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PREFACE.

This small manual is an attempt to present to the student

of Physiology the leading facts of the science in a fuller

way than is generally found in a work of this size.

This has been accomplished mainly by (i) omitting long

discussions of rival views and theories, which are a doubt-

ful help to the commencing student, to whom dogmatic

teaching is of most value
; (2) by omitting long lists of

names (generally polysyllabic) and authorities
;
and (3) by

introducing very sparingly detailed descriptions of the

various complicated machines by which the results recorded

have been obtained. The principle that has guided the

author in selecting material for the work has been that

expressed in these weighty words of Virchow :
“ Whoever

speaks or writes for the public ought, in my opinion, doubly

to examine just now how much of that which he says is

objective truth. He ought to try as much as possible to

have all inductive extensions which he makes, alt conclusions

arrived at by the laws of analogy, however probable they

may seem, printed in small type under the general text,

and to put with the latter only that which is objective

truth.”

It has not been possible to carry out this wise suggestion

literally in all cases, but it has been the endeavour, while

presenting concisely the latest facts in this science, to omit
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doubtful theories
;

or, at any rate, to insert them in “ small

type.” For much in the book the author is deeply indebted

to a master of the science, whose luminous teaching first

gave him, many years ago, a love of Physiology. It is

hoped that the brief and unadorned style necessary to so

small a manual may not prevent any from finding the book

of some substantial help in the study of this fascinating

science.
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HLEMBI^TARY PHYSIOLOGY LOR

STUDENTS.

CHAPTER I.

THE PHENOMENA OF LIFE.

I. PHYSIOLOGY.

Physiology is one of the subdivisions of Biology,

and concerns itself with the functions of life.

Morphology and Embryology^ the other two
subdivisions, treat respectively of the forms and develop-

ment of life.

Physiology also deals with the five leading features

of \\iee—birth, growth, development, decay, and five fe.-,.

death.
.

turesoflife.

Birth simply marks the definite commencement of
separate e.\-istence, and is an essential of every
living thing, in that it implies that all life, without

exception, is got by inheritance
;
and never since it first

originated, as far as we know, has commenced de novo.
Before the days of e.xact research, the contrary was believed
to be true, and the presence of life in decaying animal and
vegetable matter was supposed to prove that life could exist

without previous life. It is needless now to show how the
progress of science proved this to be a fallacy, and that
every form of the lowest bacterium or smallest animal did and
could only spring from a parent of the same species. 'Phe
theory of spontaneous generation is now everywhere proved
to be false, and where adequate care is taken to exclude life

li
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from animal matter, no decomposition takes place, and no

living forms are found.

Growth is not confined to living beings, but in them it

takes place in a totally different way from that

Growth.
inanimate world. In a crj'Stal, for

instance, or in rock formation, growth takes place by the

mechanical addition of layer after layer, the mass itselt

taking no part in the process
;
and it continues, moreover,

indefinitely. In a living organism growth is the result of

change and increase in every part throughout the being, and

this growth has strict limits beyond which it cannot

continue.

Development is a quality that has no parallel in the

inanimate world. As growth is an increase in

Senf°’’' quantity, so development is an increase in quality,

being the perfect adapting of means to ends,

of machinery to work, through continual use. Every organ

of the body, including the brain, is thus developed by use,

and becomes not only larger, but stronger and better

adapted for its work.

Decay is now understood to be a constant manifestation

of life. It used to be thought that life consisted

Decay.
^ powcr to resist decay, and it was only when

life ceased that decay commenced. It is now found, not

only that decay is an incessant accompaniment of life from

birth, but that it is positively more active during lite than

afterwards. It is true that during life the effects of decay

are not obvious, as, on the other side of the balance,

the opposite force of repair or growth serves as a counter-

poise to keep the body in “ dynamic equilibrium ;

” but when

the summit of life is passed, repair gets more and more

feeble, and at last ceasing in death, leaves the field Irce for

the ravages of decay. Life is not, then, a power that resists

decay, hut, on the contrary, is a force that canvoi be

maniftsled without it; every movement, every look, eveiy
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thought, involving the decay and destruction of a certain

amount of body tissue.

Death is a phenomenon quite peculiar, and necessarily

so, to life
;

for it is obvious that nothing can

cease to live save what has lived. But it is not

so much an interruption of life as the final attainment of an
end which was held steadily in view from the beginning,

and towards which every act of life tended. Exactly as

every beat of an eight-day clock is a step towards the final

running down of the weights, which is definitely arranged
to take place at the end of eight days, so every movement
of the l3ody, and every day that it exists, is a step towards
that end for which it was constructed

;
every body being

made, exactly like a clock, to run a definite time. Of course
it may be stopped before (as a clock with the finger) by
disease or accident. No cause is, however, known why,
when the machinery has become perfectly well balanced,

and decay and repair are equal, it should not continue so

indefinitely, seeing it is self-repairing; instead of wasting
away after a certain number of years.

2. LIFE.

^Vhat special power, then, has this life to present such
an orderly sequence of phenomena peculiar to

itself? What, in short, is life? Life?

Consider for a moment the difference between an egg
that IS fertile and can produce a chicken and thus contains
life, and one that cannot; for though both are organic
compounds, and both produced by living beings, nevertheless
they are not the same.

At first sight both eggs appear alike, and, apart from
external force, no difference can be seen

;
both will go bad,

and the living egg will have no advantage over the dead one!
But let heat, which is a most potent force, be applied to both,
and they will soon begin to differ; and it will be seen in a fe\v

B 2
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days that the “life” in the one egg is a capacity to appro-

priate and use this force, and eventually to manifest it in

the production of a chick
;
which chick, in common with all

other living beings, must continue to appropriate force in

the shape of heat, light, and food, or the life ceases. In

the other case the same heat applied to a similar organic

substance that does not possess this power or life thus to

use it, simply hastens decay and decomposition.

Life, then, is a special power inherent in the living cell

to use external force and manifest it in special phenomena,

but it is not an independent physical force or energy, being,

on the contrary, wholly dependent for its manifestations on

the common forces of nature.

The difference between animal and vegetable life is

simple and important. Vegetable life can ap-

VegTtabtf propriate force from inorganic matter. It de-

composes carbonic acid gas and ammonia, and

then stores up the carbon and nitrogen as force to be used

hereafter. This life principally consists in the storing offorce

rather than in its manifestation. Animal life, on the other

hand, takes these stores, and in reducing them again to their

simple elements of carbonic acid and ammonia evolves and

uses up the force they contain. Animal life, therefore,

largely consists in the manifestation of energy.

A vegetable may be compared to a hard-working father

accumulating large stores of wealth, while the animal rather

resembles the spendthrift son who uses it all.

Just, however, as it may be noted that large parts ol

vegetables (the layers of bark, etc.) are lifeless, and are

subject to such slow changes as to resemble minerals, so

within animal bodies many processes are performed by

which force is stored and not expended, animal bodies

tlierein closely resembling vegetables.

The animal not only thus uses the force of the vegetable

world, but is absolutely dependent upon it, for it is not able
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to use force directly from the inorganic or mineral world,

but only after it has been stored and changed by the organic

or vegetable.

It may be thought strange that no mention has yet been

made of movement as an inherent quality of life,

and particularly and obviously of animal life. The

truth is that the mere fact of an animal being able to move

is not more wonderful than that a steam engine can do the

same, and hence movement is no special property of

life.

The difference lies in the way in which the transformation

of force is effected ;
simple and easy to trace in the one, in

its steps from the energy in the sunlight transferred to the

early vegetation, stored up in our earth as coal, this again

passed on to the water as heat, and this as steam passed on

to the engine, and resulting in movement by its expansion

;

but in the other the actual transformation is at present

inscrutable. What is known on the subject will be spoken

of later on.

3, THE EXTERIOR OF THE BODY.

Having briefly discussed the question of what life really

is, and what are its principal features, and having

taken a survey of its various stages, let us

now examine an individual as he stands erect

before us, and see what we can learn of the human body

from an external view.

Notice the shape of the head, the large proportion the brain

—which occupies the whole of the head (Fig. i) be-

hind and above a line drawn across the eyebrows

and continued to the lobes of the ears—bears

to the face, greater than in any animal. Observe that the

forehead and the face lie as nearly as possible in the same

plane, and the line from the forehead, with that from the

ear to the lower edge of upper teeth, forms almost a right
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angle, an arrangement only suited for the erect attitude, and
obviously most inconvenient if man went on all fours, when
“ he could see and smell nothing but the ground ” (Holden).

As it is, his eyes can command the greatest possible range

of vision, their scope being only limited on the inner side

by the bridge of the nose, when vision is taken up by the

fellow-eye. Observe the eyebrows above, keeping the

“sweat of the brow” from deluging the eyes. The eyes

should, for beauty, be deeply set, prominent eyes being

never seen in ancient art.

The nose, too, is not placed,

as in animals, so as to scent

odours in advance, which

to them is of the greatest

use, but so as to receive

odours from below, and

especially of all food going

into the mouth. The

mouth, again, to man is

of as much value for ar-

ticulation in speaking as

Fig. I. — European, Skull showing Facial for eating, and hence the
Angle of 75

• prominent,

but the cavities within are specially arranged for the re-

ception and conduction of sound.

Study finally the unique power of e.xpression that lies in

the muscles of the face. The science of physiognomy is

most valuable and interesting, for undoubtedly these facile

muscles get insensibly moulded by the passions and habits

of the man, whose character can be fiir better read by the

lines round his mouth than by the so-called ‘’expression”

of the eye.

The ear, the great beauty of which is its small size and

perfect lobe, is not made, as in animals, to turn forwards or

backwards to catch distant sounds, man having other means
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of protection from his enemies and of providing his food

than the faculties of scent and hearing.

Observe the lofty forehead, sign of intellect (contrast the

head of Shakespeare with the head of one of the Georges),

the bright eye of intelligence, the \vell-

formed nose of strong character, the firm

mouth, and the square chin of decision.

Now look at the neck. Note how

it is completely formed of

muscles (flesh) everywhere but
^

at the throat in front, where you see the

prominent “Adam’s apple,” the front of

the larynx that contains the voice.

Look now at the body (Fig. 2), and

notice generally how all its com-
°

. The trunk.

plicated framework and tissues

are hidden and so blended as to present

but one harmonious whole. Observe that

the chest is much broader than it is thick,

an arrangement only found, among mam-

mals, in man and some of the highest

apes. This arrangement throws the arms

much wider apart than the legs, giving

them a much wider range .for grasping,

but making them weak and useless for

walking. In other animals, on the con-

trary, the upper part of the chest is narrow',

to allow the forelegs to come close together

and stand directly under the trunk they

support. Notice the bony framework of the chest, which is

formed by the ribs and breastbone. Observe that if these

w'ere continued all the way down, we could not stoop, and

could hardly move. The lower half of the body, therefore,

is protected instead by a firm Init yielding wall of strong

muscles; added to which are. some elastic fibres. In

Fig. 2.—Skeleton with

legs apart. When to-

gether, the slant of

the thighbones is

clearly seen.
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animals who walk on all fours these fibres form a complete
elastic belt to support the body. Note, moreover, that the

heaving of the chest and beating of the heart are all con-

ducted within the thorax, so that the three great organs

necessary to existence—the brain inside the skull, the lungs

and the heart beneath the ribs—are thus entirely protected

from all ordinary injury.

We have alluded to the bony framework, and we may

weight of the body. Note that the forearm does not fold on

the upper arm, but to its inner side towards the mouth, a

more useful position. Look at the hand and wrist (Fig. 3),

which alone contain some twenty-seven bones. The supple

strength of the wrist
;
the value of the thumb, not placed in

a line with the otlfcr fingers, but in advance of them, and so

as to touch them all
;
the nails arranged to support the finger-

tips, and yet not interfere with their touch, are worthy of

note. The hands are marvels of precise and adapted

echanism, capable, not only of executing every variety

note one or two facts

divide the body into

seven parts—four limbs, trunk,

and head and neck—we find each

part contains about thirty bones

(counting the ribs in pairs),

there being about two hundred

in all the body. These bones

form the framework of the body,

and on their length depends the

height of the man.

Fig. 3,
—leones of Hand.

Observe, now, the arm gener-

ally : The looseness

Ji!d riand™ shoulder-joint,

adapted for universal

movement, but not to sustain the
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o work, of expressing many emotions of the mind, but of

executing its orders with inconceivable rapidity.

Take, now, a wider view of the beauty of the human
figure. Let the person stand with feet together

and outstretched arms. His breadth is now of°he’Body

equal to his height, and the four sides of a

perfect square will in a perfect figure touch the soles of the

feet, the crown of the head, and the tips of the fingers. Of
the height, the hand should measure one-tenth part, the

forearm one-quarter, the head one-eighth, the face one-tenth,

the leg (from knee-cap to foot) the same, while the greatest

width of the chest should measure one-fifth, the least one-

sixth
;
the breadth of the nostrils should equal the length

of the eye
j
the mouth should be half as long again

;
the

forehead should be the same breadth as the nose is long.

Coming down the trunk, observe that the rugged outlines in

statuary in the male figure are all due to muscular develop-

ment, indicating strength; while the smoother curv'es of the

female figure are due to the preponderance of fat. Observe,

by the way, how every part is so moulded thaf those forms,

the commonest in human designs and machines, straight

lines and angles, hardly exist in the body at all. In the

erect position one of the beauties of the body is its perfect

balance, and the way it conforms to the laws of gravitation.

Notice, now, that the waist is a natural, and not an
artificial, product, but that it forms, as we have
said, not an abrupt angle, but a hollow curve JndBack'
from above downwards

;
and an ellipse, and not

a circle, horizontally. Observe that in the male figure the

shoulders are rather broader, and in the female slightly

narrower than the hips
;
so tliat the male form somewhat

resembles a single inverted cone, the female a double one.

Notice how broad and strong the haunch-bones are as com-
pared with animals, since it is only in the erect position
they have largely to bear the weight of the internal organs.
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Now, before looking at the legs, turn to the back, and

observe the spring given to the figure by the beautiful

double curve of the backbone, so admirably adapted, as we

shall see, to break shocks going to the brain. In the infant

the spine is quite straight,

and no animals possess the

spinal curves we do, which

are only required in the

erect position. As the child

breathes, this yielding spine

is forced out between the

shoulders and forms the

first curve. When it learns

to walk, the forward cur\-e

in tlie loins is needed, and

the compensating forward

curve of the neck, to bal-

ance the body (Fig. 4).

And now look at the

The Legs.
l^gS (Fig- S)-

the first place, in

proportion to the body or

trunk, they are longer than

any other mammal’s, not

even excepting the kan-

garoo. As Holden has

remarked, their great length

prevents their being a-

Back view.
.
Left side view. Wanted for loCOlllOtion ill

Fig. 4.—The Spine. ,

any but the erect attitude.

Contrast them with tlie short and broad legs of the three

highest apes, the gorilla, chimpanzee, and ourang-outang.

Watch one of tliese apes walking, and you will find he sup-

ports himself alternately on the right and left knuckles,

as well as on his feet.
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Observe now the thigh-bones, how they slant inwards

from the hips, where they are eighteen inches apart, to the

knees, where they touch. (Fig. 2.) This slant is peculiar to

man, and gives great freedom of movement to the legs, and
greater power and leverage to the muscles

;
but the chief

value of the width at the hips, as compared with the knees.

I' 5-

—

The Bones of Leg and Arm compared.

besides allowing room for the lower part of the limbs, is

that it allows room for an arch that helps to break the shocks
to the brain. The length of the thigh is also peculiar to

man, and is in great contrast to the comparative shortness

of the corresponding bone of the arm. Hence in man
the fingers only reach to the middle of the thigh, while in the
chimpanzee they reach to the knee, and in the ourang-outang
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to the ankle. The calf of the leg owes its great size to its

enormous muscles, which are sufficiently strong to easily

raise the entire weight of the body, as when standing or

walking on tip-toe.

Now look at the foot, which is broader and stronger and

larger in proportion to the body than that of any
The Foot.

other animal
;
hence a man can stand on one

leg, which no other mammal can do. Observe the

strong and elastic double arch of the foot that bears the

whole body weight, and which we will examine more closely

in the next chapter (Fig. 6).

Fig. 6.—Diagram of Arch of Foot.

In the body almost everything is paired, right and left,

giving it symmetry. There are but five central

Symmetry.
bones j

two ill the head, one in the throat,

and the breastbone and backbone (or spine); and there

are but five single muscles, all the rest—out of many

hundreds—being in pairs. In the interior, where economy

rather than symmetry is required, it is not so
;
there being

as many single organs as there are double.

Before we leave this external view of the man, and

examine the interior, notice once more the part

The Spine,
p^iyed by the spine—the graceful poise of the

head and firmness of the neck, the easy grace of the

carriage, which all depend upon a strong, straight spine and

well-developed back muscles. Notice, too, that a well-

formed back is not flat, but, viewed transversely, has a

double curve, like an old bow, occupied by the firmly-

developed spinal muscles, with a well-formed groove in the
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middle, running right up to the nape of the neck, where the

backbone lies. Viewed longitudinally, the back should

not be bowed so as to make it rounded at the shoulders,

though it should show the double curve of the spine.

Many ill-formed persons have their

chests flat, like ill-formed backs,

and their shoulders rounded, like

over-expanded chests.

4. THE INTERIOR OF THE BODY.

Even when looking at the exterior

of a man’s body, we can

readily indicate the lead- Divfsi'oL.

ing divisions ot the

interior. In every factory there are

three great things to be observed ;

the boiler that generates the force

(steam), the engines, shafts, and

strapping by which this force is

distributed all over the place, and

the machinery which uses it. In

man the body is the boiler, the

brain and spinal cord are the engine

and shafting, the limbs and special

senses the machinery to be worked,

the steam being the fresh blood and

the nerve-force in the brain. The
body, then, generates the power, the

head takes it up and distributes it

through the nerves, and the limbs

and senses use it. The limbs are solid throughout, and

contain nothing but the machinery requisite for moving

them, and the steam-pipes needed to work the machines.

It is therefore only in the body and head that we can find

the details of how life-force is generated, and how the

Fig. 7.—The Two Tubes in

the Body.
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functions of life are carried on. 'I’he head and spine are

the seat of the nervous system
;
the upper part of the body,

or chest, the seat of the respiratory and circulatory system
;

the lower part, or stomach, the seat of the digestive and

secretory systems
;

and the limbs of the locomotory

system.

Another mode of looking at the structure of the body

is more anatomical. Man is a member of the

Vertebrata. His body has an internal skeleton,

of which the chief feature is the central axis or

backbone. Considering the skull and backbone as one, the

body may be said to be built up of two tubes (Fig. 7), the

smaller posterior or neural tube in-

cluding the cavity of the skull and

the vertebral canal. Within this

tube is lodged the nervous centre

(or engine) of the body. The

anterior or body tube is much

larger, and consists of the face

above and the neck and trunk

below, and it contains the vegetative systems of life. So

that the whole body in section is like an 8 with the lower

circle immensely exaggerated (Fig. 8).

The limbs, of course, are not tubular, and merely form

part of the machinery.

Let us now consider how the various parts of the body

are worked and controlled.

There are two distinct seats of government in the human

body : the one is in the brain, the other is in

the very centre of the human body. That in

the brain is the human will. It is absolutely

autocratic, supreme, God-like in its qualities, and

responsible only to the One who gave it. 1 his

imperious and imperial human will has absolute control

given to it over the animal part of the human life, that is.

Fig. 8.—Section.

Two Govern
ments.

The Will.
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over that part that consists in the using of force, which

includes the ne/Tous and locomotory systems and the special

senses.

The other government, situated, as we have said, in the

lower part of the spinal cord and down the

centre of the body, m front of the spine, is ol an system,

entirely different order. It is, indeed, a most

complete and absolute system of Home Rule. Ihe imperial

government of the brain proper has no power over any of

its actions
;
absolute though it may be over its own domain,

here it cannot interfere. This home-rule government, then,

has full and undisputed sway over life itself, particularly

over its vegetable, as distinguished from its animal, form

—that is, over the generating and storing of vital force

rather than over its usage. Over the latter, indeed, it has

some slight control, but only so far as to enable it to carry

on the former. We will make this plain. The four systems

that lie in the body—the digestive, the circula-

tory, the respiratory, and the excretory—may Uve^.tfems,

be termed vegetative systems, being designed

for the maintenance and storage of life-force
;
these, then,

are entirely under the control of the involuntary nerve

centres.

From this division of government, we see that we have

no power over the processes or functions of life,

our sole concern being rightly to use the forces

continually placed at our disposal. We do not

digest our food, move our heart, or even our lungs, by any

constant and direct effort of will. If, indeed, it were so,

and the whole of our bodies were under our own control,

its management would so absorb the mind as to leave it no
leisure to attend to external affairs at all.

1 laving thus briefly reviewed a few of the features of life

and of the human body, we will proceed to
pjj,,,

examinine it in detail, as follows

—
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1. The STRUCTURAL TISSUES.

2. The VEGETATIVE SYSTEMS of the anterior or body
tube—digestion, circulation, respiration, and e.xcretion.

3. The SYSTEMS OF ANIMAL LIFE of the posterior or

neural tube—muscular and nervous.

4. The SPECIAL SENSES and the voice.

5. The ORGANS OF reproduction.
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CHAPTER II.

THE ELEMENTARY TISSUES.

