
tissue, 1 per cent. ; and 3 per cent. of fluid. Red marrow (Fig. 35)
oceurs in flat and short bones, the articular ends of long bones,
bodies of vertebrz, eranial diploé, sternum, and ribs.  In strueture
it resembles yellow marrow, except that fat-cells are few, while
marrow-cells are very abundant. Chemiecally it is composed of
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75 per cent. water and 25 per cent. solids ; the latter consisting

of =alts, a very small amount of fat, and two proteids, one a cell-

glnhll'll] coagulating at 47°-50° C. and a nucleoproteid containing
1.6 per cent. of plm-phuruf- Hemoglobin is also present.,

Marrow-eells (Fig. 36)—The cellz of red marrow are of four
kinds : 1. True marrow-cells, which are round, nueleated eells like
white hlmtvt]—rm'pu-['lm but L!.I‘gi_l‘,.-lml exhibiting ameboid motion.
2. Erythroblasts, pinkish in color, and in appearance like the nuele-
ated red blood -corpuseles of the embrvo. Some authorities regard
these latter as cells which are originally trne marrow-cells and
afterward become red blood- Illl]lll-{'ll'-; while others hold that
they are never marrow-cells, but have come directly from the
nucleated blood-cells of the embrvo and become red blood-
corpuscles, the nuclei :llwlppr*'lrilw In the ervthroblasts the
wocess of karvokinesis may often be observed. 3. Myeloplaxes ;
these cells are also ealled r;e-‘m.t‘ cells, myeloplaques, and osteoclasts,
These are very large nucleated eells, which are also found in the
vellow marrow of the adult. 4. Cells which contain red blood-
corpuscles in various stages of transformation into pigment, resem-
bling the large cells found in the spleen, and ealled splenie eells.

Blood-vessels of Bone.—The periostenm sends branches of its
blood-vessels into the compact tizsne, some passing into the Haver-
sian eanals, while others continue on and supply the cancellous
tissue in the interior. In the middle of the long hones is an
opening, the nufrient foramen, through which passes “the medullary
or nutrient artery, with one or two veins, traversing the (*mllpat*
tissue to reach the medullary eanal, where it supplies the tissue
contained therein. Similar openings exist in other bones for the
transmission of blood-vessels to their interior. It is claimed by
some that the walls of the capillaries in the marrow are imperfect,
and that through the openings w hich exist the red blood-corpuscles
produced in the marrow find their way into the blood-circulation.

Lymphatic Vessels of Bone.—These are found in the periosteum
and the bone-substance, and also in the Haversian canals.

Nerves of Bone.—The periosteunm is supplied with nerves, and
they also pass into bones throngh the nutrient foramina. Espe-
uall_', rich in nerves are the articular extremities of long bones,
the vertebre, and the larger flat bones,

Chemical Composition of Bone.—Hoppe-Sevler gives the follow-
ing analysis of undried hone without separation of marrow or blood :
Water. . . . . . . 50.00 per cent. Ossein (orcollagen) . . 11,40 per cent.
BaE D il oosos 185 0 A [ Boneearth s o oo 2 LEREIEEIEE

The following is Zalesky’s analysis of human dried macerated
bone :

Organic constituents . . . . . . . .. . . . . . 3456 percent
Inorganic  “ S o pe At e s Sl T

100.00
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Gray states that the organic constituent of bone forms about
33 per cent., and the inorganic 66.7 per cent.  He quotes the fol-
lowing analysis of Berzelius :

Organic matter . . . . Gelatin and blood-vessels . 58,30 !” . u”t
{ Phosphate of lime. . . . 51.04
I Carbonate  ** R
Inorganic or earthy . Fluorid of caleium . . . 2.00 *
L Phosphate of magnesinm . 1.1 # &
Sodaand ehlorid of sodium,  1.20 ¢ o

The organie constituents arve ossein, also called collagen ; elas-
tin, proteids, and nuelein form the bone-corpuseles, with a small
quantity of fat. The inorganic constituents are calcinum phosphate,

Fic. 35.—From a section through human red bone-marrow: a, f, normehlasts ;
b, reticulum ; ¢, mitosis in giant cell ; d, giant cell; e, kh, myelocytes; g, mitosis;
i, space containing fat-cells; = 630 (Bohm and Davidoil).

earbonate, chlorid, and fluorid ; magnesinm phosphate, sodium
chlorid, and some sulphates. Of these inorganic constituents,
calcinm phosphate exists to the amount of 83.88 per cent., and
calcium carbonate to the amount of 13 per cent,

Development of Bone.— (Jssification, the process by which bone
is formed, occurs in two forms: intramembranous and intracarti-
laginous or endochondral, The subperiosteal variety deseribed by
some authors is, in all essential particulars, identical with the
intramembranous. By the intramembranous are formed the
parietal, frontal, and upper portions of the tabular surface of the
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occipital bone; while by the intracartilaginous, the humeruns,
femur, and other long bones are formed,

fnh*mm*.inbarmum Um,ﬂmfmu (Fig. 37 )—Flua process may be
studied in the parietal bone, which , prior to the Imgmmnﬂ' of
ossification, about the -,mwn.‘h or un*hl:h week of fetal life, is a
fibrous membrane containing blood-vessels and osteoblasts {}‘Ig
37). The process begins in the cenfer of ossification, which, in the
parietal bone, is single, at the parietal eminence. The number of
these centers varies in different bones; in the frontal there are
twao.

The embryonic membrane is {*mnpnu!-ﬂ of bundles of fibers,
osteogenie fibers, with a granular matrix between them. Both the

Fia. 36.—Cover-glass preparation from the hone-marrow of dog: > 1200 (from
preparation of H. F. Miiller) (Bibhm and Davidoff): 2, mast-cell: &, lymphoeyte ;
¢, eosinophile cell ; , red blood-cell ; e, ervthroblast in process of division ; f, f, nor-
moblast ; g, erythroblast. Myelocyte not shown in this figure,

fibers and the matrix become caleified by the deposition in them
of lime salts, and there is produced in them a ecalcareons mass
enclosing blood-vessels and osteoblasts, which latter become bone-
corpuseles, and the spaces in which they lie form the lacunse. The
blood-vessels permeate the whole, the channels which they form
being Haversian canals. It will be observed that in this variety
of osszification a mcmhl"mnuq structure precedes the bone; hence
the bone is said to be formed in membirane,

Intracartilaginous or Endochondral Ossification (Fig, 37).—In
this form cartilage precedes the hone, and the changes which result
in bone-formation take phu- within it and ]mwtlmlh' convert it
into bone.

First Stage—In the first stage the cartilage-cells at the center
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F1G. 37.—From a cross-section of a shaft (tibia of a sheep); % 550 (Bohm and
Davidoff): in the lower part of the figure is endochondral bone-formation (the
black cords are the remains of the cartilaginous matrix); in the upper portion is
bone developed from the periostenm.

of ossification become larger and arranged in rows; in the
matrix or ground-substance, between these rows of cells, lime

salts are deposited in such manner as to form longitudinal rows
of cells, separated by the calcified matrix ; in the matrix, between
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adjacent cells, at right angles to these calcareous columns, lime
salts are also deposited, thus forming spaces containing cartilage-
cells, the boundaries of which are composed of the caleified matrix.
These spaces or cavities are primary areolee. While this process
is taking place at the center of the cartilage, beneath the mem-
brane which envelops the cartilage, the perichondrium, or, as it is
subsequently called, the periosteum, the osteoblasts form fibrous

Vesicular cartilage-
cells,

Primary periosteal
bone-lamella.

Periosteal bud.

Unaltered hyaline
cartilage

F16. 38.—Longitudinal section throngh a long bone (phalanx) of a lizard embryo
(Bohm and Davidoff). The primary bone-lamella originating from the periosteum
is broken through by the periosteal bud. Connected with the bud is a periosteal
blood-vessel containing red blood-corpuscles.

lamelle on the surface of the bone, which become caleified by the

deposit in them of lime salts. Some osteoblasts are closed in b

the lamellee and become bone-corpuscles. These changes whie

take place on the surface beneath the periostenm constitute sub-
iosteal or intramembranous ossification, which has already been

hﬂeacribed ; thus, both kinds of ossification take place in the long
nes.
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Second Stage or Stage of Irruption.—In this stage the blood-
vessels and osteoblasts of the periosteum form processes which
absorh l‘lul‘tlulh of the bone recently made by intramembranous
ossification, and of the walls of the primary areole, thus pro-

ducing larger spaces or cavities, see-
ondary arveole or  medullary  spaces ;
these contain  osteoblasts and  blood-
vessels, which constitute embryonie
marrow.  Authorities differ as to the
ultimate fate of the cartilage-cells;
some think they become nr-tvul;l 15ts,
while others teach that they are .1h-
sorbed.

Third Stage.—The osteoblasts of the
embryonic matrix, increased in num-
ber by division, form a laver of bone
on the surfaces of the walls of the
secondary arcole.  On this bony wall
another laver of osteoblasts forms a
second layer of bone, and thus the
process continues until only a small
canal remains, the Haversian canal.
The layers of bone, produced in the
manner deseribed, are the lamells;
while such of the osteoblasts as remain
between the lamelle become the bone-
corpuscles. No satisfactory explanation
has been given of the method of pro-
duction of the canaliculi.  During this
stage the process of ossification which
began in the center of the bone extends
toward the extremities, and thus the en-
tire shaft becomes ossified.  Histologists
deseribe the multinueleated eells (sim-
iliar to the myeloplaxes of the marrow)
which are concerned in the absorption
of the caleified matrix and bone under
the name osteoclasts, reserving the term
osteoblasts for the cells which form the
bone.

The shaft of the bone and its ex-
tremities remain separated for a period
of time which varies in different bones,

Fra. 39.—Longitudinal see-
tion through area of ossifica-

tion from long bone of human
embryo (Huber),

and increase in length takes place by a growth of cartilage between
the shaft and its epiphyses. This intermediate cartilage later ossi-
fies, and the union of shaft and extremities is complete. Cartilagi-
nous at first like the shaft, the epiphyses undergo ossification in

4
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the same manner, The bone becomes of greater eirenmference hr)'
the deposits made by the periosteum externally, and the medul-
lary canal is made larger by the absorption of a portion of its walls,
In the repair of bones, as after fractures, the periostenm performs
the same office as in
the original formation
of’ bone.
Dentin.—The con-
sideration of this sub-
stance calls for a de-
scription of the teeth,
of which it forms an
important part.
A tooth (Fig. 40) is
divided anatomically
into the crown, the vis-
ible portion, which pre-
jects above the gum ;
the roof, the portion
out of sight within the
alveolus or socket ; and
E the neck, the constricted
L} = portion joining the
=4 £ crown and the root.
== In the center of the
,z == | erown anid L-:'{t,-r:mling
= into the roots is the
E 35— Dentin. pulp-chamber, the
e openings of which, at
.fly the tip of the roots,
are apical foramina,
through  which pass
blood-vessels and
nerves into the pulp-
chamber, which con-
: tains dental pulp.
g Smentm. This latter is com-
' posed of a gelatinous
connective tissue with

Fic. 40.—Scheme of a longitudinal section L yranehed cells. to-
through a human tooth: in the enamel are seen . | hl’ 1
the “lines of Retzius” (Bohm and Davidoff). gether with the blood-

vessels and nerves just
mentioned ; lymphatic vessels are absent. Some of the cells
are in contact with the dentin of the tooth, and having been
concerned in its formation are called denfin-forming cells or

odontoblasts. -
The solid part of a tooth, excluding the pulp-chamber and its

g ""'"":“_:"F.'--' Pulp-cavity.
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contents, is made up of denfin or ivory, enamel, and cement or
erusta petrosa.

Dentin.—The main portion of a tooth is composed of dentin,
which forms the walls of the pulp-chamber. It bears some resem-
blance to bone, though the Haversian canals and lacunse, which
characterize the latter, are not present ; it is, however, regarded
as modified bone. Chemieally it consists of 10 per cent. water
and 90 per cent. zolids, of which latter 27.70 per cent. is organic,
collagen and elastin, and 72.30 per cent. inorganic. Of this,
aleium carbonate and phosphate form 72 per cent., and magne-
sium phosphate and caleium fluorid the rest.

Microscopically, dentin is made up of dentinal tubuli, hollow
tubes, which present a wavy appearance, between which is infer-
tubular tissue. In general, the tubules are parallel with one

Cementum. ¢

Dentin.

Fic. 41 —Cross-section of human tooth, showing cement and dentin; > 212
(Bohm and Davidoff). At a are seen small interglobular spaces (Tomes' granular
layer).

another, although in the upper part of the erown they are
arranged vertically, while in the neck and root they are oblique.
They extend from the enamel and cement to the pulp-chamber,
into which they open, and from the odontoblasts of which they
receive processes ; the dentin thus resembling bone in which bone-
corpuscles send processes into the canaliculi. At the ends, which
open into the pulp-chamber, the tubules are unbranched, but as
they extend toward the enamel and cement they divide dicho-
tomously—i. e., into two branches, each of which again divides
in the same manner. They terminate beneath the enamel and
cement in irregular communicating spaces, interglobular spaces
or the granular layer.

The intertubular tissue contains the greater portion of the
inorganic constituents of the dentin.
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Fias. 42-45.—Four stages in the development of a tooth in a sheep embryo
{from the lower jaw) (Bohm and Davidoff). Fi6. 42, anlage of the enamel-germ
econnected with the oral epithelinm by the enamel-edge ; Fic. 43, first trace of the
dentinal papilla; Fic. 44, advauced stage with larger papilla and diﬂ'erenﬁaﬁ:lg
enamel-pulp; Fi6. 45, budding from the enamel-edge of the anlage of the enamel-
germ, which later goes to form the enamel of a permanent tooth ; at the periphery
of the papilla the odontoblasts are beginning to differentiate. Fies. 42, 43, and 44,
w110 FIG. 45, < 40. a, a, a, a, Epithelium of the oral cavity ; b, b, b, b, its basal
layer: ¢, ¢, ¢, the snperficial eells of the enamel-organ; d, d, d. d. enamel-pulp ;
p, p, p, dentinal papilla; = s enamel-forming elements (enamel-cells) ; o, odonto-
blasts ; S, enamel-germ of the permanent tooth; v, part of the enamel-edge of &
temporary tooth ; , surrounding connective tissue.
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Enamel —This covers the crown and extends to the root. It is
the hardest part of a tooth—indeed, it is the hardest tizssue in the
human body—and protects the softer and more senzitive portion
beneath in the process of mastication or chewing. It is made up
of elongated hexagonal prisms, enamel-prisins, which are placed
at right angles to the dentin (Fig. 46).

Chemical analyses of enamel vary to a considerable extent,
Hnllpe-."_ﬂ'c}'ler gives the following : Calcium earbonate and phos-
phate, 96 per cent.; maguoesium phosphate, 1 per cent.; and
organic substances, 3 per cent. Other chemists state the amount
of organic matter to be from 2 to 10 per cent. ; but the most recent
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Fra. 46.—A portion of a ground tooth from man, showing enamel and dentin ;
# 170 (Bihm and Davidofl).

analyses seem to show that the organic matter present in the
enamel of a fully formed tooth is too minute to be weighed.
Cement or Crusta Pefrosa.—At the point where the enamel
ends the cement begins, and forms a covering of the dentin as
far as the tip of the root. It is both structurally and chemically
identical with bone, possessing hoth lacunz and canaliculi. The
presence of Haversian canals is claimed by some histologists, es-
pecially in the thicker portions; while others deny it in normal
teeth. Like bone, the cement is covered with periosteum, which
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lines the alveolus and holds the tooth in its place. Tt is here
called pericementum.

Development of Teeth (Figs. 42-45).—About the seventh week
of fetal lite the germinal epithelium which covers the mucous mem-
brane of the gums of the embryo, grows so as to form an elevated
ridge, the mazillary rampart. A similar growth oceurs downward
into the tissue of the mucous membrane, forming the common
dental germ or denfal lamina,  From this lamina ten cellular proe-
esses, the special dental germs, are given off in each jaw, corre-
gponding to the number of teeth, FEach special germ becomes

F1G. 47.—A portion of a cross-section through a developing tooth (later stage
than in Fig. 45); » 720 (Bohm and Davidoff'). The dentin is formed, but has
become homogeneous from caleification.  Blen de Lyon differentiates it into zones
(@ and b, At cis seen the intimate relationship of the odontoblasts to the tissue
of the dental pulp.

flask-shaped, and later flattened, and still later indented on its
under sirle. The special germ becomes the enamel-organ of the
future tooth, as from it the enamel is produced. From the corium
of the mucous membrane grows a vascular papilla, the denfal
papilla, which, as it grows, inereases the indentation of the special
cerm and is covered by it. This papilla becomes the dentin and
pulp of the tooth, the odontoblasts which cover it forming the
dentin and the other portion the pulp. From the tissne which

roduces the papilla a vascular sac, the dental sac, is formed,
which surrounds the special germ and its papilla. The dental sac
and all the structures within it constitute the dental follicle.
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The epithelial cells of the special dental germ become changed
into three kinds of cells: (1) Columnar cells, adamantoblasts or
ameloblasts, These are the deepest layer next the papilla, and
therefore next the future dentin. The adamantoblastz form the
enamel-prisms (Fig. 46), at first fibrous in character, later becoming
caleified. (2) The outer cells, those adjoining the dental sae, be-
come arranged into a single layer of cubical epithelium. Between
the two the cells form a spongy network of (3) branching cells,
whose processes communicate, forming the stellate reficulum or
enamel-jelly or enamel-pulp. The name enamel-organ is now
applied to this structure.

The cement, which, as alveady stated, is identical with bone,
is formed by the dental sac, whose internal tissue is in all respects
the same as the osteogenetie layer of periosteum. The outer layer
of this sac is the dental periostenm,

The above deseription is that of the development or formation
of the temporary or ilk-teeth (p. 56). The permanent teeth are
formed in the same manner. The process from which each of
these latter is developed is an offshoot of the special dental germ,
which produces a temporary tooth, and this offshoot undergoes the
same changes. The milk-teeth are shed by the action of the
osteoclasts of the dental periosteum, here called odonfoclasts, which
cause ahsorption of the roots of these teeth.

While there are but ten temporary teeth in each jaw, there are,
on the other hand, sixteen permanent ones, or six more ; the perma-
nent molars, three on each side of the jaw, the first and second molars,
and the wisdom-teeth. These arise from a backward extension of
the dental germ, for which additional special germs are developed.

The eruption or cutting of the teeth is due to the absorption of
the gum about them by the pressure of the growing teeth.

The alveoli or sockets are formed by the ossification of the
tissne between the dental sacs.

The ten teeth which replace the ten temporary are called succes-
sional permanent teeth ; the other six, superadded permanent tecth.
The molars of the temporary set are replaced by the premolars
or bicuspids of the permanent set, while the superadded teeth are
the molars of the permanent set, and have no representatives in
the temporary set.

While the formation of the milk-teeth begins at about the
seventh week of fetal life, that of the successional permanent
teeth commences at about the sixteenth week, the second molars
at the third month, and the wisdom teeth at the third year.

Temporary, Milk-, or Deciduous Teeth—The first set of teeth,
ten in number in each jaw, twenty in all, constitute the temporary,
mill-, or deciduous teeth. Four of these are incisors, two canines,
and four molars, The following table gives their arrangement
and approximate time of eruption or cutting.



ab MUSCULAR TISSUE.

TEMPORARY TEETH.
Arrangement and Time of Eruption.

One-half only of each jaw is represented, the arrangement and time of erup-
tion being the same in the corresponding halves,

Molars. Canine. Ineisor. Middle line
Becond. FFirst. Lateral. Central. of jaw.
U pper 'pm' s 1 1 1 1 1 '
Time of 1'r‘t|.|ltl”]l ]
in months after } . 20-24 1521  16-20  15-21 8-10 '
birth j :
Lowerjaw . . . . . 1 1 1 1 1 '
Time of eruption
in months after » . 20-24 12 16-20 15-21 6-9
birth }

Permanent Teeth—The second or permanent set consists of
thirty-two teeth, sixteen in each jaw. The third molars or wis-
dom' teeth do not always appear. The following table gives the
arrangement of these teeth and the approximate time of their
eruption :

PERMANENT TEETH.
Arvangement and Time of Eruption.

One-half only of the jaw is represented, the other half correzponding in all
particulars ; and as the time of eruption of the permanent teeth of the lower
Jjaw differs from that of the upper unl:.' in that it ]rl'l"l'L'l]l'.ﬁ il .‘_~li.*_;'|:t]:.', the upper
jaw is alone represented.

Bicuspid or

Third or Muolar. 'remolar. Canine.  Ineisor, Middle line
Wisdom. Second. First. Second, First, Lateral. Central. of jaw.
Upper jaw . . . . 1 1 1 1 1 1 1 1 |
Time of eruption |
in wears after »17-25 12 i 10 AN 1 R T '
Meth: . = - J |

MUSCULAR TISSUE.

The muscular tissue of the human body is of two kinds, velun-
tary and involuntary, both being possessed of contractility or the
power to shorten, :

Voluntary Muscle (Fig. 49).—This is composed of fibers
having a length of 2.5 em. or more, and a diameter of 0.05 mm.,
enclosed in a sheath, the sarcolemma (Fig. 48). The material
possessed of contractile power, contractile substance, when viewed
under the mieroscope presents the appearance of alternating dark
and light stripes, sfriee, crossing it, giving to this variety the name
of striated muscle. These strie are not superficial markings, but
are in reality the edges of dark and light disks (Fig. 49). At the
boundaries of the light strize are seen rows of granules, and run-
ning through the dark strize lines connecting the granules. These
lines mark longitudinally the subdivisions of the musele, which
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are called musele-columns, sarcostyles, or fibrils, When stained with
chlorid of gold transverse lines are also seen uniting the granules,
the whole arrangement of lines presenting a reticular appearance,

Fra. 48.—Striated muscle-fiber of frog, showing sarcolemma (Huber).

which, however, Schiifer regards as in reality not a network, but
only the n]ﬂwui expression of the interstitial substance between
the muscle-columns, and which is called sarcoplasm,

If a musele-fiber is examined in eross-section, it is found to be
divided into angular areas, Cohinheim’s areas (Fig. 51). These are
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F16. 49.—Volantary muscle (Leroy). A, Three voluntary fibers in long sections:
@, three voluntary muscle-fibers; &, nuclei of same ; ¢, fibrous tissue between the
fibers (endomysium) ; o, fibers separated into sarcostyles. F, Fiber (diagrammatic):
a, dark band; & light band: ¢, median line of Hensen: d, membrane of Kranse:
e, sarcolemma ; f, nuclens. ': a, Light band ; &, dark band; e, contracting ele-
ments: o, row of dots composing the membrane of Krause : ¢, slicht narrowing of
contracting element aiding in production of median line of Hensen,

the eross-sections of the muscle-columns or sarcostvles, between
which is the sarcoplasm.
Hensen’s line is a line crossing a muscle-fiber in the middle of
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a dark stripe, while Dobie’s line crosses each light stripe. This
latter i= regarded by Schifer as not an aectual strueture, but an
effect pmdm{-d by the transmitted light. One 111t]mr|tv Hay-
eroft, regards the striated appearance of muscle as a rLf'raLtn'
effect simply ; but the evidence of this is not convincing, and the
difference in reaction to staining-agents seems to prove that the
light and dark stripes of muscle-fibers are different structures.

==*Sarcoplasm.

Cohnheim’s
area.

:E-Samu!emma.

Sarcoplasm.
Cohnheim’s
area

-] FiG. 51.—Trunsverse section through stri-

ated muscle-fibers of a rabbit (Bihm and

Fra. 0.—Diagram of the struct- Davidoff). 1 and 3, from a muscle of the
are of the fibrils of a striated lower extremity:; 2, from a lingual musele;
musele-fiber; the light spaces be- X000, In 2, Cohnheim’s fields are distinet ;
tween the fibrils may represent in 1, less elearly shown ; in 3, the muscle-
the sarcoplasm (Huber). fibrils are more evenly distributed,

Nuelei are to be seen under the sareolemma of the museular
tissne presenting the usual appearance of cell-nuclei, often with
spiral chromoplasm.

Endomysium is the areolar tissue between the individual fibers,
which are bound together by connective tissue, perimysivm, into
bundles, fasciculi; these in turn, united by the perimysium, con-
stitute what is c{:-mmn:-nh' ca]led a muscle, whose investment or
sheath is the epimysinm.

The muscles of insects are characterized by broad stripes whose
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structure is very distinet, and the following deseription from
Schiifer is very instruetive, He savs:

“The wing-muscles of insects are easily broken up into sarco-
styles (fibrils), which also show alternate dark and light strize,

“The sarcostyles are subdivided at regular intervals by thin
transverse disks (membranes of Krause) into successive portions,
which may be termed sarcomeres,  Each sarcomere is occupied hy
a portion of the dark stria of the whole fiber (sarcous element):
the sarcons element is really double, and in the stretched fiber
separates into two at the line of Hensen. At either end of the
sarcons element is a clear interval separating it from the mem-
brane of Kranse ; this clear interval is more evident the more the
sarcostvle iz extended, but diminishes to eomplete disappearance
in the contracted musele. The eause of this is to be found in the

Nucleus.

Musele-
substance,
Sarcolemma.

Fra. 52.—Cross-section of striated muscle-fibers: 1, of man; 2, of the frog: the
relations of the nuclei to the muscle-substance and sarcolemma are clearly visible;
* 670 (Bihm and Davidoff).

structure of the sarcous element. Each sarcous element is per-
vaded with longitadinal eanals or pores, which are open in the
direction of Krause’s membranes, but closed at the middle of the
sarcous element. In the contracted or retracted musele the clear
part of the muscle-substance has passed into these pores, and has
therefore disappeared from view, but swells up the sarcous element
and shortens the sarcomere in the extended muscle ; on the other
hand, the clear part has passed out from the pores of the sarcous
element, and now lies between this and the membrane of Krause,
the sarcomere being thereby lengthened and narrowed. The sar-
eons element does not lie free in the middle of the sarcomere, but
is attached laterally to a fine enclosing envelope, and at either end
to Krause’s membrane by very fine lines, which may represent
fine septa running through the elear substance.”

Schiifer regards the sarcomere as similar to the protoplasm of
an ameboid cell, the substance of the sarcous element being repre-
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sented by the spongioplasm, and the elear substance by the hyvalo-
plasm.  When stimulated,
the eclear substance passes
into the pores as the hyalo-
plasm does into the spongio-
plasm, thus producing con-
traction ; and in the absence

Fia. 53.—Diagrams of the transverse stria-
tion in the musele of an arthropod; to the
right with the objective above; to the left
with the objective below its normal focal
distance (after Rollet, 83): ), transverse

disk : &, median disk (Hensen); E, terminal F1G. 54.—Cardiac muscle,
disk (Merkel): N, aceessory disk (Engel- gemidiagrammatic: @, nu-
mann): .J, isotropic substance (Bohm and clens; "«'1_ hE‘illl'-'h of fibers; ¢,
Davidodf ). cross-striation.

of stimulation it passes out, as in the ease of the ameha, causing
in it the formation of psendopodia, and in the muscle its extension.

-== Contractile
snbstance,

FiG. 5.

Longitudinal and cross-section of muscle-fibers from the human myoeardinm,
hardened in aleohiol : % 640. The muscle-cells in the longitudinal section are not
sharply defined, and appear as polynuelear fibers blending with one another : between
them lie, here and there, connective-tissue nuelei (Bohm and Davidoff).
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He ealls attention to the similarity of the movements of the ameba,
musecle, and eilia.

Muscles are well supplied with blood-vessels, which run
lengthwise of the muscle with transverse branches; they do not
penetrate the sarcolemma, The motor nerves of striated muscle
terminate in motor end-organs, and tlu' SENSOTY Derves in masele-
spindles, which are further referred to in the discussion of Nerve-
cudmga (p. 64). Besides the muscle-
fibers, museles contain conneetive tissue
with some fat.

Striated musele is found in all the
muscles of the body which are attached
to bhone, and 15 sometimes deseribed un-
der the name sbefefal musele.  Although
this variety is said to be voluntary, it is
not in all places under control of the
will, as, for instance, in the phur_vnx,
esophagus, and the internal ea

Development of Striated Muscula.r
Tissue.— Embryonic cells of the meso-
blast become elongated, and the nuelei
form long fibers, which later become
striated ; some of the nuelei remain
beneath the sarcolemma as the nuelel
of the muscle,

Ceavdiae Musele (Fig, 54).—The mus-
cle of which the heart consists differs
from that just described in having its
strise less marked, in being without sar-
colemma, and in tI'IL fact that its fibers
are short, each possessing a nueleus, and
that thl:“f branch and join the fiber- cat: in 1, isolated; in 2 and 3,
cells conticnous to them In croespeption ;4 B ARG

o : ; : the eell is cut in the plane of
The nerves supplying eardiac muscle  the nuelens; at ¢, in the neigh-

b === M TCIENIR.

--=-==-==== Protoplasm.

57.—S8mooth muscle-

Fie.
cells from the intestine of a

end in plexuses or networks.
Involuntary Muscle (Iig. 57).—
This is also called plain and non-striated.

horhood of the pointed end.
In 3 (from Barfurth) is seen
the manner in which neigh-
boring eells are joined to one
another by intereellular bridges

]t{:nn:-:i:-,ts of flat, fusiform cells, contrac-
tile fiber-cells, having lengths varying
considerably, each pn%.-,rwmg a nuelens and one or two nucleoli,
and having ]nugltudmal strie.  The cells are joined together lw
means of an intercellular material.

Involuntary muscular tissue is widely disseminated over the
body ; it is found in the following locations : esophagus, museular
and rnnf:nus coats of the alimentary canal, bladder, ureter, uterus,
Fallopian tubes, spleen, ciliary muscle, i lrls, duets of glands, arte-

(Bihm and Davidoil'),
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ries, veins, lymphaties, sweat-glands connected with hair-follicles,
serotum, and areola of the nipple of the breast.

The nerves of involuntary musele end in plexuses or networks,
as in the cardiae muscle.

Development of Involuntary Muscular Tissue.—'The contractile
fiber-cells which compose this tissue are formed from ecells of the
mesoblast, which elongate, the nuelei also elongating. The
muscular tissue of the r-»wu.ll-g_r|.lllt|-_u 18 Im‘mmf from the epiblast.
When new muscular tissue of the ]ll.]lll variety is formed, as when
the uterus enlarges in pregnancy, growing from an organ weighing
from 30 to 40 grams to one 'u.uls;]uuu 11‘um 900 to lll[]'[] orams,
this is tu:*nur.p]b-.lu*:l by an inerease in the size of the nrlgnml
fibers, and by the form: ation of new fibers from small cells which
lie between the original ones. In the process of involution, that
process by which the uterus returns to its original size, the fibers
become fatty and are absorbed.

Chemical Composition of Striated Muscular Tissue.—The sarco-
lemma resembles elastin,  When the contractile substance is
pressed, a fluid is expressed, the musele-plasina, which ecoagulates,
the elot being myosin. A similar change takes place after death,
producing rigor mortis or cadaveric rigidity. During life mllwlll'ir
tissue has an alkaline reaction; while after death, owing par-
tially, at least, to the formation of sarcolactic acid, it becomes acid.
This also oceurs after the muscles have been very active,

PerceExTAGE CoMPosiTIoN oF Humax MuscLes

Waler | o, S
Proteids, m;lu.q'llng thz- -afuguh'-mma p]‘ﬂtf"][lﬂ of connective
tissue, vessels, and pigments . . . . . .. . .. . . 1802
I OO S O i T s ) o T it e e el 21 B
LT s Al G Mo R et e R SR P L
B irartiwes: = o et amemne S e e e e
T T e e A s [

The proteids in muscle-plasma are three in number: 1. Para-
myosinogen, which coagulates at 4.r °=50° C,, mmtnmhng 17 to
22 per cent. of the total proteid ; 2. Myosinogen or Uymﬂ i, Coag-
ulating at 56° C.,, 77 to 83 per cent. ; and traces of an -1Ihum|n
Jfgo-mf!'mmm Both paramyosinogen and myosinogen enter into
the clot which forms when the plasma Emlfrlll.llm. Thiz clot is
called myogen-fibrin or myosin-fibrin.