I. THE CELL.

The Cell forms the basis not only of Physiology but of

Biology; for it is the Embryological, Morphological,

as well as Physiological unit. This fact was first fceiu

established by Schwann.

The cell from which every part, not only of animals, but
of vegetables, is built up, consists essentially of a nucleated
mass of protoplasm varying in the

human body in size, from inch

in the blood to inch in the

brain.

Protoplasm is a transparent,

viscid, insoluble, unstable,

albuminoid substance, con-

taining 70 per cent, water, that

coagulates with heat (130''), and
dies when the body is raised to

this temperature
; the smallest

speck of it visible under a high power contains some
2,400,000 molecules. Each molecule is composed of a
solid and of three gases, as follows—400 atoms of
carbon, 120 atoms of oxygen, 310 atoms of hydrogen,
and 50 atoms of nitrogen—with two atoms of sulphur
and phosphorus. It often contains other bodies, such as
chlorine, fluorine, sodium, potassium, calcium, magnesium,
andiron; but the six—C.O.H.N.S.P.—are essential to
it. Protoplasm is therefore a proteid, but one of very
complicated construction, as befits such a mysterious

Fig. 9.—A Cell—Ripe Ovum
of Cat.

a. Zona pcllucida
; by germinal

vesicle
;

c, protoplasm.
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compound, which contains potentially the elements that

eventually form all living beings. The cell on closer examina-

tion shows traces of a network in the protoplasm, that may

play the part of a sustaining framework (analogous to

our skeleton), just as the nucleus in the centre, which is oi

a darker, denser protoplasm (which alone contains phos-

phorus), represents the source of the cell’s energy, or what

is analogous to our nervous system. This nucleus may he

Fig. lo.—Nuclei.

A. Ordinary nucleus of a columnar epithelial cell ; B. C. the same nucleus in the ^e ~^^ vX°oL D. the spirem-. or roshle form; E. the monaster, or smgle F a ^1^
spindle from the Descemefs endothelium of the frogs corncat. u, H, l, duster. K,

•daughter nuclei.

multiple, and may contain within it one or more small

darker spots or nucleoli. L. Beale divides a cell mto li\ing

protoplasm or bioplasm., into fo7'mafive material, or food,

and formed material (cell-wall, etc.), or generating, regener-

ating, and degenerating parts. (big. lo.)

A cell manifests its vital properties in that it is born, it

grows, it multiplies, it shrivels, and at last dies.

Vital Pro- During its life it assimilates food, it breathes,

it works and rests, it is capable both of spon-

taneous motion and frequently of locomotion. It can
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secrete and excrete substances, and, in short, presents nearly

all the physical phenomena of the life of a human being.

Birth .—Cells are produced only from cells, by gemma-
tion or fission. The former, a budding off of a

small part of the cell, is rare in man. Fission is Decay!^De'Ith!

a dividing of the whole cell, including always

fig. II. Epithelium of Mouth of Embryo Salamander, showing nuclei in various
stages of Karyokinesis (Flemming).

a part of the nucleus. The process is very quick, and may
take place in a few minutes.

I he usual division of the nucleus is complicated, and in four stages
called the spirem, monaster, diaster, and dispirem, all designed so as to
insure that every part of the nucleus shall be represented in each cell.
The stages consist of rod-like arrangements, of definite numbers and
in definite order. This is called karyokinesis. When cells multiply
quickly the process is only imperfectly formed, often giving the
appearance of a direct division of the nucleus. The protoplasm of the
rest of the cell divides simply, without these stages. (Fig, 10.)

Growth .
—The cell rapidly increases in size up to a certain
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definite point, which it maintains during its adult life like a

human being.

Decay .—As it gets older it is frequently removed

further away from its source of life (the blood-stream),

making way for more vigorous life (as in epidermal

structures), and gets smaller and flatter.

Death .— After a life of from a few hours to a few days

in the skin, it finally dies and dries, becoming a mere homy

scale on the surface qf the body. Internally its death is

frequently brought about by its breaking up, as in the

secreting glands.

Assimilation .—It can take in food from the blood by-

absorption, or, as in the amceba (or free moving

R^pTraUon^ Cell), by flowing round the substance of a

and Work.
golid, and thus enclosing and subsequently-

digesting it.

Respiratio7i .—It inspires oxygen and expires COa, which

is probably the result of its metabolism.

]York .—This is of the most varied kind, and embraces

the formation of every tissue and every product, solid, fluid,

or gaseous, of the body.

j^^st.—This work may, be intermitted. It is found

that in the dark the colour-cells cease to

MoUon, and secretc pigment. Muscle-cells have all intervals

Locomotion.

Motion .—This interesting quality of cell-life has only-

been carefully studied of late years.

Most cells have a limiting membrane or cell-wall, merely-

consisting of the hardened exterior of protojilasm. This,

however, is in many cases capable of assuming the most

diverse shapes, known as ama-boid movements. If a

colourless corpuscle is examined on a warm stage in a saline

fluid, it is seen constantly- to change its .shape by pushing

out or retracting some part of its mass.

In vegetable cells, spaces or vacuoles occur within the mass, which
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in like manner are so continually changing their shape as to cause the

granules in the protoplasm to flow in streams like passengers in a busy

street.

Another beautiful form of motion is found in ciliated

movements.

The spermatozoa move by the lashing of a long fila-

ment at the end of the small cell, by which they can progress

for some inches along the generative canal.

The ciliated epithelium—the lining membrane of the air-

passages and other parts—consists of cells with a row of

from ten to thirty small hairs on the surfaces, which are

Fig. 12.—Amoeboid Movement of a White Blood Corpuscle of Man : various phases
of movement.

incessantly moved with a distinct lashing motion in one

definite direction several times every second.

Locomotion .'—Cells may move actively or passively. In

the blood the cells are, of course, borne along by the current;

but colourless corpuscles seem able to make their way actively

about any part of the body at will—if we can speak of will

in such bodies. Their movements certainly seem guided by
instinct, and are by no means haphazard (Fig. 12).

Recent researches (MelsclinikolT) have sliown that colourless cor-

puscles flock to any part of the body where any inflammatory or

infectious process is going on (from the leg to the cornea, for example)
and there do their best to rid the body of any intruding germs, by
swallowing them. Amceboid cells of this type have been seen to work
themselves up through the deeper tissues, pushing aside layers of cells

in their course, and emerge into the intestine, and then seize on bacilli,

and make their way back again after swallowing them.
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Division of
Labour.

At first the body consisted of a mass of cells more or

less similar in shape and work, but very soon

groups of cells began to separate themselves

off to build the different structures, on the very

principle of division of labour on which the whole of our

civilisation is based, and which began so early in the world’s

history, ^\^e will first consider some of these leading

varieties, and then the various tissues which they construct.

Vegetable cells differ from animal cells in their forms

Vegetable funclioiis, chiefly as follows :

—

In form :— i. They are always surrounded

with a well-developed cell-wall of a non-nitrogenous nature.

2. The contained protoplasm is generally without a

nucleus and in two parts—one continuously lining the cell-

wall, and the other a reticulated mass filling the interior,

the spaces of which are continually changing in shape as

the small particles composing it flow in streams in various

directions.

3. There is a large amount of intercellular substance

in animal tissues which is not needed in vegetables, as the

tough cellular wall supplies its place.

In function :—Vegetable cells can build up albuminous

material from minerals, as ammonia, iron, and water, with

sulphates and phosphates. By means of chlorophyll, a

green colouring matter they contain, they can decompose

COo and retain the carbon and e.xpire the oxygen. Ihey

can”thus form both starch and albumen. Animal cells

possess no such power.

The power of movement is found in many vegetable

cells, as in animal cells.

AnimSil cells, with which we will now concern our

selves, originally all, more or less, of a rounded

DiiTereiit shaDC attain the most varied lorms, in accordance

with the tissues to which they belong. 1 he\

may become hexagonal, as in many internal membranes ;
or
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pplyhedral, or discoid, as in the blood
;

or prickly, as in

the epidermis; or scale-like, as in the suriace of the skin; or

colummir (like bricks on end), as in its deepest layers ;
or

cubical, as in many organs
;
or wedge-shaped, as in the salivary

glands; ox crescent-shaped, or branched, or stellate, as in nerve

tissues; or jish-shaped, forked at one end, as in the ureters; or

canoe-shaped, as in muscle
;
or ciliated, as already described.

Or they may become fibres, as in connective tissues; or tubes,

as in capillaries. (Fig. 13.)

The cells are mostly connected by intercellular substance,

which was originally jtroduced by their own
bodies, 'rhis consists of a substance very like

Substance'^'

protoplasm, only without vital properties, or (as in

bone) it may consist of deposits of lime .salts, or (as in

neuroglia) of line fibrillar material.

Or the cells may be in direct apposition, and connected by

thin walls or processes.

From these simple materials, of which the cells are
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the bricks and the intercellular substance is the mortar, the
whole of the body is built up.

Frey’s
Classification.

2. THE TISSUES.

The tissues of the body are classified by Frey
as follows :

—

A. Tissues composed of simple cells with fluid inter-

cellular substance or matrix.

I. Blood. 2. Lymph and chyle.

B. Tissues composed of simple cells with solid inter-

cellular substance or matrix.

I. Epithelium. 2. Nails,

c. Connective tissues.

1. Cartilage. 4. Connective Tissues (proper).

2. Gelatinous Substances. 5. Bone.

3 - Fat. 6. Dentine.

D. Tissues of coherent cells with scanty intercellular

substance.

1. Enamel. 3. Muscle.

2. Lens Tissues.

E. Composite tissues.

1. Nerve. 4. Hair.

2. Gland Tissues. 5. Combined Tissues.

3. Vessels.

We will, however, now consider the tissues generally

under two heads only, namely, epithelial and connective,

reserving the consideration of the tissues of the various

organs for the chapters devoted to them.

3. EPITHELIAL TISSUE.

Epithelium covers the whole body, and lines every part

and cavity of it. As a rule, this tissue is non-

fim'pie*'”"’ vascular. It may be simple, that is, in one layer

of cells
;
or slratijicd, in more than one (Fig. 14).
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If sinipl©, the cells may be squamous or pavement, as in

the serous and synovial membranes, and in the alveoli of

the lungs and lining of the blood-vessels. In the interior

of the body this is generally
ig Ak ^ i

Isiw 1

1ii

i

Fig. 14.—Various Kinds of Epithelial Cells.

A, Columnar cells of intestine
;
B, polyhedral cells of

conjunctiva; C, ciliated conical cells of the
C[)lincUUIll trachea ; D, ciliated cell of frog's mouth ;

E, inverted-

conical cell of trachea ;
F, squamous cell of the

cavity of mouth, seen from its broad surface ; G,

squamous cell, seen edgeways.

called endothelium (Fig. 15)

This serous membrane

often contains small open-

ings, round which the cells

are cubical. These are

called stomata., and are for

the circulation of the

lymph.

Spheroidal simple epi-

thelium is generally secret-

ing, and is found in the

liver, kidney, and other

glands.

Columnar

lines the stomach and in-

testines.

Amongst these cells are frequently found goblet cells,

which discharge mucus.

Enamel (in the teeth) is a calcified

cylindrical epithelium, and consists of hexa-

gonal flattened prisms -g-g’oo
broad.

Ciliated epithelium has been already

described.

If stratified, the epithelial cells are

as a rule flattened at the surface,

rounded in the middle, and

columnar in the deepest layers.

A very good example is in the epithelium of the cornea

(Fig. 16). This epithelium occurs in the epidermis, in the

mucous membrane, and elsewhere. The hair and nails are

examples of modified stratified epithelium containing a large

Fig. 15. — Endothe-
lium of the Mesen-
tery of Cat.

The outlines of the cnrlo*

thelial cells, and the
nucleus of the latter,

arc well shown.

Epithelium
stratified.
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amount of keratin. Ihe ridge-and-furrow or prickle cells

occur at times in the median layers, and are like cogged

Fig. i6. — From a Vertical Section
through the anterior layers of the
Cornea.

a, The stratified pavement epithelium
;

the
substantia propria, with the corneal cor*
puscles between its laraellai.

Fig. 17.—From a Vertical Section through
the Epidermis.

a , The stratum Malpighi!, or coIuiTTiar cel's : h, the
stratum granulosum. or prickle cells: c, the
stratum luciduni ; d, the stratum comeum. or
flattened cells.

wheels which fit into each other, but when stretched only

touch by the points (Fig. 17).

Sometimes, as in the bladder and ureters, the stratified

epithelium is only two or three layers deep
;
in other cases it

may consist of hundreds of layers.

Varieties.

4. CONNECTIVE TISSUE.

Connective tissue forms the framework or scaflblding

of the body, and so peivades every part, that if

all the other tissues were removed, we should

still have a complete representation of the bodily shape in

every part. It is fibrous., carti/agiuous, and osseous.

Fibrous connective tissue, like all others, is made up

of cells and intercellular substance. The cells

Hbrous. which form the tissue may be branching ;
other

rounded cells move about in it, called anueboid. Pigment

is frequently seen in the branched cells.
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The intercellular substance may be fibrillated or homo-

geneous.

The fibres may be white, forming white fibrous tissue,

Fig. 18.—Plexus of Bundles of Fibrous Tissue from the Omentum of Rat.

a, A capillary blood-vessel; b, bundles of fibrous tissue; r, the connective-tissue corpuscles

d, plasma cells.

and yielding, on boiling, gelatin. This is found in tendons,

ligaments, periosteum, and dura mater
;

in fascia and

Fig. 19 —Tendon of Mouse’s Tail.

a. Chains of tendon cells seen broadways ; b, the same in {)roiilc. (li. A. Schafer.)

aponeurosis. It often looks like watered silk, from the

wavy direction of the fibres (Figs. 18, 19, 20).

The fibres may be yellow and elastic, forming yelloia

elastic tissue, and yielding, on boiling, elastin. These have a
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great tendency to twist, branch, and curl. 'I'his tissue is

found in the ligamenta nuchae and subflava, in the spine,

Fig. 20.— From a Preparation of the Mesentery.

<7
, Bundles of fibrous tissue ; networks of clastic fibres.

in the elastic coat of the uterus, and the tissue of the lungs,

in the vocal cords, and in areolar tissue.
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Aveolar tissue is a soft meshwork. of mixed white and

yellow fibres, that forms an elastic sheathing for organs,

tissue Special
Forms.

glands, ner\-es, muscles, etc.

Some special forms of connective

remain to be noted.

Adenoid Tissue.—This is found in lymphatic glands,

and is formed of finely-branching cells forming an open

network, in the meshes of which the lymph corpuscles are

packed.

Gelatinous Tissue.—Only found in the adult, in the

vitreous humour of the eye,

and consisting of a few cells,

inclosing mucus in their meshes.

It also forms Wharton’s jelly in

the umbilical cord.

Neuroglia.—This is the

groundwork of the nerve cen-

tres, and consists of a fine

meshwork of fibres.

Adipose Tissue consists of

areolar tissue packed with cells

containing globules of oil and held in clusters by meshes

FJg. 22. — Hyaline Cartilage of

Human Trachea.

In the hyaline ground substance are seen

the cartilage cells enclosed in capsules.

of capillary blood-vessels (Fig. 21).

The function of connective tissue is mainly mechanical,

supporting the various structures where it is

found, the yellow elastic serving the purposes of

indiarubber. Adipose tissue is a reserve store

of “ body-warming ” food. It is a non-conducting covering

to the body beneath the skin, and also to the various

internal organs. It is a soft packing material, and, as

marrow, serves inside the bones as food, and as a support

to the blood-vessels and nerves there.

Cartilage forms the models of all the bones in the

foetus, and is the precursor of bone. It also

supplies a smooth surface in joints, forms tubes.
Cartilage.
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and a yielding framework when required, as in the front

of the chest. It is composed of cells, imbedded in a

large amount of intercellu-

V- lar substance, which multi-

ply by fission within the

cell-wall or capsule, which

eventually forms the inter-

cellular substance. It is

generally covered with a

membrane called perichon-

drium. It contains no

nerves, and is of the va-

rieties hyaline^ whitefibrous,

and yellow elastic cartilage

(Fig. 22).

Hyaline Cartilage

has an inter-cellular sub-

Fig. 23.— Fibro-Cartilage of an Interverte-
bral Ligament.

Showing the bundles of fibrous tissue and rows 01
cartilage cells.

stance or matrix like ground glass, which really consists of

layers of laminte like those of an onion round the
Hyaline. t

cells. It contains no

blood-vessels, and is principally

found in joints and in the costal

and nasal cartilages (Fig. 22).

White Fibrous Cartilage

has an intercellular

i^brous. substance or matrix

of white fibres ar-

ranged in layers. It is found

in the semilunar cartilages

of the knee-joint, between

the vertebra, and in tendons,

etc. (Fig. 23).

Yellow Elastic Cartilage

Yellow a matrix of yellow elastic fibres, and is found in the

Elastic, (external ear, the epiglottis and eustachian tube (Fig. 24).

I

24.—From a Section through
the Epiglottis.

a, rcrichomlrluw : f', networks of elastic

fil>rils surrounding the cinfl»ge cells.
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Bones (Fig- 25) form the framework of the body, and are

hard, tough, and elastic. They are twice as strong

as oak
;
one inch of compact bone will support

5,000 lb. weight. They are a compound of f earthy

material, principally phosphate of lime, and J animal,

principally gelatine. They contain also a little carbonate

and fluoride of lime and phosphate of magnesium. These

are so intimately blended that all the lime can be dissolved

out by weak HCl, and yet leave the bone the same shape

but flexible
;
or the gelatine can be removed by boiling with

the same result, only the bone is brittle. The animal matter

preponderates m the bones of the young, making them more

tough, and the mineral in those of the old, making them

more brittle.

Bone is of different qualities—ivory or dentine, compact

tissue, and cancellous tissue or spongy bone.

Dentine we get in the teeth, compact bone in

the shafts of the long bones, and cancellous tissue in their

ends. Cancellous tissue is like pumice stone, only the

lattice work is arranged in regular Gothic arches, so as to

support the most pressure with the least weight
;
one cubic

inch, weighing a drachm, can support 500 lbs. Flat bones

have an exterior of compact tissue and a layer of cancellous

inside.

The interior of the bones is filled w’ith marrow, except

in the air-cells of the frontal bone and some bones of the

face. Red marrow is found in cancellous tissue, and contains

large numbers of lymph corpuscles and nucleated blood

corpuscles. This marrow is probably one of the sources

of the blood corpuscles. Yellow marrow fills the shafts of

long bones.

Bones are hollow to make them lighter and stronger.

In birds they are filled with warm air, which, in the swift

swallow, fills even the small bones of the toes.

Under the microscope bone is found to consist of
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a ection under ow power.
b Longitudinal Section under high power

showing Haversian canals

Transverse Section, showing lamtn.-e, lacuna.', and canals

Fig. 25.—Sections of Bone.
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vertical bundles of concentric laminfe with fusiform spaces

between called lacuna, connected together by

tiny canals called canaliculi, inch in dia-

meter, and surrounding a central duct, called an Haversian

Fig. 26.—From a Transverse Section thiough the Tibia of Foetal Kitten.
<7, Fibrous layer of the periosteum ; ostcogenetic layer of the periosteum ; c, periosteal bone ;

tf. calcified cartilage not covered "^et by bone; below thulayer the trabecula: of calcified
cartilage covered with plates of bone—shaded darkly in the figure; r, boundary between
periosteal and endochondral bone.

canal, which branch and are connected with each other.

These average ^ inch in diameter, and carry blood-
vessels to the substance of the bone, which enter from the
surface through small lioles. In the lacunje are large

D
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branched cells called bone corpuscles, like the cornea cor-

puscles in the eye, which nourish the bone surrounding them.

Round the bundles of bone lamellae surrounding each

Haversian canal are other lamellae, binding, as it were, all

Fig. 27.—From a Longitudinal Section of Fernur of Rabbit, through the part in

which the intermediary cartilage joins the end of the shaft.

a. Intermediary cartilage; b, zone of calcified cartilage; zone, in which the calcified

beculre of cartilage become gradua’ly invested in osseous substance, shaded 14; nt m ti^

figure ; the spaces between the trabcculm contain marrow, and the capiUary N^-vesseis

are seen here to end in loops*; rf, in this zone there is more Ixme formeil; the amount

becoming greater the farther it is away from this zone.

together into the complete bone. These lamellae consist

of a reticular structure impregnated with lime sails.

Develop- bi the foetus the bone was originally mo-

BoneVrom dcllcd ill incmlmvici^m the flat bones) ox cartihipc

Memlirane.
(j,-, j].|e ]o,-,g boilCs).
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The membrane, which afterwards forms the skin

covering the bones {periosteum), consists of an external

fibrous layer and an internal layer of growing cells {osteo-

genetic). Spiculae of lime shoot inwards from these growing

cells in osteoblasts, eventually imbedding them as bone

corpuscles in lacunae. This is formed, at first, in an irregular

manner {primitive spongy bone) and afterwards by the

further deposits from the bone corpuscles, into con-

centric layers of compact bone tissue on the Haversian

system.

In cartilage the process is involved. The fcetal model

of the bone is sheathed in perichondrium,

which consists, like the membrane, of two ments°from

layers (Fig. 27)
Cartilage.^

1. From the deeper (osteogenetic) layer of cells blood-

vessels grow into the cartilage at the spot (centre of ossi-

fication) where the bone is to be first found.

2. Next, lime salts are deposited in the matrix of the

cartilage.

3. Then, above these lime salts, which form trabecute,

the cartilage cells arrange themselves in vertical rows and
deposit thin bone round the trabeculce, which are eventually

absorbed, thus making spongy bone. This occurs along the

centre of the shaft.

4. Meanwhile the osteogenetic layer round the surface

is depositing bone salts by means of its osteoblasts, and
leaving these imbedded in them as bone cells.

5. This surrounds the spongy bone in the centre, but
gradually breaks it down and forms the medullary cavity.

The bone is now formed, but it is still spongy in character
and irregular.

6. The osteoblasts continue, therefore, by forming
concentric layers, to reduce it all into the compact
bone with Haversian canals

;
and thus the process is

concluded.

u 2
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In most bone there are three centres of growth, one in

the middle and one at each end. 'I'hese form the

3one^'’°*^
shaft or diaphysis, and the two ends or two

epiphyses, and the bone continues to grow in

ength at the junction of the diaphysis with the epiphyses,

and in breadth by continuous deposits round the shaft from

the periosteum.

At various ages between t 8 and 25 these various parts

of the bone finally unite, and all growth in size ceases.

In the long bones there are generally three centres of

growth, in the vertebrae as many as eight.
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CHAPTER III.

CHEMICAL, COMPOSITION AND META-
BOLISM OF THE BODY.

I. THE PROCESS OF LIFE.

Life is a condition of incessant change dependent on the

two opposite principles of repair and decay.

One-tiventy-fourth part of the body (more or incessant

less) wastes every day, and this has to be made

good. So that we have to take ip fresh material at the rate

of about a ton a year. Life has been happily said to be a

condition of dynamic equilibrium
;

never absolutely so,

however, but ever oscillating to one side or the other. We
are never the same weight for two minutes together.

If a person could be placed upon a scale, accurately

balanced with his weight, at 6 a.m., and carry on

his day’s routine in that position, he would find aDay.*"*"’

while lying in bed the scale was very slowly

rising, as he got very gradually lighter from the slow

wasting of the tissues. When he rose to dress he would

find himself ascending in the air more quickly, the de-

struction of the body being much more rapid with any

exertion. At breakfast the scale would suddenly descend

to far below its level at 6 a.m. Then till lunch, if in active

business with brain or manual work, he would rise steadily

At lunch, the process would be repeated, and thus the daily

round would go on.

'I'he whole changes that take place in the living body

are included in the one word metabolism, which

not only includes the wear and tear of life, the

destruction or katabolism, and repair or anabolism,
of all living tissues, but the processes producing the
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manifestation of living force and energy necessary to its

storage and expenditure.

Animal force and energy are evolved by the reduction

of complex substances to simple. A complex
Source of , , . ,

Animal substancc, such as meat, is built up of a large

number of molecules like a tower of bricks.

This, of course, has required force or energy to do it. .\s

this substance is reduced to simpler bodies containing fewer

molecules, such as urea, carbonic acid, and water, the force

stored up in the meat as potential energy becomes mani-

fested and used as kinetic energy, or active life force.

The whole process of life is therefore twofold : the one

consisting in the reception, assimilation, meta-
1 wofold IT 1 ‘ r
Process of Dolism, and excretion of matter, or the vegetative

‘ functions
\
the other in the animalfunctions, or

the direction of the energy thus set free by means of the will

nerves and muscles to the purposes of life.

Food is therefore required for two great purposes.

I. To repair the tissues of the body. 2. To be

stored as potential force.

It will be evident that during the years of growth (i to 25)

repair is largely in excess of decay ; and that

Repairand therefore large quantities of food are needed for
Decay.

purpose
;
that from 25 to 50 all that has to

be maintained is the level already reached
;
while from 50

to 75 decay exceeds repair in a constantly increasing rate,

until at death decay alone remains. It is a remarkable

fact that our bodies waste and decay more quickly during

life than after death.

Now with regard to food we have to consider both

quality and quantity. It must be suitable and it

must be sufficient. To be suitable for rejiair it

must be of the same nature as that which has to

be made good. We will therefore proceed first to examine

the composition of the human body.

Suitable
Kood.
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2. THE CHEMICAL COMPOSITION OF THE BODY.

The human body contains one-fourth of all the known

elements (17 out of 67). Chief among them

in imnortance and quantity are the four non- ingEiements
^ ^ ,, 7 j of the Body.

metallic elements—oxygen, carbon, hydrogen, and

nitrogen, and the three metals calcium, sodium, and

potassium.

The following is a rough analysis of the body :
—

O-xygen ... ... ... 720

Carbon ... ... > 3 '5

Hydrogen ... ... ... . 9’0

Nitrogen ... ... ... ... ^’5

Calcium ... ... .
i ‘3

Phosphorus, sulphur ... ... ... ... i '2

Sodium, potassium, chlorine, fluorine, iron, magnesium,

silicon. Traces only of lead, copper, and aluminium "5

lOO'O

It will thus be seen that the metals form less than

2 per cent, of the whole body.

These substances do not occur often as elements, but

chiefly as compounds, which are generally of great com-

plexity. The following are the chief of these :

—

INORGANIC.

1. Water.—This forms two-thirds by weight of the

whole body. The fluids of the body contain F„„rinor-

from 8o to 99 per cent. The solids vary from
ft'-iue.uro'f

the enamel with 2 per cent., to the kidneys with theBojy.

82 per cent. Skin, hair, muscle are all three-fourths water,

bone and cartilage one-half, and fat about a cjuarlcr.

2. Gases.—These include chiefly O, H, N, and COj.

O. Oxygen. -This gas is essential to all vegetable and animal life.

It is the only element directly used in the body—to the extent of 7,000

grains daily.
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II. Hydrogen.—This gas by its combination in the body with O
forms water. It also enters into nearly every organic compound.

N. Nilrogen.—This gas is used in its free state merely as a diluent
of oxygen, though in combination it is an integral part of every living

thing. The daily quantity used in food is 300 grains.

CO,. Carbonic dioxide.—This is formed in the body by the com-
bination of O with carbon. Carbon is also a most important part of
organic compounds. 5,000 grains a day are used, and it enters into

nearly every article of food.

3 . Salts.—Chiefly chlorides of sodium and potassium,
and phosphates of calcium and sodium. Sodium chloride

(common salt) is the most important of these. It occurs

everywhere, and is absolutely necessaryfor existence.

Calcium phosphate is the most abundant salt, and forms
half of the bones.

4- Free acids.—Hydrochloric in the gastric juice.

ORG.ANIC.

These may be divided into two great classes, nitrogenous

Twentyroiir uou-nitrogenous. The first consists mainly

cSiuents of albuiiien, and its derivatives; the latter of
of the Body. carbohydrates (starches and sugar) and fats.

Fifteen
Nitrogenous J. NITROGENOUS BODIES.
Constituents.

A. Albumens.—These all contain C, O, H, N, S. They
are all amorphous colloids, insoluble in ether and

Albuminous alcohol, decomposed by acids and alkalies, and
Bodies.

heated with nitric acid and ammonia they give

orange-red precipitates.

(ci) Egg-albumen.—fl'iiis is coagulated by heat and with

ether, and is hardly soluble in nitric acid. It is found in the

white of the egg, and forms the type of the albumen in the

body, and the basis of protoplasm.
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(b) Seriim-albi/men is coagulated by heat and not with

ether, and is easily soluble with nitric acid. It is found in

the blood and lymph.

(0) Add-albumen or syntonin is formed from serum-

albumen by an acid, and is not coagulable by heat, but is

by an acid or alkali. It is largely found in muscle, and is

the product of digestion.

{d) Alkali-albumen is formed from serum-albumen by

an alkali, and is not coagulable by heat, but is by an acid or

alkali. It is a digestive product. Casein, the proteid

of milk, is a variety of alkali-albumen containing more

nitrogen.

{e) Peptones are diffusible colloids that give no precipi-

tate with acids or alkalies. They are products of digestion.

(/) Globulins.—These are albumens, insoluble in water,

but soluble in a solution of common salt. They are found

in the lens of the eye, in muscle (myosin), in serum (para-

globulin and fibrinogen) and elsewhere.

{g) Fibrin differs from all other albumen in having a

filamentous structure. It is insoluble in water, but soluble

in strong sodium solution. It coagulates with heat. It is

formed in blood after death, probably from the globulins

—

fibrinogen and paraglobulin.

B. Albuminoids.—These all contain C, O, H, N, and
mostly S as well. They’ are, like albumens,

amorphous colloids, but differ from them in

solubility, and in their reaction to heat, acid,

and alkalies.

(a) Mudn is precipatated with acids and alcohol. Is

found in mucus.

{b) Chondrin dissolves in hot water or alkalies. Is

found in cartilage.

(c) Gelatin dissolves in warm water. Is found in bone,
skin, etc.
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{d) Elastin is found in yellow elastic tissue.

(e) Keratin in the horny epidermis, nails, hair, etc. It

contains much sulphur.

(/) Hamoglobin.—In the blood. This contains iion

as well.

c. Secretions.

These include the constituents of bile (glycocholic and

taurocholic acids), bile pigments, and all the

ferments and digestive fluids of the body that
Secretions.

contain nitrogen.

D. Excretions.—These are the effete products of the

body, and include urea, uric acid, leucin,

tyrosin, etc.
Excretions.

II. NON-NITROGENOUS BODIES.

Nine Non-
nitrogenous
Constituents.

These are divided into the two great classes

of carbohydrates, and fats and oils.

A. Carbohydrates.—These bodies all contain carbon.,

and hydi'Ogen and oxygen in the proportion to

bX'dratcs.

{a) Carbohydrates with theformula

These include glycogen, found in the liver, and dextrin, a

digestive product of starch, and found in muscle. Starch

itself is not found in the body.

(b) Carbohydrate with the formula having

the addition of one molecule of water. This consists of

maltose, a product of the digestion of starch, like cane

sugar.

(c) Carbohydrate with the formula Cfffdt,', having the

addition of two molecules of water. Tliis consists of

glucose, or grape sugar, found in the liver, blood, muscles, etc.

(d) Inosite, or muscle sugar, Cf,HjoOf, + sH^O, the
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same as grape sugar, with two molecules of water of crys-

tallisation. It occurs in muscles and most other organs.

B. Fats and Oils.—These all contain carbon, hydrogen,

and oxygen, but not in the proportion to form
... I iii /- Four Fats.

water. They are soluble m ether and chloroform,

but not in water.

Palmitin and stearin are two solid fats that form three-

fourths of all the body fat.

Olein is a liquid fat that forms the rest. They are all

decomposed by alkalies into glycerin and fatty acids.

Cholesterin is a fatty substance found in bile and gall-

stones.

Besides this list there are numerous other sub-

stances, such as aromatic principles and products Boaks^'*^

of decomposition, that also exist in small

quantities.

3. GAIN AND LOSS OF THE BODY.

The body loses daily 2l Ibs. of SOlids and Expenditure.

gases, and 6 lbs. of water.

The contribute S,ooo H.jO,' and 15,000 grains COo.

The skin contributes 11,500 II.p, and 250 of solids and gases.

The kiiineys contribute 23,000 H^O, and 1,100 solids.

The intestines contribute 2,000 HoO, and 800 solids.

The body receives daily nearly ipbs. (8,000 grains)

dry food, 5pbs. water (as liquid or combined with food),

and l|lbs. oxygen gas.

It will be observed that half a pound less water is taken in than is

given out ; the balance is made by combustion in the body. Nearly all

the nitrogen taken in in 24 hours is excreted as urea.

This daily amount of waste and repair may be regarded

as income and expenditure, while the weight of the body

represents the capital (Kirkes).

Observe: the body receives a jo/rV(food), is. liquid (water), and Tsgas

(oxygen). . It excretes (urea and excreta) by intestine and kidneys,
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a liquid (water) by kidneys and skin, and a gas (carlK>nic acid) by the

lungs.

The amount of food taken represents about 3,400 foot-

to?is (tons raised one foot high) of force, and

Work.^°‘'^ of this x’oths, or 3,060 foot-tons (a force equal to

lifting a man 8^- miles) are used in maintaining

the heat of the body
;
and the remaining 340 foot-tons in the

functions of life, whether in storing force by its physiological

processes, or spending it by its nervous or mechanical

energy.

We will now consider the chemical analysis of the 8i lbs.

that are lost daily. This amount may be

Expenditure, divided into i lb. solids, lbs, gas, and 6 lbs.

water. The water and gas need no analysis.

The solids contain 4,500 grains of C, 300 grains of N, or

the general proportion of parts of C to \ of N. The
amount of hydrogen and o.xygen in the solids are of no

moment, as they can be supplied by air and water.

If these two elements could, therefore, be used as food,

the problem of diet would be solved
;

but, unfortunately,

animals cannot feed on C or N as elements, and we have,

therefore, to find that food that will supply the right quantity

with the le^st waste.

4. THE SOURCE OF ANIM.VU FOOD .

The vegetable world can obtain its food from inorganic

and simple substances. It draws the N from

Mmboilsm the soil, and the chlorophyll in the leaves causes

the water drawn up from the roots to unite with

the CO3 of the air and form starch (6CO3 -j- 5H3O =
CgMioOr,). Vegetables build uji compound organic forms

from simple inorganic, thus storing up force for animals to

unbuild and expend, I)y adding more O (or by combustion),

with the formation once more of carbonic acid and water.



Four Varieties of Food. 45

Hence the vegetable process is called atiabolic, and the

animal katabolic metabolism.

No animals can exist without the vegetable world
;

for if

they prey on one another, the animals they eat vegetable

owe their existence to vegetables. The veget- Essential to

able kingdom is therefore an essential link Ammai.

between the inorganic world and the animal kingdom.

Animals must have, as food, those compound organic

bodies that vegetables spend their lives in making.

Just as the vegetable kingdom laid up long ago stores of

coal for the work and warmth of nations, by combustion

into gas, and water, and ash, so it lays up now stores of

starch for the work and warmth of individuals, by slow

combustion also into gas, water, and ash.

Animals do not, however, dissipate at once all the energy

they get; part is used to build up the still more complex forms

of animal proteids
;
so that when these are eaten (animal

diet) they provide a still greater amount of stored-up force.

Proteids also exist in large quantities in cereals and other veget-

ables, as well as fats.

5. THE VARIETIES OF FOOD.

There are four sorts of food, agreeing with the four great

varieties of body tissue ; the mineral, mainly

salts and water; the nitrogenous or proteids; Varieties of

and the non-nitrogenous, or the carbohydrates

and the fats.

Oxygen, though essential to life for purposes of combustion, we do

not consider here strictly as food, which only includes liquids and

solids.

I. MINERALS.

Water is the most essential food of the body, and con-

stitutes more than half of it (5
8
’5). No

• ~ 1
W.aterthe

animal organism can live without it. To be Most Essen-

dried is to die, as all animal tissues must be
°

largely composed of wqter, which is continually changed
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Food
Essential
to Life.

every day
;
so that Hoppe-Seyler’s saying is true, that “ all

organisms live in running water.”

Salts of various kinds are also essential to life; most

tissues being saturated with chloride of sodium

IssentiLT (common salt). These are both (however

necessary) rather adjuncts to life than supporters

of it. There are therefore three great varieties of solid

food, from which force or energy is derived.

II. PROTEIDS.

Nitrogenous or proteid food in some form is abso-

Nitrogenous lutely essential to life, for it alone of the three

contains N, which is the basis of all living

organisms.

Nitrogen is always being lost (the final oxidation of proteids is HoO,

CO-2, and urea (CNjH^, a form of ammonia), and an animal without it

must waste, and only exists at all by feeding on itself.

It is found in the ghiten of wheat, in the albu?nen ot

eggs, in the casein of milk, as well as in meat
;
in the fibrin

of blood, the sy?iionin of muscle, the gelatin of connective

tissue, and elsewhere. It is also found in the flesh of all

other animals, fish, shell-fish, birds, etc. Proteids (with

Proteids
minerals) can sustain human life alone for a

Alone a short time ;
but it is such a wasteful diet that it

Diet. puts an enormous strain on the digestive organs

such as they cannot long sustain. Proteids contain 3^ parts

of carbon to i of nitrogen, whereas we have seen the daily

waste, and therefore the daily food requires to be in the

proportion of 15 to i. To get enough C, therefore, four

times as much meat (and N) must be consumed

Jomain one- as is iiecessary
;
enough N for the daily supply

Propordoiol- being furnished by i lb., whereas it takes 4 lbs.

Carbon.
jq fumisli the C. UHien we see that instead of

4 lbs. of meat, \ lb. fat or i lb. sugar gives the needed

amount of carbon, the advantage of a mixed diet is obvious.
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III. CARBOHYDRATES.

Carbohydrates consist of CHO, the two latter being in

the proportion to form water. They are found
Non-nitro-

in starch, sugar, flour, and most vegetables and

fruits
sustain Life.

Animals fed on carbohydrates only live a very short

time, solely by feeding on themselves for the N
;
as is proved

in their excreting less urea than even when starving.

When starving they are of course feeding on the N, but it is

more imperfectly assimilated than when other food is taken, hence more

urea is excreted.

Dogs fed on sugar and water remain healthy a week,

then get ulcers on the eyes (as Hindoos do, who live solely

on rice), and die in a month.

The essential food of life is therefore the nitrogenous., the

accessory the nonniitrogenous.

No animal can use free N (as in the air). It must be combined

with con. And none can live on proteids without minerals (salts

and water).

IV. FATS.

Fats or hydrocarbons contain also CHO, but the H is in

excess of the amount needed to form water.

The chief fats are butter, cream, lard, and

suet.

As regards their use in the body, the old division of the four foods

into flesh for/ners and body-warmers is still of value, though not accu-

rate. Flesh-formers include proteids and minerals (though these also

produce heat) ; body-warmers the starches and oils (though these also

nourish the body).

6. DIET.

The best mixed diet to supply 4,500 grs. C and 300 grs.

N daily is 2 lbs. of bread and J lb. meat
;
or any

food in the proportion of 3’- parts of non-nitro-

genous food to i part nitrogenous.

Rest Mixed
Diet.



48 Elementary Physiology for Students.

Of nitrogenous food a baby requires 30 grains per lb. Ivxly weight

daily (e.g.., if 18 lbs., 2,540 grains, or 2 pints milk). This decrea.ses down
to 15 grains per lb. body weight in old age [e.g., if 1 1 stone, 5 oz., or 6

pints of milk).

The following analysis of a few leading articles of food

Food Taiiie. show how far each constitutes a complete

diet in itself (Fig. 28).

.nitrogenous non- nitrogenous mineral
I

|:,;AUBUM Ej^sfjC'A RBOatORM-ES : :\V: ^ CCIKr7|

8^ ^ j

21 F

te

IF-?, >«ns 37 p.e.w

Pig. 23.—Diet Table, showing p.c. Composition of leading Foods. (The first line

merely shows the different markings of the leading constituents of the foods.)

The true proportion of food is i part nitrogenous to 3^

non-nitrogenous.

The table shows that milk, and theoretically, pork (owing

to the large amount of fat it contains, which, however, renders

it very hard to digest, and therefore practically useless as a

diet), both contain the right proportions of the two foods.

Milk is 9 parts water, \ albumen, J fat, and ^ sugar

;

proportions that are perfect for a complete diet.

Bread we see is deficient in N, as are rice and potatoes

to a still greater extent, while fish lias the proportions

reversed, 3 to i instead of i to 3.
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A diet requires, of course, not only to be mixed, but to

be varied in quantity according to the amount of work

done and waste produced.

It is found that on an average a man requires, in dry solids, three

ounces each of proteids and fats, lo oz. of carbohydrates,
D^ily

I of salts, besides three pints of water, or about part Weights

of his weight daily. If working very hard, the quantities
Req°°red.

may be nearly doubled ; if at perfect rest, reduced one-

third ; or in quiet life the solids amount to l lb., in ordinary work to

22 oz., in hard work to 2 lbs. The amount required also depends on

age, season and climate. Such a dietary is fairly represented by J lb.

each of bread, beefsteak, and potatoes, 2 oz. of butter, nearly a pint of

milk, and a quart of water ; or by l lb. of meat, l J lbs. of bread, f lb.

butter, and 2j quarts of water.

Before 1838 it was believed N could only be obtained from me’'t,

and that vegetables were all non-nitrogenous
;
since then it is known

that many sorts of grain contain it (as shown in the table) as albumens

of different sorts, and hence it is quite possible to live on vegetable food

only.

Suitability of food largely depends upon its digestibility

as well as upon its chemical composition. Thus
we have seen that, from one point of view, pork

and milk contain about the right proportion of

C and N, and yet the one is a most unsuitable article o

diet, the other the best we have. As a general rule the N
in vegetables is not so easily absorbed as in meat. With
regard to the proportion of undigested material in various

articles of food, it was found that of meat, eggs, bread, rice,

macaroni, the faeces contain of the amount taken, about 5

per cent.
;
of milk, peas, and potatoes, nearly 10 per cent.

;

of black bread, 15 per cent.

7. STARVATION.

In starvation we get loss of weight, loss of Loss of

, . , , ,
Weight in

heat, various symptoms, and death. Starvation.