The extractives are very numerous, creatin, creatinin, xan-
thm hy[mmnthm carnin, carnic acid, uric acid, tannin, and
inosinic acid, all c{}ntammg nitrogen and fats, n'lvm-wn inosit,
dextrose, and sarcolactic acid. This acid is attributed |n‘ soIme
authorities to the glycogen, while others trace it to the proteids.
The presence of urea in mammalian muscular tissne is still a
matter of dispute. Muscular tissue always contains fat, and there
is excellent authority for believing that, while some of this comes
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from the :|||i}:n:-'-v [i:—'r-'l]l' which ecannot be .-'l']l:l1':lll:li from the true
muscnlar tissue, fat 15 alzo a constituent part of muscle-plasma.

The unlnl‘|1|w-1|1*|ll| 1 of the red musele is .r.lrf.n'ufrf nrrrhn, which is
lml'ulmhl'. |1|*u:|uwli from the hemoglobin of the blood.

The inorganic salts are Irl]l'll:"ll‘l.l“‘l. those of potassium, the most
abundant |u ing potd issium phosphate.

{mn!;rma.‘ruu u||' the Cardine Muscle.—"This variety of muscular
tissue contains paramyosinogen and myosinogen, and undergoes
adaverie rigidity.

Composition of Tnvoluntary Museuwlar Tissue—Cadaverie rigidity
has been observed in the stomach and uterus; and from plain
musecular tissue a proteid has been obtained which resembles
myosinogen.

NERVOUS TISSUE.

The nervous tissue of the body is made up of nerve-fibers,
nerve-cells, and neuroglia.

Nerve-fibers (Fig. 58).—This kind of nervous tissue is also
called fibrous and white nervous matter,
Fibrous nervous matter should not be
confounded with fibrous connective tis-
sue ; the term “ fibrous” simply implies
that the nervous substance is arranged

in fibers, Medullary —--
Nerve-fibers are medullated and non- sheath.

medullated.
Medullated Nerve-fibers (Ii ig. H8) are

Axis-evlin- caaeeo

: der.
i - === Fibrilz of axial
cord.
:r--- Neurilemma.
|
R Begment of
il i Lantermann.
1,
it
gl
Fia. 58. P

FiG. 58.—Longitudinal section through a nerve-fiber from the seiatic nerve of a
frog ; » 830 (Bohm and Davidoff).

Fii. 59.—Medullate nerve-fiber from sciatic nerve of a frog: in two places the
medullary sheath has been pulled away by teasing, showing the “naked axis-
eylinder’ : =% 212 (Bohm and Davidoff ).
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characterized by possessing a medullary sheath or white substance
of Schwann, which gives the white eolor to the nerve-fiber. This
is a protective covering to the essential part of a nerve, the awis-
eylinder. The space inside the medullary sheath is the avial space,
which is filled by the axial cord. This consists of awis-fibrils em-
bedded in the newroplasm, a material of semi-fluid consistency,
both fibrils and neuroplasm being covered by a delicate mem-
brane, the axolemma. When nerve-fibers have been prepared for
microscopic examination the axial cord changes its appearance by
the coagulation of the neuroplasm, and the altered cord is what is
commonly called the aris-cylinder.  The primitive sheath, nucleated
sheath of Schwann, or neurilemma, is a membrane which encloses
the white substance of the nerves, except-
ing those within the nerve-center.  Neuri-
lemma (alzo written neurolemma) is a term
formerly applied to what is now ealled peri-
newriin,

The medullary sheath is not continuons;
at regular intervals it is absent, and only
the primitive sheath and axis-cylinder are
present. This gives to the nerve the ap-
pearance of constrictions, known also as
the nodes of Reanvier., The portion of
nerve between these constrictions is an

']

L]
-

/ tnternode, in the middle of which is a nu-
t &- Nucleus. Jenis

il cleus, . ]
WY | Medullated fibers make up the white

o i - pant of the brain "'E{l “"‘]fi'fgﬂ_ cord, and the
monmedullated fibers) from  nerves that have their origin in these struet-
the pnenmogastric nerve of — yres, the eerebrospinal nerves, In size they
Hﬂﬂﬁ”’{ B0 (Bl ai vary from 2 g to 19 g, This variety never

branches except near the termination,

Nonmedullated Nerve-fibers (Fig. 60).—These are also known as
gray, gelatinous, and fibers of Remak. These have no white sub-
stance, but are composed of fibrillze, which are probably enclosed
in a sheath, the nearilemma, in which are nuclei,

Nonmedullated fibers, unlike those that are medullated, fre-
quently branch, e

Nerve-fibers are associated together in bundles, funiculi (Fig.
61), each of which bundles is enclosed in a sheath of connective
tissue, perineurium. The funiculi are surronnded by a ﬁimi.]ar
sheath, the epineurium, which binds them together and in which
are the blood-vessels, lvmphaties, and nerves of the nerves, the
last being the nervi nervorum. Within the funiculi is connective
tissue, embedded in which are the nerve-fibers.

Modes of Termination of Nerve-fibers.—The nerves which
supply striated muscle subdivide near their ends, and one of the
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hl‘:lIII'hE*:-'u goes 1o o Illllr-'['ll':l]‘ Iilwl', [ts ]nl‘ilnili\‘f- :-c]u-:nh |-. 0 -
tinuous with the sarcolemma, and the medullary sheath terminates,
The axis-cylinder breaks up into fine ramifications, which are em-
bedded in granular nueleated protoplasm ; this is a mofor end-organ
or end-plate (IFigs. 62-65),

In involuntary muscle the nerve-fibers end in plexuses, from
which fine branches pass to the contractile fiber-cells.

Nerve-fibers also end in speeial organs, of which there are
various kinds: FEud-bulbs ot Krause, taclile corpuscles, Pacinian
corpuscles, organs of Golgi, and muscle-spindles.

End-bulbs (Fig. 67).—An end-bulb consists of a eyvlindrieal,
oblong, or spheroidal body formed from the connective-tissue
sheath of a ]|1L-:|I|]|:|t1-{1 nerve-fiber, Within this 15 a core with
many nucleated cells, in which the axis-cylinder terminates. End-

F=—==Fihrils.

Fibrils of axial
cord,

Medullary
sheath.

i

=B

FiG. 61.—Transverse section through the sciatic nerve of a frog; = 820; at aand &
is a diagonal fissure between two Lantermann segments: as a result, the medullary
sheath here appears double ( Bohm and Davidoff'), (Compare Fig. 60. )

bulbs are found in the conjunctiva, in the papille of the lips and
tongue, the skin and mucous membrane of the penis, the clitoris,
vagina, epineurium of nerve-trunks, and in tendon.

In the synovial membrane of some joints, as in the fingers,
end-bulbs also ocenr, and are here called articular end-bulbs.

Tactile Corpuseles—These consist of connective tissue which
forms a capsule, from which are given off membranous partitions
or septa. After winding around the corpuscle the axis-cvlinder
enters it, and terminates in an enlargement. Tactile corpuscles
oceur in the papillze of the skin of the hand, foot, front of the
forearm, lips, and nipple ; also in the mucons membrane of the
tip of the tongue and the conjunctiva lining the evelids.

Pacinian Corpuseles (Fig, 70).—These are alzo called corpuscles
of Vater. Each corpuscle consists of concentrically arranged
lavers of connective tissue, with nucleated cells. A medullary

&
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Fics. 64 and 65. F1a. 66,

Frcs, 62-65.—Motor endings in striated voluntary museles.

F1c. 62, from Psendopus Pallasii; % 160, Fic. 63, from Lacerta viridis ; > 160,
Figs. 64 and 65, from a guinea-pig; = 700. Fi1g. 66, from a hedgehog; > 1200,
As a consequence of the treatment (T, 182, I) the arborescence is shrunken and in-
terrupted in its continuity. In Figs. 62 and 63 the end-plate is considerably larger
than in Figs. 64 and 65. In Fig. 62 it is in connection with two nerve-branches.
Fig. 66 shows a section throngh an end-plate. The latter is bounded externally by
a sharply defined line, which can be traced along the surface of the muscle-fiber.
This is to be regarded as the sarcolemma (Bibm and Davidofl).
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nerve-fiber enters at one end and passes into an interior space
which contains a transparent substance; here only the axis-

Fic. 67.—End-bulb of Krause from F1a. 68.—Cvlindric and-bulb of Krause

conjunctiva of man ; methylene-blue from intermuscular fibrous tissue septum
stain [ Dogiel). of cat; methylene-blue stain (Huber).

eylinder is present. This terminates at the end of the corpuscles
in an enlargement or in minute branches, an arborization.
These corpuscles exist in the subcutaneous tissue of the palm

ki
R ]

== Nueleus of lamells,

L8 End-cell of core.

Lamells.

Axis-eylinder in core.

g1- Cubic cells of core,

d4p-4t- Termination of meduls
g8 lary sheath.

/- S Axiz-cylinder of nerve-
fiber.

| O Medullary sheath of
nerve-fiber.

WA= =--=-=-=- Neurilemma and sheath
) of Henle.

FiG. 69.—Corpuscle of Herbst from hill of duck ; » 600 (Bihm and Davidoff).

of the hand and sole of the foot, and in the penis. Observers
have also found them in the pancreas, lymphatic glands, and
thyroid.
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Fra. 70.—Pacinian corpuscles from mesorectum of kitten: A, showing the fine
branches on central nerve-fiber: B, the network of fine nerve-fibers about the cen-
tral fiber ; methyvlene-blue preparation (Sala).

FiG. 71.—Geunital corpuszcle from the Fia. 72.—Meissner’s tactile corpus-
glans penis of man; methylene-blue stain cle ; methylene-blue stain (Dogiel).
{ Dogiel).
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Organ of Golgi (Fig. 73)—At the point where muscles and
their tendons join, the tendon-bundles
pri*wnt an enlargement, between the
tascieuli of which one, two, or more
nerve-fibers enter to terminate in an
arborization which is characterized
by wvaricosities. The term * organ
of Golgi” includes the enlargement
andl the arborizations,

Musele-spindles.—These are de-
Sf'rilli.'l.l url"(.']" '|.|1"..L name neuro-mis=
cular spindles. A spindle is a fusi-
form body having a length of from
0.75 mm. to 4 mm. Externallyisa
sheath of connective tissue within
which is the inferposed bundle, con-
gisting of from ten to twelve musele-
fibers, resembling embryonie fibers.
The nerve-fibers distributed to these
spindles divide, and the axis-evlin-
ders clasp the hlwh by flattened ex-
pansion.  None of these spindles has
been tound in either the muscles of
the eve or the tongue. They are con-
sidered to be sensory nery c-umlm;_g-, in
the mnscles,

Nerve-cells (Figs. 75-78).—
This kind of nervous tissne is also
called  gray, cinevitious, ecellular,
vesicilar, nervous matter,

Nerve-cells are of different sizes,
varying from 4 g to 150 g Their
shape also varies greatly, some being
ovoid, while others are very 1rrmruhr
in outline. Fach cell contains a hrge,
distinet, and spheroidal nucleus, with
a single nueleolus, and fibrillated pro-
toplasm. In the protoplasm are some-
times angular granules, Nissl’s gran-
ules, which are stained by methylene-
“blue.

From nerve-cells are given off two
kinds of processes : axis-cylinder pro-
cesses or mewrazes, and protoplasmic

Fig. 73.—Neurotendinous nerve
3 end-organ from rabbit: teased
processes or dendrites. These are the preparation of tissue stained in

: : g methylene-blue (Huber and De
E‘hnclpa] elements in nerve-fibers. WHtE four. oF Cons. Nurdt vl

e number of these processes or 5
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Axis-cylinder Process.—Iivery nerve-cell has an axis-eylinder
rocess, which, in the medullated nerve-fiber, becomes the axis-
evlinder, and in the non-medullated is the nerve-fiber itself. This
Y ’

 Dendrite.

“ Nuelens,
. “Nueleolus,

: Cell-body.

Neuraxis.

-------------

Fi6. 76.—A ganglion-cell from anterior horn of the spinal cord of calf; teased
preparation ; % 140; by this method only the coarsest ramifications of the dendrites

are preserved : the rest are torn off (Bihm and Davidoeff).

rocess is characterized by the fact that it gives off a few
side-shoots, collaterals in its course; thus its branching is very
limited. To this process some histologists apply the term neuron,

------- — Neuraxis.

F16. 77.—Motor neurones from the anterior horn of the spinal cord of a newborn
cat; chrome-silver method (Huber).

while others ecall it newraxon, or awxon, and reserve the term
“neuron’ for the whole nerve-unit—that is, the cell and all its
processes, for which the term newrone is more commonly used.
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Cells which have but one axis-cylinder process are mononeurice ;
those having two such processes are dinewric ; and frineuric is
applied to those having three. Most nerve-cells are mononeurie.

GGanglic.—A ganglion is a collection or group of nerve-cells.
These oceur upon the posterior roots of the spinal nerves (Fig.
78), upon some of the cranial nerves, and in connection with the
sg'mlnth(mr nervous system. In these structures the cells have
a nucleated sheath econtinuous with that of the nerve-fibers con-
nected with them. From each eell in the ganglion, upon the roots
of the spinal cord, and among the cranial nerves is given oft but
one process, the axis-ej ]Elmlm process. Passing in a convoluted
form from the cell, this process, before it leaves the canglion,
divides into two, one going to the nerve-c enter, the ullu:l' to thE
pfllplnn From this deserip-
tion it will be seen that these
cells have no dendrons.

In the cells of the svmpathetie
ganglion, besides the axis-evlin-
der process, there are also sev-
eral dendrons.

Protoplasmic Process.—Unlike
the axis-cvlinder process, this va-
riety is characterized by its fre-
quent branching. The larger
branches are called dendrons,

Ry . : and the finer ones dendrifes.
F1a. 78.—Ganglion-cell with a pro- . - g :
ecezs dividing at a (T-shaped process): I'he idea that the axls-r:}']]n-
from a spinal ganglion of the frog; der process alone CONVEVS ner-
& vttt and Dawdoi), vous impulses, and that the den-
drons and dendrites are nutritive organs exclusively, is at the
present time replaced by the belief that nervous impulses also
travel along the branches of the protoplasmic process. The
anatomic fact that the fibrils of the axis-cvlinder have been
traced through the body of the cell into the th‘rmllr'unrlsjl seems to
substantiate this theory.

It is a most important fact that the nerve-unit, or the “neu-
rone” of some writers—that is, the nerve-cell and its branches—does
not anastomose or join with anyv other nerve-unit, but the terminal
twigs or arborizations of one intertwine with those of another, and
nerve-impulses may thus pass from one to the other. This inter-
twining is called synapse, a word literally meaning a clasping.
This subject will be again referred to w hen the physiology of
nerves is discussed,

Neuroglia (Fig. 79).—This is sometimes spoken of as a con-
nective tissue, but it is in structure unlike connective tissue as we
have studied it. It is also unlike it chemically, consisting of

<4 <= Nucleus.,
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nenrokeratin,  Its origin from the epiblast also differentiates it
from conneective tissue, which arises from the mesoblast.

Neuroglia is the supporting tissue of the nerve-cells and nerve-
fibers of the brain and spinal cord. It consists of cells and fibers,
In deseribing ciliated epithelinm it will be remembered that among
the loeations in which it was found the ventricles of the brain
and the central canal of the spinal cord were mentioned.  From
the attached ends of these cells branching neuroglia-fibers pass to
the surface of the brain and the cord, and terminate at the pia mater
in enlargements.  Other fibers of the neuroglia arise from cells,
newroglia, glia- or spider-cells, which are stellate in shape.  These
fibers aid in supporting the nerve-cells and nerve-fibers,

Development of Nerve-cells and Nerve-fibers.—The
following deseription is from Schiifer: “ All nerve-cells in the
body are developed from the cells of the neural groove and neural
erest of the early embryo; the neural groove closing to form the
neural canal, the eells of which form the spinal cord and brain,
and the neural erest giving off, at intervals, sprouts which become
the rudiments of the ganglia. The cells which line the neural
canal are at first all long, columnar cells, but among these, and
probably produced by a metamorphosis of some of these, rounded
cells (nenroblasts) make their appearance, and presently from each
one a process beging to grow
out. This is the axis-cylinder
process (newron) and iz char-
acterized by its enlarged ex-
tremity. As it grows, it may
emerge from the anterolateral
regions of the canal and be-
come a motor newron or anfe-
rior root-fiber. The dendrons
appear somewhat later than the
neuron. The axis-eylinder
processes of some of the neu-
roblasts remain within the
nerve-centers, and arve devel-
oped into association or intra-
central fibers.

“The sprouts from the
neural erest contain the nen- _
roblasts from which the pos- 0 Yevmatar el o, fom i
terior root-fibers are devel- cat: stained in chrome silver (Huber).
oped. Neurons grow out from
these neuroblasts in two directions, so that the cells become bipo-
lar, one set, forming the posterior root-fibers, grow into the ?oe-
terolateral portion of the spinal cord, and ramity in the develo
ing gray matter ; the other set, containing the afferent fibers of the
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mixed nerves, grow toward the developing anterior rm‘;t-,, and
eventually mln;_rlc with them to form the mixed nerves. As
lli*ualn]nm nt ]lllrl'{*i'll-- the bipolar ganglion-cells become gradu-
ally transformed in most vertebrates by the shifting of the two
neurons, into unipolar cells; but in many fibers the cells remain
permane nth bipolar.

“The n'*m"'hd. on the svmpathetic and on other peripheral
nerves are formed from small masses of neuroblast-cells, which
separate off from the rodiments of the spinal ganglia dml oive
origin to neurons and dendrons much in the same way as Llu the
nenroblasts within the central nervous svstem,

“The manner in which the nu-aiul].uv sheath and neurolemma
of the nerve-fibers are formed is not well understood. The neuroglia-
ecells appear to be dev eloped from eells which are at first similar
to the neuroblasts, but, in place of giving off a neuron and den-
drons, a number n[ fine processes grow out from the eell in all
directions, forming the fibers of the ne uroglia.”

Chemlstr}' of Nervous Tissue.—The following is the
analysis of the brain of an ox by Petrowsky:

Gray Matter. White Matter.
MaIErCe o L L e . . 8106800 per cent. 68,30 per cent.
T LR Sl SRl et R e 1 ) AL -rﬂ.-"_l L
1O, (D 1O (W

The percentage composition of the solids is as follows :
Gray Matter. White Matter.

LT T Pl e e e 155 L 24.72
Lecithin . . e e e e e R 0. 90
Cholesterin ulu’] I'zl.t. oty P R O SR TR | 1 5H1.01
Cerebrins gt . . 543 09.556
Other organic til]"l'll.?ll.lll]'ldb |1.nr.'|ud1nﬂ' m_-um'l-.s_m-

tin and pmt.l.gull} e e R R B 3.54
T R S 5 e ot e e S T WIS SRR 1 - 057

Halliburton divides the solid constituents of the nervous tissues
into the following classes :

a. Proteids,—These Unmprlw a very considerable percentage
of the solids, especially in the gray matter (over 50 per cent.).

b. Neurokeratin ani nuclein.

e. Phosphorized constituents, especially protagon and lecithin.

d. Cerebrins,—Nitrogenous substances of unknown constitu-
tion.

e. Cholesterin.—Especially abundant in white matter.

f- Extractives.—(C'reatin, xanthin, hypoxanthin, inosit, lactic
achl leucin, urie acid, and urea.

. Gelatin and Fat.—From the adherent connective tissue.

ﬁ Inorganie Salts.—The total mineral matter varies, according

to different writers, from 0.1 to 1 per cent.
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Gmg]wguu gir[-:; the following as ropru:-:.nmiug parts per 1000
of brain :

Total ash e e ) ke BT cOhlorn: oo s o aiD4 tolkR
e | R B o e i L
Sodivm . , . ... .. 04 Rl ol RIZ L 5t et et e e e AR S
o B SR ) o R BT X L R e | R ST | B
Paloam .. oo . 00060 002 | Pe(PO)y - - ooain s 0001 5009

Halliburton gives the following table, which shows the propor-
tion of water, solids, and proteids in different lmrtiuw-' of the
nervous system. The table represents mean analyses of the organs
of adult human beings, dogs, eats, and monkeys :

Percentage of

Water. Solids. pri feis

in salids,
Gray matter of cerebrum . . . . . . Bi.467 16.533 51
White ¢ £t E RO Y S0.088 a9
Cerebellum . . . A e S B B 20.1 42
‘-.-p]nnl cord as a u.hulL e R N R i 1 28 254 al
Oervicalzeord o0 s o StE cos T HOURAG 27471 21
Dorzal L P L TR R Rl 1 Ty 30.245 28
Lumbar ‘¢ o e i, R L L 27.631 23
Beisbic meryes -~ . o oL 2 aiacs oo Bl:E16 38.G84 29

The I:-tirwmdwv. of neurokeratin is in gray matter 0.3 ; in white
matter, 2.2 to 2.9 ; and in nerve, 0.3 to 0.6,

Proteids of Nervous Tissue.— The proteids are: 1. A globulin,
coagulated by heat at 47° C., analogous to the cell-globulin
derivable from cellular tissues wvm'mlh g '\m::]enprntmd which
coagulates at 56°-60° C, and contains 0.5 per cent, of phosphorus ;
and 3. A elobulin coagulating at T0°-75° C., analogous to a glob-
ulin obtained from the liver.

Protagon.— It was for some time undecided whether this sub-
stance, which was separated from the brain by Liebreich, was a
definite substance or a mechanical mixture of lecithin and cer ebrin ;
but the evidence now at hand seems conclusive in favor of lts
definiteness of chemie i‘{}ﬂlpﬂﬂiti{}ﬂ [t= [wrt-ent'lmﬂr r-nmpnsltmn
as given by Gamgee and Blankenhorn 1s C; 66.59; H, 10.69;
N, 2.39; P, 1.068; and O, 19.462. The {tm]ll'l'l{"‘ll formula is
C,HHWES‘PU“. It is probable that there are more than one pro-
tagon.

Cerebrin.—This constituent of nervous tissue should be spoken
of as cerebrins, as there are more than one. The eonstitution of
them is not known. They contain nitrogen and yield galactose
on hydration. They are also called cerebrosides, and are constitu-
ents of the medullary sheaths, and are also found in the yolk of
egg, pus-corpuscles, and spleen-cells.
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Puvysorocic r;'|1£-ml-[|x, as .lpp]!u(i to the human body, may
be defined as the science which treats of the ingredients of the fmmrm
body and of the human food. These ingredients are f-]mLf-u of by
some writers as “ proximate prineiples,’ hv. others as the “ chemical
bias i'- and |1". still others as *f ll]lihlt}hriru_ 11]:rt*(_~{ll['|][-. " The latter
term is the one which will be adopted, as it 1s the most expressive,

If the human body is analvzed into its nltimate chemiecal ele-
ments, it will be found that of' the sirty-nine elements known to
chemizts no less than j'rn‘nu are vnn-t.mrlr present, These elements
are oxygen, carbon, ]|~.111‘u11‘1 n, |1Jl|nn's|1, caleinm, sodinm, potas-
sinm, iron, p]uu—pl:ntu- -I|i|r|tln' magnesim, rlthrlm lhim"lll. s1]-
icon, dlul iodin, Some aunthorities ]lLi{ e lithinm also in this list.
As fluorin and silicon oceur in such small proportions, they may
be omitted from consideration altogether,

To obtain most of these substances in their elementary form
such processes must he *ulnpim] as will utterly destrov the tissues,
In the body, in its living state, most of these substances do not
exist in their elementary condition ; and, however interesting it
may be to know all the facts about them, ﬂtl“ a knowledge of ﬂle
properties of these elements does not he Ii‘ to an understanding of
their offices in the human body. What is really desired to be
known is, wider what forms these elements exist in the body during
life, and nut what can be obtained by the analytic chemist,

Chemical elements and physiologic ingredients are not inter-
changeable terms. A physiologic 111;_rrmlu=nt may be defined as
a substance which exists in the body under its own f{IH‘H To deter-
mine, then, whether a given snbstance is or is not a physiologie
mgredlr'nt of the human body, it must be ascertained whether it
does or does not exist t]wr& um]l-r its own form. For instance,
if it is asked if carbon is a physiologic ingredient, before the
question could be answered we should have to determine whether
carbon exists in the body under its own form—that is, as carbon,

Chemistry demonstrates that carbon, as an element, is found in
nature in but three forms, namely, as coal, as the diamond, and as
graphite or plumbago. In the human body none of these sub-
stances is found ; therefore carbon does not exist under its own
form, and E(}nsequent]}' is not a physiologic ingredient, although

il
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more than one-cighth of’ the body is made np of carbon, and this
amount can be obtained from it. But this carbon does not exist
under its own form—that is, free or uncombined—but it is all in
a state of combination, as carbonates or in carbohydrates or other
forms of' combination, and when we obtain the earbon as an ele-
ment these combinations are broken up and the carbon is set free.
Water iz a physiologie ingredient, becanse it exists in the body
under its own form, and can be nl:tuuul therefrom without the
use of such violent means as are necessary to destroy chemical
combinations,

It is exceedingly important to have a clear conception of what
are and what are not physiologic ingredients: all that can be
learned of them and their properties will be of assistance ; but a
knowledge of the properties of their chemieal elements will be of no
special aid in our physiologic studies, for the properties of a com-
pound are not the sum of the properties of its component parts.
One might be thoroughly conversant with the |11‘u||ﬁ_-|'[|[ = of oxygen
and llwlmg‘ﬂn, and vet have no possible coneeption of the proper-
ties of water, which their combination forms.

Classification of Physiologic Ingredients.,—The physio-
logic ingredients of the human body may be classified as fol-
lows : ]llulirdtm" Carbohydrates; Fats; Prote ui-.; ‘l.lhllmlnmdl-‘-‘
Enzymes. {}llwl' ]I‘l"‘l':*lll( ‘nts will be illn:'u--ul in connection u.lth
the solids or liquids in which they oceur,

INORGANIC INGREDIENTS.

( [ Chlorid.
Phosphate.
Biphosphate,
Sulphate.
Carbonate.

| Bicarbonate.

[ Chlorid,

l"h(}:-:pha,te
Hu]ph.ite.

BRI L e e . Carbonate.

Water.

Sodium . .

Potassium . . .

J’ Phosphate.
Carbonate.
l Fluorid.

Caleium

Phosphate,

Magneslum sy {C:;rl:mmtﬂ.

. Ammonium . . Chlorid.
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Iron |
ﬁili(*:ﬂl}
Lodin.
Oxygen,
Iluh'mr{ ‘.

}unrup:: .

Marsh-gas.

Ammonia.

Sulphuretted Hydrogen.
H_‘.'nil‘m'}ﬂnr‘iﬂ Aeid.
Carbon Ihoxid,

- not free,

Water (H.,0).—Water is one of the most important of the
physiologic ingredients. Tts quantity in the human body is vari-
ously stated hx different authorities : Halliburton placing it at
H8.5 per cent. of the hody-weight of an adult, and 66.4 per cent.
of that of infants, while others give it as 68 per cent. It is found
in all the tissues, both solid and fluid.

Quantity of Wat&r in the Body.—The IH'HLIILI"‘U of water in
some of the solids and fluids of the body is as follows :

Enamelofdeath . . ilsilvenin Smile iniie al e s et
Dentin . ., . e M S el ST
Bones {undrie d‘,l R R i e T e e e RN P
Costal cartilage . | e e R e e R
Corpuseles of venous BRGaRL, T E
MaaEeless & civeins S e Tt R e L e s L e
Human milk . . SR Eeet el BRI e
Plazsma of venous lr]ﬂm] e T e el e 8 o L e KT
I r s e i e T v ey ot e o S Y
| By A o e B R R R e TR e e e dLE
| o | R e e s
Saliva . . . . S e L W TR ke L1
Pulmonary \up-ﬂr SR S R s S e e e R S

From this table it will be seen that while water makes up but
a small part of the enamel of the teeth, it constitutes almost the
whole of the saliva. Between these two extremes it is present
in different tissues in varying proportions. It should be said of
these, and of most other guantities given in physiologie tables,
that they are not invariable, henee the analyses of different author-
ities will vary. The composition of the milk, for instance, is not
always the same; therefore there will not invariably be 87 per
cent. of water present; but the normal variations from this figure,
vi[h{*r above or below, will not be very great, and the percentages
eiven in the above table may be regarded as averages.

Offices of Water.—We ahc:-uhl naturally infer from the large
quantity of water present in the body, and from its universal
presence in all the solids and lll’|ll|[]:-_~, that its offices must be
nnpu]hnt and a study of these demonstrates that this is a faet.
It 1s the water which gives to fluids their fluidity. Without this
property the blood could not cirenlate through the blood-vessels,
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nor dissolve and hold in solution the nutritive materials which
it supplies to the tissnes, nor carry the waste materials to the vari-
ous organs whose duty it is to eliminate them. Without water the
saliva would cease to be the important agent it is in softening the
food in the mouth preparatory to its l:awllaf swallowed.  In short,
without water as an |t|||*t-1=|l part of the fluids of the body these
fluids would cease to be fluids, and the many and varied offices
which they s|1|r54-l'\'t- \\'{}lllll at once be abolished, and life could no
longer be maintained,

Equally important, though less apparent, are the various offices
which are subserved by water in the sofids of the body. IFrom
the above table it iz seen that water exizts in the muscles to the
amount of 73 per cent. The striking property of museles is their
punvrqd vuunuvuhlk nr.ﬂﬂhlxln shorten. |§V1hﬁ exercise of
this property all the movements of the different parts of the body
are accomplished : without this power locomotion would be impos-
sible, the movements of the heart would ecase, and death wonld
quickly supervene. A musele deprived of its water wounld cease
to possess this contractile power—in other words, would lose its
characteristic function. It must not be inferred from this, how-
ever, that it is to the water that museles owe their t'{mtm{tiiit}',
but simply that its presence iz one of the conditions essential to
the exercise of this power. As will be seen later, the skin pos-
sesseg most important funetions—those, for instance, of sensation,
of excretion, and of protection. All these functions would be
destroyed if the water in the skin was expelled. Perhaps this
fact is nowhere more strikingly evident than in studyving the fune-
tions of the skin of the [}1l|111 of the hand. The pliability of this
portion of the skin, by which objects are grasped, and the sense
of touch, by nhwh1tﬁm1hv(bh¢mnuﬂ whether they are hard
or soft, ’l.'l.ll{'“].("l' rongh or smooth, whether hot or f.-n!] are hoth
-:lepmulc-nt on the presenee of water in the skin, and ﬂlt' mere
I."\"'l]]ﬂl"'i.t]ﬂl'l of the water would at once make the skin hard and
rigid, its pliability would vanish, and its functions would cease.

Sources of Water.— The water which exists in the body is derived
from two ]n'umliml sources : First, from the food, and uw.-nnd from
its formation in the interior of the body, the former l:-cln;: the
main source of supply. As water is a constituent part of every
tissue of the human body, so it is of all the varieties of food, hoth
solid and liquid, tﬂuullnh}thﬂ hody.