Death, as a rule, occurs in animals when the body has lost two-fifths
of its weight.

E
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The fat nearly disappears, that in the orbit being used

up first. The blood loses three-fourths of its weight
;
the

pancreas and liver more than half
;
the muscles and stomach

about two-fifths (40 per cent.); the skin and kidneys one-third;

the bones about one-sixth, and the nervous system remains

almost unchanged in weight (losing only 2 per cent.).

The heat of the body at first fluctuates four or six degrees,

and then shortly before death (probably when
Lo^ss^of stores are exhausted) falls rapidly down to

about 30° C. at death. In starvation death is

more due to loss of heat than to loss of nutrition. This is

to be expected when we remember that nine-tenths of our

3-400 foot-tons of daily food force is used to produce heat.

Hence artificial heat will delay death some time.

Other The symptoms are hunger, thirst, pain, sleep

and^DSth, lessness, weakness, and delirium or stupor.

Death generally occurs in a little over a week after the

stoppage of all foods, liquid and solid. There is no case

known where life has been prolonged for weeks after such

stoppage. A very small quantity of food or water only will,

however, as we have lately seen in England, prolong life

considerably.
8. EXCESS OF FOOD.

Excess of food in the infant is got rid of generally by

vomiting, in the adult more generally by the

Effects of bowels. Before this takes place, however, as

much as possible has been digested and absorbed

;

and the surplus only, that cannot be dealt with, is thus got

rid of. The amount absorbed may, however, be greatly in

excess of the needs of the body or even of its storage power.

^Ve will see how each variety is dealt with.

Minerals.—Excess in salts is not often now met with.

Where it occurs intense thirst and skin eruptions of every

sort are the result (scurvy, etc.). Excess of fluid is easily

dealt with by the kidneys up to a certain extent, but, if
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continued, dilutes the blood, impoverishes the tissues, and
weakens the digestive organs.

Excess of alcohol at first paralyses various parts of the nervous
system, and by irritation of the tissues afterwards causes great over-

growth of the connective tissue, leading to many serious diseases.

Proteids.—The term “ luxus consumption,” used in

various senses in different text-books, is by some
intended to mean the direct combination in the ProTeid°*^

blood of an excess of proteids beyond what are

needed for building up the tissues
;
but the term is not of

much use, since to a certain extent this combination always

takes place. As an excess of nitrogenous diet is very common
amongst all who can afford it, it becomes a question of great

importance how it is disposed of. \{very excessive, part may
not be digested at all, and be excreted directly. That which
is peptonised, if in excess, may be still further changed by the

pancreatic juice into leucin and tyrosin, which may pass out

as urea by the kidneys. Much that is not so changed
becomes uric acid, and lays the foundation for gout, gravel,

and stone. That which can be used is stored in the blood
as serum albumen.

Carbohydrates.—These are stored in the liver as gly-

cogen, and the excess is also largely stored in

the tissues as fat. Excess can be got rid of bv c^rbo-

, , . , .

° ^ hydrate
the kidneys as sugar, and gives rise to great Excess,

dyspepsia.

Fat.— this is stored to almost any extent in the tissues,

and eventually in the muscles and various
organs, causing great degeneration of the
tissues.

It must not be supposed, however, that the body fat is

derived solely from fat food. On the contrary, it was
found in fattening a pig that 472 units of fat were stored
for every 100 units of fat given. Fat is largely formed from
carbohydrates and also from proteids.

E 2
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CHAPTER IV.

ON DIGESTION.

SECTION I.—THE CARBOHYDRATE OR
ORAL DIGESTION.

I. ON DIGESTION GENERALLY.

We will now consider how the various foods are prepared

for assimilation by the tissues. This process is

Digestion Called digestion, and consists essentially in dis-

Really is.
solvuig all articks offood as to be introduced

into the blood and thus circulated through the body. No

substance can be considered as food unless it is capable of

solution by the digestive fluids. Such substances as cork,

stones, etc., pass through the body unchanged. The one fact

essential to remember is that digesting means dissolving.

The food is introduced into the body and digested in a

special tube called the alimentary canal,

TheAiirr.ent- passes Completely through the body without
ary Canal. v •'

.

having at a?iy part any direct communication wti/i

the interior. When any communication does occur, as in

disease (typhoid fever, etc.), death ensues. 1 his tube com-

mences at the mouth and terminates at the lower parts of

the bowel, and is nearly 30 feet long.

The length of this c.'inal is dependent on the food taken. In

carnivora it is the shortest, in hcrbivora it is the longest, and in mixed

feeders intermediate.

The canal is subdivided into three parts—the mouth,

the stomach, and the intestines. Connected

with it are two large digestive glands^ the liver

and the pancreas.

Three Divi-

sions of the

Canal.
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As this tube has no direct communication with the body,

any food placed inside it is still practically outside the

body (just as a train in the Thames Tunnel is not in the

river), and the whole purpose of the digestive

process is to pass the food inside this tube s^^vafiowed

across the walls, and into the blood-vessels outsije

outside. How this is effected we will now
consider.
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We have already observed that, setting aside minerab

and liquid food that require no digestion, being

Processes of already soluble, we have carbohydrates, proteids,
Digestion.

Qbserv'e then that the mouth or

oral digestion is for carbohydrates, the stomach or

gastric digestion for proteids, and the intestinal

digestion for fats.

Amotfitt.
. HilfATmt.

k ml* T^uiralhet^

'J^onat. ^c/d C/iyn<^
Diilv Amounl-One C^rt,

J c aiiva . .

,
Cktnctt

tnttlMStareh

PeedaijtriadK
. cemj^/ete*EeJaus all feed ft/iuidaai^.ffrfekf ij6 ell lied

jSr-" J~y "rn nr
abitrl

StanhtS^SuyarS,Preteids^rinu^alti^ Uitd « ntumh^^dy tv^dl^re^^tr ^aste

Fig. 30.—Diagram of the Digestive Process.

How the process is effected in each case we will now

consider in detail.

2 . THE TWO PARTS OF ORAL DIGESTION.

The food, whether liquid or solid, all enters the body by

Digestion in the mouth at the rate of about 2 lbs. of solids and

cons^LTof two quarts of liquid per diem.

Two Parts. Two chaiiges are effected in the solid food

in the mouth. In the first place it is ground and cut up

into smaller pieces, so as to aflbrd readier access to the

digestive fluids, by mastication ;
and secondly., it is mixed

throughout with saliva, which has tlie power of changing

starches into sugar.

Cooking is also an important aid to digestion, b} rendering

the fibres more brittle, and in starchy food by
Cooking.

swelling up and bursting the coverings of the

starch grains.
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PART I.—MASTICATION.

The teeth, which are here shown, are 32 in number in

the adult and 20 in the child. The approximate

date when each tooth appears is marked in ^“xeeth.

years on the upper or permanent teeth, and in

Germs of Permanent Teeth behind.

months on the lower or milk teeth. As a rule the teeth in

the lower jaw are cut before the corresponding teeth in the
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upper jaw. It will be seen from the diagram that the twelve

extra teeth in the adult are all molars
;
room for which is

found by the greater size of the jaw. The two bicuspids

in the adult take the place of the two molars in the child.

Fig, 34.—Longitudinal Section through

the Prsemolar Tooth of Cat.

a Enamel? dcntme ; c, crusta petrosa

5

d and e, periosteum ; /, bone of alveolus

;

w, nerve or pulp cavity. (Wa’deyer, in

Strieker's Manual)

Fig. 35.—Horizontal and Vertical

Section of a Bicuspid.

At birth the germs of both the milk teeth and the per-

manent set are in the head, and at six years of age, when

the first molars of the second set have appeared, and before

any of the milk teeth are lost, all the teeth, except the

wisdom teeth, are in the head, 48 in number.
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Dentine.

A tooth consists of the crown, or the visible part
3
the

fang or fangs, or the part buried in the socket

(alveolus) of the jaw
3
and the neck that unites

the two. The main part of the tooth, both crown

and fang, is made of den-

tine or ivo?y, hol-

lowed in the centre,

somewhat in the shape of the

tooth, and forming the pulp

cavity in which are situated

the blood-vessels and nerves

of the tooth. These enter

through a small opening at

the end of the root or fang.

The dentine is one-fourth

animal matter and three-fourths

mineral, the one being gela-

tine, the other mainly phos-

phate of lime. It contains a

number of minute tubules,

many of which communicate

with the pulp cavity. On the

crown the dentine is covered

by a cap of a por-

celain-like material

called enamel. It is the

hardest substance in the body,

and only contains about 2 per

cent, of animal matter. It is a

calcified columnar epithelium,

and is composed of hexagonal

rods or fibres, and presents in transverse section, under the

microscope, somewhat the appearance of a honeycomb,

d’he enamel is thickest at the top of the tooth, and gets

thinner towards the neck. It is itself covered by a horny

Enamel.

Fig. 36.—From a Section through a
Canine Tooth of Man.

a, Cru§ta petrosa, with large bone cor-
puscles

;
d, intcrglobular substance

; c, den-
tinal tubules. (Waldeyer, In Strieker’s
Manual.

)
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layer, called Nasmytlis membrane, which protects the enamel

against the action of acids.

In the root or fang the dentine is covered with crusta

petrosa, or common bone
;
thickest at the end,

Petrosa. I'ke the enamel, thinning towards the

neck.

Development of Teeth .—In the seventh week of fcetal life, the epi-

thelium along the border of the jaw thickens, while a deep ingrowth (of

malpighian layer) of epithelium takes place along the median line

(primitive dental groove of Goodsir) : this is the common enamel germ.

Fig. yj ,—Enamel Rods. longitudinal
;
B, in section.

From this, ten deeper ingrowths of epithelium descend into the meso-

{special enamel germs). The bases of these enlarge, then become

oval, and at the fourth month a papilla, from the mesoblast beneath,

pushes each one up in the centre so as to make the base crescent-shaped,

with horns downwards. The epithelium of the germ is columnar and in

two layers ;
between these are developed round thin stellate cells wth

albuminous fluid. The lower layer grows up and absorbs this, and

forms rod-like' cells (enamel rods), while the upper layer flattens

(squamous) and becomes Nasmyth’s membrane. Thus the crown of the

tooth is formed of a Turk’s cap of enamel externally, and dentine (meso-

blast) internally. This contracts to form the cervix, and its surface

dilTerentiates into osteoblasts, the interior (pulp cavity) remaining soft.

The dentine then lengthens to form the fang. The osteoblasts (j-^V-n

)

form tubules in dentine round which the pulp calcifies, and into which

the processes of the cells extend. The pulp in the cavity is unchanged

mesoblast, with vessels, lymphatics, and nerves. As the tooth is pushed
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up, the neck is broken off, and left behind to form the germs of per-

manent teeth, and called cavities of resa~ve. The tooth lies in a dental

sac of thickened mesoblast in two layers, vascular and fibrous. The

sLx extra teeth are formed like the others in posterior cavities of reserve.

The permanent teeth as they grow up absorb all the dentine of the

milk set, leaving only the enamel cap to fall off.

The decay of the teeth is thus easily explained. At the surface

of the crown the horny membrane^ disappears by the

grinding of mastication ; and any food lodging and Xeedu°
decomposing in the furrows here, or any acids formed in

the mouth, can eat through the enamel ol the molars till the dentine is

reached, when the progress is more rapid. In the same way at the

neck of the tooth, if food is allowed to lodge, acids are formed which

produce decay easily, the enamel being here so thin. If a hard brush

or gritty powder is used to the teeth, the protective membrane is injured,

and the tooth rendered still more liable to decay.

Teeth are of three principal shapes : the incisors or

chisel shaped, for cutting the food
;
the canine

or pointed, for tearing
;

and the molars., for

grinding. This variety is evidently intended to

deal with a mixed diet. The condyles or the pivots of the

lower jaw are also arranged for the same end.

Fig. 38.—Di.agram of Condyles, Transverse, Antero posterior, Circular, and Oblique.

In the carnivora, where the teeth are mainly for

tearing and the jaw only moves up and down,
the condyles are as shown

—

transverse. In the m'e'nt'’ff the

rodentia, where the teeth are for cutting, the con-

dyle is antero-posterior, allowing of backwards-and-forwards

movement of the jaw. In the ruminants, where the teeth

are mainly for grinding, the condyle is circular, allowing of

a rotatory motion
;
while in man it is oblique and partly
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Nerve
Actiofi.

circular., allowing of a combination of all tliese different

motions. The lower jaw has a double jowl, a pad of fibro-

cartilage being interposed for the double ofjject of deadening

the sound (the jaw being close by the ear) and of diminish-

ing the risk of dislocation, while allowing of the freest

movement. When the jaw is open, the lower teeth are in

advance of the upper
;
when shut, the upper are in advance

of the lower.

The action of mastication, like so many others in the

body, is partly reflex and partly voluntary, the

centre for the former acts being (as usual) in

the medulla
;
the latter being, of ^course, situated

in the cortex. The process of mastication consists in a

combination of tearing, cutting, and grinding the food into

a pulp by means of the teeth, assisted by the tongue and

the rotatory movement of the jaw.

PART II.—THE DIGESTION OF STARCH.

The second part of the process of mouth digestion is

that of insalivation of the food, by which means

it is all uniformly moistened, which alone enables

dry food (such as biscuits) to be eaten at all, and by which

the starchy food is changed into sugar.

THE SALIVA.

Saliva is a transparent, water)', slightly viscid, alkaline

Ccnposition A^id, with a specific gi-avity of 1005 and of the

of Saliva. following compositioii ;

—

Water 995

.Solids

—

Ptyaliii ... '...

Proleids (albumen, globulin, mucin)

Salts (principally phosphates and chlorides,

with sulpho-cyanate of potassium)

I

*2

*2

100*0
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Only
2-
Joth part is therefore solids, of which half are

salts.

It is secreted at the rate of about a quart a day ; one-

third being secreted during and for mastication, and two-

thirds at other times.

Mechanically it dissolves any soluble portion of the

food, moistens the rest, and by means of the

mucin lubricates it and renders it easy of saHy^

deglutition. Its chief action, however, is chem-

ical, and is due to the minute amount of ptyalin it contains.

Ptyalin (discovered in 1831) is one of a large number
of bodies known as ferments

; which, by their
, j • , , .

Ptyahn.
presence alone, and without undergoing any

change themselves, enable changes to take place (generally

in the form of the addition or subtraction of a molecule

of water) in the substance acted upon.

Thus Starch CkIIi^Os -t- H20=Sugar

Although, therefore, only a trace of ptyalin is found in

saliva, it never gets used up or loses its power, but is capalile

of acting upon any amount of material. It is an un-

organised ferment (like the diastase in barley)
;
yeast is an

organised ferment. The action of these ferments is generally

retarded or prevented by cold, while heat above 140° F.

generally destroys them.

The process by which ptyalin converts

starch into maltose (sugar) is one of several

steps.

Starch grains consist of two parts : a covering of
cellulose on which ptyalin cannot act, and which does not
colour with iodine

;
and contents o{ grauulose or true starch,

which colours blue with iodine. Saliva cannot therefore

digest unboiled starch

;

hence the great necessity of boiling
all starchy foods sufficiently to burst the covering and set

the granulose free.
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Experiments.

If to

Dextrin.

If to a little warm boiled starch iodine l>e

added, a blue colour is obtained,

some more a little saliva be added, the starch

becomes soon perceptibly thinner and clearer.

If after a short time a little be tested with iodine,

a red colour is obtained, showing the presence of dexlrtn,

an intermediate product between starch and sugar.

If it be left longer till the process is complete, and then

tested, it gives no colour, being all maltose, a

sugar nearer to cane than to milk sugar.Maltose.

Maltose is CioILnaOu + H.O ;
sucrose (cane sugar) C,;H2,,0u ;

glucose (grape sugar) CeHi-, 0^. That is to say, the molecule of water

of crystallisation in maltose is combined in glucose.

But if this digested starch be tested for sugar it is at

once found in large quantities.

Sugar rw/r.—The tests for sugar depend on the power

Tests for
j[ jg reduce cupric to cuprous salts by throwing down

a precipitate of red sub-o.xide of copper.

Trommer's test consists in a drop or two of solution ol copper

sulphate added to the fluid, followed by a table-spoonful or two ot

a solution of caustic potash. When the mixture is boiled the red sub-

oxide of copper is thrown down if there be sugar present.

Fehling’s solution, which is a solution of potassic-tartrate of copper,

acts in the .same way.
. .

If boiled starch be tested in this manner no precipitate is found ;

but if a little saliva or ptyalin be added first, abundant sugar is soon

shown by this test.

The action of saliva is assisted by (i) moderate heat.

Action of (2) neutral or slightly alkaline medium, (3)

Saliva.^ removal of the digested product—sugar.

It is /rWerf by (i) cold (and destroyed by high tem-

perature) ) (2) acids or strong alkalies
; (3) presence of much

sugar.

Observe here that the mouth digestion is neutral, the stomach

digestion acid, and the intestinal digestion (pancreatic) alkalwc.
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Saliva has no action on proteids or fats, or on sugar,

gum, etc. The saliva has no digestive power before the

sixth month, hence flour foods cannot then be digested.

THE SALIVARY GLANDS.

The saliva is formed in three pairs of glands.

One pair, the parotid glands, are situated in the cheeks,

and open into the mouth by a small duct xhe Parotid

(Steno’s) at the back of the second molar tooth Glands,

on each side. These glands secrete a clear limpid saliva

free from mucin.

^ 39* Prom a Section through a Serous or True Salivary Gland
J part of the

Human Submaxillary.
a. The gland alveoli, lined with the albuminous “salivary cells;” b, intralobular duct cut

transversely.

The other two pairs are the sublingual and the sub-
maxillary. The former are beneath the tongue, Suhiinguai

and the latter are further back in the floor of the ^"Iniary
mouth, and open with the former by common Glands,

ducts (Wharton’s). The saliva from these is more viscid,
and contains much mucin.
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In animals this is sometimes of great value, as in the great anteater,

which has enormous submaxillary glands (the parotid remaining the

same size), for lubricating its long tongue with the viscid secretion by

which it catches its food.

The parotid secretion is most watery, and has less digestive power,

and is principally for diluting and mixing.

The submaxillary secretion is most active in digestion of starch.

The sublingual secretion is most viscid, and is for coating and

lubricating the food.

Fia 4o.-From a Section through the Orbital (mucous) Gland of Dog.

® Quiescent state.

.he alveoU are lined with

Besides these three pairs there are many smaller glands

in the mouth called buccal, that also secrete fluid.

The salivary are compound racemose (or grape-like) glands.

The duct divides and subdivides till the small

Structure branches end in bunches of rounded spaces
of Glands.

jncli iu diameter), like grapes, lined with

cells regularly’arranged like the spokes of a wheel around

the space in the centre.
, „ , n

In true salivary glands, as in the parotid, all these cells

are granular. During secretion the cells get gradually
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clearer at the outer edges, the granular contents being less,

and concentrated near the centre.

In mixed salivary and mucin glands, as in the sub-

maxillary, the mucus cells are bright and clear, and
there are in addition dark semilunar cells round the

edges.

It seems probable that during activity the mucus cell breaks up and
one of the semilunar marginal cells takes its place.

Fig. 41.— Acini of Serous Gland.
A, At rest; B. first stage of secretion; c, prolonged secretion. (Langley.)

The saliva is not a transudation from the blood, but a
true secretion. It is continued after the head is

cut off; it is I r?/- 2 degrees hotter than the blood, fecredon™^
showing chemical action

;
and is not dependent

in quantity solely on the supply of blood. It is secreted by
reflex nervous influence.

Irritation of the chorda tytnpani (a branch
of the facial nerve) produces copious watery
saliva and an increased supply of blood.

It probably contains two sets of fibres, one to the blood-vessels
the other to the gland cells. If one of these sets be paralysed by
atropine (belladonna always makes a dry mouth, and atropine is the
alkaloid), there is a supply of blood but no saliva.

Irritation of the sympathetic produces a flow of viscid
F
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saliva (though it stops the l)lood supply by chemical action

of the cells) and discharge of mucin. This diagram easily

explains the reflex action. If both nerve supplies be cut

off, as in paralysis, the saliva is secreted copiously and

42 -Subrnn-villary and Sublingual Glands and their Ker%e Supply.

F. Fadd°;crv;; r. Gasserian fnerve; cl.
duct

"^ giand : R. duct of sublingual

g“an3rryi"jrgS veinT’ a" carotid artery fsgc, superior cervical ganglion : A. sympatheuc

hlanicnt.

continuously (paralytic secretion), as is seen in paralytics

who frequently dribble like infants. It is excited

STuenVe'’“^ by any stimulus in the mouth, by the scent or

Secretion.
^^lought of food, and by other actions, such as

vomiting or mastication.

I'he" flow is checked by nervous influences, such as

terror.
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The ordeal of rice, practised on suspected murderers in India, is

based on this fact. If the man can swallow the dry rice (which is very

possible by the aid of saliva), he is pronounced innocent ;
if he cannot

(the flow of saliva being checked by fear), he is pronounced guilty.

NasaJ
Passages

Palate

Ton^e

Larynx

Salivary
Glands

Windpipe

Gullet

F'g. 43.—Section of Mouth, Nose, Throat, and Laryn.v.