The quantity of water in food (percentage) is as follows :

Wheat bread (feeali) . o v v = -0 o w2 ve s owosoa BB
IRl pamel - s e [ SR e e e s e e )
B 1 e s s |
Polato . . . . i3 L IR R e LA AT L et T
Th ko ro g e e e e R -
L b e el R el |

Ly g T e R A -
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IFrom this table it will be seen that the greater part of potato and
of green vegetables is water, and that even of bread, water con-
stitutes a third. In other words, three of every four pounds of
potatoes and one of every three pounds of bread are water. In
some vegetables, such as the turnip, about Y0 per cent. is water.
In liquid food, as milk, tea, and coffee, the proportion of water is,
of course, still greater. The amount of water daily taken into
the body in solid and liquid food aggregates 2000 e.c. In addition
to this there is a small amount actually formed within the body,

One of the important ingredients of food is the class of earbo-
hydrates. A study of their composition shows that hydrogen and
oxygen exist in these substances in such proportion as to form
water. In the various changes which these elements undergo in
the body water is formed. Besides this source there is reason to
believe that a small quantity of water is formed by the action
of free oxygen on some organic substances. The amount of water
daily formed in these two ways is not far from 500 ec.c., which
makes, with the water taken in with the food, a total of 2500 c.c.

Avenues of Discharge from the Body.—'The water which has
been shown to form so essential a part of the body is not, how-
ever, a permanent ingredient—that is, while water is always pres-
ent, it is not the same water : that which at one time exists in the
tissues is soon replaced by other water. The amount daily dis-
charged is equal to the amount taken in with the food and formed
in the body—that is, about 2500 c.c. The avenues by which
it passes out, and the proportion by each, are as follows:

Large intestine, asfeces . . . . . . . . . . . . . 4percenkl
I.“]’Ig_ﬁi, s WALeTY YAPDT . . . . - -s v osowa w - i | i
Skin, as In:.-napimtinn R T R e i) s
REANCYSE: A8 UIDE . Sl woe s sl i s a0

When discharged it is not pure water, but contains ingredients
that vary according to the channel by which it is eliminated. The
composition of these ingredients respectively will be studied in the
appropriate places,

Salts.—Sodium chlorid or common salt (NaCl) is present in
all the solids and fluids of the body, exeept in the enamel of the
teeth. The quantity (percentage) in different solids and fluids is
as follows :

Milk .

Baliva .

Fastrie juice . T p sk
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The total quantity of common salt in the human body is 110

ams.
Opffices of Sodium Chlorid.—The most important office which
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sodium chlorid subserves is in connection with the process
known as “osmosis,” or the diffusion of liquids through animal
membranes, a subject which will be discussed in conneetion
with the process of absorption. A second office which it pos-
sesses 1s to hold in solution the globulins. The globulins are
proteids which are not soluble in distilled water, as are the native
albumins, but are soluble in dilute solutions of sodium chlorid
(1 per cent.). The so-called * normal™ or pln'ﬂiuinrriv” salt-=olu-
tion is made by dissolving 6 grams of sodium chlorid in a liter of
water. The importance of this office of common salt will be
more fully appreciated in the study of the plasma of the blood,
of which the rlobulins form an essential part. A third {}fh{'.E
which is dttr‘lllutilhlu to it is to aid in the excretion of waste
matter. The sadinm chlorid of the blood iz the source of the
hydrochloric acid of the gastric juice,

Source of Sodiwm Chlorid.—The food taken into the body is
the principal source of the sodium echlorid which the body con-
tains.

The quantity (percentage) of this salt in some articles of food
15 as follows :
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It has been the opinion of ]ilwﬂinlmri-:t-'-s that sodium ehlorid
is not present in sufficient amount in human food to satisfy the
demands of the body ; consequently, that an additional amount
must be taken in as a condiment at the table or be added to
the food during the process of cooking, But Dr. F. A. Cook,
surgeon  to the first Peary North-Greenland Expedition, states
that the Eskimos who dwell between the seventy-sixth and
seventv-ninth p"ll‘:!.“{*]n use no =alt or condiment of any kind in
their food, which is entirely of meat and blubber only ‘one-third
cooked. This cooking is done in order that there may be obtained
the blood of the meat, and this bhlood t]li" Eskimos drink. How-
ever this may be with the Eskimos, it is the general experience
that by the addition of salt the fuml is not only made more paIa-
table, but the digestive juices are also inereased and 1l|{,;p=.tmn im-
pmv['d This 11|*-ufhr~wncv of salt in the food of man is seen also
in that of some of the lower munmh. While carnivora or flesh-
eating animals find in their food all the salt they need, it is differ-
ent with the herbivora or vegetable-eaters. }u-[lm'l‘llh“ noticeable
is this fact in the ruminants, Boussingault many years ago demon-
strated this by a series of experiments which he conducted. He
selected two sets of bullocks as nearly as possible in the same
condition of health, and to both sets he gave the same food, except

@
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that to one he gave salt, while to the other he gave none. Several
months elapsed before any very marked difference could be detected,
but at the end of a vear, during which time the Lx[mrmwm con-
tinued, there were -~1|1|-.1t1;: differences in the two sets.  The bul-
Jooks that received the salt wers in excéllent physical condition,
while those deprived of it were much inferior in every respect :

their hide was rough, their hair tangled, and they were dull and
apathetic. Experiments of a similar nature upon sheep have pro-
dm_-.u{] like results.

chlorid is daily {llsvlmrgﬂ]
imm thE hmlx llﬂ'r:ur-*l] [lIL h}l!umluw exeretions and in the gn‘en
amounts: Urine, 13 grams ; perspiration, 2 grams, There is a
small amount also in mucous secretions.

Sodium Phosphate (Na,HI1’(),) and Potassium, Phosphate (K,-
HPO,).—These salts are o intimately associated that they may be
dese Plhu] tntﬂ.t]u-r. Thev are I]L‘!Ellilllh spoken of as the “alka-
line phmplmt:m and exist in all the solids and fluids of the body.

Offices of Alkaline Jhm-j:f:r:fmi—-—llm most important office
which these salts perform iz to assist in giving alkalinity to the
alkaline fluids—a property which, in the blood at least, is essential
to life, and in some of the other fluids is necessary ln the per-
formance of their offices, The fluids of the body are, with but
four exceptions, alkaline in reaction : these ¢ .\w]m{mt are gastrie
juice, perspiration, urine, and vaginal muens. The following
fluids are alkaline : pLHlu of the blood, lymph, aqueous humor,
cv;:lm]nl':u:lnlfimn fluid, pericardial fluid, synovia, mueus [vx{'v]ﬂ;
that of vagina), milk, h[]l"l‘ll'l'illL Huid, tears, s ...llnd, bile, pancreatic
Juice, and intestinal juice.

The alkalinity of the plasma of the blood is not an accidental
property. The fact that the blood of all animals hitherto ex-
amined has invariably been found alkaline would seem to indicate
that this condition is an important one. Bernard has shown that
if an acid is injected into the blood of an animal, death will bhe
produced even thongh the amount injected is not (-m‘nurh to make
the blood itself acid. One of the properties of the blood is to
carry carbonic acid gas—one of the produets of the waste of the
tissues—to the lungs, where it is eliminated ; and experiment has
shown that the alkalescence of the blood enables it to carry more
of this gas than it could were it neutral in action. In discussing
the alkaline carbonates it will be seen that they take part in
rendering alkaline the fluids in which they occur,

Source of Alkaline f’f:m-};f:nfr’ﬁ—rlw alkaline phosphates are
taken into the body in the food, of which they form a constituent
Pﬂl’t.

Avenues of Discharge.—After fulfilling their offices in the body
these alkaline salts are discharged in the perspiration, the mucus,
and the urine. In the urine a portion of the sodium phusphate
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is converted into sodium biphosphate, or, as it is sometimes called,
“acid sodium phosphate,” which gives to the urine its acid
reaction. In this fluid are discharged daily 4.5 grams of the
alkaline phosphates and the sodinm biphosphate.

Eulpha,tas.—"‘i}ulium sulphate (Na,S0,) and potassium sulphate
(K,S0,) are found in the blood, lymph, aqueons humor, mill{1
saliva, mucus, I:-;-r-.l;uzumn ilIIIIl", and feces, Their quantity is
small, humu*l‘ except in the urine, by which fluid they are dis-
:-Inrwul daily to the amount of 4 grams,

:;-.rm,; ce of Sulphates—These -u||||1.l'tf:-~ are taken in as part of
the solid food we eat and also in the water we drink. They are
present in flesh, in eges, in the cereals, and in other animal and
vegetable foods.  Drinking-water often contains these sulphates,
and calcium sulphate as well. Sulphates are undoubtedly formed
to some extent within the body. In discussing the constitution
of the albuminous ingredients of the food it will be seen that one
of their elements is sulphur.  Some of this sulphur becomes
oxidized, forming -|11|1|1u|']~:- acid, which, being a stronger acid
than :“uhmm' llt-]l].l{ ¢s 1t from t|1i' ndlhnlhltvh and unites with
the alkaline h*l.-s.-.-;, forming sulphates.

Carbonates.—Sodium carbonate (Na,CQ,), sodium bicarbonate
(NaHCO,), and potassium carbonate (K,CO,) are salts which are
known as the “alkaline carbonates,” and are intimately associated
with the alkaline phosphates,

Souree of Carbonates.—These salts are, to some extent, intro-
duced with the food, but are principally formed by the Jaomas
position of tiw salts of the vegetable acids. In fruits, such as
apples and cherries, and in vegetables, such as potatoes J.ml carrots,
are found malie, tartarie, and citric au:la, united with sodium and
potassium to ﬁu‘m malates, tartrates, and eitrates of sodinm and
potassinm. When these froits or vegetables are eaten, these salts
are taken up by the blood, and while in the blood the organie acids
are 1lucul‘11[1mml, and the bases uniting with carbonic .it."lll., alkaline
earbonates are formed, which are c]lqchmgvd in the urine. This
accounts for the fact tlmt after eating sufficient of such fruits or
vegetables the urine becomes alkaline,

Office of Carbonates.—The alkalinity of the blood and of other
alkaline fluids is, as has been stated, only partially due to the
alkaline phosphates. In caunsing this reaction the alkaline car-
honates have a share. In the blood of flesh-eating animals the
phosphates are more abundant, this being due to the ].'nl'mlullllll“mLE
of phosphates in muscular tissue, while in that of the herbivora
the carbonates are in excess of the phosphates. Remembering,
then, what has been said of the formation of the earbonates from
the salts in fruits and vegetables, this difference in the blood is
readily understood. In human blood there are both phosphates
and carbonates to account for its alkalinity.
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Potassium Chlorid.—Potassium chlorid (KCl) is found in many
of the tissues, especially in the museles, in blood- corpuscles, and

in milk.
per .‘-l!lll.ltlt}ll.

lh|-~ zalt oceurs also in gastric juice, in urine, and in

l.ﬂ I\

sodinm chlmui it is neutral in reaction and

15 soluble in water.

Souwrce of Potassium Chlorid.—Potassium chlorid is eontained
in both animal and vegetable foods,

Avenues of Discharge.—Potassium chlorid is discharged in
mucus, in urine, and in perspiration.

Calcium Salts—~Calcium Phosphate, Lime Phosphate, or Phosphate

of Lime (Ca,P0O,),).—
maost JhllluLult physiologie intrl'vdiunt of the human body,

Next to water, caleinm phosphate is the
Its

total amount is 2400 grams in a man weighing 65 kilograms,
The quantity (percentage) of caleivm !l.u'r:rm‘lu.lrrﬂf{ is as follows:

ﬂ]:n I|I
Urine
Milk .

Jone
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The greater part of the caleinm j]]l:rhpll.ltv in the body is in the
hﬂlll'm It iz estimated that 6.4 per cent. of the body is bone, and
in a man weighing 65 kilograms, an average H.H"'ht there would
therefore he 2400 orams of thlu salt. Its presence
in the flnids of llm body is not in noteworthy
amount, except in the milk.

ﬂffrw of Chleinm .’fnwn’mh-—lhv |1r|m:|p-11
office of calcinm phosphate is to give to the bones
their rigidity.  During early life this salt is in small
amount in the bones, and at this time the bones
are soft and yielding. Later, as the phosphate and
other inorganie ingredients are deposited in greater
amount, these structures become more rigid and
hetter tnlapn-ni to sustain weight, In old age the
Inorganic constituents are in excess of the {:rrg“uuﬂ
and besides this difference in the |1rn;mrtmn of
nr:r.nm and 1nn|-v*||11-: constituents there 1= the
further difference that the bones of the old are
|1tr|1tvr' in weight and more porous. This is due
to an increase in the size of the medullary eanal

Fi1g. 80.—Par-

tl;=3|k5lrr ; L'T:H!"' and the eancellons spaces, hl_nllght about |:l‘i.' ahsnr])-
Bl racrumre
(Stimaon). tion : this is F‘-"Il[‘("'l.l”\ marked at the articular

head. There is also sometimes a fatty change in
the bone-tissne. These changes constitute senile m‘rnp.-’u; of the
bones. At an advanced period of life the bones are easily bro-
ken ; while in infaney they bend but do not break, or if they do
hlﬂﬂlh, the fracture is not complete, but is similar to that which
oceurs in a green stick, and is known as the “ green-stick fracture™
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(Fig. 80). The flexible condition of the bones may be artificially
produced by putting a long bone, like the fibula, into a jar contain-
ing dilute Inciluvlﬂnrt:- acid. The acid ||-~.n1h--.thvmu]n:mn salts,
.Jlul, although in appearance the bone is much the same as ]r{‘{nll'
it will now be found so flexible as to permit its being tied in a
knot (Fig. 81). In the blood, ealcinm phos-
phate, which is insoluble in alkaline fluids, is
held in solution by the albuminous eonstituents,
Were these withdrawn the caleium phosphate
would at once be rendered insoluble, and would

be precipitated,

Nouree Fi.f' Caleivm  Phosphate. — Caleinm
phosphate is an important ingredient of the
animal and wvegetable food of man. It is
contained in flesh, in eros, In milk, in wheat,
in oats, in rice, in peas, in beans, in potatoes,
in apples, in cherries, and in some other ali-
mentary substances,  Its  presence in milk
needs especial comment.  As has been stated,
during early life caleium phosphate is in the
bones in small amount. The milk, upon
which the growing child relies for its nour-
ishment, -ltpphv the mneceszary amount of
this =alt to give the bones their firmness and
rigiditv.  From this statement it will be seen
that the adulteration of milk with water, even
though the water is pure, may be of great in-
jury to the child. To obtain the necessary
amount of caleium phosphate a certain amount
of milk must be taken. [f half this amount .
is water, the quantity of the lime-salt present
will be but one-half of what it should be, and
the child is consequently defrauded. Of
course, if impure water is used in the adul-
teration, there is the additional danger of
introducing the germs of disease with the i
milk. Fia. 81.—Bone tied

Avenues of Discharge—A  very small s et
amount of ecaleium phosphate is {llh{]l"ll“ﬂ'l_“(i
from the body—a fact which shows its purrnmwut character. It
is r.]lsch::nged in the urine, in the feces, and in the perspiration.

Caleivm Carbonate (CaC '0,).—This salt exists in the bones to
the amount of about 300 crmma in the teeth, in the blood, in
lymph, in chyle, in the saliva, and sometimes in the urine. Like
caleinm ]‘_Il]ljﬂ}‘.lhdt‘ﬁ with which it is usually associated, it is insolu-
ble in water ; and when it exists in solation its solubility is due
either to alkaline chlorids or to free carbonic acid.
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Caleium Fluorid (CaFl,) exists in the bones and in the teeth,
and is of little importance.

Magnesium Ea-ltﬂ.—.”ff_f;:mﬁ:rm Jr.lfh’mj.lfi'”f{’ {.‘\[gjpi ]'+:| is found
wherever caleium phosphate is found, and the two together are
frequently spoken of as the © earthy phosphates.” It is discharged
by the urine.

Magnesium Carbonate (MgCO,).—A trace of this salt is found
in the blood.

Ammonium Salts.—Traces of ammonium chlorid (NH,CI) are
found in the gastrie juice and in the urine,

Iron.—Iron is present in the hemogslobin of the blood, in the
hair, the bile, and the urine. Its presence in the uﬂunnnr—nmn‘:'r
of the blood is its most striking characteristic. It exists in the
blood combined with the other chemical elements, and not as an
oxid.  The total amount of iron in the blood of the body of a
man weighing 65 kilograms 1s abont 2.71 grams.

Office of Iron.—The office of iron is not understood. Tt is re-
garded as a remarkable fact that without iron ¢ hlorophvll, the green
coloring-matter of plants, cannot be formed—in other words, that
vegetable life is interfered with ; and it is believed that its pres-
ence in the coloring-matter of the blood of an animal is equally
necessary for its nutrition,

Source of Iron.—All animal food containing blood contains
iron. In addition to this, iron is taken into the hml_‘r in ryve,
barley, oats, wheat, peas, and strawberries.

Avenues of Discharge.—A\ small amount only of iron is dis-
charged in the bile and the urine.  After serving its purpose in
the blood it is probably deposited in the hair. '

Iodin (I).—This element occurs in the thyroid gland.

Sﬂmnn (8)—It is not known in ﬁ\d{'th nhd.t form silicon
exists in the body, possibly as Hlllult- acid,

Oxygen (O).—This gas is absorbed from the air, and exists
in the blood prnmpalh in loose combination with the hemoglobin,
though some of it is doubtless free.

Hyﬂrog&n H).—Hydrogen is found in the alimentary canal
and in the e:-:plr'u] air, having been absorbed by the blood from
the intestine.

Nltrng'en (N).—Nitrogen is absorbed from the air by the
blood, in which it exists in a dissolved state. Some nitrogen is
formed also within the body.

Marsh-gas (CH,).—This gas is found in the expired air, like
hydrogen, having been absor h{-:] from the intestines, Reiset found
that tlurtv liters were expired in twenty-four hours.

Ammonia (NH,).—A small amount of ammonia is found in
the expirved air, probably derived from the blood.

Su{phuretted Hydrogen (H,S)—This gas is found in the
intestines,
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Hydrochloric Acid (HCIl).—Hydrochlorie acid exists in the
gastric juice,
Carbon Dioxid (CO,).—This gas exists in ‘manv of the

fluids, having been absorbed by them from the tissues. It is also
present in blood and in expired air.

CARBOHYDRATES.

This class is so called because its members contain hydrogen
and oxvgen in the proportion to form water, united with carbon.
All substances, however, which have this composition are not
c:lrh:}h}‘[lmtvﬁ, e. ., acetic acid (C,H,OO0H ), nor iz it to be inferred
that a carbohydrate is a compound in which water is simply joined
to carbon ; on the contrary its constitution is quite complex.

Most of the members of this elass which are of physiologie
interest contain six atoms of carbon or a multiple of that number,
and are, therefore, hexoses,

Carbohydrates are classified as Monozaccharids or Glucoses,
Disaccharids or Saccharoses, and Polysaccharids or Amyloses,

Monosaccharids or Glucoses.—The members of this
group have the chemical formula C;H O,. Those which are of
special interest are Dextrose, Levulose, and Galactose.

Dextrose (glucose, grape-sugar, diabetic sugar) is normally
found in the blood, chyle, Ivmph, and in very small amount in
the urine. It occurs in grapes and some other fruits, and also
in honey. Dextrose and levulose usnally occur together. In the
disease known as “ diabetes mellitus” the quantity of dextrose in
the blood and urine is very much increased. It is a substance of
much interest, as it i1s in the form of dextrose that the carbo-
hydrates of the food find their way into the blood. In its pure
state dextrose is colorless and readily erystallizes ; it is soluble
in cold, more so in hot water. It is dextrorotatory, whenece it
derives its name. In alkaline solutions dextrose reduces metallic
oxids, a property which is made use of in determining its pres-
ence and in measuring its quantity,

Various tests are emploved for the detection of dextrose;
among these are Trommer’s, the fermentation-test, and Fehling’s.

Trommer’s Test.—The method of applving this test is as
follows :

If the presence of dextrose in an organ is to be ascertained, this
should be cut into small pieces and boiled with water and sulphate
of sodium, and the mixture filtered in order to have a clear solu-
tion, which is essential. Some of this should be poured into a
test-tube, and a few drops of a solution of sulphate of copper
added. To this a solution of eaustic potash should be added, so
as to make the contents of the tube distinetly alkaline. The tube
should now be heated, when, if dextrose is present, just before the



8N CARBOHYDRATES.

boiling-point is reached, a reddish precipitate, consisting of cup-
rous oxide, will form. Levulose, galactose, lactose, and maltose
have reducing power gimilar to that of dextrose, but differing in
degree ; thus, the power of lactose as compared with dextrose is
but that of 7 to 10, while maltose has one-third less power than
dextrose. Cane-, maple-, and beet-sugar have no reducing power,
and must first be converted into dextrose before the reaction will
take place.

Fermentation-test.—This test depends upon the faet that under
the influence of veast dextrose is decomposed into ethyl alcohol
and carbonic anhydrid,

Felling's Test.—This test is based on the same prineiple as that
of Trommer, namely, the property possessed by dextroze to reduce
metallic oxids. It iz emploved not only to determine the presence
of dextrose, but also to measure the quantity present.  The test-
solution is liable to underge changes which invalidate the result;
it should, therefore, be freshly prepared, or at least be boiled be-
fore it is used. The principal change which takes place is the
formation of racemie acid from the tartarvie acid of the solution,
and this has the same reducing action as the sugar. If after
boiling the solution is clear, it may be inferred that decomposition
has not taken place, and it may be used. The solution is prepared
in the following manner :

34.639 grams of pure reervstallized copper sulphate are dis-
solved in distilled water, which is made up to 500 c.c. This solu-
tion shonld be kept separate from the second solution, which is
made by dissolving 175 grams of ervstallized Rochelle salts and
60 grams of sodium hydroxid in distilled water, and likewise
made up to 500 c.e. It is found by experience that when these
two solutions are mixed the resulting mixture does not keep well.
When the test is to be made equal quantities of the two solu-
tions are mixed. DProf. Bartley’s method of applying this test in
urine is as follows: 10 ec.c. of the solution are measured into a
suitable flask. To this 10 c.c. of a freshly prepared 10 per eent.
solution of potassinm ferroevanid are added, and about 30 c.e.
of water. The mixture is heated on a water-bath, and the urine,
previously diluted with water if it contains much sngar, is run
in from a faucet, drop by drop, until the blue color just dis-
appears. The addition of the slightest excess of sugar shows
itself by the solution becoming quickly brown. By careful com-
parative tests Prof. Bartley has found this method to he reliable
and aceurate provided the solution is not boiled during the reduoe-
tion. The best temperature he finds to be between 80° and 90° C.

Polariscope.~This is also known as a_polarimeter. It may be
emploved to determine the presence of dextrose. In order to
um‘{*rﬁhmd the use of this instrument it will be necessary to con-
sider brieflv the subject of the polarization of light.

s 9
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Common light is due to vibratory disturbances in the ether,
which are pmpawﬂtml through it as waves, the direction of the
vibrations being transverse to that of propagation.  In all places
where light is [mldrl.fwl its vibrations, still transverse to the diree-
tion of tlw ray, are all in one plane. Light may be polarized by
transmitting it t]lrun,t_rh most ervstals, and if it is then transmitted
thmurr][ -muth{-r Lrv-ml it will be observed that when this is in
certain pu-umn-. it will pass most easily, and that in pu-un:rn- at
right angles to these it will be que .nched f.-ntll‘l*l!- It is supposed
that the molecular structure of these erystals iz such as to make
them transparent for vibrations in one ]1me= and op: wque to those in
the pl*me at right angles. The rotation of the plane of polarization
by passing the pﬂhl‘l.’UI light through a crvstal constitutes rofary
pﬂfﬂ:i‘:ﬂ!mu and is the principle upon which the |1n|.1|‘t--£*ﬁpL 15
constrocted.

The crystal which polarizes the light is the polarizer, and that
which -‘.]I*:-'Etll"‘tll‘-lll*a it 1s the analyzer.

This power to rotate the leIlL of polarization is posse --uul by
other substances than ervstals, such as solutions of various sub-
stances, among them I;r-mrr sugar; and as each of these substances
rotates the plam, through a different number of degrees of a circle,
this fact enables the investigator to determine with what -1l't>-mm~e
he is dealing. Substances |1.nmtr this power of rotating the plane
of the pnl.lrmml ray are said to be optically active; and those
which rotate it to the richt are dextrorotatory, and those that
rotate it to the left, 1t.'o.{'.-rnt.ltn| v. Inasmuch as the rotation is
different for each of the r‘umpnnrint parts of white light, this kind
of licht eannot be used, but in its stead light of a single color,
monochromatic light, muut be used. This is usnally the \lallm'.'
light produced by burning a szalt of sodium in the flame of a
Bunsen burner.

A polariscope or polarimeter which is specially adapted to the
estimation of the amount of sugar in a given solution is called a
saecharimeter. Of these, there are various kinds, the one most
commonly used being Lsmrent 5.

Laurent’s Polarimeter.—This and its use are described by Prof.
Bartley in his Medical Chemistry in the following language :
* Laurent’s polarimeter (Fig. 82) is one of the simplest and best.
In this instrument one-half of the field of vision is covered by a
very thin plate of quartz, which slightly rotates the plane of the
light passing through it, and causes some light to pass even when
the polarizer and ana]wer, both of which are Nicol prisms, are
crossed. If the analyzer (h) is rotated so as to cause the quartz
plate to become dark, the light passes through the uncovered half
of the field. In an intermediate position the two halves of the field
appear equallv illuminated. The secale (¢) is =0 graduated that
this position of the analyzer i made the zero point of the instru-



90 CARBOHYDRATES.

ment. The slightest deviation of the analyzer from this position
anzes one-half nt the field to appear darker and the other half
lighter. There are thus presented to the eve two lights to be
compared, and the instrument is thus very sensitive. Monochro-
matic light must be used. In some in.-atrtllm'nl%'- the cirele i

divided both into degrees and sugar units, or percentages. The
scale is read by means of a vernier and ]vn- {nj Before using the
instrument the observation tube is filled with water and placed in
iKhlt]{Hl between the analyzer and polarizer. If the instrument
is ]‘y[':}]n_-[‘]!. .|=|_]|i-tf:{| the zero mark on the vernier will eorrespond
with the zero point of the scale when the two halves of the field
are equally illuminated. The tube is then filled with the solution

Fi1G. 52.—The Launrent shadow polarizing saccharimeter.

to be tested and again placed between the analyzer and polarizer,
when, if it is an active substance, the plane of the polarized ray
cnmmg from the analyzer will be turned to the right or to the left

ssing through the solution, and one-half of ‘the field will be
l]g iter than the other. The amount of rotation of the plane of
the polarized ray will be proportioned to the amount of the active
substance in the solution. It will now be necessary to rotate the
analyzer (/) to the right or to the left, =0 that the two halves of
the field will again appear equally illuminated. When this has
been accomplished we may read off on the vernier the degrees
of the cirele through which the analyzer has been rotated. In
this way the amount of rotation of the polarized ray is deter-
mined.
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“The S‘m’('-!ff_‘ rofatory power of any substanee is the amount of
rotation of the plane of polarized light in degrees of a circle,
produced by 1 gram of the substance dissolved in 1 o . of thu,
liquid, ex xamined in a tube one decimeter in length.  The specifie
rotatory power of a substance is obtained by ninnimg the angular
rotation observed in the polarimeter (a) by the length ni llu “tube
in decimeters (/) and by the number of grams in 1 c.c. of the
liquid (w). If a sodium fHame is used as a source uf' Ii_uht* the
specific rotation of the substance i= that of light with wave-
lengths corresponding to the [) line of the solar spectrum, and is
usu.l]h denoted by (a);.  Then the above statement may be ex-
pru:.-ul as follows

a

(a) =+ w !,

In this formula plus indicates that the substance iz dextrorotatory,
and minus that the substance is levorotatory. If in this formula
the specifie rotatory power of the substance under examination is
known, and we wish to find the value of (w), the weight of the
=ubstance, then the formula becomes,

i1
i == '

() (a)y %!

In this formula a is the observed rotation, [ the length of the tube
in decimeters, which is known, and (a), the specific rotatory power,
which has been determined for all well-known uptl{"illv active
substances ; w can easily, therefore, be caleulated. The hpm-lhc
rotatory powers of a few of the most important upt]ﬂ"ﬂlv active
substances are as follows :

Cane-sugar, (a),=<4 73.8° | Levulose (a),=—106°
Milk-sugar * =+ 59.3° Egg-albumin il — 33.5°
Dextrin o= 4+120.8° | Serum-albumin * = — §&°
Dextrose Ho— 4 5O Gelatin == 1307."

Other tests for the presence of dextrose are Pavy's modification
of Fehling’s, Moore’s, picric acid, and phenylhydrazin ; for the
methods of their use the reader is referred to special manuals on
chemistry and urine-analysis.

Fermentations of Dextrose.—Dextrose undergoes various fer-
mentations : (1) Aleoholie; (2) Laetic ; and (3) Butyric.

1. Aleoholic ffﬁﬁnmiﬂhﬂn.—ln alcoholic fermentation, under
the influence of yeast, the dextrose is decomposed and ethyl
aleohol and carbonic anhydrid are produced (C;H,,0, = 2C,H,0 -
2C0,). This process is at the height of its activity when the
temperature is 25° C.; when qhm'e 45° C. or below 5° C. it
ceases.  When sugar is present in the solution to the extent of
more than 15 per cent. the process of fermentation will be
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arrested by the aleohol produced, before all the sugar has been
de«:umpus&d.

. Laetic Fermentation—When milk sours, the sugar which it
cnut.mm is converted into lactic acid, mn-ntmm:r the lactic fer-
mentation :

C.H,,0, + HO = 4 CH,O,

Lactose. Water, Lactic aeid,

This fermentation iz not confined to milk-sugar, but may oeccur
also with dextrose. The change is brought about by the presence
of specific micro-organisms. It is sldlul that there exists also in
the mucous membrane of the stomach an enzvme which can change
lactose, and possibly dextrose, into lactie acid.

3. Butyrie Fermentation.—When the lactic fermentation is con-
tinuned for some time it is liable to pass into the butyvrie. This
change is due to the action of a ferment tmmunn_:ll upon the
lactic acid. In the change, hydrogen and carbonic anhvdrid are
given off.

4CH. O, = 2C HO, + 4CO, + 4H,
Lactic acid Butyric acid. Carbonic Hydrogen.
anhydrid.
The optimum (most favorable) temperature for the lactic and
butyrie fermentations is from 35° C. to 40° C.  When the diet
consists largely of earbohydrates both these fermentations may
ocenr in the alimentary canal.

Levulose (left-rotating sugar, fruit-sugar, or mucin-sugar) is
found in many fruits .mfl 11 lmru v, and oceurs in small quantity
in blood, urine, and musecle, It is ervstallizable, but with difhi-
culty. W’lwn cane-sugar is treated with dilute mineral acids it is
decomposed into equal parts of dextrose and levulose. Cane-
sugar has a dextrorotatory action on polarized light, but when
changed by the acid the solution becomes iL‘uf}rlll.Itlll“l' the levo-
mhtﬂrv power of the levulose being greater than the dextro-
rotatory power of the dextrose, and the ecane-sugar is =aid to be
“inverted ;7 henee the mixture nf' dettrme and levulose is some-
times spol-.en of as “invert-sngar.,” As will be seen in the con-
sideration of eane-sugar, “ inver sion” takes p]nu* in the alimentary
canal.  Although in many respeets levulose is very similar to
dextrose, still its action on polarized light serves to distingnish
the two.

Galactose.—When lactose is boiled with dilute mineral aecids
it is changed into dextrose and galactose :

C.H..0, + HO = CH,0, + CH,O,

Lactose, Water. Dextrose. Galactose,

A similar change takes place under the influence of certain
enzymes,
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Inosit or muscle-sugar has been found in the museles, lungs,
liver, spleen, kidneys, and brain, and pathologically in urine. It
oceurs also in beans and grape-juice.  Becanse of its sweet taste
and its chemical eomposition it was formerly regarded as a carbo-
hydrate, but as it has no rotatory action on polarized light, does not
reduce metallie salts, and does not undergo the aleoholie fermen-
tation, it is now t‘vg:u'd:rll as belonging to the aromatie series, and
not as being a carbohyvdrate,

Disaccharids or Saccharoses.—The chemical formula
representing this group is C,H,,0,.  They are regarded as a con-
densation-product of two molecules of the monosaccharids, in which
a molecule of water is lost. This may be expressed as follows :

':1.]['11:{_}“ s l:-1r'.I II:“E e Cl:”u”u ' “:“

Mono- Mono- Diizaccharid. Water.
saecharid. gaocharud,

This process is known as reversion.