Vertebra
Neck

It is also inhibited by certain drugs, such as tannic acid;
and is excited by other drugs, such as pellitory root.

Hence, sipping tea at meals checks the digestive process here, and
also in the stomach.

The flow of the parotid gland (from its position) is

specially influenced by the act of mastication.

F 2
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3. THE PHARYNX.

The throat or pharynx is divided from the mouth proper

by the two to7isils at the sides and the softpalate

Phari-nx
above, that hangs down like a curtain witli a

prolongation called the tivula in the middle.

The tonsils are masses of lymphatic tissue like Peyers

patches in the intestine. They contain numerous

The Tonsils, crypts (some ten or twelve in each), at the

bottom of which glands open that secrete a

tenacious mucus, which coats the bolus of food as it passes

between them.

The researches of Metschnikoff and others lead us to think that

they, in common with Peyer’s patches in the intestine, may be Ae seat

of active combats between invading bacteria and the defending

leucocytes

The pharynx is a narrow, lofty (as compared with the

mouth) chamber containing seven openings.

In front above are the two nares ; and below, the

mouth ; at the sides, the two Eustachian tubes

leading to the ears; and in the floor in front, the

larynx and windpipe ;
and behind, the (esophagus or gullet

The whole upper part of the pharynx is lined with

The Seven
Openings
into the

Pharynx.

columnar ciliated epithelium.

4. THE (ESOPHAGUS.

The oesophagus or gullet is the narrowest and strongest

part of the alimentary canal. It is a tube nine

The inches long, reaching from the throat to the

(Esophagus.
consists (ill common with nearly

all the tubes of the body) of four coats, an outer fibrous on^

a middle muscular one, a submucous coat, and

The Four an inner mucous membrane.

The fibrous coat is loose and imi>erfect.

The muscular coat is in two layers, the outer longitudinal.
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the inner circular. Between the two coats here and throughout

the tube is a plexus of nerves (Auerbach’s), that everywhere

is believed to govern the peristaltic movement of the

muscles. The submucous coat consists of connective

tissue and numerous glands. It is divided from the inner

coat by a band of longitudinal muscle fibres called the

mucous muscular layer, and by a second plexus of nerves which

also runs through the intestine (Meissner’s), and is supposed

to govern the processes of secretion and absorption. The

muscles, except jnst in the upper part, are all unstriped,

and are involuntary. The inner coat, or mucous membrane,

consists of fibrous tissue lined with several layers of

squamous epithelium, which is thrown into longitudinal folds

when not in use. The numerous mucous glands which

exist in the submucous coat open on the surface of the

mucous membrane.

5. DEGLUTITION.

Deglutition has been generally divided into three acts

;

I, carrying the food to the back of the mouth
\ 2, across the

pharynx
; 3, down the gullet. The first of these

acts is voluntary, the other two are not. The
whole passage of the food from the mouth to the stomach
takes six seconds.

The food, formed into a long oval bolus, is carried to

the back of the tongue, the lips are closed, and
the tongue is pushed back and arched so as to

close the entrance to the mouth.

At the same time the soft palate is raised horizontally

backwards, and, meeting the sides of the pharynx, completely
prevents any passage of the food upwards into the walls or

Eustachian tubes.

When the soft palate is deficient the food often passes upwards
into the nose.
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Five of the openings are thus closed, and the first cut is

completed.

To carry the food across from the tongue to the gullet,

the opening of the larynx between must be completely

closed, not only to solids but liquids. This is

Second Act . effected in a threefold manner:— ist, the move-

ment of the tongue backward closes the epi-

glottis tightly down over the mouth of the larynx
;
2nd, the

vocal cords contract and fit closely together below
;

3rd, the

whole larynx is drawn upward and forward by muscles,

under cover of the back of the tongue. The food thus

passes downwards on the sloping floor formed by the

epiglottis into the gullet behind, and this completes the

second act.

The passage of the food, liquid or solid, do^vn the

gullet is never by gravity., but is always a muscular act,

excited by the food stretching the tube. The

Third Act .
peculiar motion of smooth muscle fibre is called

peristaltic, and is in a succession of waves,

spreading from above downwards; thus gradually pushing

the food either downhill or, as in horses drinking, uphill

into the stomach. This completes the third act of degluti-

tion and the first great section of the digestive process.
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CHAPTER V

SECTION II.-THE PROTEID OR GASTRIC
DIGESTION.

I . THE STOMACH.

The stomach is a bag about ten inches long, four broad,

and four deep—but varying greatly in size ac-

cording to the food it contains—lying trans-

versely across the body from left to right, behind described,

and below the end of the sternum. It is sepa-

rated from the lungs and heart in the thorax above by the

Fij?, 44.—The Stomach and Duodenum.

diaphragm; but the heart especially may, when it is distended,

be almost said to rest upon it.

The general shape of the human stomach is similar to the “bag”
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in the bagjnpes, which is formed from that of a cow. The proximity of

the heart to the stomach explains the phenomena of

palpitation in cases of stomach distension, and is well

illustrated by the case of a man who died from a thorn

he, had swallowed into his stomach penetrating into the

heart.

stomach is simply a distension of the general

intestinal canal for a special purpose.

Ruminants have altogether four stomachs for the long

process of digesting raw vegetable food. Birds, being

destitute of teeth, have stomachs with surfaces so hard

that they grind the food there, instead of in the mouth.

These are called gizzards.

The gullet enters at the upper surface of the stomach,

about three inches from the left or cardiac end. The

opening into the bowel called the pylorus is at

Openings the extreme right end. The lower sweep from

Stomach. the gullet round to the pylorus is called the

grea/er airvature, while the upper sweep above

is called the lesser curvature.

Like all other parts of the digestive canal, the stomach

has four coats. The outer one in this case is formed of a

fine serous membrane, that everywhere invests

The Walls the Organ of the abdomen called the peritoneum.

Stomach. The second coat is muscular, and consists of

different layers arranged in at least three ways,

between which we find AuerbacEs plexus of nerves. The

outer layers are longitudinal. The circular are next, and

are thickest at’ the pyloric end ;
while the oblique (which

are a continuation of the circular fibres of the gullet)

principally encircle the cardiac end, and form a sort of

sphincter round the opening of the oesophagus. The third

is the submucous coat of loose connective tissues. Then we

get the mucous muscular layer, consisting here of both

circular and longitudinal fibres, with the second nerve plexus

{Meissner's)
;
and, lastly, the mucous membrane, which is of

The Heart
and
Stomach.

The

Stomach a
part of
Alimentary
Canal.
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considerable thickness, and, like the oesophagus, when not

distended is thrown into numerous longitudinal ruga or

folds.

The mucous membrane is lined with a single layer of

columnar cells that secrete mucus, and which form a
marked contrast to the flat squamous cells of

the gullet. It is closely covered everywhere
with pits or alveoli leading to glands.



74 Elementaky Physiology eok Students.

The Cardiac
Glands.

2. THE GLANDS OK THE STOMACH.

These pits and glands are of two varieties.

Those at the pyloric or right end of the stomach have

long, broad alveoli, with short branched glands at the bottom,

two or three opening

GUnds'°”'^ into one alveolus or

pit. They are lined

with a single layer of finely

granular cells, the alveolus being

lined with the single columnar

layer of the stomach.

The alveoli at the

cardiac or left end

are much shorter and

smaller, and are lined with

columnar epithelium.

Into their bases open one

or two fine tubular glands

about 3^ inch in diameter

and from irV i^ich in

length. They have very con-

stricted orifices, and are lined

by two kinds of cells. The

central cells are small, columnar

Fie. 46.--From a Vertical Section and granular.
through the Mucous Membrane at

j 7 rM.e
the Pyloric End of the Stomach. TllG pclTlCtCll CCllS OUlgC OUt

the walls of the tubular, and
’"’""’U^cularismucos.-e.

lated cells, with large bright nucleus.

The pyloric are also called mucous glands
;
their chief

work being to secrete mucin or mucus from

Pyloric”'
*^he cells that line the deep alveolus. They

Glands. sccrete a small amount of pepsin from the

gland itself.
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When one of these cells either here or elsewhere in the alimentary

canal has discharged its contents, it shrivels up at the base and assumes

a goblet shape, hence such cells are called goblet cells.

The cardiac glands are called peptic because their chief

work is to make pepsin, which is done by the central cells,

while the parietal layers have the power of

forming hydrochloric acid from the salt (NaCU) cardiac

in the blood. After prolonged work the cells

become clearer from without inwards, like the cells of the

salivary glands.

3. THE GASTRIC JUICE.

Digestion in the stomach, as in the mouth, consists of

two processes : the one, solution of the

proteid or meat foods by the digestive fluids
; «^s°es^in°’the

the other, the constant movement of the food,
stomach,

which corresponds to mastication.

The gastric juice is the digestive fluid of the stomach,

and is produced by the glands we have already

considered, at the rate of about 2 gallons daily. of’crsTric™

It is a clear colourless fluid of sour taste and

odour, with a sp. gr. of 1001. It has the following com-

position.

Water 99'3

Pepsin •3

IICI (free) *2

Salts, Chloride and phosph. •2

100*0

The amount of HCl may be reduced to only one-tenth of this

quantity.

The human gastric juice has been obtained pure during life by Dr.
Beaumont from a man named .St. Martin, through a fistula

caused by a gunshot wound in the stomach; and by beenob-'^^

Schmidt from a woman who also had a fistula. The laintd.

mucous membrane was induced to act by the introduction of a few hard
pea', and the fluid drawn off pure through a tube.
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Process
Detailed.

Parapep-
tone.

The chief function of the gastric juice is to convert

insoluble proteids, which at first coagu-

rhe"Gast"rk late, iuto soluble peptones, that can pass

Juice.
easily across the wall of the canal. It is

essentially an acid digestive, and cannot act in a neutral or

alkaline medium. It acts like saliva, by means of a ferment

called pepsin. The action on proteids is in at least two

steps.

If a little hydrochloric acid be added to a little diluted

white of egg at about blood heat, acid albumen

or syntonin is formed, which is all precipitable

by boiling and neutralising.

If, however, gastric juice be added to warm white of

egg solution, or pepsin to the acid mixture, it is

found after a time that only a part is precipitated

by boiling
;
the rest is the fluid peptone. Part

of the precipitated albumen is syntonin, and the rest is a

substance like it, called parapeptone.

These parapeptones are also called albuinoses. They are never

found in the body save in disease. Injected into the blood they are

active poisons. In health they are probably absorbed and destroyed in

the liver. Their presence in disease may be one cause of fever.

Peptone is albumen dissolved by adding to it a molecule

of water (like starch), by the power of the

Peptone. ,

ferment.

It is characterised by

—

I. Not coagulating with heat.

By being precipitated with tannic acid.

By diffusing freely across animal membrane.

By not being precipitated by nitric acid.

]3y giving a pink reaction with cupric sulphate

and caustic potash, the “ peptone or biuret” reaction.

The ferment is not destroyed by its action, but it is

destroyed by boiling.

2 .

3 -

4 -

5 -
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Its action is aided by— Conditions

1. Blood heat. ’"'.u
, nuence the

2. An acid medium, and hydrochloric acid Ferment
. Action.

IS best.

3. The removal of the peptones as digested.

4. Fine subdivision of the proteids.

It is retarded by contrary conditions.

After use the gastric juice is absorbed.

Gastric juice also contains a milk-curdling ferment (rennet), most

abundant in infants. One part of rennet can precipitate 800,000 of

casein.

4. OSMOSIS, COLLOIDS AND CRYSTALLOIDS.

Before leaving this part of digestion we will consider

in what way peptones are enabled thus to pass across animal

membrane.

Filtration is when a fluid passes out (through

a membrane) under pressure. m,doImosis.

Osmosis is when two fluids, one on either side

of a membrane, interchange
;
one passing in, the other out.

This can only take place between fluids that will mix, like

wine and water. It cannot take place between oil and
water.

If more fluid passes in than out, as when an alkali

solution is inside and water out, it is called

positive osmosis

;

but if more passes out than in, N°egative^"‘*

as when an acid solution is inside and water out,

it is called negative osmosis.

Colloids are gum-like bodies that will not crystal-

lise, with large molecules. They will not trans-

ude through membranes, or only very slowly.
Described

They include all starches and all proteids. Pep-
tones are the only colloids that transude freely.
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Crystalloids are bodies that crystallise easily and

transude readily, and include all sugars and

D^scrfbed!' salts. Hsemoglobiii is the principal crystal-

loid substance that will not transude.

In digestion a sort of circulation is kept up between the

blood and the food. Positive osmosis sets in

^'Digestion ^rst, and the digestive fluids and mucus are

poured into the canal ;
then, as the food becomes

crystalloid or capable of ready transudation, negative

osmosis sets in, and the digested products pass rapidly into

the blood.

After absorption the peptones are believed to be

reconverted into * albumen (probably serum

^on'intr’ albumen), or else they would speedily diffuse

Albumen. blood-vessels again.

Besides pepsin, the gastric juice contains a special

Curdling ferment for the curdling of milk (very abundant

gTsTh^

"

" in calves and called retmet). Gastric juice has

Juice. j^Q action on starch
;

it slowly, changes cane

(sucrose) into grape sugar (glucose), probably by the mucus

it contains j
it dissolves the albuminous coverings of fat, and

thus forms it into oil. It is strongly antiseptic.

Closer investigations show that what the glands actually secrete is a

substance that forms pepsin when mixed with hydrochloric acid, called

pepsinogen. It is also found that the peptones produced are of two

varieties: one called antipeptone, which is unchanged afterwards

by the pancreatic juice ;
the other called hemipcptone, which is split

up into leucin and tyrosin. It is also found that a poisonous alkaloid

is formed in the peptones as an ordinary product of gastnc digestion.

5. PROCESS OF GASTRIC DIGESTION.

We will now consider the second part of digestion—

The Second that is, by movement—and in so doing will

WgUion. review the whole process.
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Before the food comes into the stomach,from its presence

in the mouth, or even from its smell and anticipa-

tion, the empty stomach, pale and nearly dry. Gastric

is affected by the reflex action of the sympathetic

and pneumogastric nerves, and begins to blush rosy red, or

the capillaries become distended with blood. Very soon

drops begin to ooze out from the honeycombed surface all

over, and before long a little pool of clear gastric juice is

collected. The softened food, thoroughly mixed

throughout with saliva (the action of which still the Food,

continues to some extent in the stomach), enters

at the cardiac end, and immediately the movement of the

stomach begins, while more gastric juice is

poured forth. The cardiac entrance is tightly Moments,
closed, as well as the pyloric valve, and the

muscular walls contract on the contents, and a peristaltic

or spiral wave of motion begins, getting more rapid as

digestion goes on. The effect of this is to propel the food

rapidly from left to right along the side, while it returns in

a current along the middle.

Every part of the food is thus thoroughly vaiueofthese

exposed to the action of the gastric juice. Movements.

The value of this part of the digestive process is seen by experiment.
A piece of boiled salt beef took ten hours digesting artificially with
gastric juice

; part of the same piece only took two inside the stomach.

The length of the digestive process varies with the food
taken. It averages four hours. Easily digested

articles, such as tripe, take one hour
;
pork takes

five or six. Digestion.

The semifluid contents of the stomach during digestion
become more and more acid, and it is believed

this relaxes the pyloric valve, hitherto tightly ih^PyiOTfc

closed, so that at first the non-liquid parts and
the whole contents of the stomach pass through into the
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duodenum, and the second great section of the digestive

process is completed.

Why the
Stomach
does not
Digest itself.

6. SELF-DIGESTION OF THE STOMACH.

One question of interest is why the stomach does not

digest itself, seeing its walls are formed of pro-

teids. The best answer that has been given is

based on the circulation of the blood in its

walls.

The blood first of all supplies the digestive glands, then

takes from it HCl, leaving the soda in the blood, which

is thus abnormally alkaline as it passes into the

the Blood
surfacc Capillaries of the mucous membrane, and

it is believed that this alkalinity of the blood

circulation acts as a special protection against the digestive

power of the gastric juice.

After sudden death, if the stomach contains gastric juice at the

time, the stomach is frequently found partly or wholly digested, and

sometimes parts of the neighbouring organs as well. The principal

objection to the foregoing theory is that the p.ancreatic juice that acts

on proteids also is intensely alkaline ;
the walls of the intestines have

thus no protection against this fluid from the blood, and yet they are

not digested. The old theory of the vital power of living cells to resist

destruction still remains as an alternative.

The abnormal contents of the stomach are sometimes very remark-

able, as showing what it can receive without apparent injury. In the

stomach of a lunatic after death was found a mass weighing

Stomal' 2i Ibs., consisting of thirty-one entire spoon-handles,

Contents. fiyg inches long, four half-handles, nine nails, half

an iron shoe-heel, a screw, a button, and four pebbles (Treves).

Amongst the objects that have passed through the pylorus and the

entire intestines without doing injury are a metal pencil-case 4J inches

long, ten ounces of garden nails, fragments of crockery-ware, a fork, a

door-key, and a set of artificial teeth. Needles and other sharp sub-

stances swallowed travel through the walls and appear under the

skin in various parts—one (reported in the Lamct) in the middle

of the thigh.
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7. VOMITING.

The action of vomiting' very much resembles, in its

first movements, that of whooping-cough. A deep inspira-

tion is first taken. The glottis, or vocal cords, are

then closed, and the abdominal muscles contract;
of vomufng

but in this case, instead of the diaphragm con-

tracting and bursting open the vocal cords, it remains fixed
and they remain closed. The cardiac orifice of the stomach
relaxes, the muscles and stomach contract still more violently,

and its whole contents are forcibly expelled up the oeso-

phagus.

Vomiting is caused by any irritant to the stomach, or
often elsewhere, as in hernia. Also by certain conditions of
brain, as in sea-sickness

;
the centre for vomiting

being situated (as usual) in the medulla. Some
vomTting^

can vomit voluntarily, and a few have the habit
^

of partly regurgitating the food at will and ruminating like

cattle.

1 he sensation of hunger is generally referred to the
stomach, that of thirst to the throat

;
but both depend on

the state of the body cells generally
; only the

nerves that supply those parts are probably more xhirf"
sensitive to the condition of the blood than
elsewhere.

In the same way breathlessness from antemia, though clearly
dependent on the state of the blood, is always referred to tlie lungs.

G
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CHAPTER VI.

SECTION III.—THE FAT OR INTESTINAL
DIGESTION.

I. THE INTESTINES.

The intestinal part of the alimentary tube in man is

twenty-seven feet long, the small mtestine being twenty-one,

the large six.

Length of
jjg different animals is dependent on the

ntestines.

take. It is shortest in carnivora, as in the d^,

where digestion is quickest, and longest in the herbivora. where digestion

^y.—Contenls of the Alxlomcn.

is slowest, as in the sheep, where it is about thirty times tlm length of

the body, as against ten limes the length in man (measured from the

vertex to the buttock).
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The
Duodenum.

The small intestine is a tube about one inch in

diameter, commencing at the pyloric valve, and forming a

convoluted mass in the centre of the abdomen,

and terminating at the ileo-ccecal valve, where it
liJtLthie'

enters the large intestine or colon, a little above

the right groin. It is divided into three parts. First,

next the stomach, the duodenum, the shortest and widest,

so called because it is the length of the breadth

of t-ivelve fingers (about one foot long). This

curves like a horse-shoe round the head of a

digestive gland called the pancreas. Next, the jejunum,
about eight feet long, so called because after

death it is generally empty; and, lastly, the ileum, Jejunum

about twelve feet long.

The colon, or large intestine, is about two inches in

diameter, and may also be divided into three parts—the

ascending, transverse, and descending. The first

part runs straight up the right side to the lower-

border of the ribs, the second across from right to left, and
the third from the left ribs to the termination of the canal.

As it descends it bends into a large double curve
like an S, called the sigmoid flexure, and from FkxuJfand

thence becomes straight (called the rectum),

ending at the anus.

The intestinal valves are five in number. The pylorus
is a strong muscular ring that can close completely. The
tleo-ccEcal valve, where the ileum joins the colon,

has two flaps that allow passage into the large

intestine, but none backwards. The third is a
circular muscular constriction at the commencement of the
rectum that prevents the entrance of the intestinal contents
into it, except at times. The fourth is the internal sphincter,

and the fifth the external sphincter of the anus, at the
termination of the canal, both being firm muscular rings.

The latter has striped muscle fibre,

o 2
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The four

Coats.

The Mucous
Membrane.

2. THE CO.\TS OF THE INTESTINE.

The intestine throughout consists of four coats. The
outer, serous is formed of peritoneum

;
the second^ of muscle,

is in two layers, the outer longitudinal, the inner

circular, with Auerbach's plexus between. This

coat is arranged in a peculiar manner in the

large intestine, where it is gathered up in three bands that

are considerably shorter than the

bowel, and gather it up in trans-

verse folds along its whole length.

The circular fibres throughout

are thick and strong.

The third is the sub-

mucous coat of loose

connective tissue, with Meissner’s

plexus of nerves. Then we get the

mucous muscular (longitudinal)

layer, and lastly we reach the

thick mucous membrane.