The members of this group which are of physiologic impor-
tance are Cane-sugar, Lactose, Maltose, and Isomaltose.

Cane-sugar or Saccharose.— T'his sugar iz not found in the human
body, but it nevertheless plays an important part in the food of
man. It occurs in sugar-cane, beet-root, and sugar-maple. It
does not reduce metallic =alts, is soluble in water, dextrorotatory,
and does not undergo alcoholie, but does readily undergo lactic
fermentation in presence of sour milk to which zine oxid is added
to fix the acid as formed. One of the interesting facts connected
with cane-sugar is its property of “inversion,” which eonsists in
its decomposition into equal parts of dextrose and levulose, and
to this mixture the name of “mvert-sugar” has been given. This
change is represented chemically as follows :

C,.Hy0y, 4 H,O = GH,,0; + C:H,,0,

Cane-sugar. Water. Dextrose. Levulose,

and may be produced by the action of acid, as has been deseribed
under Levnlose. It takes place also in the small intestine
under the influence of an enzyme of the intestinal juice, namely,
invertin. A similar inversion takes place in lactose and maltose ;
thus maltose + water — dextrose + dextrose ; and lactose + water
— dextrose + galactose. Invertin exists also in yeast, in which it
has the same power as in the intestinal juice.

Cane-sugar cannot be taken up as such by the blood, and when
injected into an animal it is eliminated unaltered in the urine.
When taken in as food it is absorbed, not as cane-sugar, but as
invert-sugar, into which it has been changed. ‘This inversion is
most pronounced in the small intestine; it is claimed that it may
take place also in the stomach, and that there exists in the gastric
juice an enzyme which has this power.
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Lactose (milk-sugar, sugar of milk) is found only in milk,
although it may occur in the urine of lying-in women and of suck-
lings Ll[IIIII"‘ the early days of lactation. It is erystallizable, less
*:unlllh]f: in water than llL'xIl*n-l,tintl insoluble in aleohol. _“ 15
dextrorotatory, its power in this respect being the same as that
of dextrose. As above noted in speaking of galactose, lactose 1s
changed into equal parts of galactose and dextrose by boiling it
with dilute mineral acids.

Lactose by itzelt does not undergo aleoholie E-llmntntlun with
veast, but an alcoholic fermentation does take plcu-v in milk, as
“lmn mare’s milk is used for the preparation of kumyss and
kephir.  This fermentation is due to special ferments, the nature
of which is not fully understood. In Russia kephir f:-llmrnf may
be purchased. Lactose readily undergoes the laetie fermentation
(see Lactic Fermentation, p. 92). It is this change which takes
place in the souring of milk due to the action of certain micro-
organisms.  The character of the change in the ease of lactose 18
the same as in dextrose and saecharose.  Lactose injected into the
blood is eliminated by the urine, as are saccharose and maltose,
and like them must therefore be changed in the alimentary f.'.i.':l.i]
during the process of absorption. This conversion, which is prob-
ably into {}vul-{m and galactose, takes place, as in the case of
maltose, while the sngar is passing through the walls of the
intestines,

Maltose.— When starch-paste or glveogen is treated with saliva,
maltose is the prine 111;1| sngar Iu]mnl pm]muwd treatment w lT,h
pancreatic juice will produce, besides the maltose, some dextrose,
Although panereatie juice, on the one hand, acts in this manner,
still 1]1{‘ tissue of the small intestine or an extraet of it has but
slight action on the paste. On the other hand, the panereatie juice
rapidly ehanges maltose into dextrose.  Maltose, like eane-sugar,
injected into ‘the blood is eliminated '1-»|n'1hw--:‘m the urine. From
this fact it would appear that maltose is not absorbed as such in
the intestine, but as dextrose ; and it wounld further ﬂqmwtlmt n-
asmuch as ﬂlL tissue of the intestine has this converting power, the
change from maltose into dextrose oceurs while the process of
absorption is actually taking place, and not before.  The action of
[mmm'ltu' juice on starch in the intestine will be further disenssed
in the consideration of the enzymes of this fluid.

Maltose i1s soluble in we ltnﬂzrJ but it is less soluble in aleohol than
dextrose. It is ervstallizable, dextrorotatory, and reduces metallie
salts. Maltose is lll-;t]l'lfflll"-.lllﬂl from 1|u‘1tl‘u-~(' (1) by the difference
in its rotatory power on polarized light, that of maltose being
greater; (2) by having a less rmluung power, as when boiled
with Fehling's qnlutmu only two-thirds as much cuprous oxide
is separated ont with maltose as with dextrose ; (3) by Barfoed’s
reagent, which, consisting of’ a solution of cupric acetate in water
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to which acetie acid has been added, is reduced by dextrose, but
not by maltose.

Isomaltose.— When starch 1s acted on ln any of the ENZYIes
which produce maltose isomaltose is also formed ; unlike maltose,
it is not dirvectly fermentable by veast. It is very soluble in water,
and is sweet in taste. It oecurs in =mall qlulnlh in the urine,

Polysaccharids or Amyloses.—The formula of this group
is (C,H,,0;),.

The exact formula is not determined.  Chemists agree that it
is not C,H,,0,, but some multiple of this, as indicated by “u,” and
that *“n” is not less than five. The members of the group are:
Starch, Amylodextrin, Erythrodextrin, Achroidextrin, Maltodex-
trin, Glycogen, and ( ellulose,

Sta.rch —Starch is not found in the human body except when
it is taken in as food. It is very abundant in vege etable food. In-
deed, it is said that starch exists in every chlorophyll-containing
pltmt at some period of its existence. Starch is a substance of
great interest, from the fact that it is the first organiec substance
produced by vegetables from inorganie matter.  Animals have
not the power tn plmlm-v organic substances dire setly from mem-
bers of the inorganie Tuncnlnln but plants have, and they exercise
this power, and from the nr:_::um* materials thus producs ‘] animals
are nourished.  Plants may change the organic matter from one
form to another, as starch to sugar, but were inorganic substances
alone ~_.|1p]ﬂ|e{| tn animals they m}uhl starve,

The inorganie substances out of which the plant forms the
starch are carbonie acid and water, these being taken 11u|1| the
atmosphere and the soil.  This proecess is re[urv.-mltml by the fol-
lowing formula :

(6CO, + 5H,0), = (C,H,0,), + O,

Carbonic acid. Water. Starch. Oxygen.

That is, the earbonic acid and the water are decomposed, the car-
bon ml.i hvdrogen, with some of the oxvgen, unite and form
starch, while the rest of the oxXveen is set free. To bring about
this c]ﬂngc there must be present solar light and the green color-
ing-matter, chlorophyll.  If chlorophyll is absent, this change
does not take place, nor does it when solar light is absent.
Starch exists in plants in the form of grains, known as
“ starch-grains” or “ starch-granules” rl*m; 83). Tlu-v present a
characteristic appearance under the microscope by which they
may at once be recognized. Each granule plf"-{'nt-:- a number
of concentric markings and varies in size and shape in different
plants ; by these points of difference the 1|1L1nt from which the
granules are derived may be identified. This fact is made use of
in detecting adulterations, in which cheaper kinds of starch are
mixed with more expensive kinds and sold for the latter at a
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higher price. The markings are caused by the arrangement of
the material composing the umnulc in alternate layers of cellulose
and granulose,

Quantity of Starch.—The quantity of starch (percentage) in
the following food-plants is

=wert potato . o el e R Y o | ]
el F Ty Ay o | i s e Sl e R L e e AR R R R s L 1Y
R G s R inr e e e e e E e e et 1
Pens R e A R R S e R o T L
L AT e e MR il L R e Rt e N R R
LTIV e e i T L e AR L R e L [T
Rye . . Pt et L Sl ST - Y Y ) ey W 1T
EncIah e O B e e i R e e R S R
T e L

The presence of starch is determined by the addition of a little
tineture of iodin, which gives a blue color.  This reaction is due
to the g]._ll]l!]n.-v, and not to the eel-
lulose.  Starch eellulose differs in
some respects from  ordinary  cellu-
]“"'-1', il= i“'\- ']{'“'H]‘“"\-tl II"'! ]]"'u il.": "-f:l‘i"'
bility in some reagents w hich do not
dissolve the latter.

Starch is inzoluble in cold water.
When boiling water is added to it in
an amount twenty times its weight
the granules swell and burst, and
there is formed a gelatinons mass
which is called “ starch-paste.”  This
paste will respond to the iodin test,

Fie. 83 —Starch-grains. showing it to be, principally at |f,|-,t

gt‘-um]rw If the amount of 1\.|ti=r
added should be pne hundred times the weight of the starch,
solution of granulose is made, the in=oluble cellulose falling to tl:w-
bottom of the vessel. This starch solution will likewise 1 [*:—n]mnd
to the iodin test.

Amyludext.nn (Soluble Starch, Amu:luhn‘h——'ﬂ. hen starch-paste,

roduced in the manner above deseribed, is heated to a temperature
of 40° C. on a water-bath, and saliva is then added, the paste
changes from a gohtmnun to a watery eondition, and in this fluid
sn]llblr- starch now exists. This soluble starch gives alzo a blne
color with iodin. It filters readily, whereas starch-paste, even in
dilute &.ﬁ]lltlml, filters with tllﬁ"i'ulh Soluble starch is dextro-
rotatory—that is, it rotates the ray of polarized light to the right.
This substance is the first |um|m‘t of the eonversion of starch into
sugar by saliva ; and if’ the action is not stopped, as it may be by
hoiling, the stage of soluble starch is only a temporary one, it pass-
ing quickly into that of dextrin. As w ill he seen htl'mﬂf-l' the
ingredient of the saliva that changes starch into soluble starch is

GrET N
W g T
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an enzy mv—p#unhu-—tlu-.lrtlnu being one of hvdrolvsis. Pancreatie
juice produces the same change as does saliva : . and as the action
of saliva is due to the enzyme |ll_x.||||1 =0 is the action of pancreatic
juice due to an enzyvme, amylopsin,

Erythrodextrin.—If the action of either of these enzymes upon
starch is not arrested in the soluble-starch stage, ervthrodextrin
is formed. The blue color eaused by the action of iodin on starel
gradually changes into violet, reddish violet, and then to reddish
brown as the starch nl.uhmlh changes to erythrodextrin.  This
reddish-brown eolor pt'mhu'wl by iodin is the test for ervthro-
dextrin,

Achroddextrin.—If the action of these enzymes is continued,
a still further change in the starch takes place. It passes into the
condition of achroidextrin, and iodin fails to produce any color,
A further change into maltose follows the formation of achroii-
dextrin.  In the action of these enzymes upon stare h outside the
body the first product is a mixture of dextrin with the sugar, but
within the hody there is little doubt that all the starch is converted
into sugar, and as such is absorbed. If starch is treated with
hmlmg dilute acids instead of with these enzymes, the changes
just deseribed take place with far greater rapidity, and dextrose
results,

Maltodextrin.—If diastaze, the enzvme contained in malt
extract, is used instead of saliva or panereatic juice, maltodextrin
is formed ; and indeed it is not certain that the latter substance is
not formed in addition to the erythrodextrin and achroddextrin
when s=aliva and pancreatic juice are implmml Maltodextrin
differs from the dextrins alre .ulv described in being more soluble
in alcohol, in being diffusible, and in responding to Fehling’s test.
It also passes over into maltose by the continued action of the
diastase.

Glycogen.—The similarity between glveogen and stareh has led
to the term “animal starch” |w|nfr*1pp|w{] to the former. Glveogen
was first discovered in the liver, where it is normally found to the
amonnt of between 1.5 and 4 per cent. of the weight of the org: an,
which may in man be inecreased to 10 per cent. It also exists in
muscles to the amount of from 0.5 to 0.9 per cent., and it is
estimated that all the museles of the body contain as much glyveo-
gen as does the liver. It oceurs also in the integument and the
mueous membranes of the human embryo, in the placenta and
the amnion, in white blood-corpuscles and in pus-corpuscles, in
oysters and in other mollusca.  For purposes of study it is nsu-
a]h nhtauwd from the liver of an animal (a rabbit or a dog), in
which it is stored up in amorphous granules around the nuelei of
the liver-cells. Glyeogen is soluble in water, and with iodin gives
a port-wine color. This color does not distingunish it from ervthm—
dextrin ; but when it exists pure, as ordinarily it does not, it is

T
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precipitated by 60 per cent. aleohol, while the dextrins are not
precipitated. W atery solutions are lhwlmmmtnu

In general it may be said that the action of the enzymes and
of boiling acids upon glyeogen is the same as upon starch.  The
;;'hmntn of the liver becomes conve rted, by physiologic processes,
into liver-sugar, which is regarded as identical with de xtrose, In
this process |'.m]:~.1| ly no maltose is formed, such as ocenrs in the
artificial ]n‘dmh-h already deseribed. Hn.a difference would
seem to indicate that in the liver-cells there is no cnzvme to
which this action can be attributed ; for, so far as can be judged,
most enzymes produce maltose, and not dextrose, and up to the
present time no dextrose-producing enzyme has been obtained
from the liver.

Cellulose.—Nowhere in the animal body is cellulose found, but
it exists in many of the vegetable .1||r|1:~ntdl} principles upon
which man relies for his nutrition. As has alre: ady been stated,
it is a constituent of the starch-granule, and o covers the granulose
that the digestive fluids cannot reach it.  When starch is boiled
the ul'tmil]rn burst, and thus access to the granulose 1= given. It
has recently been suggested that there is in the intestinal canal,
formed by the U]ulhtlml cells, an enzyvme which has the power
of causing a digestion of the cellulose. But the evidence of the
existence of such an enzyme is very meagre. The dis: appearance
of the cellulose is probably due to the action of bacteria, all the
pnuluctu; being unknown, though marsh-gas, acetic and butyric
acids are among them.  This change takes place especially when
veretables, such as ce Jery and lettuce, and froits are eaten whose
l‘EI walls are tender and have not vet beeome lignified or woody
in character. Lignin is the name .l|1|1]1m| to cellulose in this
advanced stage. In the human intestine from 4 to 60 per cent.
of the cellulose taken in is dissolved. 1t doubtless has very little
nutritive value, but is regarded as inereasing by its loeal action
intestinal pe ﬁ-,hllhh and keeping the bowels free,  In the rabbit
itz abzence from the food results in death, inflammation of the
intestine being eaused thereby ; but if horn-shavings, which are
excreted mmh.tngi-d are substituted for cellulose, the animal
maintains its health. The ecellulose of some ||Lim:-.~, such as
the date, is regarded as a reserve material to be made use of in
germlllﬂnﬂﬂ.

The presence of cellulose is I‘L(’[ig‘ﬂl!{‘ll by the fact that when
treated with strong sulphurie acid it becomes conv erted mtn a sub-
stance that iz colored hlue by iodin. Schulze’s reagent is another
test for its presence. This test consists in the production of a blue
ﬂﬂlDl‘ when the substance is treated with iodin dissolved to satura-
tion in a solution of chlorid of zine to which potassium iodid has

been added.
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THE FATS.

The chemical elements entering into the composition of the
fats are carbon, hydrogen, and oxvgen. The fats are widely dis-
tributed thronghout the human body. The percentage in the solids
and fluids is as follows :

Swent . . . o s b D] Cartilage 1.8
Vitreous |!|u|nur e s oiae oo D0D0Z | Bone : 1.4
PHIETRS e  vr eeaiee ceO0E Crevatalline ir-m ; 2 )
e N O AR, | 3 | Liver 2.4
St Do A R AR B - Muscles 3.1
Liquoramnii . . . . . . . . 0.08 Hair 4.2
('h:.']u’ gl bt e e P ] M Brain B0
IELO R N e iR Nerves a9 1
T Eer I S e S | Adipose tlum 82,7
T E e N ey [ Muarrow 06,0
BT I

Fats are regarded by chemists as composed of fatty acids and
glycerin, and are called glycerids or  glycerie ethers.  When
treated with superheated steam and mineral acids, and in the
human body under the influence of steapsin, the lipolytie enzyme
of the p*u}(u"itw juice, the fats are clmumpnqul into glveerin ‘and
the respective Llllx acid. This change iz expressed by the follow-
ing formula, palmitin being taken as an example :

C,H,(0.C,,H,,CO), + 3H,0 = C,H,(OH), + 3C,H,C0.0H

l'ﬂ]mlElTl Water. Glyeerin, Palmitic acid.

There are three varieties of fats: Olein, C,H,(OC.H,,(0O),;
palmitin, C,H,(OC,,H,CO),; and stearin, l‘]l (OCH, [{}}3
These differ in several particulars, one of thi}! most important
being their melting-points : Olein melts at 5° C.; palmitin, at
45° (. : and stearin, at from 53° to 66° C. Their respective acids
are oleie, palmifie, and stearie,

Fats are characterized by being insoluble in water, slightly
soluble in alcohol, and very soluble in ether and chloroform.  All
fats are mixtures of the three varieties, the difference in the con-
sisteney of any given fat depending upon the proportion in which
the neutral fats are present. Thus in the more solid fats, such
as suet, stearin predominates, while in the fluid fats it is olein
which is in excess.  The latter exists in human fat to the amount
of from 67 to 80 per cent. When fats decompose or become
“rancid,” propionie, ace 'tlf', and formie acids are produeed.

Adlpucere.—It sometimes happens that when bodies are dis-
interred, instead of being found in a eondition of putrefaction,
they are discovered to have been changed into adipocere or grave-
wax.  This is a pecnliar substance of a waxy nature, and consists
of caleium soaps, of which the fatty acids are palmitic and stearie.
Acid ammonium soap has been found in some cases. This change
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ocenrs in bodies which have been interred in moist soils, or have
been in water for a considerable time after death.

Source of Fat in the Human Body.—Human fat is de-
rived from the fats, the earbohydrates, and the proteids of the food,
In fatty meats, nuts, eges, milk, and other foods more or less fat
exI1=ts a8 a |i1I1-~tltIIi-IJ[, and undoubtedly contr ﬂ-uu s to the forma-
tion of the fat of the hody. That the fat of the food can be
deposited as such in the tissues was for a time denied, but it has
been shown by feeding starved dogs upon such fatty foods as rape-
seed oil, linseed oil, or mutton tallow. that they will not only take
on fat, Iml that =ome of the kind of fat which enters into their
food I& 115*]:1::—'5!‘1':1 s r'-'ll-[‘h in their tissues, Food :'ul]l:lil]ii]g' ;'-'ut:_'l_t‘ul:l
and sugar is also fattening in its nature, and persons who have an
excess of fat are placed npon a diet eontaining a minimum of these
ingredients.  Herbivorous animals—the cow, for II]"-LEI.ﬂI!"L"——I('!F
l“llllli‘]. *upon vegetable food for their support, and it is the carbo-
huir"lan which this contains that are converted into the fat of
their milk and that which covers their muscles. It is doubtless
from the carbohydrates that most of the fat is produced. That
proteid food will also produce fat iz shown by the amount of the
latter which earnivorous animals put on,

Offices of Fat.—The offices which fat subserves in the human
body are manifold : (1) It protects the underlving parts from in-
jury, as in the palm of the hand and the sole of the foot; (2) it
gerves as a lubrieator, as in the sebaceons matter poured out upon
the skin, which it keeps =oft and pliable ; (3) it acts as a non-
conduetor of heat, aiding in the retention within the body of the
vital heat which would otherwise be lost so rapidly as to pl‘ﬂdll{'tj
|n]nr|nu-g resultz; (4) it serves as a reservoir when the supply of
food iz ent off or diminished ; thus in wasting diseases the fat
deposited in various parts of the hody is absorbed and contributes
to its nutrition ; (3) it is a source of energy and of heat through
its oxidation, the final plmlnr ts of which are CO, and H.O.

Impq::-rtant properties of fats, hesides those alret ulv met-
tioned, which deserve special consideration, are two—that of form-
ing a soap and that of forming an emulsion.

Ea.pamﬂca.tmm—l* ats are :~.1|mniﬁahlf~—i, e., capable of being
converted into a soap.  Thus when heated with a canstie alkali
the fat is split up as already described, into glycerin and a fatty
acid, and the latter unites with the base, the {'rnnlunlnd li::-u]t]nf_r
Immg a soap. Thus if palmitin and potassium hydrate are the
fat and alkali used, the product is a soap whose chemical composi-
tion is potassium palmitate. This is expressed in the following
formula :

C,H,(0.C,H,C0), + 3KHO = C,H,(OH), + 3C,H,C0.0K

Palmitin. Potassinm hydrate, Glycerin, Potassium palmitate.



CHOLESTERIN., 101

In like manner stearin would form a stearate, and olein an
oleate. The sodium soaps are “hard,” and those of potassium are
“goft.”  In the discussion of intestinal digestion it will be seen that
the process of suponification takes place in the small intestine, and
that the soap there formed aids in the important functions of that
lmrtluu of the .||1I|Itnt.1r\ canal (p. 23 )).

Emulsification.— Besides hvm--' saponifiable, fats are also emul-
sifiable—capable of forming an 1‘I1II.I|-!-H]'I'I If oil and water are
poured into a test-tube, thev will at once separate, the oil floating
on the water. If the mouth of the tube is eloged by the thumb
and the tube firmly shaken, the oil and water will form a milky
mixture, but will separate again when the agitation ceases ; if a
small amount of an alkali is added and the tnlw 1= again shaken,
separation will not take place as before, but the milky appear-
ance will continue for some considerable time. If a .lmp of the
mixture is placed under the microscope, it will be found that the
oil-globules have been broken up into an exceedingly fine state of
subdivision, some of the ]:}.II'IIE'IU':::- being too small to measure even
with a very hizh magnifying power. This more or less permanent
subdivision and nll-IH'llnlnu nf the {]Il—fl‘liﬂhlilt"% constitutes an emul-
sion. The change 15 not a chemieal one, but Iml'i_h '|1|:|\-u" |
similar process takes place in the small intestine during intestinal
digestion (p. 231) and is regarded by some as a necessary prelimi-

nary to the -lhmrptmn of fat (p- 253).

The fat in milk is in an emulsified condition ; eonsequently
milk may be regarded as a natural emulsion.

Lecithin.—This substance may be regarded as a fat, and from
the fact that |t contains phn-plmrn- it has been spoken of as * phos-
phorized fat.” Its formula is C ,H,NPO, It is decomposable
into glyeerin, stearic acid, phosphoric aeid, and an alkaloid,
cholin,

Lecithin oceurs in the brain and other nervous tissues, consid-
ered by some authorities as here produced by decomposition of
prumgﬂn in yolk of eggs, blood-corpuseles, semen, bile, and milk.
It is also one of the constituents of protoplasm.

Cholesterin.—This substance bears some resemblance to the
fats in that it is insoluble in water, but soluble in ether, hot aleo-
hol, and chloroform. It is a constituent of protoplasm, and is also
found in blood-corpuseles, bile, sernm, and white substance of
Schwann. In the blood it is in eombination with oleic and pal-
mitie acids, It forms esfers with fatty acids, and as such exists
in the fatty secretions of the skin. Lanolin, the fat obtained from
sheeps’ wool, i= said to be rich in esters, and these are very resist-
ant to the action of bacteria.
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PROTEIDS.

These ingredients are the most important constituents of mus-
cles, glands, nervous tissue, and blood ; indeed, it has been =aid
of them that none of the phenomena of life oceurs without their
presence. Of them Gamgee says: “They are highly complex,
and, for the most part, unerystallizable rumlmuml- of earbon,
hn]m:mn oxygen, nitrogen, and sulphur (phosphorus is also some-
times [Jl‘l--[-llt], occurring in a =olid, viscous condition, or in solu-
tion in nearly all the solids and liquids of the ur""uw-m The
different members of the group present differences in physieal,
and to a certain extent even in chemical properties, They all pos-
sess, however, certain common chemical reactions, and are united
by a close genetic relationship.”

Their percentage-composition is as follows:

T e 7 | FRE - I
O T o o e e o e ameia gt D 18
13 b h o T G e e M e e R e e S 1t i
T L S e R e R I Lt | 23.5
OIS EEms —o0s ot Bl R e e i e Z

When pthid-: :m;* burned there is found in the ash a certain
quantity of salts; from the ignition of egg-albumin, for instance,
chlorids of -mhum and EHI‘E.[“-IIIJII result, and «ih‘? of calcium,
magnesium, and iron. It is still undecided whether these h.lll:-
are integral parts of prote dds or |mpur|tu- probably the latter.

The percentage of proteids in some of the solids and liquids
of the body, and their wide distribution, are shown by the follow-
ing table :

Cerebrospinal fluid. . . . . . . 0.09Chyle T e G S S
ﬁquf_ﬂ:rl_ls Rumor . = e =i Blood - i n Sen i T E e
Liquoramnii . . . . . . . . . 0.70 Spinal cord I L
Intesbnal jmee. . . v -vo- . . 090 BraIM . . L L o . L b el ) e kRS
Percardial fmd o= % - s o288 ([ Liver . - - L - f G . owa s 2 11EE
Lymph . - . . . .0« o oiw v. 246|Thymus . , . . . . . .. . . 1228
Pancreatic juice . . . 2.28 | Muscle . A
BYqiovil .+ . v v is v s e v s o391 |Tunica IIIHil-:I- ﬂf art-&n&‘- SRR
W L o s s o 8004 | Oryetalline lens . . L . LG S BEHE

Various attempts have been made to ascertain the constitution
of the proteids and give a formula for them, but the differences
in the results obtained by equally cﬂnl]l{*tE]lt chemists have
been so great that practically nothing worthy of quoting is on
record. There is no doubt, however, that the molecules are very
large.

rgGeneral Properties of Proteids.—All are insoluble in
alcohol and ether. They are also said to be soluble with the aid
of heat in mncentmted mineral acids and caustie alkalies; but
inasmuch as this is accompanied with decompositien of the pro-
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teids it is a question whether it can be regarded as a true solu-
tion.

Action on Polarized Light.—All proteids are levorotatory
(see p. 89), but the degree of rotation varies considerably. The
following table gives the specific rotatory power of several of the
proteids :

Proteid. Value of (a)qg.
Serum-albumin . . . . . P o e SRR A (124
Beralbumin . . . . « .o v wiv ox v o — 20D M A8.082
Lactalbumin . . . . . =« + « « &« = = « «» . — 6% ¥ _ gY@
Serum-slobulin - oo . .. o .. Lo oL . . —BHO.TH?
BBEIOODeIE o o et e et e i e == AR
Alkali-albymin . . . . . . . . . o . . . . — G220
ﬁ}'runuin { from t]l}‘ﬂﬂil\'l : i e PR T2
Casein (diszolved in MgS0, solution) . . . . — 80°
Various proteoses . . . . . < . oe v owaow s 70° to B0=

Color-reactions.—Clertain color-changes which take place
when proteids are treated with various reagents have been made
use of to detect their presence or absence. Although chemists
have determined the elements which go to make up proteids, they
have not as vet determined their constitution. They have ascer-
tained that proteids undergo changes or decomposition in the body,
as a result of which carbonic acid, water, and urea are finally
formed, and that there are various intermediate products, such as
leucin, ereatin, uric acid, and ammonia. It has also been deter-
mined that by chemical means proteids can be decomposed into a
great variety of substances : some of these are ammonia, carbonie
acid, amins, leucin, and aromatic compounds. Of this last class,
the aromatic compounds, there are three groups: 1. The phenol
group, including tyrosin, phenol, and eresol ; 2. The phenyl group,
imcluding phenylacetic and phenylpropionic acids; and 3. The
indol group, in which are indol and skatol. It is upon this class
of substances, the aromatie compounds or radicles, that the color-
reactions of proteids depend.

Xanthoproteic Reaction.— W hen a solution of proteid, to which a
few drops of nitric acid have been added, is boiled, it becomes vel-
low, and if ammonia is added the vellow color changes to orange.

Millon’s Reaction.—Proteids when heated with Millon’s reagent
give a white precipitate which becomes brick red on cooling. This
reagent is prepared by dissolving mercury in nitrie acid and add-
ing water. The precipitate which forms is allowed to settle, and
the fluid is the reagent. Very small amounts of proteids give the
red color without the precipitate.

Piotrowski's or Biuret Reaction.— When many proteids are mixed
with an excess of concentrated solution of sodium hydrate and
one or two drops of a dilute solution of cupric sulphate, a violet
color is produced which becomes deeper on boiling ; with peptones
and proteoses the color produced is rose red.  Biuret is the substance
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formed when urea is heated, ammonia being given off in the process.
The following formula expresses the change which takes place :

2C0N,H, — NH, = C,0,N,H,

Urea. Ammonia. Biuret.

Since the rose-red color is produced by biuret, the reaction is also
called by this name,

Crystallization.—While it is true that proteids as a elass
are not erystallizable, or perhaps it would be more correet to say
have never been ery stallized, still there are exe eptions to this rule,
inasmuch as ery stals of elobulin or vitellin have been seen in tlu,
aleurone grains ‘of seeds .nul in the volk of the egg of fishes and
:uup}nhmus. Egg-albumin, serum-albumin, and easeinogen have
also been made to erystallize.  This may be dvnuur-tr.ntvd in the
iullnmmg way : To a solution of egg-albumin, white of egg, add
half its volume of a saturated solution of sodinm unlplmtu pre-
cipitating the globulin, which is removed by filtration. In the
filtrate, {w[m-\vd to the air for some days, fEIIt'uur which evapora-
tion takes place, minute spheroidal clobules and needles will form,
which are the erystals of the proteid. Acetic acid hastens tllﬂ
crystallization and pnnlu:-i s better ervstals.

Non-diffusibility.—As a class, Illl‘tt"Il'l‘- are not diffusible ;
to this rule peptones are the e \.H-pnnn In order that this prop-
erty of proteids may be unde rstood, it will be advantageous to the
student to describe the processes of diffusion and osmesis. If a
solution of common salt iz placed in a vessel and water is ecare-
fully poured on the surface of the salt solution, the salt will pass
into the water, and in a short time the contents of the vessel will
be of the same composition throughout. This passage of the salt
into the water is difusion, and in this instance the process takes
place very quickly. Not s0, however, would be the case if a
solution of albumin was substituted for the solution of salt; the
same phenomenon would oceur, but would require a much longer
time. When liquids are separated by a membrane the diffusion
which takes place through it is osmosis,

It is important to understand osmosis and the conditions under
which it takes p].wr-., as without this knowledge many of the proe-
esses which oceur in the human body would be unlntf,-"|+tr|h|eJ at
the same time it must be said that osmosiz does not occupy the
prominent place it once did in explaining phenomena connected
with absorption ; investigations have shown that the passage of
the products of digestion from the alimentary eanal into the blood
is not a simple diffusion through a passive membrane, but that
cell-activity must be LlI"f’Ell t.nLLn into account.

Fig, ]4 represents a Jar, A, which contains distilled water.
Within this, resting on a trlpml Is an osinometer, an r_"\|]Lu|dEd
glass vessel, B, closed by a piece of parchment, C, from the top
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of which rises a -rrmllutwl tube,  The ozsmometer iz supposzed to
contain a solution of some salt ; sulphate of copper, for instance.
In a short time after the apparatus has been put in the condition
deseribed, the water in the jar will become bluish from the pas-
sage into it of some of the -slllplmlu of copper from the osmometer,
This outward passage of the salt is exosmosis. In the graduated
tube the fluid in the osmometer will be seen to rise hl-riu:r and
higher, due to the passage of the distilled
water from the jar through the p.m-lmu-ut
into the osmometer, lowering the level of the
water in the jar, This inward passage con-
stitutes endosmosis. This continues until the
prupnrtmn of ﬁul]ﬂl"lte of copper iz the same
in both jar and osmometer; in the mean-
time, however, the amount f;rf water in the
osmometer is greater than at the beginning
of the experiment. If different :-.-Ullltltlllﬁ-
are used than those mentioned, the results
as to tmw amount of t:‘lldmlmh-l- ete., will
vary :u.ntermI]r from those deseribed.