The first point we notice is that

it is raised in sharp,

transverse folds, called

valvulae conniventes,

that do not disappear when the canal

Fig. 48.-From a Vertical Sec- is Stretched. They extend in cres-

don through the Mucous fonii tWO-thirds of the Way
i\lembrane of the Large lu-

^ \ • j
testine of Dog. rouiid, and contiiiuc to the lowerthird

m. The mucosa, containing the . ,

crypts of LieberkUhn, closely gf tllC llCUm. 1 hClf fomi grcatl)’

S.lftt.iuim; ‘'l««rmuscuiat“r retards the passage of food, and they
costc ; a. subnmcosa. supposed to cxist for tliis purposc,

in order that it may have time to be digested and absorbed.

3 . THE GLANDS OF THE INTESTINES.

We then notice that the whole of the small intestines

have a surface like velvet pile, due to innumerable short

Valvul*
Conniventes.
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elevations placed close together, called villi, of which we

will speak later on. Between these villi are

the orifices of the crypts of Lieberkuhn,
^ ‘

which sink nearly as deeply below the surface as the villi

rise above it. These form one of the three varieties of

Fig. 49. — Frem a Section through a part of a Human Peyer’s Paich, showing the
distribution of the Lymphatic Vessels in the Mucosa and Submucosa,

rt. Villi, with central chyle vessel; b, Llebe.kiihn’s crypts; c, region of mufcularis mucosre;
lymph follicle

; jf, network of lympharics around the lyn^h follicle
; /, lymphatic uet«

work of the submucosa
;
k, an efferent lymphatic trunk. (.Frey.)

intestinal glands. They are simple tubes lined with

columnar epithelium, and about of a line in

depth. They secrete what is known as the

succus entericus or intestinal juice.

These ''•crypts ” do not cease at the ileo-cmcal valve like

the villi, but are continued throughout the large intestine.

Here they are considerably larger, and contain many mucin
cells, so that the secretion is less watery, and more viscid.

The next form of glands is Peyer’s. These are

masses of lymph tissue, occurring either in scattered
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masses {solitary glands) or in aggregation of these {Peyet’s

patches). They are about inch in diameter,

G?ands! and extend throughout the small and large intes-

tines, but are most numerous near the ileo-caecal

valve. They are traversed by very numerous capillaries, and

are believed to absorb some of the chyle, and pass it into the

lacteals beneath them. They probably perform some part

in the elaboration of the blood. In adult life they nearly

all disappear.

The last form of glands are Brunner’s, and are only

Duodenum

Fig. 5?.—The Duodenum and the Pancreas.

found in the duodenum. They are small racemose

glands, and look like detached pieces of the

salivary glands. They secrete a small amount

of digestive fluid, resembling pancreatic juice.

The intestines contain three forms of digestive fluid :

the pancreatic iuice, the Idle, and the intestinal juice.

Brunner’s
Glands.

4. THE PANCREAS.

The pancreatic juice is the product of a gland called the

pancreas (in animals the sweetbread), that lies

p.^ncreas. across the l)ody, from right to left, behind the

stomach, its head surrounded by the duodenum, and
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lying against the liver on the one side, and the tail

touching the spleen on the other. It is somewhat the

shape of a hammer, with the handle coming to a point.

It is from six to eight inches long, and about one and a

half inches broad and thick, and weighs nearly a quarter of

a pound.

In structure it resembles closely that of the salivary

Fig. 51.—From a Section through the Pancreas of Dog.

a. The alveoli (tubes) of the gland
; the lining cells show an outer homogeneous

and an inner granulardooking portion
; d, a minute duct.

glands. It is, like them, divided into lobes and lobules,

ducts, and acini. These are lined with cells its

arranged in circles round the small ducts. The
cells have two distinct zones, the outer being striated,

the inner granular, the proportions between the two parts

varying with digestion. All the ducts unite in a common
duct that opens into the middle of the duodenum together

with the common bile ducts.
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5 . THE PANCREATIC JUICE.

The pancreatic juice itself is a clear, viscid, strongly

.
alkaline fluid, very like saliva, sp. gr. loi?,

Composition ,
of Pancreatic secreted at the rate of three-quarters of a pint

in the day. It is the most powerful digestive fluid

in the body, and is composed as follows :

—

Water 97-0

Proteids (including all four ferments) I’S

Salts (principally of soda) 1-5

IC»'0

It contains at least four distinct ferments.

—

1. To act on starch, aniylopsin.

2. To act on proteids, trypsin.

3. To act on fat, steapsin.

4. A milk-curdling ferment.

Amylopsin acts more energetically than ptyalin. It

Amylopsin.

Trj’psin.

can act on raw starch and convert it all into

dextrin and maltose (like cane sugar). By its

further action the maltose is converted into glucose (grape

sugar).

Trypsin digests proteids, not by swelling them up and

dissolving them, but by corroding them away.

The digestion is, of course, alkaline, in fact, a

solution of I per cent, sodic carbonate helps it as much

as a '2 per cent, of hydrochloric acid aids the gastric juice.

There is an intermediate parapeptone produced in the form

of an alkali albumen, while the peptones are divisible, as in

the stomach, into antipeptones that cannot be decomposed,

and hemipeptones.! which, if the pancreatic juice continues

to act, are decomposed into leucin and tyrosin.

Steapsin has the power of emulsifying and saponifying

the fats and oils. An emulsion is simply the
Ste.ipsin.

,fixture of an oil with an alkaline solution by
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which it is broken up into very small globules. Saponifica-

tion is the breaking up of a fat into glycerine and fatty acid,

which latter combines with the alkali to form a soap.

The milk-curdling ferment is easily extracted by

common salts. As the pancreatic juice contains

many proteids, and as it possesses a ferment

that acts upon them, it rapidly digests itself and cannot be

kept. Its action is destroyed by the addition of '2 hydro-

chloric acid, but is greatly helped by the presence of the

alkaline bile.

6. THE BILE.

The Bile is the second digestive fluid in the intestines,

and is a secretion formed by the liver. It enters

the duodenum by the same opening as the

pancreatic juice, down the common bile duct,

at the rate of a quart a day. It is a somewhat viscid fluid,

of a golden yellow colour, bitter taste, slight alkaline re-

action, and with a sp. gr. of 1020. It is composed as

follows ;

—

Water ...

Bile Salts

Fat

Mucus and Colouring Matter

Cholesterin

Salts ...

86-0

9-0

I 'O

30
3
•7

lOO'O

Its presence in any fluid is easily detected by Pettenkofer’s Test,

which consists in the addition to the liquid of a drop or two

of cane sugar followed by two or three drachms slowly Pettenkofer’s

added of sulphuric acid. If bile be present a beautiful

purple colour is formed.

The bile salts are essentially two in number

—

glycocholate and taurocholate of soda.

Bile Salts.
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Bilirubin.

Gmelin’s
Test.

The colouring matter of human bile is called bilirubin.

The green colouring matter of the bile of

herbivora is called biliverdin, which is simply

an oxydised bilirubin.

The colouring matter of the bile is easily tested for by Gmelin’s

method. If a little of the liquid be placed on a white

plate and a drop of yellow (impure) nitric acid be added,

a ring of colour is seen in the order of the spectrum, if

bilirubin be present.

Cholesterin forms the principal part of gallstones, and

is the only alcohol found in the body. It easily crystallises.

The bile has several actions on the food. In some

animals, and very slightly in man, it has the power of

changing starch into sugar. It has no action on
Acrion of

proteids, but it renders the gastric juices neutral

and precipitates the peptones. It slightly

emulsifies (but does not saponify) fats, but acts more power-

fully when mixed with pancreatic juice. By bathing the

intestinal walls it greatly assists the passage of the fat

globules across them. It is a powerful antiseptic

and a natural laxative. Not more than one-

sixteenth of the bile secreted is excreted, and

very little of this contains the bile salts.

Ill foetal life nearly all the meconium (the contents of the lower

intestine) is bile ;
the CO^ and HoO, which in adults is passed off by

the lungs, probably being excreted as bile instead.

Bile Re-
absorbed.

7. THE INTESTINAL JUICE.

The succus entericus, principally the product of the

glands of Lieberkuhn, is a yellow alkaline fluid, sp. gr. 101 1,

containing 2-5 solids, largely sodium carbonate.

oM.rs'tinai It has a slight power of changing starch into

Juice. sugar, and it freely changes maltose into glucose.

Otherwise it has no active properties.
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8. THE INTESTINAL DIGESTION.

We will now follow the food, which, in the form of acid

chyme, has entered the duodenum through the

pyloric valves in the third section of the digestive uon in the

process.

The passage of the chyme over the common orifice of

the bile and pancreatic juice at once produces a copious

flow, and the acidity of the fluid at once begins

to be neutralised. It does not, however, become

alkaline till about the middle of the small intestine,

and it becomes gradually acid again after this, and especially

in the colon.

All the maltose or cane sugar in the chyme is almost

instantly changed to glucose. Any undigested

and even uncooked starch is made into sugar, starch and

proteids into peptones, and the fats into a fine

emulsion of a soapy nature by the combined action of the

bile and pancreatic juice. While, however, all

the sugars and peptones can now freely pass Digestion,

into the network of capillaries over the mucous

membrane of the intestine, the globules of fat, small as they

now are, are still far too large to diffuse in this manner.

A very special apparatus therefore exists for their absorption,

which we will now describe.

9. THE VILLI.

We have already mentioned the rounded elevations of the

mucous membrane that project like fingers into the intestine.

They average about a line in length, and average

about 80 to a square line (or 11,000 to a square S'™ v'ii'ius.°"

inch) in the duodenum, and about 50 in the rest

of the small intestines. There are about 4,000,000 in all.

They vary in form according as they are full or empty.
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Each is composed of a central tube, communicating

below with the lacteal and lymph vessels in the intestinal

walls, and ending above in a blind extremity. This tube is

surrounded by a thin layer of longitudinal muscle fibre.

This is surrounded by blood capillaries in loose connective

tissue, then a fine basement membrane on which, at the

Pig_ 52.— Diagram of Villus, wilh F.at Globules, showing lacteal in centre

surrounded by arterial and venous capillaries.

surface of the villus, is a single layer of columnar cells.

The free surface of these cells has a fine fringed

Absorbing border. Some observers have thought that this

consists of processes like the tentacles of the sea-

anemone, which grasp the globules of fat and pass them

into their interior. They are then conveyed across to the

lacteal in the centre. This, however, has never been fully

confirmed, and more recent observations (Zuwarykin,
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Wiedersheim) favour the idea (supported by the be-

haviour of leucocytes elsewhere) that leucocytes

emerge between the epithelial cells and swallow Leucocytes,

the fat globules and then convey them across

by their own amoeboid motion into the lacteal. There

may be truth in both views
j
anyhow, the fact remains that

53-—From a Vertical Section through a Fold of the Mucous Membrane
of the Jejunum of Dog.

t, The mucosa, containing t^'e crypts of Lieberkuhn, and projecting as the
VI. Ii ; m, muscularis mucosa;

; j, submucosa.

the fat globules are rapidly conveyed into the central'
tube, which, when full, is pulled down and squeezed empty
by the muscles surrounding it, after which it springs up
again to be refilled

;
the fat passing away with the lymph

as a white fluid known as chyle. We shall trace its further
destination later on.

lO, PASSAGE OK FOOD ALONG THE INTESTINES.

As the contents of the small intestines are forced on by
the slow peristaltic action of the bowel, all the digested part



94 Elementary Physiology for Students.

of the food gets absorbed, the sugar and peptones into the

blood, all to be carried to the liver, and the

Food fat into the lymphatics ; and the undigested
Absorbed.

• i i

residue passes on into the colon.

a. The epithelium of the surface of the

vUlus; b, the tissue filled with chyle

globules.

In both larjte and small intes-

tines, besides the food, a gootl deal

of gas is normally present, prin-

cipally CO2 and H. It is derived

partly from air swallowed with the

food and saliva, and partly from

the products of decomposition.

The food remains from 3

to 12 hours in the small intes-

tines, and from 12

Acbonofihe
jq 24 in the large.

Here the principal

function is drawing off the

remaining water, and the resi-

due is excreted at the rate

)f about half a pound a day. This completes the third

’reat section, and the whole process of digestion.
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CHAPTER VII.

ABSORPTION.

I. TWOFOLD COURSE OF FOOD.

We must now follow the food that has at length left the

alimentary canal and entered the vessels outside,

as it is further prepared for use before it enters S^Food^.

the general blood current.

Of the four great divisions of human food, three—
the carbohydrates, or sugars

;
the proteids, or peptones

;

and the salts and water, or minerals, enter the blood

capillaries.

All the capillaries of the digestive system from the stomach, and

the whole of the intestines close to the rectum, are collected into one

large vein called the portal vein, which runs to the liver, thus con-

veying three-fourths of the digested food.

The fat alone has a different destination. It does not

enter the blood-vessels directly, but finds its way by means

of the villi into the iacieats, which empty themselves into the

general lymphatic stream.

(These are so called because the lymph here, being mixed with finely

divided fat, closely resembles milk.)

We propose first of all to follow the food through the

liver, and then the fat through the lymphatics.

2. THE LIVER.

The liver has five letters, five lobes, five ligaments,

five fissures, five vessels, five functions, and structure

weighs fifty ounces. It is situated partly

under cover of the ribs on the right side of the
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body, just beneath the diaphragm, and consists essentially

of a mass of hepatic or modified epithelial cells, divided

into clumps called lobules (— in. diameter), not visible

to the naked eye, separated from each other by fine

fibrous tissue, with which the whole organ is invested, and

by blood-vessels. Its lobes, ligaments, and fissures fortun-

ately do not concern us ngw, so we will consider its system

of circulation.

Fig. 55.—The Liver : its Inferior Surface (turned upwards).

The liver receives its blood supply from two sources,

and returns it to the heart by one. The blood,

supply.
laden with digested food, enters it by the portal

vein, and fresh arterial blood for the nourish-

ment of the liver itself by the hepatic artery, both leaving

by the hepatic veins. The other two vessels are the bile or

hepatic ducts, and the lymphatics.

The large portal vein, the smaller hepatic artery, and the

still smaller hepatic duct, all enter the liver together and divide

and subdivide together, all these being enclosed
Lobules.

^ fibrous sheath, called Glisson's capsule.

As they get very small they divide the whole substance
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of the liver, which is solid and homogeneous throughout,

into little islands or lobules, about of an inch in

diameter, and each composed of a mass of cells. The portal

canals arriving at these lobules branch into small veins which,

running belween these lobules, are called interlobular veins.

These give off a dense capillary network that runs from all

sides of the lobule toward the

centre, where they all collect

again and leave the lobule by
a vein in the centre, which,

being within the lobule, is

called an intralobular Vein.

This vein, together with the

lobule, presents somewhat the

appearance of a nasturtium

leaf, where the stalk enters

about the middle
;

the leaf

being the lobule and the

central stalk being the intra-

lobular vein bearing it. These
intralobular veins collect to-

gether and pour all the blood,

by the hepatic veins, into the

inferior vena cava. The
hepatic artery, in a similar Fig. 56.-

manner, breaks into capillaries,

which mix their arterial blood with the venous blood of
the portal system, and both are collected by the one intra-

lobular vein. The bile ducts, on the contrary, though they,
too, enter the lobule in a system of minute capillaries,

nowhere mix with or even touch the blood-vessels, but
appear to end amongst the cells. Lymphatic spaces every-
where surround the blood-vessels.

The circulation of the blood is maintained by special means. The
heart is not sufficiently powerful to drive the blood through two sets

-Blood-vessels of two Lobules
of the Liver.
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of capillaries—those in the alimentary canal, and those in the liver ;

hence the veins in the liver are not collapsible but always open, and every

movement of the intestines drives the blood forward by the collapsing

of the abdominal and portal veins, into the open veins of the liver. It

is then sucked up into the thorax at every inspiration, through the

greatly diminished pressure there, and thus reaches the heart.

The liver cells are irregular polygons inch in

diameter, and are arranged in double rows, all

Liver Cells.
converging towards the centre of the lobule.

Between every two rows a capillary runs, in such a way that

the cell has a capillary at each angle, while the bile ducts

run half-way along each side so as never to meet the blood-

vessels. The cells have no limiting membrane, but have

one or two large nuclei, and frequently globules of oil, or

masses of digested material, within them.

During hunger the cells are small and very granular.

With a free carbohydrate diet they get large and filled with

masses of glycogen, which colour red with iodine; with a

proteid diet they absorb peptones.

They are said (Leonard) as a whole to grow from July to November,

and to decay from December to June.

The cells exhibit slow amoeboid movements, and fre-

quently contain yellow granules of bile pigment.

We will now consider the five functions of the

Functions of jiyer two of which, at least, are very generall}
the Liver. ’

known.

The formaiion of bile is one of the chief functions of

the liver cells. As produced it is passed into the tint

ducts that lie between the opposing surfaces of

Formation cells, aud then passes out of the li\er to be

stored in a special receptacle called the gall

bladder, which is a strong bag about four inches long, able

to hold about one ounce of bile. If digestion is going on at

the lime, the secretion becomes more active, and the bile,

instead of entering the gall bladder, passes straight down
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into the duodenum. The properties and purposes of bile we
have already described.

The formation of glycogen or animal starch is the second
chief function of the liver. It is a substance isomeric with,
or having the same formula as, starch or dextrin,
and colours red with iodine. The molecule of formation of

water added by the ptyalin changing starch into
sugar is here removed, converting the sugar into glycogen.
It is readily changed, as required, into glucose by a ferment
present in the liver.

Barraud discovered this function as follows. He fed a dog for a
week on sugar and starch, and found sugar in both portal and hepatic
veins. When the dog was fed on proteids only, no sugar was found
entering the liver by the portal vein, though plenty was still found
coming out by the he[)atic vein.

He then found sugar in the liver itself. He then took the liver out
o the body and washed it through with plenty of water till not a trace
of sugar came out, and yet, after a few hours, it contained sugar againm abundance. Pavy and others, however, believe that glycogen is
not converted into sugar during life.

Glycogen is formed slowly from proteids as well •

probably by splitting them up into glycogen and urea. It
IS found that only half as much glycogen is found in the
liver on a pure meat as on a mixed diet.

The object of the formation of glycogen, which is not
diffusible, is clearly to store up the soluble sugar
in the liver, thence to be remade as required into
glucose. Glycogen.

bodGlycogen has been found in small quantities in other tissues of the

The conversion of glycogen into sugar is increased by
puncture of the floor of the medulla (fourth ventricle) bv
excess of saccharine food, by certain drugs such as curare^
Increased blood-flow occurs at the same time through the

H 2
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The third function of the liver is in the formation in

foetal life of the red corpuscles of th£ bloody and

Formation • jjfg also altering its composition. It is

found that the blood that leaves the liver con-

tains less water and fibrin, but more colourless corpuscles

than elsewhere.

It is probable also that many red corpuscles are broken up here, and

that it is from them that bilirubin is produced.

The fourth function of the liver is theformation of the

diastatic ferment that changes the glycogen

Formation • glucosc. It Only cxists in minutc quantities
of Ferment. .

in health.

The last function of the liver is the purifying of the

peptones (all of which, in the form of serous

Purifying albumcn, pass through it) from all poisonous and
the Peptones.

pj-Q^j^^ts of digestion. (Brunton.)

This last function, when more fully understood, will probably be

seen to be of great importance in connection with the great question of

autosepsis or self-poisoning (producing bilious attacks, etc.).

3. the lymphatic system.

Within the whole of the tissues of the body surrounding

all the capillaries, and existing where there are no blood-

vessels, is a vast network of tubes containing the

The
^ . liquid drainage of the body, which flows through

Lymp atics.

yesscls always towards the head. The

lymph capillaries collect into larger lymphatics, and eventual y

enter two large trunks, the right and left thoraac ductSy t a

enter the veins on each side at the root of the nec -. J

as all the body cells and tissues are being “ntinu^all)

irrigated hy the capillaries, whose thin walls allow

to transude, so are they constantly being drained oi the

surplus fluid by the lymphatics.

^ ^
Besides this general use, the> ha\e at leas

Lymphatics, Other Special jiurposes.
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1. They act by the lacteals, as we have seen, as absorb-

ents of “ fat ” food
;
and

2. In some tissues they form (where there is no blood

supply) the sole source of nourishment, as in the cornea of

the eye and many connective tissues.

The whole system may be regarded as a necessary

^ 57-—The Lymphatics of the Right Arm,

appendage to the vascular system. Nevertheless, it is con-

venient to treat it under the head of absorption in order to

complete the history of food digestion.

The lymphatics commence everywhere as capillaries

in spaces generally surrounding blood-vessels.

'I'hey have very thin and irregular walls, and
often appear mere channels hollowed out in the

surrounding tissues.
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The main tissues in which they have not yet been found

are the nails, scarf skin, and hair. They may commence,
as we have seen, in blind extremities, as the lacteals in

the villi, or from stomata or mouths on the

Se"ous sacs, walls of ' the large closed serous sacs, with the

interior of which their openings or mouths

connect them. So that what were until recently supposed

Fig. 58.—Lymphatic Vessels of the Diaphragm of Dog, stained with Nitrate of Sih*er.

The endothelium forming the wall of the lymphatics is well shown ; r, %-alvcs.

to be absolutely closed cavities, are now found to be sources

of origin and supply for the lymphatic system, with which

they everywhere communicate. The pleura, the pericardium,

the peritoneum, and the membrane of the brain, all these

can get rid of their surplus fluid by this great drainage

apparatus.