This -,uh]er:t was exhaustively studied by
Graham, who ﬂb]erml to the use 01" the
terms “ endosmosis” and “ exosmosis,” be-
lieving that there was in reality but one
current, the inward one; and he therefore
uzed only the terms osmosiz and osmotic, In
the outward passage of the =alt he held that
it was the particles of salt which passed, but
not the water ]1{:h|||1ﬂ" them in solution.

A second ealmumf-nt may be purlurmc-d
which illustrates another plnuo of i_lht]]n-lh
From one end of a hen’s egg the shell is o . = " . o
to be earefully removed =0 as to leave tlw mometer.
membrane uuuuur‘u] Through the other
end, into the interior of the egg, a glass tube is to be passed, and
the ‘phce at which it enters the ege closed with nmlmg—w.w The

ege is then to be placed in a m1m=gla=-: containing distilled water,
The water in the wine-glass passes through the membrane into the
egg, and the yolk will be seen to rise in the elass tube ; at the same
time it will be noted that the water in the w ||1f~-cr|1‘=- is diminished.
After a time a solution of nitrate of silver may be dropped into the
wine-glass, and immediately a whitish precipitate forms, consisting
of silver chlorid. This is a proof that the chlorid of sodinm, or
eommon salt, which was a constituent of the egg, has passed thmugh
the memhrane into the water. Other tests will show that the other
salts have also passed out, but that little of the albumin has come
throngh. From this experiment it will be seen that substances act
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differently with reference to passing throngh membranes ; those
which pass through readily Graham denominated erystalloids ;
while those that pass not at all or with difficulty, he called col-
loids, a term which does not necessarily imply that the substaneces
which are called by that name do not erystallize, for, as we have
seen, ege-albumin does crystallize, though salts are ervstalloids
and egg-albumin a colloid.  This prineiple is the same as
dialysiz, or the separation of ervstalloids from colloids in a
dialyzer, an apparatus constructed like the osmometer, already
deseribed. F

As already stated, proteids, except proteoses and peptones, are
not diffusible, or, to put the statement affirmatively, are colloids—
i €., they do not readily pass through animal membranes ; and this
principle of dialysis is emploved to separate them from erystal-
loids, such as sugar and salts.  This may be demonstrated by
putting a saline solution of albumin and globulin, as, for instance,
blood-serum, in a dialyzer, the vessel ontside containing distilled
water ; the salts ditfuse, leaving the albumin and globulin behind,
The albumin, being soluble in water, remains in solution, and, being
colloid, does not diffuse ; the globulin, requiring the salts to hold
it in solution, is preecipitated becanse the salts have diffused.

Proteoses are diffusible, but less =0 than peptones ; protoproteose
more than deuteroproteose, and this more than heteroproteose, so
that the order of diffusibility would be peptones, protoproteose,
denteroproteose, and heteroproteose. It is to be borne in mind
that diffusibility is a relative term, and that when peptones arve
said to be readily diffusible the idea intended to be conveved is,
that when compared with other proteids they exhibit this prop-
ertv. If, however, they are compared with salts, their diffusibility
is low.

The explanation formerly given to account for the non-diffusi-
bility of proteids was that they were not eryvstallizable ; but since
the discovery of the fact that some of them do erystallize, this
explanation is abandoned, and for it is substituted that of the
great size of their molecule. The molecnlar weight of some of
these proteids has been determined, and this confirms the theory
just enunciated : thus peptone, very diffusible, has a molecular
weight of 400 or less; protoproteose, less diffusible, of 2467 to
2600 ; and denteroproteose, still less diffusible, of’ 3200.

Precipitation.—As a class, proteids in solution are precipit-
able by certain reagents, of which the number is considerable.
Some of the principal precipitants are: Niwric acid, picrie acid,
acetic acid with potassinm ferrocyanid, acetic acid with excess of
sodium or magnesinm sulphate or sodium chlorid, when boiled
with the solution of the proteid, mercurie chlorid, silver nitrate,
lead acetate, tannin, and aleohol. Tannin and aleohol will pre-
cipitate peptone, but most of the others will not.
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Classification of Proteids.—The proteids are classified as
follows:
[' =erum-albumin,
: Eeg-albumin.
Albumins . . . t[;:u-t:ﬂlmm[!l.
(
L

M}'n—nlhumiu.

: Acid-albumin,
Albuminates . . . . Alkali-albumin,
Serum-globulin (paraglobulin).
IFibrinogen.
| Paramyosinogen,.

1 Myosinogen.
Lactoglobulin,
Crystallin,

Globulins . . . .

: . [ Caseinogen.
Nueleoproteids . . . . . | Vitellin.
Albumoses.
Crlobuloses,
Proteoses . . . . . . . < Vitelloses.
(aseonses,
Myosinoses, ete,

Parapeptone.

| Propetone,

| Hemipeptone,

| Antipeptone, ete.

pPeptones .. . . s e

F' Fibrin.
Coagulated Proteids . . . < Myosin,

1 (asein,
Poisonous Proteids.

ALBUMINS.

These are sometimes described under the name of native
albwmins, Thev are soluble in water, dilute saline solutions, and
saturated solutions of sodium chlorid and magnesium sulphate.
When their solutions are saturated with ammonium sulphate the
albumins are precipitated, and when heated to a temperature of
about 70° C. they are coagulated. It is important to distinguish
between precipitation and coagulation. As just stated, the albu-
mins are precipitated by ammonium sulphate ; hut they still retain
their identity and solubility. When, however, they are coagulated
they become insoluble and are changed into a form known as
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coagulated proteid. Some proteids are precipitated by eertain
reagents, and not by others, and this fact is made use of to dis-
tinguish the proteids from one another,
el 4 - . £ =
I'he following table gives the temperature at which the differ-
ent albumins coagnlate :

Albumins. Temperature,
Sl o A E T DR e ) e 73° 0,
i WENL G, ) =hebd o cr e e R T iy 1
) e p D S e e oy st e W N e SR
e | R e e, Jeian o ez o it e | TR
Lactalbumin . T
Myo-albumin 74"

Serum-albumin.—The fluid of blood in its normal econdi-
tion iz plasma ; after coagulation, serwm.  The albumin of blood
remains in the serum after blood has coagulated, and hence is
known as serum-albumin.  When to plasma or serum is added an
equal amount of a satarated solution of ammoninm sulphate, the
fluid is said to be halt’ saturated with ammonium sulphate, In
this condition the globulins and nucleoproteids are precipitated,
but not the albumin. The same result is obtained by completely
saturating it with magnesium sulphate, It now the fluid is filtered,
the globuling and nueleoproteids will be filtered out, and the fil-
trate (the liqumid which has passed through the filter) may be put
into a dialyzer, and the salts will thus be removed, leaving only
the serum-albumin,  The faet that exposure of sernm-albumin to
different temperatures (about 73° C,, 77° C., and 84° C.) results
in three separate coagulations indieates that what is called serum-
albumin is in reality three different substances or forms, which are
called respectively a-albumin, which coagunlates at 72° to 75° €. ;
F-albumin, coagulating at 77° to 78° C. ; and y-albumin, coagulating
at 83 to 86° C, Halliburton, to whom we owe this information, has
ascertained that in the plasma of the horse, ox, and gheep a-albumin
is absent, while F-albumin and y-albumin are present; in the rep-
tiles, amphibians, and fishes, the blood of which he examined, only
a-albumin was normally found, while in that of man and of all
other mammals and birds all three were present.

Magnesinm sulphate does not |1revil}itﬂte serum-albumin, while
it does sernm-globulin, so that by this reagent the two may be
separated, the salt being added in erystals until the solution is
completely saturated; or, as stated, half-saturation with ammo-
nium sulphate will bring about the same result,

The specific rotatory power of solutions of serum-albumin is
— 56°.

Egg-albumin.—As its name implies, egg-albumin is obtained
from the white of egg. If much of it is taken in the food, or if
it_is injected into the blood, part of it appears in the urine,
When shaken with ether it is precipitated. itric acid, heat, and
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curic chlorid, nitrate of silver, .1m| lead acetate precipitate it,
forming insoluble compounds,

Lactalbumin.—This physiologic ingredient occurs in the
milk together with two other proteids, caseinogen and lactoglobu-
lin. ][*1“—-'|tm ation with ammonium sulphate precipitates the

aseinogen and lactoglobulin, and the lactalbumin which remains
in solution may be precipitated by saturation with sodium sulphate.
A temperature between 70° and 80° C. (about 77° C.) will coag-
late it. Unlike serum-albumin, it consists of but a single proteid.
Its percentage -1||1|1|u:aitin|1 is: C, 56219; H, 7.18; N, 15.77:
E, l.l:}. {}. 23.

Myn—alhumm.—'l"his 1s the albumin of musele, and resembles
serum-albumin.

the prolonged action of alecohol ecoagulate eog-albumin ; and mer-

ALBUMINATES.

The members of this group are sometimes deseribed under the
name derived albumins, because they are derived from albumin by
the action of acids or dlL.lln-:‘, Gilobulins, when treated in the
same manner, also produce albuminates.  When a mineral sub-
stance is added to a solution of albumin, a new compound is
formed, whieh iz denominated an albuminate of the mineral, but
as such produets are not physiologic ingredients we shall not con-
sider them. Albuminates are insoluble in water and neutral solu-
tions containing no salt ; oluble in aecids, alkalies, and dilute saline
mlllm‘mn; plt(‘lplt"lt{-n] u!wn saturated with sodinum chlorid or
magnesium sulphate ; and are not coagulated by heat.

.&.Eld alb‘l:ltmn.—l his 1s the lu'mlu{_t of the action of a dilute
acid—hydrochlorie, for instance—upon an albumin. In this con-
version the proteid undergoes im[mrlﬂnt changes.  Its =olution is
not coagulated by heat, and when it is neutralized the proteid is
FI‘(‘{:I[IILH.'E{'LI The conversion from the native to the acid-albumin
15 gradual, and is hastened by heat, care being taken that the tem-
perature is not sufficiently high to C{}.l“‘llldl‘{"‘ it. Globulins are
likewise converted into acid-albumins h‘. the same means, but
more readily, while coagulated proteids or fibrin require the acid
to be cmmmltrﬂtﬂl

By some writers the term syntonin is applied to the particular

acid-albumin resulting from the globulin myosinogen ; while others
use it as a synonvm for acid-albumin in ceneral.

The point of special physiologic interest in connection with
1-:=:<]-alhum|n is that in the process of stomach-digestion it is one
of the products.

Alkali-albumin.—As acids acting upon albumins and globu-
lins produce acid-albumin, in a similar manner alkalies produce
alkali-albumin.  There is an interesting historic point in connee-
tion with this proteid. Mulder found that by heating albumin
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with caustic put'lﬂh a product was obtained which he regarded
as the basis of all albuminous substances, and to which he gave
the name of “ protein.,” Under this theory |1rnt1=u|a are supposed to
be maodifications of protein, but the t|1m|1. is an obsolete vne, and
Mulder’s protein iz nothing more than alkali-albumin, Hkqh-
albumin is produced in the small intestine when the albumins and
globulins of the food are acted upon by the alkali of the panereatic
Jjuice.
GLOBULINS,

The members of this group are soluble in dilute saline solu-
tions, as, for instance, 1 per cent. sodium chlorid, insoluble in
water, concentrated solutions of sodium chlorid, magnesium sul-
phate, and ammonium -'-Ll|p]1.1tv, and are coagulated by heat

The following table gives the temperatures at which the im-
portant gluhulmw I.U.I"‘ltld.t{‘ :

Gilobnlins, Temperature,
eIl T S Sa af RS e Eesins h s i B R ER
Lk Ty e e e e 4 L
A Vi N T L e e e et bl A TERRD
BT O e T SR el R R e S RN S

Serum-globulin (Paraglobulin).— Filrinoplastin is another
name for this proteid, given to it at a time when it was believed
that it was connected with the process by which fibrin was formed,
as in the coagulation of blood. It exists in human plasma to 1]1&
extent of about 3 per cent, It existz alzo in lymph and chyle,

Fibrinogen.—This globulin is associated with serum-globnlin
in plasma, lvmph, and (ln le. It is a substance of great interest,
inasmuch as upon its presence the coagulability of blood depends,
a process in which the soluble hlillll{}fﬁ[‘ll hecomes insoluble fibrin,
It is precipitated by half-saturating with sodium chlorid, and by
this means mayv be se pm.ltml from sernm-globulin.

Fibrin.—Fibrin is obtained by wluppm;_r blood with twigs or
wires. The material that clings to these is fibrin tn;:pther “with
some of the blood-corpuseles, which become entangled in its
meshes,  These may be washed out in running water, When ex-
amined with the mieroscope fibrin is seen to be made up of threads
which intertwine with one another, forming a network. Dry fibrin
is obtainable from blood to the amount of from 0.2 to 0.4 per
cent. of its weight. Its percentage-composition is C, 52.68 ; H,
6.83; N, 16.91: S, 1.10; O, 22.48. It is soluble in 5 to 10 per
cent. Hﬂlutluns nf' qmllum chlorid, sodium snlph.lta- magnesinm
sulphate, and some other salts, It swells in hydrochloric acid
of 0.2 per cent. strength and becomes aeid-albumin and proteoses,
If pepsin is also present, this change takes place more quickly,
the fibrin becoming converted into two globulins, one coagulating
at 56° C. and the other at 75° C., and then becoming acid-albu-
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min, proteoses, and finally peptones.  Trypsin acts as does pepsin,
except that the reaction must be alkaline, not acid, the products
being alkali-albumin, proteoses, and peptones,

In speaking of the ash produced when fibrin is burnt, Schiifer
says that it invariably contains lime, but not more than other pro-
teids, nor more than the fibrinogen from which it is formed. This
fact completely l||-pn-1-- of the theories of coagulation which as-
sume that fibrin is merely a combination of hlntnwr: n with lime,
such as those of Freund, Arthus, Pekelharing, and Lilienfeld.

Myosinogen.—T his globulin oceurs in muscular tissue, and
in the condition called wigor mortis coagulates, and in this condi-
tion is wiyosin or musele-clot. A similar change, heat-rigor, ocenrs
when musele is heated, coagulation taking place when the temper-
ature reaches 47° to 50° C.; and a second coagulation at 56° C,
Thi-. is due to the fact that there are two gluhu]in-: paramyo-
sinogen which coagulates at the lower, and myosinogen at the
hi{rlwl' temperature,

Lactnglohulm. This proteid is found in eows’” milk in such
minute quantity that it has u-vc"t|n{I the analvses of excellent
chemists.  Its amount in colostrum is considerable.

Crystallin.—The proteid matter of the ervstalline lens is
ervstalling and exists in that structure to the amount of 34.93 per
cent,  Two varieties of ervstallin are deseribed : e-crystallin and
jg-crystallin, differing in composition, speeific rotatory power, and
{*twmldtmn—]n-mt, The former is more abundant in the outer
portion of the lens; the latter, in the inner.

NUCLEOPROTEIDS.

These substances are composed of nuecleing and proteids, and
occeur in the nuelei and protoplasm of cells.  Nueleins have been
obtained from the nuclei of pus-corpuseles, spermatozoa, volk of
ege, veast, liver, brain, and eows' milk., The term nucleins is used
rather than nuclein because there are several of these substances,
differing in solubility and chemieal composition. They are divided
by Hoppe-Sevler into three groups :

1. Nucleins which consist only of nucleic acid, whose formnla
is not definitely known, but is dppmunnt:-lv CoH: N0 P00
Indeed, nucleie acid is itself probably not a single nui:-mm-c no
less than four having been found by investicators. This acid
does not give the reactions of proteid, but is characterized by its
great affinity for basie dyes, sueh as methyl-green (see h.ll"'.o-
]-..I:I'IL"SIS p. 28). Nucleins of this group oceur in spermatozoa,

2. True Nucleins.—These oceur in the nuelei of ecells, and
on ll{‘{"ﬂmp{'l"-glt.l{)ﬂ vield proteid, xanthin bases (hypoxanthin,
xanthin, guanin, ﬂdmlm) and 1hu-'-..|ﬂmr|L acid. The true nuecleins,
which contain the most ml-:l'em acid, are obtainable from the
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chromatin fibers of the nucleus ; those which occur in the nueleoli
contain less nueleie acid.

3. Pseudonucleins.—These are sometimes called paranuele-
ing, and are obtainable from the nucleoproteids, such as caseinogen
and vitellin, They vield none of the bases as do the true nuclems,
but only proteid and phosphorie acid.

The nucleoproteids are divided into two groups: 1. Those
which vield true nueleins on gas tric dige -imu and to which Ham-
l'tl.;':l-ll'll restricts the name nmlm]uuh ids;” and 2, Those which
\'u ld pseudonucleins on gastrie digestion, called by Hammarsten

‘nuecleo-albumins.” In this latter r group are cascinogen and vitellin.
Jn make this résumé f:nmph-tv mention should be made of the
phospho-glucoproteids. A glucoproteid is a componnd of proteid
with a carbohvdrate, and inclndes mucins among other substances.
From mucins a carbohydrate may be obtained called animal gum,
which when acted upon by a dilute mineral acid is converted into
a reducible but non-fermentable sugar having the formula C.H,,0,.
Most of the glmupmu-uln contain no phosphorus, but some do,
and these constitute the phospho-glucoproteids.  There is some
evidence to show that from many of the proteids (acid- and alkali-
albumin, serum-albumin, serum-globulin) a reduecing substance may
be obtained, which may be a earbohydrate.

Casemﬂgen —This was formerly regarded as an alkali-
albumin, but is now placed among the nucleoproteids ; and if we
aceept the classification of H: ammarste n, it would be placed among
the nucleo-albumins, for the reason that on castric digestion it
vields Ihvudnmu'luln

(‘aseinogen is the most abundant proteid of milk, the two other
proteids being lactoglobulin and laetalbumin, and may be obtained
from it by saturation with sodium ehlorid or magnesium sulphate,
or by half-saturation with ammonium sulphate. It iz not coagu-
lated by heat. Human caseinogen has the following Iwu_-vnmgﬁ
'nmpn-ltmn G 5294 - H. 7.31: N, 14.9; B, 0.68; 5. 1=
0, 23.66; and y !(']flh no p-—[‘ll{iﬂlllll“li'll] on gastrie :Ilgr-%tlml
When acted upon by rennet ecaseinogen coagulates, becoming
casetit, w hich is =oluble in dilute .11]-.._111£--~ such as 111119-“"11:131‘.
Rennet is obtained from the stomach of the calf, and owes its
property of coagulating caseinogen to' the enzyme :umm alzo
called {*fwmmm Upon the addition of rennet to cows’ milk a
eurd or clot is formed, which consists of casein and the fat of the
milk ; the ]Iijmd pul‘tlﬂn of the milk, after the eurd iz formed, i
whey, consisting of water lll}ltllng in =solution the pt‘ntvldh l;‘tﬂ*tﬂ-
globulin and lactalbumin, lactose, and the salts. Another proteid,
whey-proteid, iz produced from the d[‘ﬂﬂmpuﬂltlnﬁ of that portion
of the caseinogen which is not changed into casein.  The curd of
human mllL is of a softer and more flocculent character than that
of cows’ milk, and to render the curd of the latter more like that

L)
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of the former, and thus aid digestion in the infant, lime-water
or harleyv-water is sometimes added, simple :|||ul|m1 with water
or hulluu_-' the milk producing the same effect.

One essential condition for coagulation of easeinogen is the
presence of caleium salts : and if these salts are precipitate -|] as
they may be by the addition of |mtll.--1|m1 oxalate, coagulation
does not take |1Lu e. The details of the coagulating process are as
follows : The enzyme, rennin, converts the eazeinogen into soluble

asein, which is then precipitated by the ealeium salts, the curd
being probably caseate of lime.

Vitellin.—This is the |}l"ltll‘lil.l] constituent of the yvolk of egg,
It is described by some writers as containing ]r]lthphnl‘th, ul.lir.-n
regard the I“II]H‘-.l'IIH}l"IIh a= being an ||n|mr||~. —that 1s, as a constit-
uent of the nuelein or lecithin which 1= associated with the vitellin.
The most recent analyses seem to demonstrate that phosphorus
does not exist in vitellin. It is altogether probable that several
substances are ineluded under the name “ vitellin.”

PROTEOSES AND PEPTONES.

The members of these two groups will be discussed in connee-
tion with the i lw_.trlu and intestinal 111:r{*atnm of pmt{mh.

COAGULATED PROTEIDS.

Under this title are included Fibrin, Myosin, and Casein, which
are discussed in conneetion with Fibrinogen, Myosinogen, and
Caseinogen, together with such others as are produced by the
action of heat on proteids,

POISONOUS PROTEIDS.

That poisonous proteids of both vegetable and animal origin
exist has been abundantly demonstrated. Among those of vege-
table origin are the following : Abrin, a componnd of a globulin
and a ]‘.-l'utf‘ﬂue obtained from the seeds of j Jeq nirity, Abrus preea-
torius ; papain, or a proteid associated with it, obtained from the
fruit of the papaw-tree, Carica papaya; ricin, from the seeds
of castor-oil, Ricinus communis; and lupino-toxin, from Lupinus
futerm.

The number of poisonous proteids of animal origin is not
inconsiderable, of which may be mentioned : qurrir—pmsnn pro-
teids from the serum of some eels, those from some Epm'wrs, and
the stinging apparatus of some insects ; ordinary peptones and
proteoses, as is shown by the fact that ‘0.3 eram of commercial
peptone per kilogram of body-weight will kill a dog when injected
into its blood ; some nueleopioteids, as W ooldridge’s tissue fibrino-
gens, which cause the blood to L(Iﬂgtlldtt_. in the vessels when

8
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injected into them ; and various proteids produced by bacteria, the
so-called toralbumoses,

The two classes of these poisonous proteids which demand more
than a passing notice are sn: 1L£~—]1m-{:n and the baeterial ]mmnlm

Snake-poison.—The first snake-poison isolated was viperin
from an adder. Suobsequently erofalin was obtained from the
venom of a rattlesnake, and its albuminous nature was recognized ;
and later the venom of the eobra and other poisonons snakes was
studied. It has been demonstrated that in the venom of the Aus-
tralian black snake there are three proteids : One, a non-virulent
albumin, and the two others, which are virulent, are proto- and
heteroproteose. The poison |'l!ﬂl]lll"£‘:- intravascular coagulation of
the blood, probably by eausing a disintegration of the cells of the
endothelium of the vessels or of the red corpuseles, thereby pro-
dueing or setting free a nucleoproteid.  In discussing this sub-
jeet, ”.J,Illlml ton, in Schiifer’s Physiology, to which we are indebted
for this résumé of proteids or poisons, says that with regard to the
question how these poisonous proteoses are formed, C. J. Martin
puts forward the following hypothesis: The ecells of the venom-
eland exercise a hydrolyzing (p. 119) ageney on the albumin sup-
lllm{l them by the blood, the results of which influence are the
poisonous proteoses lmunl in the venom. A difference between
the process and digestion by pepsin, or by anthrax bacilli, is that
the hydration stops short at the proteose stage, and is not con-
tinued so as to form peptone, or simple nitrogenous materials, like
leucin, tyrosin, or alkaloids, Gland epithelium is certainly capable
of [“{i_‘l‘{:l‘:.ll]g %1I[]1 a hydrolyzing influence ; the conversion of
glyeogen into sugar in the liver-cells is one of the best known
examples. The following table is given illustrating the analogy
between various hvdrolyzing processes, proteid being in all cases
the material acted on:

_ e — - -

Produets.

imary Arents. Ferment.

= T AES Albuminous, [¥itrogenous but not Albuminous.

1. Epithelial cell of Pepsin. Proteoses, peptone, | Brieger's peptotoxin, a very
gastrie gland. donbtful basic substance,

2. Epithelial ecll of| Trypsin. Proteoses, peptone. | Leucin, tyrosin, lysin. arginin,
I}'H]I'.Ilf"l“{'!ﬂﬁ. H‘h]lﬂ'"‘['lf" acid, ammonia.

3. Bacillus  anthra- None yet| Proteoses, peptone. | Lenein, tyrosin, and an anthrax
s, fonnd, alkaloid.

4. Bacillus diphthe- Ferment not Proteoses. Organie aeid of doubtfal nature.
Tige. named.

5, Epithelial cell of None ; et Proteoses, Trace of organic acid.
Enake’s venom- founa
gland.

It has been ascertained that 0.00025 gram of the venom of
Irﬂjjlfﬂﬂ hafus custus, an Australian snake, will kill a rabbit weigh-
ing a Lfﬂwmm this is about the same virulence as the toxin of
dlphth.;-rm.

Bacterial Poisons.—Halliburton says that the word
main was originally employed to designate those putrefaction-prod-
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uets of animal substances which give the reactions of vegetable
alkaloids, and which are more or less poisonous. The similar sub-
stances formed by metabolic activity, either from lecithin or pro-
teids, are ealled lewlomains.  One of these alkaloids, tyrotoricon,
has th:n obtained from putrid [‘lll:("-("; another, ma.rh.lfuf-rnnr foont
museles, and there are others,  Brieger obtained poisonons alka-
loids, which he called toxins, from cases of typhoid fever and
tetanus, calling that from the former fyphotorin and the latter
tetanin.

From this brief consideration of the subject it will be seen that
both ptomains and toxalbumoses may be produced by bacteria,

ALBUMINOIDS.

The term albuminoids implies that the members of this elass
resemble albumin ; indeed, they bear a resemblance to all the pro-
teids, but also differ from them in important particulars. The
members of the class are: Collagen, Gelatin, Elastin, Reticulin,
Keratin, Neurokeratin, Muein, and Nuclein,

Collagen.—This is the substance in the white fibers of con-
nective tizsue which produces gelatin.  In bones it existz under
the name of ossein, associated with some other organie substances,
There exists in hyaline cartilage a substance which has long borne
the name of chondrigen, which when boiled was said to produce
ehondrin, but it is now known that “ chondrigen” is a mixture of
collagen and mucin or mueinoid substances,

Collagen is insoluble in water, dilute acids, and alkalies. When
treated with boiling water or with pepsin and hydrochloric acid
it hecomes gelatin. It is considered to be the anhydrid of gela-
tin, as is expressed by the following equation :

CIW.H 151+ '!JD H (} N C]U'HHJ"T_?.IDEQ

Gelatin. Water. Collagen.

It should be said, however, that these formula have not heen
definitely established. In{]eul another formula has been given
for gelatin by an equally mmpetent chemist : C;;H;,N;Op. In
neither of these formule does sulphur oceur; when it "has been
found on analysis it has been regarded by some as an impurity,
while one authority, at least, believes it to be an integral part of
both ecollagen and gelatm to the amount of 0.6 per cent.

Gelatin,—Gelatin is insoluble in cold but soluble in hot water ;
and when the solution cools it gelatinizes or forms a jelly. It
reacts with Millon’s reagent, and with copper sulphate a and caustic
potash it gives a violet color. Tannic acid precipitates it, and
upon this depends the process of tanning. It is levorotatory, the
amount of rotation being about —130°.  If gelatin is boiled for
twenty-four hours, its power to gelatinize is lost, and it becomes
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gelatin-peptone.  When acted on by pepsin and hydrochlorie
acid, as I[I[I‘II“II]{* oastric digestion, it becomes ]'ll‘ﬂt-{‘r'-"‘f.*lqﬂﬂ-ﬂ then
deuterogelatose, and ]:1-[11' crl:l:!.tlll-p{*pt{}ni} A similar set of
changes results from the action of the trypsin of the pancreatic
juice,

Gelatin is a “ proteid-sparing ” substance—that is to say, that
while it cannot take the place of the proteids as a tissue-former, its
nitrogen not being available for that purpose, yet it does serve a
useful purpose as food. When gelatin is used as food to replace en-
tirely the proteids, the animals experimeuted upon starve to death.
The gelatoses and gelatin-peptones which result from its digestion
are oxidized, as are carbohvdrates and fats, producing (LU,,. HCE
and prnh.lhlx urea. It is a source of energy, therefore, and in so
far as it fulfils this office 1t takes the leu' of ]]l‘i}ti‘lil‘i even
thongh, unlike them, it eannot supply the waste of nitrogenous
tissues., It "-=|nn--” the proteids more than do cmi:uhnlmtes,
and still more than fats. Thus proteids serve in the economy
a double urpose : (1) as tissue-formers and (2) as sources of
energy. ft is in this latter regard that gelatin can rupla{.t, the
proteids. It has been found, however, that when gelatin is given
to replace proteids the amount given must be twice that which it
is designed to replace ; practieally it has been shown that one-fifth
the amount of pmtmd may be thus replaced.

Elastin.—From the yellow fibers of connective tissue is
obtained this member of the albuminoid elass. It has the fol-
lowing apprnximnle percentage-composition : C, 54.24; H, 7.27;
N, 16.7; O, 21.69; S, 0.3. Some aunthorities regard the sulphuar
as an lmpurlh’ }u].lutm like collagen, but less easily, is changed
by hydrochloric acid and epsin, and also by trypsin, the prmiuvts
being proto-elastose and deutero-elastose ; but unlike collagen the
change goes no further—that is, no peptone is formed in either
case,

Reticulin.—Retiform or reticular tissue, such as occurs in
lymphatic glands, is in many respects so similar to ordinary are-
olar tissue that so eminent an authority as Schiifer l‘i"E_'"il‘[]n the
former simply as a variety of connective tissue; but others claim
that while there are no I11-tnlm;1c points of difference, vet from a
chemical standpoint there is a marked difference, and this consists
in the presence in the fibers of reficulin, whose percentage- {:um]m-
sition is C, 52.88 ; H, 6.97; N, 15.63; k,.,l 88 ; P,0.34; ash, 2
The absence of glutaminie acid among the a:'lemm])naltmn-pm{lucts
c}f retieulin, while it iz present in those of collagen and gelatin,
is one of the points relied upon to establish the difference between
the two tissues.

In diseussing this subject Halliburton says: “ We are, there-
fore, confronted with the difficulty that the fibers of reticular
tissue are anatomically continuous with and histologically identical
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with the white fibers of conneetive tissue, and vet they contain
chemically this new material. The answer to the ]uu]}lvm 5
yrobably that reticulin is not specially characteristic of reticular
fibers, but is present in all white connective-tissue fibers.”

Keratin.—This substance is found in all horny tissues, such
as hair, nails, and L"!‘.Iil].l.'l"llli'-i It is soluble in water at 150°-
200° L‘, and in alkalies, but is unaffected by pepsin or trypsin,
and contains a large amount of sulphur. Its percentage-composition
in hair is as follows: C, 50.60; H, 6.36; N, 17.14; O, 20.85;
S, 5. In the skin the change of the protoplasm of the cells
into keratin takes place in two strata which are between the
Malpighian layer and the horny layer—the stratum lucidum, next
to the horny layer, and the stratum granuwlosum, next to the
Malpighian. In t}IE latter the cells contain eleidlin, which is
regarded as an intermediate stage in the conversion of the pro-
tup].lﬁm into keratin.

Neurokeratin.—A modified form of keratin, neurokeratin,
oceurs in the medullary sheath of nerves and in neuroglia.  Its
percentage composition varies considerably, being in some portions
of the nervous system as low as 0.3, and in others as high as 2.9.

Mucins.—Inasmuch as muecin is not a smgle substance, but
consists rather of several \'lrlf:tms, differing in solubility in ac-ul
and alkaline solutions, it is more correct to speak in the plural.
Mucin is an ingredient of mucus, the produet of mucous glands,
and it exists also in the ground-substance of econnective tissue,
Mucins give the characteristic viseidity to the fluids in which
they occur ; they are soluble in alkalies, and, when so dissolved,
can be [}I‘cul]nldt{-nl by acetic acid. When they are treated with
superheated steam a (‘.lrhnlndl"tt{* called animal gum is split off,
the formula of which is f.,EI,“{} When this latter is tl‘{'.ltt’d
with a dilute mineral acid it is ehanged into a reducing but not
fermentable sugar, whose formula is C;H,O,. It is an interesting
fact that from other albuminoids, and also from proteids, earbo-
hydrates may be obtained. The percentagﬂ-cnm]msitiml of sub-
maxillary muein is: C, 48.84; H, 6.80; N, 12.32; O, 31.20;
S, 0.84.

Nuclein.—This substance has been sufficiently discussed in
connection with the nucleoproteids (p. 111).

ENZYMES.

There are two varieties of ferments: (1) organized ferments,
of which yeast is an example, and (2) unorganized or soluble fer-
ments, of which pepsin is an example. It has been proposed to
limit the term ferment to the organized class, and to denominate
the changes which its members cause in substances upon which
they act as fermentation, and to the soluble or unorganized class
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to apply the name of enzyme, and to apply to the process for which
its members are responsible the term zymolysis.

The distinetion between the organized and unorganized fer-
ments is, after all, probably a superficial and not a fundamental
one. The fermentative or zymolytic action is in both cases due
to a substance which cells |1rm|m't-. In the one ease, that of an
organized ferment, such as veast, this produet is thrown out by the
cells of the yeast-plant while they are in contact with the substance
acted upon—dextrose, for example. In the case of an unorgan-
ized ferment or enzyme—trypsin, for instance—the cells of the
punereas which produce it remain in the organ, while the product
is poured out with the other constituents of the seeretion and
brings about its action on the proteids at a distanee from the cells,
In both instances it is the product of cells which produces the
change, There will here be discussed only the unorganized fer-
ments or enzymes. |

Some of the enzyvmes on analysis have been found to be very
similar in their composition to the proteids, but the consensus of
opinion is that they are not proteids, notwithstanding this resem-
blance. The failure to determine their exact composition is due
to the fact that as vet no enzyme has been obtained pure and free
from proteids; and also because the quantity is, in any event,
exceedingly small. Like most proteids they are not diffusible,
and eannot therefore be separated from them by dialysis.

Enzymes are soluble in water, and are precipitated by an excess
of absolute alecohol or by saturation with ammonium sulphate,
They are changed by alcohol only when the contact has existed
for a considerable time; this period is, however, shorter in the
case of pepsin than in that of the other enzymes.

Minute quantities of enzymes under proper conditions will
bring about zymolytic changes in considerable quantities of the
substances upon which they aet, apparently without suffering any
diminution. Thus, 1 part of rennin will coagulate 800,000 parts
of milk, and pepsin will dissolve in seven hours 500,000 times its
weight of fibrin. The conditions under which they act vary for
each enzyme ; but, as a rule, high temperatures destroy and low
temperatures inhibit, while for each there is a temperature at which
its action is the most prononnced ; this is called the “optimum ™
temperature. Thus for pepsin the optimum temperature is from
35° to 40° C., while below 1° C. its action ceases, as it does also
at 70° C., while boiling permanently destrovsit. It has been
determined, however, that when perfectly dry the enzymes may be
heated to 160° C. without destroying their power.

An interesting fact also connected with the enzymes is, that
when they have produced a considerable amount of their produet
their action is diminished, and that if this new product accumu-
lates still more, the zymolvtic action of the enzymes may be
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]:l‘uugllt to an end, although their power to act would still be pres-
ent if these produets were removed. In some instances the enzvme
is not the direct product of the cells, but the cells form what is
termed a zymogen, which is J.ih-l"-hunl converted into the enzyme,
Each zyvmogen is named from the enzyme which it prmluu-: “thus
the zvmogen of try |r--|l1 is frypsinogen, that of pepsin is pepsinogen,
ete. It is an interesting and valuable fact that chloroform inhibits
the action of the org: ranized ferments, but does not interfere with
that of the enzvmes,

As it is very important to have a clear idea of the rzw'ming
of certain terms which occur repeatedly in the discussion of the
enzvmes and their action, these terms will here be defined,
namely :

Am]i’lﬂlytit Enzyme.—The conversion of amyloses into
sugar is an amylolytic change, and an enzyme which has the
power of |u'1nim ing this change is an umluhtm enzyme ; such
are ptyalin of the saliva and amvlopsin of the ]r‘m(*l‘mtln juice.

Diastatic or Diastasic Enzyme.—There exists in barley
an enzyme, diastase, which has the power of changing starch into
sugzar ; the change itself, and also the enzvme, are .~_-|m|1.u|1 of as
diastatic or diastasie. It will be seen, therefore, that 111]!}'1“]}'“!1:?
diastatic, and diastasic are svnonymouns,

Proteolytic Enzyme.—The conversion of proteids into pro-
teoses and peptones is a profeolytic change, and an enzyme which
canses it is a |:w:-tm|u|v enzyme ; such are pepsin of the oastric
juice, and trypsin of the pancreatic juice.

Steatolytic Enzyme.—The splitting of fats into fatty acids
and glycerin is a steatolytic process, and an enzyme which has
this power is a steatolvtic enzvme ; such is "-ti"i.]j‘-ln of the pan-
ereatic juice. These enzymes are also termed flipolytic and adi-
polytie,

Inversive Enzymes.—These invert saccharoses; such an
enzvme is invertin of the suceus entericus or intestinal juice.

Coagulating Enzymes.— These ENZYMes t:hd.ngﬂ soluble
into insoluble proteids ; such are rennin, fibrin-ferment, and myo-
sin-ferment,

Hydrﬂlysls.—It is now generally acc{-pted that in many of
these various conversions the change consists in the assumption of
a molecule of water; thus,

(C:H,,05). + H,O = C;H,0;

Starch. Water, Sugar.

This change is called hydrolysis, and the action is said to be
fri,frf: ﬂhﬂw, Chemistry has established this fact for amylolytic and
inversive enzymes, and it is probably equally true for those that
are proteolytic. For the action of all enzymes the presence of
water is essential.
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The consideration of the individual enzymes will be deferred
until the action of the various fluids i which they oceur is dis-
cussed,

MET ABOLISM.

The human body is during life the seat of constant activity,
during which almost limitless chemical changes take place, These
are LU”.L[I’.I\.{‘h spoken of under the term mefabolism. Some
of these are concerned with the upbuilding of the body, and
are termed anabolic ; while others result in the wasting of
the tissues, and are denominated Fkatabolic.  Anabolism and
assimilation may be regarded as synonymous terms, while katab-
olism and destructive assimilation express somewhat the same
idea. The word metabolism has been defined as “the process
by which living cells or organisms are capable of incorporating
substances obtained from food into an integral part of their own
bodies ; the changes that proteids and other constituent substances
tlmlvlmu in the body. It is construetive when the substance be-
comes more complex ; destructive ov retrograde when it becomes
simpler by the change.” Still another lexicographer defines metah-
olism as “ The act or process by which, on the one hand, the dead
food is built up into living matter, and by which, on the other,
the living matter ig broken down into :-uIII]E}h’. produects within a ¢ vil
or organism ; the sum of the anabolic or construetive (assimilation)
and the katabolic or destruetive (decomposition) processes.”  If
the anabolic and katabolic processes should exactly balance one
another, the body would be in a state of equilibiinm, but this never
oCeurs dl}‘-{}lllti‘]‘h

As a result of the destructive changes which take }ﬂar;-e in
the body it is essential that they be counterbalanced so far as is
possible, and this is accomplished by taking into the body food
and oxygen. If an individual l-nhpmu! of oxvgen, death oceurs
in a few minutes from asphyxia. No less Hlt,lmh does death
supervene if he is dl]unml of food, althongh the time required to
bring about the result is much greater, de-pem!m::_r conziderably
upon the circumstances and upon the age of the individual. In
the instance frequently quoted, when, in the year 1816, one hun-
dred and fifty persons were wrecked on the « Me :Inu,” all but
fifteen were dead after having been without food, either solid or
liquid, for thirteen days, In this instance, hmwwr it must be
borne in mind that the exposure incident to ﬂw shipwreek p]'uh
bly contributed to hasten the fatal result. It may be said,
general, that death will supervene when the hody has lost inur—
tenths of its weight. When death thus occurs from starvation the
various tissues lose different amounts proportionately. The fol-
lowing table gives the loss in percentage :
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TRl e e e el - T L 1. . O L e O LB S P e e |
MaEele . . . v v oeon onoew . 42,2 | Intestine . . e 2.0
TEET ST v e o e e S T 4.8 Brain ‘HILJ.UH‘I,I_ oy T i g TR N 0.1
BB Lkl L L L S 9 s 06 EBRinand Wl D DL 2 L o BB
I e e T S R R Y |l 1 1 L PR i
e A S SRR | 25 T T O T R e
R G G e e B pOherparte S0 0 St N
PEEY Tl e R S S 0.0 |

From this table it will be seen that the greatest loss takes [nlﬂca
in the museles and fat.

FOOD.

Food may be defined as material taken into the body to build up
s tissues and repair their waste, or to produce energy. In the
discussion of the effects of alcohol other definitions are given
(p. 154). Foods are made up of food-stuffs and other substances
associated with them, which latter, being indigestible, are of no
value either for lmt‘pnw% of nutrition or for the oener: ation of
energy.

Food-stuffs are divided into four classes, which have already
been somewhat discussed in treating of the physiologic ingredients.
The classes of food-stuffs are: ]nm;_-:‘lm{* including water and
galts ; Carbohvdrates; Fats or oils; Proteids,

Inorganic Food as has been Imiutml out,
one of the most important mwru!u-nh of the body, and is there-
fore one of the most essential of the food-stuffs.. It is the solvent
. of many of the constituents of' the food and the salts, and by its
softening action aids in the processes by which the hard portions
of food are masticated and swallowed. Tt should be taken in
-:lu.;mtmﬂq much larger than is customary, The llll.”ni.li nt idea that
water is harmful when taken with food because of its action in
diminishing the seeretion of gastrie juice, is entirely erroneous, On
the mntr-u' , water, even when cold, stimulates the gastric u‘lﬂl’lt'h
and more of their seoretion is formed. To this we shall reenr in
disenssing the process of gastric digestion. Nor is it true that
water is “fattening,” in the sense that those who 1lI'i|:|l{ large
qmmtltl{*ﬁ necessarily become obese. If fat is “ taken on” by such
persons, it is only because of the indirect influence which water
exerts in Lee]umr the nutritive processes up to a higher standard
and thus increasing assimilation and leaving a balance to be
stored up as fat. The source of the fat is not the water, but the
carbohydrates and other food-stuffs which are convertible into fat.

Water being thus important—indeed, essential—great care
should be t.a]wn to have it free from harmful ingredients. These
may be inorganie and ﬂrgunw.

The objectionable inorganie constituents are those which give
to the water its “hardness.,” These are caleium ecarbonate, to
which “ temporary ” hardness is due, and caleium chlorid and sul-
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phate, and salts of magnesium, which account for *permanent™
hardness.  Water is not considered to be * hard " unless it con-
tains more than ten grains of caleinm carbonate or its equivalent
per gallon. Rain-water contains less than halt a grain.  To hard
water gastric and intestinal derangements are doubtless attributa-
ble, but the evidence that vesical ealeuli or goiter are produced by
it is far from convineing.

It is, however, to the srganie impurities which drinking-water
not infrequently contains that especial attention should be directed,
and more particularly to those in the form of disease-germs,
These organisms are the undoubted eause of cholera and typhoid
fever, and most probably of a form of |:|}‘.-=E'|1tvl"‘-.' called * amebie
or “tropical.” EKach of these diseases is produced by its own
specific organism ; thus, that which produces cholera is Spirilfum
choleree Asiaticee ; that of typhoid fever, Bacillus fyphosus; and
that of tropical dyvsentery, Amwha dysenterice. These germs are
contained in the stools of persons suffering from these diseases, and
their stools not being disinfected, the germs gain aceess to drink-
ing-water either by a leaking privv-vault or in some other way,
and those who drink such water are liable to become infected.
Many instances of epidemies thus eaused could be eited, but one
must suffice.  One of the most striking epidemics of typhoid fever
was that which occurred in Plymonth, Pa., in 1885, The popula-
tion was between 8000 and 9000, Of this number, 1153 con-
tracted the fever, and 114 of these died. A careful investigation
showed that the water-supply of this mining-town had become in-
fected by the stools of a single case of typhoid fever. These
stools, in an undisinfeeted condition, had been deposited on the
ground during the winter, and it was not until spring, when the
snow melted and warm showers ocenrred, that these infected
dejecta were washed into the water-supply. The first case oecurred
within two or three weeks after.  This instance demonstrates not
only the infecting power of a single case of disease, but also the
resisting power which the tvphoid bacillus possesses against cold,
for these stools had been frozen for several months, Indeed, from
laboratory experiments we know that the Bacillus typhosus retains
its vitality even after having been frozen for one hundred and ten
days,

But, while infeetion is not destroyved by freezing, it i by boil-
ing, and there is no surer way of destroying the germs which
water may contain than by boiling it for half an hour. Boiled
water is not as unpalatable as is generally supposed. Even if it
was, unpalatability is less objectionable than infection, and in all
doubtful cases water should be boiled,

Another lesson to be learned from this epidemie and from the
laboratory experiments referred to is that ice may be a source
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of infection as well as water, and even though the water is boiled
this will be of no avail if infected ice is nsed to cool it.

The writer investizated an e Im]vmn- of dysentery in which the
disease was traced to ice used in {It‘lll]«.lntr—“-n{: The ice had
been eut from a pond in which during the summer hogs wallowed,
and in which they deposited their exereta.  When melted this ice
had a most offensive odor.  Other instances might be given show-
ing the danger from the use of impure ice, hut the one cited will
Stlﬁ'll:{' llII[ll!]d[l_h there is now furnished for use in many of
our cities artificial nu whieh, if }}I'le'Il‘n iut'fmtutl is free from
all contamination. In this process of manufacturing ice the water
is not only boiled, but is distilled, and when ready for freezing is
.lhmlulvh pure. But even this ice is not alw ayva what it rluln-:- to
be. 1 ll‘-{‘l"ill'!tilﬂll-v dealers will often supply river ice when they
are supposed to deliver the artificial product, and manufacturers
of the latter are sometimes careless,  With hoiled water and prop-
erly manufactured artificial ice, all danger of infection through
these channels will surely be prev {'Iltl'il

Salts.—The list of salts taken in with the food has already
been given, the most important being sodium chlorid, caleium
pllmpll'ttcf ‘uul the alkaline carbonates and Il]](lh]]]l"ll(‘:. The
offices which these salts perform in the economy of the body vary.
By =ome of them the solubility of certain 1ntrr‘u|u nts 15 made
lm'-,-slhlv such as the gluhulm of the blood by virtue of the presence
of sodium ehlorid, — From the chlorids the hydrochloric acid of
the gastric juice is produced. Salts are stimulants also to the
;’:l:lml-» causing the latter to seerete more actively ; thus the diges-
tive fluids are more abundantly poured out when thv food is prop-
erly salted, and the kidnevs more completely perform their fune-
tions under the stimulation of the salts. If salts are removed
from the food of a ]nww:n it will die in three weeks : the same
(]Epnﬁdtmn of salts in the case of a dog will eause its death in
six weeks.

Carbohydrates.—These food-stuffs, in the form of starch and
sugar, are especially abundant in vegetable foods and in milk, and
less so0 in animal foods.

Cane-sugar is an article of diet which is used to an enormous
extent thronghout the world, For an exceedingly interesting and
valuable contribution to the literature of this subject the reader is
referred to Farmers’ Bulletin, No. 93, issued by the United States
Department of Agriculture, entitled ¢ Sugar as Food,” by Mary
Hinman Abel, From this we have derived much lnfnrmatmn

Between seven and eight million tons of cane-sugar are used
annually in the different countries of the world ; England con-
suming in 1895, 86 pounds per capita; the United States, 64
pmmdq while Italy, Greece, and Turkey consnmed less than 7
pounds.  About two-thirds of the cane-sugar now used is derived
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from the sugar-beet, which has become so developed that while the
beet of 1806 contained but 6 per cent. of sugar, that of to-day
contains 15 per cent,

The following table gives the average composition of raw sugar
from different sources :

Average Composition of Raw Sugar,

| Cane.. | Utheror
Sources from which obtained, Water., e ganic sub- Ash,
T 2lances,

Per cent. Per cent. Per cent. FPer eent.

T e e o 2.16 03.33 4.24 1. 27
Sugrar-beet | T 2.90 02,90 2,569 2,56
T e e e 1.71 03.05 4.55 .68
T e s s 2.50 88.42 7.82 1.47
Palin e L e e 1.86 B7.07 .65 0. 50
e e e 82,80

The cane-sugar obtained from these sources is identical, and
the popular {:pmmn that beet-sugar is not as sweetening and not
as gnml a presel rvative as that l.l{‘]"l‘-.l"l]. from the ecane is erroneous.
It is a satisfaction to know that the cane-sugar of commerce iz as
pure as is possible; of five hundred samples examined by the
United States Government chemists, not one was adulte rated.

The value of sugar as food has been abundantly demonstrated ;
its office being to furnish energy to the body in the form of heat
and museular work, in which process it undergoes oxidation and
becomes converted into CO, and H,O (p. 249). Experiments con-
ducted in Berlin and elsewhere show Jl"lt sugar is © we 1 .ui‘npted
to help men to perform extraordinary muscular labor ;™ and it has
been used in the German army w ith such execellent results in a
pmsmg hunger, mitigating th]l"ht, and prev enting exhaustion, that
an increase of the sugar ration to sixty grams a day has been
recommended,

The general conclusions drawn by Abel in the bulletin above
referred to are as follows :

“ One may say in general that the wholesomeness of sweetened
foods and their utilization by the system are largely a gquestion of
quantity and concentration.  For instance, a :nnp]e pudding
flavored with sugar rather than heavily --‘I.‘rm‘tr-nwl i= considered

easy of (l1go-.tmn but when more sugar is used, with the addition

of egos and fat, we have, as the I‘L’-“-II]T highly concentrated forms
of food which ean be utilized by the svstem only in moderate
quantities and which are always forbidden to children and in-
valids.

“Tt is true that the harvester, lumberman, and others who do
hard work in the open air consume great amounts of food contain-
ing considerable quantities of sugar, such as pie and doughnuts,
and apparently with impunity ; but it is equally true that people
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living an indoor life find that undue amounts of pie, cake, and
pudding, with highly sweetened preserved frait, and sugar in large
amonnts on '["'“I\l'.l. L{"l.'l'lll‘:'. I”l”ﬂ' “1'11""1"""'.'“" s0010er or thf.l

* From a g_-.uhnmmnnv ]mult of view it would seem also that in
the American cunisine sugar is used with too many kinds of food,
with a consequent loss in variety and l::u|u*u1v\. of flavor in Ilu
different dishes.  The nutty flavor of grains and the natural taste
of wild fruits is concealed by the addition of large quantities of
sugar.

“In the diet of the under-nourished large amounts of sugar
would doubtless |it'|I} to full nutrition.  This point is often ul'gul
by hul‘npv.ll] in gienists,  In the food of the well-to-do it is often
the case, however, that starch is not diminished in proportion as
gugar is added.  That sugar on account of its agreeable flavor is
a temptation to take more earbohydrate tood than thv system needs
cannot be denied, The vigor of digestion in each [m.ﬂlt‘ulal' case
would seem to suggest the limit. A lump of sugar represents
about as much nutriment as an ounce of potato, but while the
potato will be eaten only because hunger prompts, the sugar, be-
ause of its taste, may be taken when the appetite has been fully
satisfied.

“Sugar is a useful and valuable food. It must, however, be
remembered that it iz a concentrated food, and ther fore should be
eaten in moderate quantities.  Further, like other concentrated
foods, sugar seems best fitted for assimilation by the body when
supplied ‘with other materials which dilute it or sive it the neces-
sary bulk,

“ Persons of active habit and good digestion will add sugar to
their food almost at pleasure without inconvenience, while those of
sedentary life, of delicate digestion, or of a tvntlcncr to corpulency
would do better to use sugar very moderately. It is gvnm‘u.llv
assumed that four or five ounces of sugar per day are as much as it
is well for the average adult to eat under ordinary conditions,”

Fats or 0ils.—These food-stuffs are found in milk, in butter,
in cheese, in the fatty tissues of meat, and also in some vegetables,
such as nuts. The following table shows the amount in some of
the ordinary foods :

Ment e e e e i e i T AT SN
BB SR e e R T e E T R
L o e e i 1 15 A
AT e A R R T R e
i el SRt e R e e T R i [ B RS

Proteids.—This eclass eontains some of the most valuable of
the food-stuffs. The importance of the class is readily understood
when it is recalled that the prineipal ingredients of the blood and
the muscles are supplied by the proteids of the food. This is the
only class whose members contain nitrogen, and it has therefore
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been sometimes spoken of as the “ nitrogenous” class. ~ The albu-
minoids contain nitrogen also, but this class has little nutritive
value, except gelatin, which is valuable, but, as has already been
qhtu] its mtm;_rl n is nut available for tissue-forming. The proteids
are represented in eges by albumin, in milk by casein, in meat by
myosin, in peas and in beans by legumin, and in the cereals by
;Dlutml The amount of proteids varies in different foods; thus
there is in

MEBDE 8 e e e i e e e a1 G0 2H par cank:
Malke 5 . S A e R e T S o ¢y S
Peas and 'IIH.'J.ir]'t et | G S G R B L e
Lo L BT R b e e S N L 1 ) LR
B k] S e e R, AL R e R
BN T O B o S e E ST RS I e ks l1to 4 =

The following diagram (Fig. 85) shows the amount of the
Pl‘illf:i]]:l] tfood-stuffs in some of the more eenerally used foods:

Proteids. Fats, Carbohydrates Water

Explanation. ...

Human milk...........

Cowe" milk.....cccomnee

Meat.........

Fighc.cen i ivicsnsseinnsns

Leguminous fruits...

POk s

Green vegetables......

FiG. 85.—Diagram showing proportion ul‘ um prmup:ﬂ food-stutls in a f-w
typical comestibles. The numbers indicate percentages. Salts and inhigestible
materialz omitted (after Yeo).

From the above consideration of the food-stuffs it is seen that
thev are in most respects the same as the tissues of the body ; vet
it would be erroneons to infer that the fats and the ]'Il"lltl.‘lll% of the
food go directly into the tissues as such, and take the place of the
fats and the pr{‘-tﬂ]dq which are wasted. There are many inter-
mediate steps, some of which are known and will be discussed,
and others of which we are entirely ignorant. Experience has
abundantly demonstrated that in order to maintain the body at
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its physiologie standard representatives from all these four classes
of tood-stufls must be -mppliu-d [t man iz deprived of water,
death Speed hlv results ; it comes as sure |\ though not so l|t||1 L.]!.
it fats or .lliualnclmtw- or proteids are -ut off from the foode
supply. Indeed, a man may be starved to death by withholding
the =alts,

Whenever, therefore, it is found that life can be maintained
physiologically for a long period of time on any diet, it is certain
that this diet contains representatives of all the classes enumer-
ated.  Thus, milk, which is the sole food of voung children—
among some of the Eskimos to the sixth vear of life—is found on
'l.l]"l]\.‘-ulh to contain such representatives ; the ind wganic elass being
[‘E])I‘E:‘:th‘ll by water and salts, the « ll'llﬂ]l\tll'L'[{*- by milk-sugar,
the fats by butter, and the proteids by easein and some albumin.
It is not, however, sufficient that each elass should be r 'prese nted,
but the |n‘u|ml‘lilm- of the ingredients must be proper. It is I'Hl-'-sl—
ble that any wni-ll food  m: v have the wlul-m- {uu-»tmls-nta bt
may have too much of one and too little of another. It has heen
determined that the daily waste of the body is 250 to 280 grams
of carbon and 15 to 18 grams of nitrogen, or about 16 to 1. The
earbon given off’ is principally in the fn|m of earbonie acid in the
{*hpll*f-nl air, while the urea of the urine contains most of the
nitrogen eliminated.  To supply the waste of the body, then, the
proportion in the food of carbon to nitrogen should be as 16 to 1.

In proteids, however, the proportion is 3.5 to 1, so that should
proteids only be *El|1|l]i{-l| to I{u- body there would have to be given
an enormous amount of nitrogenous food in order to r-.npplv rnnugh
of the earbonaceous. The effect of this excess of nitrogenous
food wounld be to injure the digestive and eliminating organs,  So
that to make up this llv‘.'h(‘lﬂlli} of earbon, C'tll!«(*ll"nlll’"lt{'h and fats
are used in connection with the proteids. l.'r]:l.l;-.{‘lllfl, for istance,
the effect upon the digestive apparatus if man’s exclusive diet
wias pnhtm-f- It will be seen by the table that in potatoes there
are 2 per cent. of proteids and 920.75 per cent. of carbohydrates,
Therefore, to obtain enough proteids from potatoes to sustain life
it wonld hﬂ necessary to eat daily at least ten pounds, or thirty
good-sized potatoes. In some parts of the world this has been
put into practice, the effect being to distend the stomach and to
derange digestion to a harmful degree.

And vet we must acknowledge that human life is sustained for
vears on a diet which is far from the standard here set forth.
Thus the Chinaman, to obtain the nitrogen necessary, must eat
about 2000 grams of rice. This gives him about 20 grams of
nitrogen, but 700 of carbon. Oatmeal contains carbon and
nitrogen in the proportion of 15 to 1.

If the diet was exclusively of meat, then in order to supply
the body with the necessary amount of earbonaceous materia



128 FOoD,

very large quantity of meat would be required, and to meet this
!‘U’[I'E]I‘t‘t'llt"l'lt there ‘n.‘n.f}llhl be taken in an excess of 1||t1’1|m_|1u|15
constituents, thus p] acing a serious burden on the l]]ﬂ!lll‘lllllﬂ'
organs to get rid of them, L\}H*Ilwlrv demonstrates that a mixt-
nre of foods is the true pln siologic method of supplving the
wants of the human body ; from meat are obtained the proteids
necessary for nutrition ; from the potato is derived the starch ; and
from butter is seeured the fat. Experience shows also that a
higher standard of efficieney is maintained by a variety of food,
H i l.‘]l ange hel Hnge made from one kind of meat o Litllllhtl and h{m]
one vegetable to another, always, however, giving the body the
food-stufts in the proper quantities to supply its demands,

There are individuals who believe that mea t-cating is not only
unnecessary to, but that it tends also to degrade man ; they conse-
l‘]lll'lll’l‘i.' confine thvmaﬂh es to v liir{‘tll]}h" 411{'{ this e wln sive dietary
practice is called “ vegetarianism.” It is true that vegetables
contain all the |1|1}.'5in|u}_§'iu ingredients necessary for nutrition, but,
as above noted in the case of the potato, the proportion is not such
as will subserve the best interests of the hmh, and ph'. ninl{}:rif-.t-,
have deeried the svstem as being irrational.  The followi Ing ex-
tract from a letter of Dr. f‘xLimlh, a vegetarian, ]mhl!uhu-d in the
Medical and Surgical Reporter, gives his experience in this matter :

“ Having lived for a long time as a vegetarian ui[huu[ feeling
any better or worse than inl'mﬂh with mixed food, I made one
tln' the disagreeable discovery that ‘my arteries qurnn to show
signs of athe I"{]-tll.lllilH degene ration.  Particular lv in the t('mpnml
and radial arteries this morbid process was unmistakable.  Being
still under forty, I could not interpret thiz sy mptom as a mani-
festation of old age, and being, furthermore, not addieted to drink,
I was utterly unable to f:'-.'lem the matter. I turned it over J.I:u.I
over in my ‘mind without finding a solution of the enigma. I,
however, found the explanation quite Il'(’]llf'l!hl“_\' in a work of
that excellent physician, Dr. K. Monin, of Paris. The following
15 the verbal translation of the passage in question : ‘ In order to
continne the eriticism of u'{rvt.umnmll we must not ignore the
work of the late lamented Gubler on the influence of a u-mhhle
diet on the chalky degeneration of the arteries.  Veget: Ihic food,
richer in mineral salts than that of animal origin, introduces more
mineral salts into the blood.  Raymond has observed numerous
cases of atheroma iu a monastery of vegetarian friars, amongst
others that of the prior, a man scarcely thirty-two yvears old, whose
arteries were already considerably indarated, The naval surgeon,
Treille, has seen numerous cases of atheromatous degweneration in
anlmv and Calcutta, where many people live exclusiv ely on rice.
A vegetahle diet, thereﬂm‘p ruins the blood-vessels and makes one
prematurely old, if it is true that a man is as old as his arteries. It
must produce at the same time tartar, the senile arch of the
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cornea, and phosphaturia’  Having, unfortunately, seen these
newest results of medical investigation confirmed by my own case,
I have, as a matter of course, returned to a mixed diet. 1 ean no
longer consider purel; ly vegetable food as the normal diet of man,
but only as a eurative method which is of the greatest service In

rarions morbid states,  Some patients may lrrlluu thig diet for
weeks and months, but it 1s not ad: ||1lu| for :*\'{*I‘\'hull‘n "s continued
use. It is the same as with the starvation euare, ‘which cures some
patients, but is net fit to be llhul continually h\ the healthy. I
have become richer by one experience, whie h has shown me that
a single brutal fact can knock down the most beauntiful theoretic
structure.”

IFrom the above consideration of the subject we learn that a
proper diet must contain not only the various food-stufls, but must
contain them in the proper proportion.  These proportions will

rary considerably aceording to the age of the individoal and his
{I{"l_'l_ll}‘l_'[lllll‘ and :1|*-U ._I,{*:ul‘li]llg‘ Lo I_h{‘ climate in which he lives.
A glance at the ehemical composition of milk, which is the sole
food of the infant, shows that the amount of proteids and fats is
very much above that in the food ot the adult,

Another factor to determine the nutritive value of any food is
its digestibility. The chemiecal analysis of cheese would pl.u e it
high among the foods, but (‘\]'J!‘II[‘I'I{"{* shows that 1ts constitution
15 Hli‘ll as not readily to ]‘ll'I'ITIIt the action of the digestive fluids,
and its availability as a food is therefore low.

The inllmuug table represents a daily diet as recommended
by two authorities :

Moleschott. Ranke.
Eroteide o ocive i = o s i 120 emms: 100} srrams.
Fats e ol e S S el ) RS 1010
[ :-]Ihnh'l.{lrlh‘ T A W Rt T S50

Ranke’s diet, which he regarded as sufficient for himself, weigh-
ing 74 kilos, t‘{}l'r‘{‘hpmu]w to 230 grams of carbon and 14 grams
of nitrogen.

While such diets as these are undoubtedly “adequate,” they
are, after all, to be regarded as general averages only, to be '».J.rl(’tf
according to the needs of thuﬂ(- for whose nmmtvnanw provision
is to be made. Thus, Voit would supply to a man weighing 70
to 75 kilos, and u.urlune; ten hours a day, 118 grams of proteid,
56 grams of fat, and 500 grams of carbohy drates : this diet would
give him 328 grams of carbon and 18.3 grams of nitrogen.

Stewart regards 500 grams of bread and 250 grams of leam
meat as a fair quantity for a man fit for hard work. To this
he adds 500 grams of milk, 75 grams of oatmeal in the form of
porridge, 30 grams of butter, 30 grams of fat either in the meat
or otherwise, and 450 grams of potatoes. From this would be
obtained 20 grams of nitrogen and 300 grams of carbon, contained

]
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in 135 grams of proteid, rather less than 100 grams of fat and
somewhat more than 400 grams of carbohydrates. In the form
of a table this would appear as follows:

Grams of

Cuantity
Food. ,in T e .