Some give yet a fourth mode of origin—viz., the free

surfaces of mucous membrane in the bronchi and the

trachea, from which they receive the surplus fluid.

These capillaries unite and form larger vessels with the

structure of veins, only the valves in them are so very
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numerous that when distended they resemble strings of

beads rather than a continuous vessel.

The movement of the lymph towards the heart is first

due to muscular pressure and the very numerous valves.

The collapsible lymphatics, whether amongst the
^

,
, .1 4- • ^ Lymphatic

voluntary muscles of the neck or the unstripeo circulation,

muscles of the intestines, have their contents

therefore forced in one direction. A second force is the

Fig eg Stomala, lined with Germinating Endothelial Cells, as seen from the

Cisternal Surlace of the Septum Cisternm Lymphatics Magnm of the Frog.

direct act of the muscles surrounding each lacteal in the

villus, by which when full its contents are ejected into the

vessel beneath, valves again preventing its return. A third

force is the inspiratory movement of the chest, which both

forces the pleural fluid out of the stomata into the lymphatics

and sucks the fluid of the larger ducts into the blood

stream.

A direct pumping mechanism exists in connection with the lymphatics

in these closed sacs, and also in muscles and the fascia (or fibrous

tissues covering them). It has been found (Recklinghausen) that milk

placed on the abdominal side of the diaphragm is thus in its respiratoiy

movements pumped through into the thorax : the expansion of the
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muscle by drawing its fibres apart sucks the lymph up, and then in

contracting forces it forward. The same process occurs in all the other
muscles and in the layers of the pleura and other closed sacs, so that

the fluid in all cases is sucked up as the layers expand, and forced on as
the)' contract.

S fourth force is the tension and pressure of the fluid in

Fig. 6o.—Developing Lymph-capillaries in the Tail of Tadpole.

a. Solid nucleated protoplasmic branches not yet holloaed cut.

the initial lymph spaces, due to the amount of blood

pressure
;
and also when these surround blood-vessels to

the dilatation of the capillaries.

A fifth force is the contraction of the muscles in the

walls of the larger lymphatics, which, owing to the valve.s,

always forces the fluid on.
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A sixth force is the diminishing area of the total lymph

channel, thus increasing the velocity of the flow. The

seventh and last force is the nervous system, which has the

power to alter the calibre of the vessels and to act upon their

muscles.

All the lymphatics of the body, with the e.xception of a

Fig. 61.— From a Vertical Section through a Lymphatic Gland, the Lymphatics 0i

which had been injected.

c. The outer capsule, with lymphatic vessels in section ; a, the cortical lymph follicles ; around
them are the cortical lymph sinuses ; b, the medullary

;
injected lymph sinuses between

the masses of adenoid tissue. (Atlas.)

few from the right side, but including all the lacteals,

discharge their contents (after passing through

numerous lymphatic glands en route) into a large Thoracic

triangular or funnel-shaped reservoir called the

receptaculum chyli, lying in the abdomen at the lower

part of the spine at the left side. From here a stout

tube, as thick as a goose quill and about eighteen inches

long, called the left thoracic duct, leads right up the left side,

and empties its contents at the juncture of the neck and
arm (jugular and subclavian) veins, thence to be carried to

the right heart.
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The small right thoracic duct is not more than an inch

long, and empties the remaining lymphatics into the corre-

sponding right veins. Both orifices are guarded with valves,

so that no blood can enter the duct.

Nearly all the lymph before entering the duct has to

pass through one or more lymphatic glands. They are

found in great

numbers in

the trunk of

the body, in the neck,

armpit, and groin, but

not further down the

limbs than the elbow or

knee. These glands are

somewhat the shape of

small beans, lying right

across the path of the

lymphatics, with the con-

vex side outwards or

downwards, along which

the lymphatics enter,

while the lymph leaves

it at the hilum or depres-

sion on the other side

by one or two larger

vessels.

The gland has a capsule of dense fibrous tissue, which

extends inwards about half-way, dividing the outer or cortical

portion into a number of spaces ;
into these

Structure.
projects the gland substance proper, which is a

mass of adenoid or lymphoid tissue (lymph corpuscles and

a network of connective tissue). There is a space between

the lymph tissue and the capsule, traversed only by a fine

network, and this is where the lymph first circulates, and is

called the lymph path. It then soaks through the cortical

indicating lymph corpuscles.
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tissue, enters the medullary or central part, and, eventually,

altered in character, leaves by the effluent vessel. There is

reason to believe the functions of these glands

are of the very first importance to life
;

as

any poison entering the system at any part cannot go far

after it is absorbed by the lymphatics, without encountering

Fig. 63.

—

From a Section through the Medulla of a Lymphatic Gland,

a, Transition of the medullary cylinders of adenoid tissue into the cortical follicles; b, the
lymph sinuses occupied by a reticulum; c, the fibrous tissue trabeculae; dy the medullary
cylinders.

some of these so-called glands. All the poison is here

arrested, and the irritation caused to the gland is often so

great that it enlarges and becomes itself diseased.

Thus if a finger be poisoned the gland at the fold of the elbow

becomes enlarged and tender, and if this little gland be not able to

arrest all the poison the rest goes up the arm to the axilla, where it is

caught in the glands there.

Chyle (or lymph from the intestines) and lymph are
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alike, save during digestion, and are clear alkaline, colourless,

albuminous fluids, with a saline taste, and can

Lymph."'^ clot like blood. Lymph consists of two parts,

plasma and colourless corpuscles. The plasma

contains the fibrous factors that cause the clot The
following is the composition of lymph

Water ... 98-0

Albumen ‘2

Urea, etc. I 0
Salts ... -8

lOO'O

lymph contains few corpuscles at first, but many
more after it has passed through a gland. Chyle during diges-

tion is laden with innumerable fat globules, 3 o inch diam.,

sheathed in an albuminous covering. Lymph contains a

good deal of CO.i. The estimate that the amount of

lymph equals that of the blood, of which half is lymph

and half chyle, is only a very rough one, and is probably

over the mark.

We have thus finally traced the passage of the food out of

the blood
;
the salts, the proteids and carbohydrates, being

elaborated and stored by the liver and blood, and the fats

by the lymphatic system.
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CHAPTER VIII.

THE BLOOD.

The blood is a heavy, red, opaque, warm, alkaline, saltish

fluid, with sometimes a faint odour characteristic of the

animal it belongs to. It is emphatically “ the

life of the body,” in the sense that upon it
,eristics,

depends the existence of the body. It is the

sole means by which the compound and complex products

of digestion on the one hand, and oxygen on the other, are

conveyed to all the tissues and to every body cell, there to

be reduced to simple forms of less complex nature
;
the

force liberated in the process being partly used in the

passive life of the cells, and partly in the various active

phenomena. The blood is therefore the carrier between

the digestive and respiratory organs on the one hand, and

the living body cell on the other
;
the blood-vessels in which

it is conveyed forming at the same time a complete warming

apparatus for the body.

We will first consider its seven leading characteristics.

Heavy.—It has a mean specific gravity of 1056 (varying

between 1045 i°75)-

Red.—Its colour varies from bright scarlet to

dark purple. In the arteries it is bright red, seven in

and also whenever exposed to the air.
Number.

Hence it is bright red in the surface capillaries just beneath the skin

of the cheek, and wherever this is thin enough to receive oxygen from

the air.

In the veins it varies from dark purple to red, getting

brighter in proportion to the activity of the part or organ

whence it comes. (The activity causes such an extra
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supply of blood from the arteries that the blood has not

time to change colour.)

Venous blood is dichroic, or of two colours. It is red or

purple by reflected light, but dark green by transmitted

light. Arterial blood is monochroic, or of the same colour

either way.

The colour of the blood is entirely due to a red substance called

hemoglobin, which gets brighter or darker as it contains more or less

oxygen.

Opaque.

—

Blood is opaque even in very thin layers,

because it is composed of a solid and a liquid, both trans-

parent, but having different refractive powers, and therefore

forming an opaque fluid.

Warm.

—

The average blood heat near the surface of the

body is 98^° Fah., and is about the same in health in all

temperatures; “ warm-blooded ” animals having a constant

blood-heat, independent of their surroundings, in contra-

distinction to “ cold-blooded ” animals, whose blood is not

necessarily “cold,” but varies with the surrounding medium.

The temperature of the blood in the deeper vessels is

said to range between 100° and 107°. The blood is hotter

in the right heart than in the left, in the arteries than in the

veins, in the hepatic than in the foetal circulation. Its tem-

perature is also increased in passing through large glands,

notably the liver.

Alkaline.

—

If litmus paper be dipped in salt and water

and then in blood, and the blood washed off, it will leave

the red paper blue, showing it is alkaline from the salts of

soda it contains. Out of the body it soon becomes neutral,

then acid.

Sai.tish.

—

The blood has a slight saline taste.

Odour.—This can best be perceived by adding a little

dilute sulphuric acid to the blood. The characteristic

odours of domestic animals may thus sometimes be detected.

The (juaniity of the blood may be taken as about -jV of
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the weight of the body, a quarter of which is contained in

the heart and lungs and large vessels, a quarter in the liver,

a quarter in the muscles, and a quarter in the other vessels.

Blood consists, as we have said, of both a solid and

a liquid. The solid part consists of small bodies called

corpuscles, the liquid of a fluid called liquor san-

guinis or plasma. The corpuscles form about ^

or 37 per cent., with a sp. gr. of 1104, and the plasma f or

63 per cent, with a sp. gr. of 1027.

Two great varieties of blood corpuscles are generally

recognised, the red and the white, or, more correctly,

the colourless.

The existence of a third variety (invisible by ordinary observation)

is asserted by Mr. Norris, and has also been described by Bozzezero,

but requires further confirmation.

1 . ULOOD CORPUSCLES.

The human red. corpuscle, discovered by Lewenhock

in 1674, is a circular, biconcave, non-nucleated yellow disc

jUij- mm. in diameter (35^53 of an inch):

5,000,000 of them are contained in a cubic mm. cotpuscRs.

of blood, while altogether they present a surface

of some 3,000 square miles.

The red corpuscles are con-

veniently counted by drawing i cc.

of blood up a special pipette and

then too cc. of artificial serum

(l part so. gum, sp. gr. 1020, and

3 parts of sol. sodium chloride, and of

sodium sulphate equal parts, sp. gr.

1020). A drop of the mixture is then

placed on a prepared slide with a

square cell i mm. deep ruled into

squares, so that the space on each

square when the cover-glass is on is

cubic mm. By now finding the

Fig. 64.— Human Blood, fresh.

A, Rouleaux of Red Corpuscles ; P, Isolated

Red Corpuscle seen in profile ; C, Isolated
Red Corpuscle seen flat; D, White Cor-
puscles.
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average number of red corpuscles in each square, and multiplying
by 4,000 and then by too, the number of corpuscles in one cubic
millimetre of blood is found. To estimate the colourless corpuscles
only, the blood must first be deprived of the red corpuscles by mixing
it with 10 parts of "5 per cent. sol. of acetic acid.

The size of the corpuscle varies somewhat in different

mammals according to their size. It is thus largest in the
elephant and smallest in the musk deer

;
only

the sloth and the elephant, however, have larger cor-

puscles than man. In camels they are oval instead of
round.

hen we leave mammals, instead of colourless corpuscles, and
circular red corpuscles without nucleus, we find amongst the lower
vertebrata, such as birds, reptiles, and fish, that the red corpuscles are
oval and have nuclei, except in the lowest of this class, the Lancelet,
which has the colourless corpuscles only. In the invertebrate animals
that have blood there are only the colourless corpuscles. The largest

red corpuscle of an inch) is found in the proteus.

The red corpuscle is composed of a stroma or frame-

work of protoplasm, holding in its meshwork a transparent

viscid homogeneous substance called hcemoglobin. The discs

are generally biconcave, but as they readily imbibe water,

often swell up and become more or less spherical. They
are exceedingly elastic, and more numerous in the male than

in the female. They have a great tendency, when the blood

is drawn, to run together in rouleaux, like piles of coin. They
are yellowish in colour, and only present the red tint of

blood when seen in masses. (Fig. 63.)

Their numbers rapidly diminish in certain diseases. In

anaemia there may be only one-fourth of the number in

health.

Hsemoglobin forms 90 per cent, of the dried blood

corpuscle, and is the only albuminous substance that

crystallises. It contains CHNOS and Fe,
Hemoglobin.

^ compouiid of haematiii and globulin,

and occurs in the red blood-cells of every animal. It is one
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of the most complex bodies known, its formula being

Haemoglobin crystallises naturally as it dries (or with the

addition of a little salt and a drop of glacial acetic acid) in

brown rhombic crystals (crystals of haematin). Another

characteristic of haemo-

A

globin is its remarkable

affinity for oxygen
j
owing

to this the blood ab-

sorbs twelve times as

much oxygen as water.

The haemoglobin holds

this gas in a very loose

form so as to part with

it readily. As the blood

passes through the lungs

it receives oxygen, and the haemoglobin becomes oxy-

haemoglobin as in arterial blood
;
then, again, as it reaches

the tissues, the oxygen leaves it and it is reduced to

haemoglobin. It is in this way the blood is the great

oxygen carrier of the body. In the solar

spectrum oxy-haemoglobin shows two dark lines

(or absorption bands) in the yellow field, and

haemoglobin one broad one. (Fig. 67.)

The life-history of the red corpuscle is

not certainly known. The first blood corpuscles

Fig. 65.—Hajmoglobin Crystals.

A, Of guinea-pig
; B, of squirrel

; C, D, human.

ft
Fig. 66.—

Haematin
Crystals.

are formed from detached cells in the embryonic Spusc°es.°^

heart and blood-vessels. These are colourless and

nucleated. They soon become red, and in a short time are

mixed with numerous coloured non-nucleated corpuscles,

which about the fifth month of foetal life completely replace

them, forming the red corpuscle of after life. It is uncertain

whence these red corpuscles come before birth. After

birth the blood is stocked from probably two great sources.

'I’he one refers to the small cells in the red marrow of bone,
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and here the real hcematoblasts or parents of the corpuscles

are believed by many to be found
;
others again, recognis-

ing that the red corpuscle, as it is, appears to be the naked

nucleus of a larger cell, believe that it is derived from the

nucleated white corpuscles of the blood, either by the

formation of haemoglobin in the nucleus, and its liberation

from the rest of the cell, or by the whole cell becoming

Fig. 67.—Spectra of Blood.

13^4 Oxyhaemoglobin increasing in strength or thickness of solution; 5, Reduced Haemo>
’

’ globin; 6, COa Haemoglobin.

reddened and forming the new corpuscle
;

this change

occurring principally in the spleen and marrow. The direct

evidence in favour of either process is not yet very clear.

There can be no doubt that fresh red corpuscles are made

with great rapidity. After the monthly loss in women it is

computed they are formed at the rate of 175 millions a

minute (Power). As to the length of time these red cor-

puscles pursue their useful avocation of fetchers and carriers

of oxygen, we have no idea. Their decease seems to a great

extent to take place in the spleen, where they appear to be

devoured in large numbers by the larger white corpuscles
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there
;

the colouring matter being broken up and forming

the bile pigment, and probably the colour of the urine.

The red corpuscles are more than half water (68 per

cent.). The rest is composed of hjemoglobin,

hiematin and globulin, salts of phosphate of compo.'iition.

potassium, sodium and calcium, fatty matters

(including cholesterin) and gas, principally O.

The colourless or white corpuscles (discovered by

Hewsen, 1773) are larger than the red, in. diam.),

but are only spherical in death
;

during life

their shape constantly varies. Their numbers corpuscieV

are about i to 500 of the red, or about 10,000

in a cubic inch. Like the red corpuscles, they have no

Fig. 68. -Amoeboid movement of a While Blood Corpuscle of Man ;
various

phases of movement.

cell walls, but unlike them they have one or more distinct

nuclei. They have a finely granular appearance, which

on examination under a high power is seen to be due to a

meshwork that pervades them, the corners of the meshes

being formed into knobs. Part of the granules may be

food material. The colourless corpuscles or leucocytes of

the blood are identical with the smaller description of

lymph cells that are found all over the body, and parti-

cularly in the spleen and lymphatic glands.

The function of these cells has long been obscure,

and is only now beginning to be understood.

The last utterance of a leading physiologist funcUons

(landois) is that they do “an important work in

the blood of an uncertain character.” Austin Flint says “ their
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use is doubtful.” 'We have seen that they are believed to be

the parents or forerunners of the red corpuscle. They have

very active habits during life. Having the power of tra-

versing the walls of the blood-vessels with the greatest ease

into the lymph space around, or the body tissues, they are

found in enormous numbers wherever any active inflam-

mation is going on, and they form the principal part of pus

or “ matter.”

Metschnikoff regards them as our defenders against germs of all

sorts, and has lately shown how active they are in eating and destro)'ing

bacteria and germs, and also refuse of all sorts
;
while the curious fact

has been discovered that in Peyer’s patches in the intestines, where they

abound, they migrate into the tube, seize on all the bacteria they can

find, carry them down into the deeper tissues, where they and their

spoil both become the prey of the larger description of lymph cor-

puscle which we have already alluded to in the spleen as feeding on the

used-up red corpuscles.

Enough has been said to show what a life of varied

interest and usefulness they lead, and to encourage us to

hope for still further discoveries respecting it.

They increase rapidly by fission, and appear in amazing

quantities in a very short time wherever they are wanted.

One great source of them is the spleen, as seen

Qualities
splcnic vciu, wlicrc they number i to So

of the red. Another is the thoracic duct, for it

is found that they vary from i to 800 red corpuscles when

fasting, down to i to 300 after a meal
;
the increase being

due to the large .numbers poured into the blood by the

chyle through the thoracic duct.

Their numbers in certain diseases are enormously

increased.

The most remarkable feature about these corpuscles is

their constant change of shape (which is always ver\-

irregular) by so-called (i/mvbotd movement, from its

similarity to that of the “ amoebae” of stagnant waters.

'I'his movement is best seen by drawing a cell under the
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microscope in a warm stage at intervals of a minute, when

it will be seen never to be twice alike. The colourless

corpuscle is composed of albuminoids, lecithin, glycogen,

myosin (which, coagulating, makes them firmer in death),

salts of potassium and phosphorus, and water 90 per cent.

A third variety of corpuscle, invisible in ordinary observation

owine to its having the same refractive index as the liquor ^&
. , , , , ,

Other Bodies,
sanguinis, has been observed and even photographed

(Norris), but requires further confirmation.

The blood also contains blood plaques, or plates of

different sizes and irregular shapes, averaging one to ten of

the red corpuscles, and whose use is at present unknown

(Bizzozero).

The liquid part of the blood, known as liquor sanguinis,

or plasma, forms two-thirds of the whole. It is a clear

yellow alkaline fluid, sp. gr. 1037. It is nine-

tenths water
;
the remainder being made up of sanguhus.

albumens, fats, glycogen, colouring matter of a

different nature from haemoglobin, sodium salts, extracts as

urea, and gases, principally COo.

2. CO-A.GULATION.

When blood is drawn it is first quite fluid
;

in two minutes

it becomes viscid, in five minutes a firm clot is formed,

and in ten minutes it is of a buff colour. In a horse, or in

inflammation, the blood contracts more slowly and allows

time thus for a red corpuscle to sink. The clot is of a

buff colour at the top, where it is formed of plasma alone.

I'his power of clotting or coagulating is the great pecu-

liarity of the blood. It is produced by the rapid formation as

it dies of a meshwork of fine white fibres called
^ ^

.

fibrin, which bind the more solid part of the

mass, including in blood the corpuscles, together
;
forming a

clot, a thin watery fluid being left called serum.
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Fibrin.

It is found that coagulation is deferred by the exclusion

of air, by strong acids, by an alkaline saline solution, by the

living healthy lining of the blood-vessels, by the addition of

more than twice the bulk of water, by cold, or by heat above

i 8o° C. Coagulation is hastened by the presence of foreign

bodies, by a heat of ioo° to 120° F., by stasis of blood, by

air, and by the addition of a little water, or any injury to the

blood-vessels.

That the fibrin is a product of the plasma and not of the

corpuscles is plain, because it is formed when no corpuscles

are present
;
and, on the other hand, if the fibrin

be removed or the blood be defibrinated by

whipping it with twigs, and the corpuscles and serum are

left, no fibrin or clot will be formed.

Fibrin does not, however, exist as such in the plasma,

but is formed from two albuminous bodies which are found

there, united by the power of a ferment. The two bodies

that form it are called paraglobulin and fibrinogen. Fibrin

is insoluble in water. It forms ‘2 per cent, of the blood.

Paraglobulin is so called because it is like the globulin

in the red corpuscles. (Globulin is also found in the eye and

other structures.) It is found in serum, and
Paragiobui . n

. thi'own dowii as a flaky precipitate by

the addition of a solution of neutral salt.

Fibrinogen is often found by itself in serous fluids of

the body, such as are found in the pleura or pericardium

(these consist of blood, without the corpuscles,
Fibrinogen ,

.jj g|ot, but soiiietimes will not),

also in hydrocele fluid. If a solution of a neutral salt be

added to this serous fluid that will not clot, it gives a large

flaky precipitate, which is fibrinogen.