Grams. | Niirogen. | Carbon. | Proteids.  Fat. }|;'-Tt1:1l.iltr1j.-s. Balts,
Lean Meat . . . 250 | 8 33 85 8.5 o 4
Broad . . . . . L i} 112 40 T 245 6.5
I 17 | o L o [ A5 20 | 20 25 2.0
BOEtar. o 30 s 0 20 e Pl 0.5
L L R Rl PR ! 22 e - |
Potato . . . .| 450 1.5 47 JO Rl 05 4.5
Datmeal . . . . 75 1.7 a0 10 4 45 2

' 2, 2 2090 185 | 97 413 | 21

The following is the ration of the English soldier :

Bread: = o . oo 5 o BB0ierams. Sugar .. - .o . « w O7.7 grAms.
It o et s o L ) e Coffes . . . . . . <. . CHESSE
I:ututfrl;-& s R R S s [ i e R R R Tl R i
Weoetahles ©o0 o0 L 996 = A R S e R e i

TABHE S S e R RS - .

The ration of the German soldier varies considerably from this

In peace. In war,
Rt I R e EFTAIS, Bread . . 7. ) E 1 :-
I e D o e Bigomik: . . oo o e DO R
T R | |‘Bleatc o ais Lol o AR AT
or Barley groats . . . 120 ¢ Smoked meat . . . . . . 250
b i e A G R 1) (1 SRR U Bl T [ S s e TR
L Rt e 5| LY. [ER e SR R e EEd 0 i R
| or Barley groats, . . . 125
| Legumes . . . . . e

The following tables show the net and approximate gross
weights of 1000 rations (and of 1 ration) as usually issued by
the United States Subsistence Department:

TapLe I.—The “ Ewmergeney” Ration.

Net Approxi-

1000 Complete Rations, | weight. | Mate gross

weight.,

. Founds. Pounds.
Hard Bread . O e S e R e s o e 10,1 100N
TR S Al e e Mot e e et e R e st i G25 625
T e e e, Pl Tl e 250 250
Coffee, roasted and ground . . . . . . .. ... .. .| 125 125

Saccharin . .58 0.58
T S et U OIS TR R RN e s L 401 40

[ReTien, e e e S R st | 2.5 2.5

Tﬂ !ll.{.t-l;".ﬂ', l}]'lg - — & T | I T - @ ma - o= - LR | 311'—);} 31,.2-_]

Bags, wrappers, 86, . . .0 4 o0 0 vw e s s oaaa) el __l!.ﬂﬂ__

1000 rations . . . . e e I R (L R IR

Fepition L s it e U, R R R S e o 2,07 217
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1000 Complete Bations,

Bacon .

Hand Hreu.l;l

Beans

Potatoes, Uumns mld L"'unmrl Tulll:l.t.ue.-t when pua.ell-le
Coffee, roasted . e S

Sugrar

BRINESAT. e s
Candles . . . .

Soap

Salt

Pcppe;‘. iilt;f.']-‘i

IO TaEIONE . « v i o+ 5oon s emta
1 ration . s

LI.—The “Field” Ration.

Net
weight,

Founds.

7450
1M
1541
1040

"‘..:]

2807.5
3.31

151

Approxi-
HHAle Eross
wieight.

FPounds.
bt a Tt
1125
162
[ 1168
o
1631
a7
17
44
4
9

Ly

b I i)
5.79

When flour is issned instead of hard ’Lm_nd 4 poands of Iml.mp,r-wm der or dry veast,

TasLE 1I1.— The

Stages, or F!ﬁmnbmw

10 Complete Rations,

For first four days:

Hard Bread .

Beef, canned . . S

Beans, baked, 2- pmmd cans . :

Coffee, roasted . :
Sugar - a B

10K rations .
1 ration . T T, A
After fourth day add:

Tomatoes (palloneans) . . . ... . ¢« o 9 o e i
o (BT

TR b i Lo e g B 0 e W I e e R .
PR e e e N S e

Net

welght,

| Pounds.

100
750
45l

1000

4.4

——

o

“Travel” Ration, used on Journeys by Railroads,

Approxi-
IJI!'H:I.J.’ FTLES
weight,

Ponnds,
1125
B75
220

1131

_ 1380° &

41'3‘3
4.13

TasLe IV.—The “Travel” Ration for Jowrneys when Liquid

Coffee is furnished.

"Net, Approxi-

1000 Complete Rations. weight. m&ﬁﬁm

P s, Pounds.
Hard B‘re“-d . W " LI T i ® & W - B & ® I%s ]Iilg'ﬁ‘s
Beef, canned . . e PABTRTEN Fos oy il 750 875
Beans baked, Spoun-rl cans | S P | 450 520
1000 rations . . 3 2900 2520

1 ration. . . . ; 2.2 2.52

Twenty-one cents per ration are allowed for purehase of liguid coffee.
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TapLe V.—The “Garrison” Ration, with the usual Proportions
of Fresh and Salted Meats and Vegetables.

Mot Approxi-
1000 Complete Rations. welght. mate gross
weight,
Meat : Founds. Pounds.
Pork, l:-:- S e e To 125
PR e o e G LT il S 150 177
Fresh Beef, 5, 875 lbs., or fresh Beef, 750 lbs., and
Canned Salmon, 1000bs. . ../ + o u v s e e e B75 R85
T T S e et R S e S e e T 1125 1507
Vesetables
Dry—Beang 0r Feag . ..o o cin v win s oeon s oeowoa 7h 81
Or Rice or ”-ﬂni]n}" R e T e al a4
Fresh—Potatoes. 8001bs. 7 { Potatoes . . . . T001bs. () 800 [ bl ]
Onions . 200 lbs. § X 1 Canned Tomatoes, 300 1hs. | | 300 a0
TR L S e R R JLLE 122
ELUE A T T o Tarr e b e e e e 151 161
T i e s e e ) e e & L)
R T R i e SO S O S e e A e e 15 [ 17
'::'mnp e e Rl o T e 8 it o 41) 44
T A e R s S 410 44
Pepparyblaek . . oo e w e e e e ne e e e 2.5 3
S O e hier o meme el ) Gt e | GBSTTAD 4475
(U AT I by o oo T i) e R a3.88 4.48

The table on page 133 shows the chemical composition and
nutrient value of these foods.

Until the Spanish-American War the United States had no
oceasion to provide a ration especially adapted to the soldier in the
tropies, and as a resalt it 1s conceded that the present ration is
inadequate to his needs. A court of inquiry appointed to investi-
gate the character of the food issued to the troops during the war
with Spain reported that ““it seems to be clearly established that
the army ration as supplied, without modification, to the troops
serving in the West Indies, was by no means well adapted for use
in a tropical elimate.”

A most admirable essay on the subjeet of “The Ideal Ration
for an Army in the Tropies,” written by Captain E. L. Munson,
Surgeon in the United States Army, and to which was awarded a
prize, appeared in the Journal of the Military Service Institution of
the [nited States for May, 1900, to which our readers are referred
for an excellent and exhaunstive consideration of the subject of diet
in hot countries. From this essay we desire to make some quotations.

Dr. Munson concludes “ that the present United States Army
ration is made up of admirably selected articles in more than suf-
ficient variety, and that it is not only wholly unnecessary, but
quite inadvisable to consider any nutritive substances outside those
articles legally established as components of the food for the
United States soldier. He thinks, however, that the proportion
in which these are issued should be materially altered. The diet-
aries which he recommends are given on pages 134 and 135,
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ARTICLES.

Frezsh Beef
Fleuar .
Beans .
Potatoes

Dvied Frait

Busar .
Total .

Total carbon,

Quantity,

Tropical Dietary.

Fuats,

in ounees. gim,
10 44.75
18 5,60
2.4 B
16.0 (.45
3.0 1.53
a4
a2, 9 a3. 'J':r

FOOb.
i
Carlw- =
: Protein, Xitrogen, Fuel-value,
hydrates, gIm. L. calories.
g,
e U 41.68 6.67 N
80,46 L 7.0 15500
4018 15. 16 2.4 240
£1.70 0. a0 1.52 Akl
33.80 1.57 0.27 20
'!-} L5 i \ ooy
h&‘[} 24 1 ‘{ 14 18.78 677
Nitrogen to carbon, 1:19.6.

39514 zm.

“This table shows the nutrient value of a proposed dietary for
the tropies, mut.umn:r the greatest amount of food-material, which

might be drawn

by thu sﬂhlwn

“The f{ﬂl{)wlllg table shows a pr‘upmul dietary for the tl‘ﬂpl{'s,
espc-c-mllv applicable to field serviee, in which the f'-uh' constitu-
ents attain their maximum and the potential energy is high,

et uantity
ARTICLES. 3. uuucg&.
Bnenn - fi
Hard an{i ; 18.
Beans Sl e 2.4
Dried Fruait . . 3.0
f:'ru":lr : 3.5
Total . . .| 32, R

—_—

“The nutrient value of the ordinary

Total {arbun 333 76 gm.

Fits,
g,

1065, 06
.53
1.2
1.53

'll~|= 14

Tropical Diclary.

Carbo-
hydrates,
Em.

871.81
40.18
LT
.20

5o, 04

Nitrogen

T

Protein,
ETI.

e
=4 B AL
S —

S B

|

105.69

garrison duty in the tropies is as follows:

ﬂ*ﬂpam? Dietary.

|
e | Gty | P
Fresh Beef 10 44.75
Soft Bread : 20 .20
Potatoes and On- '
ions. . . . 16 0. 72
Dried Fruit . . 3 1.58
| B
Sugar. . . . .| 3.5 S
Total . H2.5 53,80

Total earbon, 828

LT6 gm,

Nnmgen to carhnn i

to earbomn,

Nitrogen,
LTI
2,44

11.74
2.42
0.27

16.52

1 : 24,

.

6.67
B.61

1.40
027

16. 'fl'e:-

IIT,
Carbo- r 5 .
| hydrates, | 'T::]“‘
£m. :
s oinena | -I] ﬂx
| 299.20 55.83
| T3.09 8.60
50, 70 1.77
| 94, ‘.2:: |
| 517.24 | 105.88

18.

8895

Fuel-value,
calories.

1042
19246
240
220
397

dietary as proposed for

!:}u'it rogen, Fuel-value,

calories,
SO0
1 506

240
l}m
3"l i

ol

3058

N
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“For the following combination the several articles of the ra-
tion most closely approaching in character to the food-materials
nsed by natives ‘of the hnlm-n—luu|ml‘l|u|H*1| in quantity aeccord-
ing to the standard proposed for hot climates—have been se-
1L‘l'|.i_'i|.

Tropical Dietary. IV,

ey ]'ifl::::::.:.'l]l:\h Jl'-'{::lll-.i. “;.:t:i'[:.,_l I'l;-ltlnl-m - Eii;:::;_un. 1:.:1]]"'.:':3'!‘1'..
I

Frezh Fish (cod)

whole, . . 14 0.79 e 31.73 5.07 120
Soft Bread . . 20 (] S0} N 53.83 8.61 1501
Rice . . 4 045 RE. BT 8.7 1.40 407
Potatoes Lllli |cr-

matoes . 1G (54 65, =0 517 1.3G 2095
Diried Fruoit 3 1.53 500,70 1.775 0.27 S
BSUSAE . . .. 3.0 S e i 0425 | . . AR Al

A L] 1 R, G4.5 10.11 A0S, 82 104,25 | 16.71 2047

Total carbon, 327.50 gm. Nitrogen to carbon, 1: 19.6.

“On averaging these four dietaries, as furnished by the ration
proposed for the tropies, the mean nutrient composition is seen to
be as follows :

Carbo- - -
e Quantity Fats, e Protein, Nitrogen, Fuel-valoe
IMETARY. in onnees. . h:"‘tfl‘::'_“:" &, &, calorices. :
ST . ... | 528 53.55 | 630,39 | 12319 | 1878 | 8677
T, e e 229 114 .44 Sab. 04 105,659 16.92 | 3825
Mo LY o o a2.H Hi. Bl al17.24 105,88 16. 94 S055
T Bd. 5 10.11 SR, K2 104,25 16.71 2047
Average . .7 a7.97 S60.85 109.06 | 17.34 2875

Total carbon, 350 gm. Nitrogen to carbon, 1 : 20.

“ It will be observed that while the above dietaries differ con-
siderably among themselves, yet when averaged together in equal
proportions they do not gr mtiv vary from the nutritive standard
for the tropies alread v pmpmed—qn-:] this i= an additional reason
why a selection of the same articles of the ration should not be
made from day to day. It is seen that the above average dietary,
as compared with the nutrient standard, is still slightly deficient in
fats and fuel-value and a trifle in excess as regards protein. These
defects, if they may be considered as snch, are, however, readily
corrected by a rotation of dietaries, in which dietary II. is used
twice where dietaries I., ITI., and IV, are each employed but
once. The results of this change are as follows :
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Protein, Nitrogen, Fats,
in grams. in grams. in grams.

Carbohydrates
in grams.

Fuel-values,
calories,

Standard dietary as given by typical dietaries of men
at hard labor in the northern portion of the temperate

Zone,

Standard dictary as given by proposed T, &, Army ration

for tropical service,

Standard dietary for native laborers in the tropics ; hased

on the weight of 145 pounds for purposes of comparison,

gtandard dietary of the laboring class of natives in the
tropics (Java, British Imdia, Guadelonpe, Abyssinia), as
determined from the food actually consumed by them at

normal body-weights.

il
=]

of the foods at present provided by a too generous government.
It is true that the sugars and starches should be slightly augmented,
but their increase is small when compared with the considerable
reduction of nitrogenous and fatty material which is proposed.
Many of the components of the present ration, as is seen by the
above table, require no change in the consideration of the trop-
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ical dietary, being not only admirably seleeted, but also properly
proportioned.”

The ideal ration for an army of United States soldiers on
duty in the tropies is therefore suggested as being of the composi-
tion given in the table on page 136.

Much less than the quantities quoted in these various dietaries
will sustain life, but, of course, far below the physiologic standard ;
thus the diet of a poor London needlewoman was found to consist
of but 54 grams of proteid, 29 grams of fat, and 292 grams of
carbohydrates,

Age is another important factor which enters into the problem
of the dietary. In early life, not only must the waste of the
tissues be met, but there must be growth by inerease of tissue.
In estimating the amount of food to be given to a child as com-
pared with an adult, it is not the weight of the body which is to
be taken into account, but its surface, as it 1= to this that the waste
is proportional. Thus a child weighing 20 kilos will present a
bodv-surface about one-half that of a man weighing 70 kilos, and
it would require therefore one-half as much food as an adult.  As
we have already seen, milk is, or should be, the sole diet of the
child up to the age of eight months, and in this food we have a diet
which eontains twice as much ]H'nti'ill and half :i;:lil] as much fat
as the adult diet referred to above. Some one has said that
“The poorest mother in London or New York feeds her child as
if he were a prince, Perhaps not once in a hundred times is the
man as richly fed as the voung child, unless accident has made
him a Gaucho, or study and reflection a gourmand.”

Having discussed food-stuffs, we will now turn onr attention to
some of the more common foods in which these oceur.

MILK.

As already stated, milk is the sole food for the developing
child during the early months of its existence, and indeed, as
among the Eskimos, for a period extending into years. It is
therefore a perfect food, inasmuch as it contains all that is needed
for growth and the maintenance of the body in a physiologic eon-
dition. This is trne for the early period of life, but not for the
later, as it containg too little iron and too much proteid and fat,
althongh adults have lived for months on milk alone.

Milk is an emulsion in which the globules of fat are sus-
pended in a fluid, called milk-plasma. As in other emulsions,
so here, the white color is due to reflection of light from the
olobules, Tt is now believed that the fat is not enclosed in a
thin envelope of caseinogen, but that by molecular attraction each
globule is covered by a closely adherent layer of milk-plasma.
The diameter of the globules varies from 0.0015 to 0.05 mm.
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The specific gravity of both cows’ and human milk is from
1028 to 1034.

The reaction of milk varies in different classes of animals.
In carnivora it is acid, but in most other animals it is either
slightly alkaline or neuntral.

Milk eontains the following
ingredients, the quantity vary-
ing in the milk of different ani-
mals: Water, caseinogen, lactal-
bumin, lactoglobulin, lactose, fat,
extractives, as creatin, creatinin,
hypoxanthin, cholesterin, and
traces of urea, salts, and the
gases oxveen, nitrogen, and car-
bon anhydrid.

Human Milk.—The first
milk secreted by the mammary
glands iz eolostrim (Fig. 86).
It is a yellowish liquid, more F16. 86.—Colostrum and ordinary

ileal; v hs I e et 1 milk-globules, first day after labor;
alkaline than the milk secreted  primipara aged nineteen (after Haskell).

later in lactation, and contains

very little caseinogen, sometimes none at all, but lactoglobulin
and lactalbumin.  The ﬂ’:-l]uwiu;._r table contains :lnulfl.'.-;{ﬁ.-: by
Clemm of human milk before and immediately after delivery :

— e —

Four weeks = = = = ? =
before delivery. o2 Gl - o £ .
= .5 w O s Ele
CONSTITUENTS, =% i S a
ST i SR
I I £ E RO =l
o = | = =
Water . . . . 04, 592 £85.9 85.17 B5.85 | £4.38 BT
Bolids . . . . 5.48 14.5 14,82 14.15 | 15.62 13.21
Unsc-in...................,l.,.. 2.18
Albumin and : [
Globulin 2,88 0.9 T.48 AT F TR
174 RO S 1) 4.1 3.02 ghs | o o | BE
Lactose . . . . 1.73 3.9 4.37 3.04 o e 6. 10
=alts | : 044 (44 0,45 (.54 .51

Lactoglobulin, which is found in eolostrum, exists in but very
minute amount in milk fully formed.

A comparizon of the above analyses shows considerable varia-
tion; indeed, such wvariation is found in the milk of the two
breasts of the same woman and in women of different ages.
Some aunthorities attribute differences to complexion also. ,

The salts of human milk are sodium lactate, chlorid, earbonate,
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phosphate, and sulphate ; potassium chlorid and sulphate; caleinm
carbonate and phosphate ; magnesinm phosphate; and ferrie phos-
phate.

In the following table by Halliburton are given various
analyses of fully formed human milk :

Casein- Albu-

Water. | ppen. | min. Fat. | Sugar. | Salts. Remarks, Oh=ervers.
BR.58 3.69 253 413 0.17 | 9days alter delivery.| | ..

). 58 2 4] 3 3.15 019 12 W z ; Clemm.
B6.27 &5 5,37 N b {0, Tidy.

86,3 (26 h8 0.2

to - 1.658 tao 3.15 to tin tr o RN G Biel.

BEE) (5.4 .6 0.34 )

bt | 1.79 E Hd 0.42 Gierter.

5724 1.5 4.3 h.4 2= Christenmn.
Fa.24 1.6 3.2 0.5 016 Woman X ?‘lunr-uhi. ] < o

.06 174 LT .00 0.2 aB0.40°  Pleiffer.
B1.79 253 3.9 5.5 0.25 Menduz de Leon.

Cows’ Milk.—The following analvsis of cows” milk may be
regarded as a sample of many Uhll‘;-E'- which have been 11:1::}1‘(11:[1
and will enable a comparison to be made with human milk.

Analysis of Cows™ Milk.

AT TR T R e o e e S .. . BR4OR
Solids B LT L e i SR B e S o S iR
T T e e el i s e R
Lactalbumin . . . . . . . il SR e e S 0.75
TR s B PP e b et e S & v oo BT
LT b W L L T 4 34
Hakte. 1 on G B L T S s B 1

It a eomparizon is made, it will be seen that cows’ milk con-
tains more proteid, 4.32 as Pmu}mrwl with 2+ ; more fat, 6.47 to
3 or 4; and more salts; but, on the other hand, less sugar, 4.54
to 5. It results from this that in substituting cows’ milk for
mother’s milk in the feeding of infants the milk should be diluted
and sugar added.

In the consideration of the earbohvdrates lactose or sugar of
milk was discussed, so that here we need only refer to it.  As we
then learned, this variety does not undergo the alcoholic fermen-
tation with yeast, but does with some other ferments,

The fat of cows’ milk is a mixture of palmitin, stearin, and
olein, tﬂgether with triglyeerids of butyrie, eaproie, and other acul:-,.
It aian contains lecithin, cholesterin, and a vellow Ilpuchmnm The
fats of human milk differ somewhat from those of cows’ milk,
but these differences are not important.

The proteids of milk are, as already stated, caseinogen, which
is by far the most important, and lactalbumin and lactoglobulin,
which two are present in but minute quantities, Of caseinogen
and its properties we have already spoken,
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It i= this constituent which, when milk coagulates, becomes
casein, forming with fat the vmn;m"um or euwrd ; the liquid portion,
which contains whey-proteid, lactalbumin, lactose, and salts, heing
w i"nj.f.

Cows’ milk is a fluid which is very prone to undergo fermen-
tative changes; one of these, the formation of lactie acid from
lactose, has already been deseribed ; but there ave others, which
are perhaps more harmtful, being especially irritating to the
delicate mueous membrane of the alimentary canal of the young
infunt. These changes are brought about by various lhit*ll’rl.l
which find their way into the milk at the |||||1. where the milk
is produced, or huhh{-qm ntly, either during tr: 1|1-|1r}|t ition or after
it has been delivered to tiw customer. (Great pains should be
taken to keep the surroundings of dairy and home in a eleanly
condition,

Milk may be the transmitter of specifie disease if taken from
a diseased animal—as, for instance, one suffering from tuberecu-
losis ; and it may .||-~:h hwumL Illiutvd after coming from the cow
and before it is used as food. Numerous epidemics of enterie or
typhoid fever have been traced to infection of the milk-supply
by polluted water used either to dilute the milk or to wash the
ans which contained it searlet fever, also, has been contracted
by those who have drunk milk which had become infected by the
hands of milkers who were recovering from the disease. I_h;:»h—
theria has also been transmitted through infected milk.

In order to prevent the fermentation of milk, the bacteria con-
tained in it should be destroyed. This may be done either by
sterilization or pasteurization.

Sterilization consi=is in heating the milk to 100° (., the hulil:lg—
point, by which the milk becomes “sterile "—that is, ‘I|l organisms
which would produce fermentative changes in the milk are killed.
The objections to this process are that the taste of the milk is
altered to that of boiled milk, the casein is not so easily digested,
the emulsification of the fat and its l'tr-g.nrptinn are not so re 1([11}'
brought about, and the amylolytic enzyme is destroyed. If the
i"‘{l}ﬁ‘-lll"{‘ to the heat !‘.*{}lllI]III[‘-s toon lunu: tllt- milk |1['Enmt‘w hrown-
ish in color, due to the conversion of lactose into caramel.

In pasteurization the milk is exposed to a tmnpc.-r:at.ure of
only 71° C. to 76° C. for fifteen to twenty minutes; milk thus
treated is not changed as in sterilization, but will keep only a short
time—a day or two,

Human milk is the produet of the mammary glands, the
structure of which may here be concisely described.
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MAMMARY GLANDS.

The mammary glands or mammee (Fig. 87) are two in number,
situated one in each peetoral region. They are compound racemose
glands, and consist of gland-tissue which is made up of lobes, and
these again of lobules (Fig. 88). The lobes are connected by
fibrous tissue, and between them is fat.  Each lobule is composed
of sacculated alvedli and a duet, the lobular duct. The lobular
ducts discharge into larger ducts, which in turn discharge into a
lactiferons duct, which may be regarded as the excretory duet of
a lobe. Of these duets, tubuli luctiferi, there are from fifteen to

Fic. 87.—Arrangement of glanduolar tissue of breast, the fat having been removed
to show the ducts and acini | Astley Cooper).

twenty. They open at the surface of the prominent point of the
breast, the mammilla or nipple, surrounding which is the areole,
which in the virgin is of a pinkish color, becoming darker during
pregnancy and almost black at its termination.  Under the areola
the tubuli lactiferi are dilated, forming ampullee, in which, during
the period of lactation, the milk accumulates in the intervals of
nursing, When these reservoirs are full the tension of the gland
stops the process until they are emptied by the sucking child,
when the cells again take on their function and the milk is
secreted and flows into the ampulle through the ducts, there to
accumulate until the next nursing.
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The walls of the alveoli consist of a basement-membrane,
covered, during the period when Illl‘. gland is not active, by a single
laver of flat or cuboidal cells (Fig. 90) with one nucleus and
presenting a granular appearance.  There are at this time no fat-
globules. When, however, the gland begins to take on an active

Greater pectorgl-- - = == = = ==——==——
muscle. L

Eerond rib.

Lesser pectoral
muscle,

Intercostal mus-
cles.

Integument. - - = — == == ===/ ‘-

Fibrous gepta eomn-
nected with in
tE‘g’II!'I'I.I."ﬂL

i #1Q Third rib.
Glandular tisse.— - =——

Mass of adipose Deep fascia.

tiszue.
Euperficial fas-
cla.
Fourth rib.
Areola. _ ___F ir:
Interlobular adi-- - - f=* ¥ =7
pose Lissue, R =T F.

Nipple. 5 Lot . Horizontal axis

Lactiferous duet. g N of nipple.

Ampulla. :
Interlobular adi- _ _
wiEe tissue. ¢ b
Glandular tissug. - = - - g =

Fifth rib.

Peripheral acini.o — — — X5
Mass of adipose

tizsne. = oro o oot | SN

Fibrous septa. — =1 =—===- Bixth rib:

L e e R

External oblique musecle.- Lt

F16. 88.—Longitudinal section of mammary gland in sifu; frozen subject of twenty
vears (Testut).

condition (Fig. 91) these cells become higher and project into the
interior of the alveoli, and the single nuclens divides, thus becom-
ing two. In the cytoplasm drops of fat appear, especial‘ijy at the
ends of the cells nearest the interior of the alveoli, and at the
same time the nuclens which is nearer to this end of the cell
becomes fatty. This end of the cell then breaks down, and the
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material forms the albuminous ingredients of the milk and the
lactose, while the drops of fat become the milk-globules. The

alveoli.

Adipm!é tissne,
F16. 80.—From section of mammary gland of nullipara (from Nagel's ** Die weib-
lichen Geschlechtsorgane,” in Handbuch der Anatomie des Menschen, 1596).

portion of the eell which remains forms new evtoplasm, and the
same process is repeated over and over again. The cells also
secrete water and the salts which are found in the milk.

Fia. 90.—Section through the middle of two alveoli of the mammary gland of the
dog ; condition of rest (after Heidenhain).

There is some difference of opinion as to the origin of the
corpuscles found in the colostrum, and which are known as
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eolostrum-corpuscles.  One view is that they are epithelial eells
of the alveoli, which become vounded and in which fat is devel-
oped, and that in this condition they become detached and are
discharged into the cavity of the alveolus.  Another view is that
they are emigrated lymph-corpuscles ; while still a third regards
them as derived from the wandering cells of the connective tissue,

When the period of lactation is over the glands return approxi-
mately to their original condition, thus undergoing the process of
involution.

That the secretion of milk iz under the control of the nervous
system there is no doubt, for the instances are numerous in which
strong emotions of grief or anger have caused the secretion to
cease, but just what the relation is remains still undecided. It

Fig. 91.—Mammary gland of dog, showing the formation of the seeretion:
A, medium condition of growth of the epithelial cells; B, a later condition (after
Heidenhain).

may be that secretory nerves are involved in the activity of these
glands, or that it is through the influence of vasomotor fibers that
their seeretion is produced ; but experiments have as yet not de-
termined the question.  That the glands may act antomatically is
proved by the fact that when all the nerves which supply them are
divided, the secretion still continues to be formed.

The table on page 146 gives the composition of milk and other
food-materials, together with their nutritive value. It is from one
of the Farmers Bulletins, “ Milk as Food,” issned by the United
States Department of Agriculture. Incidentally we would call
attention to these publications, which are issued free or at a
nominal cost by the Government, and are full of practical value,
not alone to farmers, but to all students of economies.

EGGS.

Eggs in various forms enter largely into the common dietary.
So far as birds are concerned, eggs may be regarded as a perfeet
food, inasmuch as until the young leaves the shell all its nutrition
has been obtained from the shell and its contents, together with
what it has obtained from the atmosphere.

The egg of the hen is the one commonly used as food, although

10
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COMPOSITION OF MILE AND OTHER FOOD-MATERIALS.
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ducks’ eges are eaten to a considerable extent. in a hen's egg
weighing 50 grams there are 7 grams of shell, 27 orams of the
white, and 16 grams of yolk. The volk and white are made
up of water, 73.5; proteids, 13.5; fats, 11.6 ; and =alts, 1 per
cent.

The white of egge {-un:_-i_--[:-. of ege-albumin, ege-globulin, and
ovomucoid, with some sugar, fat, lecithin, cholestering and =alts.

The volk is wunpunul ni ‘two kinds of material, one vellow,
containing fat and the vellow coloring-matter lipochrome, anel IiJL1
other m-uh white in eolor in whieh is found the nue I{-upn.[sni
vitellin, together with =ugar, lecithin, cholestering and salts, as in
the white.

The white of the ege in its raw state is more digestible than
when cooked, but there are few persons to whom raw eggs are
palatable. 1< 2g- -:t“llllilllfl is coagulated at a temperature of 75° €,
and vitellin at 75° €. When the temperature reaches 1002 ) the
boiling-point, .lml is kept there for some time, the albumin is so
thoronghly and densely coagulated as to be diffienlt of digestion,

l;;zj_rﬁ have a high nutritive value, heing =o rich in |n‘nhui con-
stituents, but must be supplemented by carbohydrates, in which
they are very deficient.

MEAT.,

Meat is the flesh of such vertebrate animals as are used for
food, though the term is |‘f‘]]l11|1- commonly restrie ted to the mus-
cular tissue of mammals. Tt is the kind of food from which the
nitrogen necessary for nutrition is chiefly obtained.  In meat there
are not only connective and adipose tissue, in addition to muscular
fiber, but even in the leanest meat there are fat-cells hetween the
nlll-sLuLlr fibers,

In the following table (Munk) are eiven the percentages in
which the .lI‘IlIIIH(l]ll‘e«tltll{‘llf% oceur in the meats of the common
mammals used as food, together with those of fowl and pike.

Constituents, I O Calf Piz. Huorse. Fowl. Pike.
Water . TE.T 79.6 T2.6 id.3 0.8 70,8
Solids 23.5 29.4 27.4 5.0 29,2 20.7
Proteids nml froiutm 200 | 194 1.4 21.6 2T 18.3
1) A, 1.5 2.0 5.2 2.5 4.1 0.7
G:ulmhulr-m.a 0.0 08 0.1 0.6 1.3 (.1
Salts . 1. 1

- ].3 1.1 1.0

. 0.8

We have already discussed the chemical t‘mnpu-ltmn of musele
(p. 62), and therefore need simply refer to it here.

Liebig states that the flesh of voung animals contains more
gelatin than that of old ones ; in 1000 parts of beef there are 6
parts of gelatin, while in veal there are 50 parts. It is a matter
of common belief that veal is less digestible than beef. This
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is explained by the f'lLt that being more tender it is not so easily
masticated, and henee is not timmughh prepared for the action of
the digestive fluids; some of its reported lack of digestibility is
therefore not real, nevertheless iis ;_!'l'LlH'[lUlh composition must
alzo be taken into account as affeeting its digestibility.

The cooking of meat has the effect of I||.1L11|u' it more digesti-
ble hy 1]Id_il"‘]!l“‘ itz collagen into gﬂLmn, and also more palatable,
Besides this, if the temperature is earrvied sufficiently high, any
animal parasites or pathogenie bacteria which the meat may con-
tain are killed. Whenever meat is eaten which is raw or in-
sufficiently cooked, there is alwavs danger of mnh-ulmg disease,
Meat which contains the Trichina apmrhu may in this condition
pl‘mlm':- frichinosiz ; and that which contains -a.f:e."u erei may canuse
tapeworm in those who eat it. There is also great danger from
eating the meat of a tuberenlous animal.  This is denied by some,
but the evidence in its favor seems conclusive to the author. I]lls
may not be directly due to the ingestion of the meat itself—
that is to sav, the musenlar tissue may not contain the baeilli—
but to the tuberenlous matter from ng:L with which in the eut-
ting of the meat the buteher smears it.  The Bacillus tuberenlosis
is killed in a few minutes at a temperature of 100° .| the hoiling-
point, in five minutes at 80° C., and in four hours at 55° €., but
the bacillus itself’ must be exposed to these temperatures,  Ex-
periment has demonstrated that in ordinary cooking, both by
boiling and m:l-llnu. the te mperature in the interior of the joint
of meat, unless it i= under =ix Imumls in xwl;:ht seldom reaches
60° C.: and that rolled meat, in the center of which is tuber-
eulous matter, is not sterilized by any process of cooking if it
is over four pounds in weight. It follows from this ll]"ll the
ereatest care and supervision should be exercised by health author-
ities at the slaughter-house, so as to prevent the possibility of
infected meat finding its way into the market. To minimize still
further the danger, all meat which may contain infection should
be thoronghly cooked.

The eysticerel which develop tapeworm in man are not destroyed
by the simple processes of salting and smoking, so that for their
destruction meat should be exposed to a temperature of at least
66° C., while for the destruetion of the trichina the temperature
should be even higher, say T0° ., inasmuch as the trichina is
enclosed in a capsule which serves as an obstacle to the entrance
of heat.

The common methods of cooking meat are, roasting, boiling,
broiling, and frving. These all ll.iw their proper places, but
should be employed with diserimination. In roasting, the meat
1= lemhm] to a ereat heat, =0 as to coagulate the |1|nn~|l]'-"~ on the
surface in as short a time as possible, thus retaining the juices of
the meat in the interior. The temperature is then reduced to
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93° C. or 838° (., and maintained at that point, the general rule
being to allow fifteen minutes for every pound of meat, otherwise
the t'n.i'ru].llllltr process will extend to the interior and make
the muscular fibers tough. This temperature is high enough to
{'uuL thoroughly the whole piece, but not so high as to dry up the
juices.  Broiling is allied to the process of roasting, In boiling
meat the same object is accomplished by plunging it into boiling
water, which coagulates the exterior as in the roasting process,

If, however thw object to be attained is to make =oup or broth,
then I!It} meat, hm ing been cat into small pieces, is placed for some
time in cold water and the temperature graduoally raised to 71° C.
By this treatment the juices of the meat are extracted and the
soluble parts are dissolved out from the meat, before the heat has
time to coagulate the proteid. It should be remembered, however,
that such soups are not very nutritious, but are stimulating. lhev
eontain very little proteid or fat, but do eontain =alts .ulll the ex-
tractives of muscles, such as creatin, creatinin, ete. It is for the
reasons thus given that beef-tea is of little value as food. If
vegetables are added to meat-extracts, making a vegetable =oup,
the nutritive value is correspondingly inereased. If hones are
used in the soup-making process, the amount of gelatin 1= in-
ereaszed to such an nunt indeed, that when cold the soup gelatin-
izes and becomes solid.

Frving is a me thod of cooking which should never be : lp].'-]IEd
to meat such as beef, as it makes it indigestible by reason of its
toughness, and also by reason of the fat mth which it becomes
soaked. It meats are fried by immersion in boiling fat, the
process is not so nl:-jv{'tmn.i’nl{r' but the fat -Ilnlll{l not he allowed
to permeate the tizsue, as it would do if the process was continued
toc long. Frying is well adapted to the eooking of' fish.

CEREALS.

The eereals are the farinaceous seeds unsed as food, such as
wheat, Indian corn or maize, rice, rve, oats, and Iﬂrlﬂ' They
all contain proteids, fat, "':-tdl'f‘ll, and mineral salts, though the pro-
portion of these ingredients varies considerably in the different

cereals, as is shown by thr_- following table (Halliburton):

Constituents. Wheat. Barley. i Dats. Eiee.
Water . e ) 13.6 13.8 13.4 13.1
Proteid . . . . . . 12.4 11.1 1.4 7.9
L R | 1.4 8200 R 0.9
Starch . . R s 67.9 4.9 57.8 6.5
Celluloce. . . . . . .| 2.5 5.8 11.2 0.4
\[meml Salts . 1.8 L] 3.0 1.0

= e — —

T]te proteids in the ﬂnur of cereals are not identical. Some
writers regard those in wheat-flour as being a vegetable myosin
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and a soluble proteose called phytalbumosze.  Gluten, which is
considered by some anthorities as a prnlwf.l constitnent of w hmt
% l'l'jrmh'tl by others as a mixture of gluten-fibrin, which i
formed from the vegetable myosin, and a proteose insoluble in
water, which is formed from the |r||\l||hm|m-,c~} and which gives
to t]w gluten its sticky consistency.  According to this theory, the
gluten as such does not exist until water is added, when by the
action of an enzyme gluten is produced.  This enzyme has, how-
ever, never been isolated, and until this theory iz better sustained
by proofs we shall ]'{'3_{‘;1111 oluten as a constituent of wheat-flour.
The proteids of oats arve three in number: One soluble in
aleohol, one a globulin, and the third a proteid soluble in alkali.
In maize there are two globulins, one a vitellin and the other
a myosin ; one or more albumins; and zein, a proteid soluble in
aleohol, /
The ]n'uh-ixh of rveare gliadin, lencosin, edestin, and proteose ;
and those of barley are le Lllm-in proteose, uh-lln and hordein.
The cereal most commonly used is, perhaps, wheat, the flour
of which is made into bread. .
Bread.—The cereal most used for bread-making is wheat,
though bread is also made from rve and cornmeal.  Wheat-flour
contains approximately 14 per cent. of water, 12 of proteids, and
70 of ecarbohydrates. The amount of fat and =alts is small.  In
ﬂl{' making of flour the wheat- ~opains are eround, and the result
is sifted, or “ bolted 7 as it is termed, into fine flour, coarse flour,
and bran.  The bran is the extreme outer covering of the grain,
and is =o tough and silicious that it is of no nutritive value, while
the other coverings contain so mueh of proteid, fat, and salts as to
,_:;n e them eonsiderable food-value. The process of making flour
just deseribed is known as the ofd process, and results in heating
the flour, which, if not properly cooled, is liable to spoil.  In the
new process the grains are et w ith knives or ernshed between iron
rollers which do not ]ﬂ‘ﬂnlll{'(‘ heat. Flour is made by another
process, in which the grains are moistened and the extreme outer
covering or husks removed by rubbing. The grains after being
dried are exposed to blasts of air which have Inrw enough to thor-
ounghly disintegrate them. When |Illi"-'l'll?'{‘!| this is known as
whole=wheat ﬁmm and contains all that is nutritive in the wheat.
In making bread the flonr is moistened with water or milk to
which veast has h{*{*u added, and when thoroughly mixed this
becomes dongh,  Salt is alzo added, and some breadmakers add
sugar and butter as well.  After thorough kneading, the dough is
exposed to a temperature of about 24° €. The starch is con-
verted by an enzyme which exists in the wheat into dextrin and
sugar, and this, under the influence of the veast, then umlergum
the aleoholic fermentation, aleohol and carbonie- acid oas resulting.
This gas rises up through the dough, expanding it to more than
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double itz original volume, making it there by very spongyv. When
the dough has risen sufficiently, it is put into an oven and baked.
This results in killing the \i'l'-l-l{*”'- and thus prevents any
further fermentation, ¢1n=| at the same time the carbonie acid and
aleohol are expelled and the crust is formed.  Wheat bread con-
tains 7 to 10 per eent, of II]‘uh*i:'.-'u, 29 llr{‘:l't‘lﬂtil;l}'lll‘;l_[l,'ﬁ: 1 of ﬂlf,
2 of =alts, and 32 to 35 of water,

VEGETABLES.

The green vegetables form a very important part of the food
of man. It is true that they contain a large amount of water,
varving from 75 to 95 per cent.; still, they also contain carbo-
IH('I.H’E"-. and are one of the principal sources from which these
food-stuffs are derived. Thus in potatoes, while there iz but 2
per cent. of |11uh|¢1 , and only 0.2 per cent. of fat, there is 20 per
cent, of starch. The pulses or legnuminous plants, such as peas,
beans, and lentils, supply man in their seeds with food which is
1*u-|1 in proteids as well as in carbohvdrates ; thus in peas there are

23.7 per cent. of proteid and 49.3 per cent, of starch ; in lentils,
24.8 per cent. of proteid and 548 per cent. of starch. '|'hv pro-
teids of the pulses are of the nature of vitellin and globulin,  In
the kidneyv-bean two globulins, phaseolin and phunthh besides
proteose have been fnltml

Vegetable Proteids.—The proteids in vegetables may exist
in three forms=: (1) In solution in the jnices of the plant; (2) in
the protoplasm ; or (3) in aleurone grains.  They are classified, as
are the animal proteids, into .ﬂlmmm- alobulins, albuminates, pro-
teoses and peptones, and eoagulated prote dids.  What was formerly

spoken of as legnmin or n-mhhlv casein, or simply veget table
pmn-ul is now held to be an alkali-albumin produced by the
action of the alkali used i the extraction on the globulins which
exist normally in the }:-Llnt Proteoses have been found in the

arious varieties of flour, az well as in the cirenlating fluids of
pl’mf:, and in the latter also oceur hemi-albumose, leuein, tvrosin,
and "|-]‘-.l|d;:in Enzymes also exist in plants, and to those of a
pmh*nh tic character these proteoses are probably  due. Some
of these plnh-nh tic enzvmes have been earvefully investigated,
notably papain in the papaw plant, and bromelin in pineapple-

juice. In the juice of the papaw are a number of proteids: a
clobulin resembling serum-globulin, an albumin, and two pro-
teoses, with one of which papain is associated. This enzyme is
very II'II'II."'l'I like trypsin.

Bromelin acts in neutral, acid, or alkaline media, acting particu-
larly well at 60° C. It produces proteoses and peptones, and
is used to prepare artificially digested foods.

Enzymes are very abundant in the vegetable kingdom, and
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have for their office the conversion of the insoluble proteid of the
seed into the soluble nitrogenous substances of the sap.  They
are, however, not all of a |1|{:-m:1h'|i: nature. There are also those
that are dn:nlnl\ tic, as the diastase in barley, and these enzymes
change the starch of seeds into sugar. Such a conversion we have
~1||==.|:|v referred to in the process of bread-making when the wheat-
starch first becomes sugar, and then undergoes alcoholic fermenta-
tion under the influence of veast.

The IHITT‘iliull-c value of fruitz is not to be overlooked. When
fresh and ripe thev are easily digested, and serve besides a useful
purpose in Lwlnuw the bowels in regular action,

BEVERAGES.

Under thiz general head are included tea, coffee, cocoa, and
alcoholic beverages. Some of these have a distinet food-value,
others are stimulants only, while the opinions held by authorities
as to some of the others are so diverse and the results of experi-
ments =o differently interpreted, that it is difficult with our present
knowledge to classify them '-H'L}l precision.

Tea.—Tea is an infusion made from the leaves or leaf-buds
of the tea plant, the principal constituents nl' which are an aro-
matie oil, an alkaloid, thein (C.H, ,N/O,) 1.8 per cent., tannin
about 15 per cent., albuminous n:nupuum!- dextrin, and salts con-
taining potash and ]}hm]mhnll: acid. Tea iz a stimulant by virtue
of the thein which it eontains, and an astrinrent beecanse of the
presence of tannin,

Tea should be made with boiling water, and in about five
minutes the infusion should be poured into another vessel ; if left
longer, it becomes bitter and unwholesome because of the large
amount of tannin dissolved.

Coffee.—This beverage is an infusion made from the seeds
of the coffee plant. The seeds or berries contain fat, legumin or
vegetable casein, sugar, dextrin, salts, an aromatic oil, and an alka-
loid eaffein (C.,H, N, 0,) 'ﬂmut 0.75 per eent., and caffeo-tannie
or caffeic acid, a variety of tannic acid. Thein and caffein are
isomeric, and their effects are similar. While tea is astringent,
coffee has a laxative action on the bowels and acts as a stomachie
tonie,

It has also been claimed that both tea and coffee act indirectly
as foods by retarding the waste of the tissues ; whether this is true
or not, they er-rnun]-. have their usges in removing the sense of
fatlcruv, and thev also allay the sensation of hunger. If used to
exces=s, however, both coffee and tea disturh the digestive organs
and |1rmluc:-:-. nervous disturbances, such as headache, trembling,
and wakefulness. This condition is most commonly nh.-_'ﬁrved n
the confirmed tea-drinker, who iz as intemperate as anvone addieted
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to the excessive use of alcohol. Black coffee inereases the heart
action, and is given by physicians when the circulation is depressed.
It is also given in cases of poisoning by opium. For its relation
to uric acid see page 423,

Cocoa.—This is prepared from the seeds of Theobroma cacao,
which are roasted, husked, and erushed. Cocoa-nibs, as the
erushed seeds are called, contain about 50 per cent. ot oil or cocoa-
butter, 15 per cent. of proteids, and an alkaloid, theobromin, 0.5
to 1.2 per cent. This alkaloid is very similar in all respects to
thein and eaffein.

Coeoa possesses much more nutritive value than either tea or
coffee, though the oil which it contains makes it indigestible for
some persons. It is especially useful in wasting diseases, during
which it is frequently prescribed.

Alcoholic Beverages.—Under this head are included spirits,
or those that are distilled ; wines, those that are fermented ; and
beers or malt liquors.

Spirits or distilled liquors inelude whiskey, brandy, rum, and gin.

Whiskey is produced by distilling fermented grain, such as
corn or rve. It contains by volume 28.90 to 60.30 per cent., and
by weight 23.75 to 52.58 per cent., of aleohol.  Brandy is the
product of the distillation of fermented grapes, and has an aleo-
holic strength of 30.80 to 50.40 per cent. by volume and 25.39
to 42.96 per cent. by weight. Brandy contains enanthic and other
ethers which whiskey does not. These percentages are the results
of actual analyses made by the Board of Health of the State of
New York, and differ very markedly from those given by most
authorities. Thus we have before us one excellent authority, who
states that whiskey contains 44 to 50 per eent. by weight, or 50 to
58 per cent. by volume, of aleohol ; and brandy 39 to 47 per cent.
by weight, or 45 to 55 per eent. by volume ; while another makes
the statement that brandy contains from 50 to 60 per cent. of
aleohol. It is evident from these figures that the aleoholic strength
of different whiskeys and brandies varies to a considerable degree
—so much so, indeed, that in using aleohol medicinally physicians
are recommended to preseribe “alcohol of a known strength,
flavored with ethereal essences, and softened with glyeerin or
svrup”’ (Bartley).

Wines differ also greatly in aleoholic strength, the “lighter ™
wines containing less, the “stronger ” wines more. Of the lighter
wines, champagne contains from 5.8 to 13 per cent., and red
Bordeaux 6.85 to 13 per cent.; while of the stronger wines, port
contains from 16.62 to 23.2 per cent., and sherry from 16 to 25
per cent. Wines contain besides aleohol varions aromatic com-
pound ethers—enanthie, citric, malic, racemie, ete.—which give
to them their “ bouquet,” also sugar, tannic acid, various other
acids, and potassinm salts.
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Beers contain on an average from 3 to 6 per cent. of aleohol
by xullllm, although there 15 here, as in the distilled bever: ages,
a great variation. lhu also contain dextrin, sugar, lupulin, free
organie acids, and =alts.  The following table gives the percentages
of aleohol and solid matter or extract in some of the common beers

and ales (Allen):

Aleohol Eolid matter

or extract.
Munich Laser 4.756 7.08
Pilsen Lager i e Tl 3.55 5.16
American Larer Hlu rage ui l':l mmp]--n. A ™ S 2 TR G.05
Bazs's Pale Ale i e e s SRt i e C o T £i. 25 fi. 8
Alsop’s Pale Ale . . . . . . . e .37 4.44
Guinness's Stout. . . . . . . . . . .. g = G606 T.24

Value of Alcoholic Beverages as Food.—It will be seen that by
virtue of the earbohydrates and salts which wines and beers con-
tain they certainly have a food-value entirely 1rw~|n-1nu of the
alcohol, which is “also one of their constituents. The compound
ethers are regarded as assisting digestion by promoting the secre-
tion of the digestive fluids, while the bitter principles are well-
recognized stomachie tonies,  Used in moderation they are there-
fore not injurious, but used to excess there is danger of their
producing fat in excess, imperfect oxidation, and a resulting
plethoric and perhaps gouty diathesis,

EFFECTS OF ALCOHOL UPON THE HUMAN BODY.

We come now to consider a subject about which volumes have
heen written, and one which has, perhaps, excited more discussion
in both scientific and lay organizations than anyv other—i. e., the
effects of alcohol upon the human body. The warfare has raged
long and fierece around the que-tln]l “Js alcohol a food ?” In
a diseussion of any subject it is very lmpﬂlt'mt that there should
be no misunderstanding about the meaning of the terms employed,
and, therefore, hefore {-ntt-rmg upon this discussion we must ]'l:i;‘LE
a distinet understanding as to what i= meant by a food.  For this
purpose we quote the following definitions :

Definitions of Food.—* That which is eaten or drunk for
nourishment : aliment ; nutriment in the scientific sense; any
substance that, being taken into the hody of animal or plant,
serves, through organie action, to build up normal structure or
supply the waste of tissue; nutriment, as distingunished from
condiment.”—Standard Dictionary.

“ Anything which, when taken into the body, serves to nourish
or build up the tissues or to supply heat.”—17. Jorland’s Tllustrated
Medical Dictionary.

“ Any substance, inorganic or organie, solid or liguid, that will
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nourish the body, renew the materialz consumed in producing
those forms of energy called vital.”—Chapman’s Human Physi-
ology.

“ The uze of food is to repair the waste of the tissues, and
through combustion in the economy to liberate energy.”— Ihid.,

These quotations might be increased llulf-hmh'h but those
}-‘_‘."i\ en will answer our purpose, A food serves one or more of four
purposes: 1. To build up normal strueture ; 2. To diminish the
waste of tissue; 3. To supply the waste of tissue; 4. Through
combustion (oxidation) to liberate energy.  Any substance, there-
fore, which performs any one or more of these four offices is a
food. It may do it to a considerable extent, and consequently
have great food-value ; or it may do it to but a slicht extent, and
have but little food-value ; but in =o far as it does it at all it is a
food,

Influence of Alcohol upon Secretion of Saliva.—When
gtrong aleohol or an aleoholic beverage is taken into the mouth
there is produced an increase in the seeretion of saliva, not only
as to volume, but also as to its organie and norganic constituents,
The same effeet is produced by vinegar, {thn-\.llnm and other
similar substances.  This ﬂlll]l-.ll-.lT]l'l'!" effect, however, lasts only
while the liquid is in the month. Alcohol in the stomach has no
effect upon the secretion of saliva,

Influence of Alcohol upon Secretion of Gastric
Juice.—The evidence is overwhelming that aleohol, whether
taken as aleohol or in the form of aleoholic beverages, such as
whiskey, wine, or beer, inereases the amount of gastrie juice se-
ereted 1, “and T}I.lt this is more acid and contains more of its normal
constituents. The action of this was stric juice upon proteids is
also very pronounc e, That this is not llltmh due to direct
stimulation of the glands of the stomach by the aleohol is shown
by the fact that when aleohol is introduced into the small intes-

tine, and then this latter is lieated so that none of the aleohol
can enter the stomach, an increased seeretion of gastric juice is
still produced. It is as vet not determined just how this is

brought about, whether by action on the cells of the castrie glands
thmuu‘ll the Iumlmm of the blood, or Npon secretory ner ve-fibers.
It is to be borne in mind that other constituents than alcohol
are to be found in wines and malted liquors ; and experiments
show that these, especially the organie acids, TH‘HIIII("!" also a stimu-
lating effect upon the gastric ,1_1:| ands, o that the aleohol is not the
only factor concerned in eausing ine rmh{-:l seeretion and acidity,
Influence of Alcohol upon Gastric Digestion. In a
paper on “Influence of Aleoholic Drinks upon Digestion,” by
Chittenden, Mendel, and Jackson, published in the American
Jowrnal of Physiology, and to which we are indebted for much
information, is a synopsis of the opinions and results of experiments
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of different physiologists on this part of the subject. Kretschy
observed in a woman with gastric fistula that aleohol retarded
digestion.  Buchner found that in the human stomach aleohol,
wine, and beer retarded digestion, but less so than in artificial
digestion.  Bikfavi observed in dogs a retardation of digestion
with éven small quantities of alcohol. Beer and wine showed no
favorable influence, the latter retarding digestion in large quanti-
ties. Ogata states that beer, wine, and hmnlix retard digestion
noticeably.  Schelhaas observed that in the livi ing stomach wine
did not retard digestion so long as there was free HCI present.
Gluzinski found that aleohol retarded proteid digestion and
hl{llltrilt about the secretion of a very ac Live, -nl_]‘unLrlx .u[ll g".u-ll“ll.,
juice.  Henczineki observed no bad effect on digestion with the
use of beer.  Blumenau found that 25-50 per cent. aleohol dimin-
ishes stomach digestion during the first two or three hours.  Wolfi-
hardt observed in a healthy man that 15-20 grams of absolute
aleohol interfered with prote iid digestion ; that the effect of COTNAC
varied with the period of digestion 1l||!1||fr which it was taken ;
and that wines tended to promote digestion.  Brunton states tlmt
aleohol inereases the movements and the secretion of the stom: ach,
and by mixing its contents more thoroughly with gastric juice
aceelerates :||;r=-:-tmiL Gluzinski on the other |L||ul finds that
aleohol diminishes the mechanical action of the stomach to a
moderate degree,

Chittenden and his associates experimented upon a dog to ascer-
tain the etfect of aleohol upon (1) variations in acidity and (2)
time of digestion. The results are very interesting and in-
structive,

In these experiments 50 grams of meat were given in each,
sometimes alone, sometimes with water, and sometimes with
aleohol of varving strengths, and sometimes with various aleoholie
beverages.  When meat alone was given the stomach was empty
(end of gastric digestion) in 2 hours and 55 minutes.  When
water was given with the meat, the time of digestion varied from
2 hours and 15 minutes to 3 hours ; an average of 2 hours and 40
minuntes,  With aleohol, varving from 22 to 30 per cent., the
time was from 3 hours to 3 hours and 45 minutes ; average, 3
hours and 20 minutes. With weak aleoholie beverages, wine and
beer, the time of digestion was from 3 hours to 3 hours and 15
minutes ; average, 3 hours and 10 minutes.  With strong aleoholie
beverages, it was with whiskey, 2 hours in one m]wrmwut and 3
hours in another ; with gin, 3 |mur=; » with brandy, 2 hours and 40
minutes ; an average of 2 hours and 40 minutes. The conclusions
to be drawn from these experiments would seem to be that aleohol
does not retard proteid digestion to any great degree ; taking the
set of experiments quoted in connection with another set, there is
a slight retardation, and that more marked with malted heverages.
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Inasmuch, however, as we have already seen, an increased amount
of an .u[]tv gastric juice is phu!llvul by the aleohol, it is more
than |llnhl1r|t' that this makes up for any retardation in the pro-
T.ﬂl:rhlu' processes.

The great care with which these experiments of Chittenden
and his associates have been made seems to the writer to entitle
their conclusions to great consideration, which may be briefly
summed up in the statement that * gastrie digestion in the broad-
est sense 15 not markedly varied under the influence of aleohol or

aleoholic fluids,  This conclusion, it may be mentioned, stands in

perfect harmony with the results of the jII‘ni“-H}_’iHmlh of Zuntz
and Magnus-Lenz regarding the influence of aleoliol |||~:-wr} on the
digestibility and utilization of food in the body. These investi-
gators found by a series of metabolic experiments on men with
diets largely made up of milk and bread, and on individuals
.u'{*u.-tmm.ll and unaccustomed to the use of aleoholic beverages,
that the latter did not in any way diminish the utilization of the
food by the body.”

Absorption of Alcohol from the Stomach.—Chittenden's
experiments, in which 200 c.c. of 37 per cent. alecohol were intro-
duced into the stomach of a dog with the duodenum ligated at
the pylorus, resulted in the complete disappearance of the aleohol
in 3-3} hours by abscrption through the stomach-walls into the
blood.  When the intestine is open the absorption is more rapid.
When 6-8 grams of aleohol, as wine or beer, are taken into the
stomach, 80-90 per cent. will have disappeared from the aliment-
ary tract within § hour. In one of Chittenden’s experiments
50 c.c. of 20 per cent. aleohol were absorbed within & honr.  His
conelusion is that, * in view of this rapid disappearance of aleohol
from the llmmnt"ln tract, it iz plain that alcoholic fluids cannot
have much, if any, dtr{-ct mﬁuﬁur-(, upon the secretion of either
!J:'I.HL'["['.IHL or 1nt{*-t|rt.=lI Juice.”

We have seen that when aleohol i= taken into the stomach it
produces an increased secretion of an active gastrie juice.  When
thizs stimulation is excessive changes are set up in the mucous
membrane, as a result of which the ;_rl.zml tissue becomes less, and
the seeretion iz correspondingly diminished. Up to the point
where the stimulation resulting in increase of the normal seere-
tion ends and the p.ltlmlnww changes beein, aleohol i= not in-
jurious, but manifestly in health no such artificial stimulus is
needed. So long as the individual is well, the natural food is a
sufficient stimulus to the gastric glands and the additional stimu-
lation of aleohol is unealled for, and inasmuch as the exact line
of demarecation between the amount of aleohol that does good and
that which does harm has not as vet been absolutely determined,
there is always a possibility that an excess may be ‘taken and in-
jury result. So far as the stomach is concerned, then, there is in
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a condition of health no useful purpose served by aleohol, but there
are conditions in which this property of aleohol of exciting the
gastric glands to increased activity may be availed of umlu
medieal d:l\. ice,

Aleohol being a very diffusible substance, is mostlv abzorbed by
the blood-vessels of the stomach, which earry it into the portal
vein, and by this channel it reac hv- the liver, where its stimul: mug
action 1s arain exereised upon the cells of that organ, and an in-
creased Imnlu:-urm of bile is the result. If, however, this stimu-
lation is excessive and long continued, degenerative IZ'[I-_IIIIHE"- take
pLuz- by which the organ ultimately becomes diminished in size
and ine 1}1.|i|lc' of performing its funetion.

From the liver the blood earries the aleohol to the heart, whieh
is quic kened in action, and to the brain, whose activity is also in-
creased. It the i|l|.1l|lll"- of aleohol is excessive, the cells of gray
matter in the brain are over-stimulated and u‘rml excitement re-
sults, and this may, if the quantity is sufficient, result in a suspen-
sion of the functions of the brain and a condition of unconscious-
ness, ]11-~11|n~ on in extreme cases to a fatal termination.  Butaf
the quantity of aleohol which reaches the brain is not enongh to -
]‘nlrnlm e the fatal result, but still enongh to maintain the condition
of over-stimulation, there result I}ILJ.TI"I"- in the structure of the
brain, as there do in that of the stomach and liver, which weaken
the mental activities and produee the irregular and inco-ordinated
muscular movements so familiar to all who have observed n-
dividuals who have for vears been addicted to drink.

From this necessarily incomplete recital of the effects of aleohaol
we now turn to some experimental evidence bearing upon the
‘-.'[Ih;l*('t These experiments have been carried on by various
experimenters, and some of the results are well summarized in the
following quotation from Aun Admerican Tert-Bool of Physiology
under the title ““ Aleohol in the Body.,” Aleohol © promotes the
absorption of accompanying substances (sugar, peptone, potassium
iodid), and stimulates the flow of the aastric juice.  In this matter
it acts as do other eondiments (salt, pepper, mustard, peppermint),
but if there be too great an irritation of the mucous membrane
there is less activity [ll\"-|l(‘]1‘-l.1] The rapid absorption gives to
aleohol its l]llll_'I\ I‘l‘Ll'IIH"I“]tHL‘ effect after collapse, and its value
in administering drugs, especially antidotes.  Aleoholie beverages
combining aleohol and flavor promote gastric digestion and absorp-
tion, but ufn,n stimulate the appetite in exeess of normal require-
ments.  Aleohol is burned in the body, but may also be found in
the breath wr-pll'atlt:-n urine, and milk. Aleohol has no effect
on proteid Jm scomposition, but acts to spare fat from combustion,
The addition of 50 to 80 grams of aleohol to the food has ne
apparent effect on the nitrogenous equlllhrmm Aleohol in the
body acts as a paralyzant on certain portions of the brain, destroy-
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illg the more delicate degrees of attention, ill{l-rlm nt, and reflec-
tive thull*rllt, ditnini=! 11||-r tln: se nse of weariness (ns=e after great
exertion—furnished to armies in the last hours of battle), and
raising the self-esteem ; it paralyzes the vasoconstrictor nerves,
pnuiuf:uw turgescence of the skin with -.IHIIIH|LII1'~IIW fecling ui
warmth, and tIn rebv indireetly aiding the heart. The |||;_51n_-
alcoliols, propyl, hulxl amyl, .u{- more poisonous as the series
ascends, and are less ".ul.it!]L less easily burned, and therefore
more tenaciously retained ]l:\ the body, with more pernicious re-
sults.”

More recent than any of these experiments are thu.uu which
have been, and are still iwmlr conducted by Prof, W, Atwater
and his associates, under tln auspices of the lf_mnlulllw of Fifty
for the Inur.—-u;;AUmL of the Drink Problem. In answer to an
inguiry of the author, Pr rl' Atwater writes as follows :

“ No detailed report of all the e xlwlmwma has vet been pub-
lished. Thev were wlmltml at the meeting of the Chemieal
Section of the American Association for tlu- Advancement of
Seience in Boston, and at the Physiologic Congress in {.uui:l'ulm_.
England, in August and H{]}lvmlml‘, 1898—i. e., as far as made at
that time. A verbal account of the experiments was given at a
meeting of the Middletown Scientific A=sociation, June 13, 1899,
This vpimmi;r.uf the results of experiments carried on with men
in the r --'pImtiuuar.lInrinwu-r An abstract of the statements was
published in the Outlook (New York), July 29,

“The details of some of the fﬂ:]n-rllnenh have been given in
Bulletin No. 69, of the Office of Experiment Stations of the
United States IJtrlmltmt-ut of Agriculture. This may be had by
application to the Seeretary of Agrieulture, Washington, D. C.
This bulletin, however, does not treat the experiments from the
special aimulpnmt of 1|1£" nutritive value of aleohol. An acecount
of the inquiry from that standpoint will be published later by the
Committee of Fifty for the Investication of the Drink Pr oblem,
under whose auspices the experiments were made.”

We are indebted to the Qutlook for the following -:]l:'t“n]-a of
Prof. Atwater’s experiments :

The respiration-calorimeter is a chamber in which the man
experimented upon sojourns. It is about 7 feet long, 4 feet wide,
and 6} feet high, and contains a folding-bed, chair, and table,
besides a station: iy bicyele for experiments on museunlar work,
This chamber is well ventilated, lighted, and heated, and so
arranged in all positions as to enable the conditions to be as nearly
as possible similar to those under which human beings live who
are properly fed and housed. All of the food, drink, and excretory

roduets, even the air which the man breathes, are measured and
analyzed with the greatest accuracy, as are likewise measured the
potential energy or latent force of the food which the body receives,
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and the energy which the body gives off in the forms of museunlar
work and heat. These experiments have, as Prof. Atwater be-
lieves, *demonstrated that the human body, like any other
machine—a steam-engine or an electric dyvnamo, for instance—
Ul,‘ll_’:\.‘:-] the law of the conservation of {.-I:u'l‘;_l_'}'.”

[n the experiments reported upon, pure aleohol was adminis-
tered with water or coffee.  Other experiments with aleohol in
the form of whiskey, brandy, beer, and wine will be reported later
by Prof. Atwater. The amount of absolute aleohol given daily
was about tw