Thus, if to the serous fluid a little serum of blood be added, a clot is

formed at once. Pure blood serum and pericardial fluid may be kept

in separate vessels a long lime without clotting, but if mixed the\ clot

at once.
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Both bodies are, of course, contained in the plasma, as

well as the ferment, and are found as follows :

—

If CO3 be passed through diluted ice-cold plasma, you

get a fine white precipitate ofparaglohulin. If CO3 is again

passed through the liquid left, still further diluted,

you get a viscid precipitate offibrinogen. If the

blood when shed be at once raised from 36-6 C. to 56 C.,

it gives a precipitate of fibrinogen, and it will not clot. It

is found that paraglohulin and the ferment in the blood will

not form fibrin without fibrinogen
;
but on the other hand,

fibrinogen and the ferment will form a sort of fibrin without

the paraglohulin. The ferment is only found after the blood

is shed. It has no power to clot living blood, or blood in

a living artery. If it be injected into such blood, it will not

clot it
;
but a little added to a plasma so diluted that it will

not otherwise clot, will clot it at once. Blood can be kept

fluid in a bit of artery like a test-tube for days. If taken

out any time it clots at once, or if placed in a living vessel

not intended for blood, such as a ureter, it clots also.

Blood is always ready to clot in the body, as it will clot

round a thread or needle or any foreign body. Certain

substances can make it clot readily even when alive. If a

piece of the thymus gland of a rabbit be injected into the

blood, it will clot all the blood in the body.

Schmidt believes that all these fibrin factors are formed from the

breaking-up of the colourless corpuscles. There is no doubt they are

helpful to coagulation. The fibrin ferment may come from them, and

in their breaking-up at death may be discharged, as well as paraglohulin,

into the blood, which already contains fibrinogen.

The coloured corpuscles may also aid in the process, for it is found

that serum which will not clot, will do so on the addition of red

corpuscles.

That clotting is not a vital process is evident from the

fact that, as we have seen, the clotting principle can be
thrown down from blood that may have been kept from
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clotting some days by cold, and these precipitates if dissolved

will at once form a fibrinous clot.

The following is an analysis of the
Analysis of KlnnH •

Blood. DlOOa .

Blood.

Corpuscles. Plasma.

Clot. .Serum.

Corpuscles. Fibrin.

Haemoglobin. Stroma. Fibrinogen. Paraglobulin.

,
* ^ (and Rbrin Ferment.)

Globulin. Haematin.

Composition The chemical composition

as follows

of the blood

Of the blood as a whole

—

Water 78-5

Corpuscles 130

Proteids in Serum 7-0

' Fibrin *2

Fat ...

Salts
•6

Gases, Kreatin, and Extractives ... •6

100*0

Of the plasma

—

Water 90*0

Proteids 9-0

Salts
•s .

Fats and Extractives ...
*2

100*0

Plasma contains egg and serum albumen, acid and

alkaline albuminates, paraglobulin and fibrinogen, fatty

matters and neutral soaps, glucose, a colouring matter

(indican), salts (chiefly sodium, also potassium, calcium, and

magnesium salts), extractives (urea, kreatin, etc.)
;

gases,

N, O, COj, and a volatile odour.
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Of the serum —

Serum, Albumen, Paraglobulin ... ... 8

Salts, Fats, Extractives, Gases, etc. ... 2

loo

Of the corpuscles

—

Water ... ... ... ... 68 ’8.

Iltemoglobin ... ... ... ... 28
'5

Proteids ... ... ... . 2‘o

Potassium chloride ... ... ‘3

Potassium Phosphate ... ... ... '2

Fats, other Salts, Sodium, Calcium, etc. ... '2

lOO'O

It is a remarkable fact that the elementary composition

of blood is the same as that of the flesh or muscle, in its

proportion of C, H, N, and O, showing thus how perfectly

it is adapted to be the food of the tissues.

The amount of water varies from 70 to 79 per cent.

However much or little fluid is drunk, it tends to uniformity,

for any e.xcess is rapidly drained off by the kidneys, while

any deficiency excites intolerable thirst.

The gases in the blood are as follows :

—

O CO, N
Arterial blood 2o°/a ... 39^ ... i to 2°/o volumes.

Venous blood 10^ ... 46% ... i to 2^ „ nTool'"

O is nearly all contained in the hremoglobin.

COj is nearly all contained in the serum, partly dissolved

and partly in combination with soda. Nitrogen is simply

dissolved in the blood. While blood absorbs twelve times

as much O as water, serum alone only absorbs the same

amount, thus showing that the real oxygen carriers are

the red corpuscles.
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CHAPTER IX.

THE BLOOD-VESSELS.

I. THE ARTERIES.

The blood is contained in a system of pipes called blood-

vessels. These are of three varieties—arteries,

Gen°era'iiy!'''
^nd Capillaries.

The arteries convey the fresh blood from

the heart to every part of the body. The veins return the

blood to the heart from the body, and the capillaries unite

the ends of the arteries with

the beginning of the veins.

The blood-vessels all lie

in a bed of connective tissue,

which consists, as we have

seen, of a mass of white

fibrous cells, with amoeboid

cells or leucocytes embedded

in It.

Construction
of an Arlerj’.

Fig. 69.—Section of Blood*vessels,
magnified.

>, Artery ; V, X'cin.j

artery is a stout

elastic tube (suf-

ficiently so to re-

tain its shape when

empty), composed of three

coats or layers. 'Phe inner-

most, called the tunica intinia,

consists of a layer of flat

cells, forming a smooth and

polished surface, arranged on

an elastic basement, like fine
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felt. The middle coat, called the tunica media, consists of

a layer of transverse, or spiral layer of smooth muscle

fibres, mixed with yellow elastic tissue
;
and the outer, or

tunica adventitia, is extremely strong and tough, and con-

sists of a tightly woven layer of white fibrous tissue, closely

connected with the bed of connective tissue in which the

artery lies.

In calibre they vary from the aorta,

the large single artery that leaves

the heart, down to tubes so fine ArteuL.

as to be only just visible to the

naked eye. Commencing at this single

artery, the tubes divide and subdivide like

the spreading branches of a great tree, until

they appear to terminate in all the tissues

of the body. The larger the artery the

thicker is the middle coat, except in the

aorta, where the external coat, in which are

also large numbers of yellow elastic fibres,

is enormously thickened. The inner coat

of the artery is nourished by the blood in

the vessel
;
the other coats by small blood-

vessels that run in the walls, called vasa muscular
media, composed of

VUSO?*U??l, a single layer of cir-

cularly-arranged non-

The elasticity of the arteries is needed advS'm
on account of the blood being propelled

in powerful jerks, thereby producing a good deal of pressure

and tension of the walls, which their elasticity

enables them to overcome by dilating. And Eulstldty.

thus, by contracting in the intervals of the

shocks, they tend to produce a continuous, instead of an

intermittent, flow along the vessels. If the tubes had

been rigid, the jerk would have been as violent at the

end of the artery as at its commencement. The mu.scular

coat in the lower animals (rabbit, frog, etc.) helps, by its

m.i.e

Fig. 70.—
Minute Micro-
scopic Artery.
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contraction, the circulation of the blood. In man its influence

in this way is very feeble. Its chief use appears to be, by

actively lessening the calibre of any of the blood-vessels, to

diminish at will the supply of blood to the part.

The inner and muscular coats also subserve the import-

ant use of stopping the loss of blood from a severed arter)-

by contracting and folding inwards, so as to partly close the

mouth of the vessel.

All arteries in life are kept more or less on a constant

stretch by the blood current within, and it is the constant

pressure they thus exercise, by the passive force of elasticity

and the active force of muscular contraction, that changes

the intermittent jerk into the continuous flow.

2. THE VEINS AND CAPILLARIES.

Structure of
Veins.

Valves.

Veins have also three coats, of the same character as

arteries, but much thinner, so that when the vessel is empty

its walls collapse, and it lies flat. The muscular

coat between is often irregular, and sometimes

the fibres are longitudinal. The outer fibrous

coat is always the strongest in the

veins. The inner coat of the veins

is reduplicated in folds occurring

at regular intervals, so

as to form, when dis-

tended by any back pressure, pairs

of valves, freely allowing blood to

proceed towards the heart, but pre-

venting any return. The large

terminal veins at tlie heart (venje

cavte), the veins of the liver, kid-

neys, lungs, and brain have no valves. '1 hey are, however,

always found in the veins of the limbs. 1 he veins com-

mence in tiny twigs near the termination of the nearest

Fig. yr.—A Vein and Valves.
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arteries, which twigs gradually unite into larger branches,

until at length the whole stream is returned in two great

vessels to the heart, each of which is of the same calibre

as the aorta, thiough which all
,

the blood leaves it
;

so that the
,

united capacity of the veins is

about double that of the arteries.

Until the invention of the mi-

croscope no con-

nection was known Cap^laries.”'^

betw’een the end of

the artery and the commencement of the vein, but this

instrument revealed (to Malpighi in 1661) the existence of a

network of fine vessels connecting the arteries with the

Fig. 72.—Diagram of Valves in

Veins.

73.— Capillaries, uniting an Artery and a Vein.

veins, so minute as to be quite invisible (3-3^ inch), at least

one-fourth smaller than the faintest line visible to the naked

eye, and yet so close that the point of a needle could not be

inserted into any tissue without wounding one.
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In the liver and lungs the spaces between the vessels

are smaller than the capillaries themselves. In the brain

they are much less numerous, the result being that the flow

of blood through them is more rapid
;
the brain, owing to

the extreme activity of the changes in the vein cells,

requiring a greater supply of fresh blood than any other

part. These vessels, like hairs, are therefore called “ capil-

laries.” They carry the blood from the artery to the vein,

and it is in its passage through them that the blood

nourishes the surrounding tissues.

The whole of the body may thus be regarded as con-

sisting of groups of tiny islets, surrounded by streams of

blood flowing in capillaries. These capillaries

Con^s.ruction
lie ill larger lymph channels, the

Capillaries. ^^hjch ever bathes their walls, so that

they form, as it were, a stream within a stream.

Their walls are of the slenderest construction, and

consist of a single layer of flat fusiform plate-like cells, very
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thin, and loosely cemented together. The capillaries are

large enough to allow from one to three red corpuscles to

pass abreast.

Just as the arteries are constructed to prevent any

escape of the blood and to regulate its flow, and the veins

to assist in its movement forwards by their

flexible walls and valves, so the capillaries are

made to allow the freest possible interchange

between the blood and the tissues, and the greatest possible

change in size
;

the vasomotor nerves that are connected
with them having the power instantaneously to close the

tiny tube altogether, or to enlarge it to double its size.

The capillaries are of inconceivable numbers
\ those

in the lungs alone, placed in a continuous

line, would reach thousands of miles. The J^'limbers

smallest are in the brain and lungs. Their
united capacity is no less than 500 times that of the

arteries, so that we may regard the blood as leaving the

heart by a pipe one inch in diameter, and suddenly ex-

panding at the capillaries to a tube two feet in diameter,

and then contracting in the veins, when the blood reaches

Fig. 76.— Diagram inlended to give .in idea of the aggregate sectional .area of the
different parts of the Vascular System.

A, Arteries
; c, Capillaries; V, Veins.
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Arch of
Aorta

the heart again, to two inches. The enormous increase of

size in the capillaries, and the large increase of friction

from the minuteness of these individual channels, greatly

retards the blood flow, and

destroys the force of the

heart-beat. It also assists in

keeping up a continuous pres-

sure in the arteries. In the

arteries the blood flows about

a foot a second, in the ca-

pillaries an inch a minute, in

the veins an inch a second.

We will now consider the

structure of the
The Heart.

force-pump by which the blood

is circulated through the body.
Fig. 77.—The Aorta and Arch.

Structure.

3. THE HEART.

The heart is in the form of a blunt hollow cone, about

the size of its owner’s fist, and weighing about

nine ounces, and is situated behind and some-

what to the left side of the lower half of the breast-bone.

Its base is uppermost and to the right, its apex being down-

wards and towards the left. It consists, like the arteries

and veins, of three coats : an outer fibrous coat called the

pericardium, which really consists of two layers, forming a

closed sac, the heart being folded up in it. e inner a)er

is closely adherent to the heart, and the outer layer to t le

connective tissue round, a small amount of fluid being

between the two. The middle or muscular coat forms the

main substance of. the heart itself, and, in a muscular man.

varies from a quarter of an inch to an inch in thickness:

while the inner coat is the lining membrane of the heart.
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'I'he muscles are peculiar. The fibres are intermediate

between the striped or voluntary muscles of the
, , , . , . ,

Heart Muscle.
limbs, and the unstriped or involuntary muscles

of the arteries. They have transverse stripes like the former,

Fig. 78.—Transverse Section through the Auricle of the Heart of a Child.

a. Endothelium -lining the endocardium
;

endocardium ; c, muscular bundles cut transversely

d, muscular bundles cut longitudinally
; r, pericardial covering.

but are not under the control of the will, thus resembling

the latter. They are arranged in circular, oblique, longi-

tudinal, and (towards the apex) in spiral layers. They

continue for some distance along the two large veins. The
fibres that surround the upper half of the heart are

distinct, and can act separately from those round the lower

half.

Inside, the heart in man is divided longitudinally into

two halves, right and left
;

each half is

divided transversely, thus making four chambers

in all.

J
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In fish there are but two, in a frog three, while from the crocodile

upwards, we get four. In the embryo all these stages are gone

through.

The two upper chambers are called respectively the

right and left aiu'icles, and have very thin muscular walls

;

Fie. 7Q.-Heart with Wall of Left Auricle and Ventricle removed.

ao. Aorta j
sv, sv seinilunir valves :

/>a, •

apt jxxjuKi, ,

auricle; mz', mitral valve.

the two lower ones the right and left ve/ifnc/es, and have

much thicker walls
;
the left being also at least three times

the strength of the right. Each chamber holds about four

tablespoonfuls of blood. There is no direct communica-

tion between the right and left side of the heart after fetal

Each auricle communicates with the ventricle below b)

a sort of large trap door in the floor, which on the rig t
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Fig. 8o.-Hearl with Wall of Right Auricle and Ventricle rettioved.

——Tricuspid

Fig. 8i.—Transverse Section of Heart (from above) showing Valves.
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Pulmonary

Mitral
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Valves.

side consists of three flaps, and is called the tricuspid

valve

;

and on the left of two, and is called the

mitral valve.

The right auricle has, in addition to this valve, the large

opening {sinus venosus) common to the terminal veins.

r. . Will of Left Ventricle and .Aorta, showing Semilunar

Carnex.

In the right ventricle is the opening of the large pul-

monary artery that conveys the blood to the lungs to be

purified, guarded by a semilunar valve, which has three
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flaps. The left auricle has four openings for the four pul-

monary veins that return the purified blood from the lungs

to the heart
;
and in the left ventricle is the large opening of

the aorta, by which the blood finally leaves, guarded by a

semilunar valve, which has three flaps, as in the right

ventricle. There are thus, in the heart, four valves with

three flaps (two semilunar and one tricuspid), and one with

two flaps (the mitral). The arrangement of all these

valves is such that the blood can only pass in one

direction, always from the venae cavae towards the aorta.

The orifices of the valves are strengthened by strong

fibrous rings, while the flaps of the tricuspid and mitral

valves are strengthened and prevented from rising too far by

strong pillars' {colunmcB carnea) and cords (chordce ten-

dineet) fixed from the inner surface of the ventricle to their

lower side.
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CHAPTER X.

THE CIRCULATION.

General
Course of
Circulation

I. GENERAL COURSE.

We must now consider how the blood moves through the

vessels we have described, and circulates through tlie body.

The blood is incessantly leaving the left side

of the heart by the arteries, traversing ever)’

tissue through the capillaries, returning to the

right side of the heart by the veins, and thence passing

through the lungs to where it started

from.

Let us consider this incessant

movement in detail.

The e.xhausted venous blood re-

turns by the two vens cavtC. Into

^ . the lower one fresh stores
From the Veins
to the right of albuminous and sac-
\’’entricle. .

charme material are poured,

and into the upper one the digested

fat food in the chyle by the left sub-

clavian vein.

The lower vena cava also receives the

blood from the renal veins, which is the

purest blood in the body.

The venous blood, thus replenished

with food but deficient in oxygen, is poured into the right

auricle by the two veins, and as the tricuspid valve in the

floor with its three flaps is widely open, the blood pours

straight down into the ventricle below. .As this fills with its

Fig. 83.—The Circulatory

System.
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four tablespoonfuls of blood, the three flaps are floated up

and gently close together. A sudden contraction (a nerv-

ous spasm) of the auricle now takes place, commencing in

the muscular tissue that extends along the venre cavs, and

forcing the rest of the blood down into the ventricle until it

is fully distended. The semilunar valve of the pulmonary

artery leading out of it, however, still remains tightly

closed by the pressure of the blood on the other side, and

by this time the tricuspid valve is also firmly shut by the

pressure of the blood in the ventricle.

Immediately following the contraction of the auricle a

powerful contraction of the ventricle takes place. This

bursts open the semilunar valve, and the blood prom the

rushes along towards the lungs. It would also

burst upwards the tricuspid valve but for a two-

fold safeguard. Not only are the lower sides Lungs-

of the flaps firmly attached by. fibrous cords to the walls

of the ventricle, but these cords (chordce tendinece) in many
cases rise from the extremity of short muscular pillars

{columnce carnea) which contract with the ventricle, and

thereby keep the cords in a state of tension. Were it not

for this ingenious contrivance, as the ventricle contracts the

cords would naturally slacken, and allow the flaps to get

everted upwards.

Nearly every drop of blood is squeezed out of the right

ventricle into the lungs by this contraction. In case,

however, of there being any destruction or

disease in the lungs that absolutely prevents

the passage of the normal quantity of blood, a

little leakage is allowed through the tricuspid valve into the

auricle above, which is called the “ safety-valve ” action of

the heart.

The blood leaves tlie lungs again by four pulmonary
veins, which, now the heart is flaccid and at rest again,

pour the oxygenated blood into the left auricle, whence it
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drops through the open mitral valve down into the left

ventricle, the semilunar valve of which is kept firmly closed

by the pressure of the blood on the other side of it, in the

aorta.

The process on the right side is now repeated, the

flaps float up, the auricle contracts simultaneously with

^ . T r the right side, then the ventricle contracts

Auricle to the simultaneously with the right side, but with

round the much greater force—seeing its walls are three

times as thick; the mitral flaps are tightly

jammed together, the semilunar flaps burst open, and the

blood rushes along the aorta on its course
;
to return in

about half a minute back again by the veins to

l?ood°*^^^*
the right heart. In the arteries the blood

rushes along at the rate of about a foot a second

;

in the capillaries at an inch a minute, and in the veins

about an inch a second. If the arteries were rigid like glass

tubes the blood would flow over 200 feet a second. The

elasticity retards the speed.

We see now why the walls of the ventricles are thicker

than the auricles, and why the left ventricle is the thickest

of all. The auricles in forcing the blood into

Walls of the the vciitricles have no resistance to overcome.
Heart.

the ventricles being empty
;

whereas the ven-

tricles have to overcome the pressure of the columns of

blood in the pulmonary artery and the aorta
;
and inasmuch

as the body circulation contains much more blood than

the pulmonary, the pressure to be overcome is far greater in

the left ventricle than the right.

2. THE PULSE.

The first effect of the rush of blood into the aorta is to

transmit a shock to the entire mass of blood in the body.

If the blood-vessels were rigid tubes, an amount of blood



The Cause of the Pulse. 137

would be ejected at each beat into the right heart equal

to that which leaves the left, but they are elastic,

and the great arteries especially so. The force

of the heart is thus expended—first, in forcing

the blood into the artery and producing a shock
;
and,

secondly, in distending the artery sufficiently to receive the

blood.

When the aortic valve is closed, this part of the force,

stored up as elastic tension, comes into play and drives

part of the fluid along in its turn, distending the smaller

arteries. This jerky movement of the blood can be felt

in the larger arteries, as in one at the wrist, and is called

the pulse. What the finger feels is not the first shock
caused by the heart, but the subsequent wave of blood
driven forward by the contraction of the distended aorta.

Hence the pulse is always after the heart’s beat.

In very feeble people a second impulse can be felt,

which is the recoil wave caused by the closure of the valve.

There is no pulse in the capillaries or veins. First,

because the united calibre of these is so much
larger: but if this were all, the pulse would

Veins'"
reappear as they united towards the heart. But,

secondly, it is on account of the immense number, and
minute size of, and the great resistance offered by, the capil-

laries
;
so that the blood can never pass through them fast
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enough, and the arteries are thus ^always distended and

over-full. It will be found that under these conditions an

elastic tube converts an intermittent into a continuous flow.

If a Higginson’s syringe pumps water through a glass tube, however

small an outlet there may be, the jet will always be in jerks, but if the

delivery tube be elastic, and the nozzle fine, it will be continuous.

Part of the force of the pump in this case being expended, as in the

arteries, in distending the tube, and the outlet, as in the capillaries,

being too small for the water, the elastic recoil comes into play between

the jerks, and keeps the pressure at fhe outlet continuous (tig. 84).

The pulse rate varies from 140 at birth to 75 in adult

life. It beats about 4^ times to each respiration.

Fig. 85.—Type of Normal Pulse.

b. Primary wave; d, dichrotic wave; ^andf, secondary waves.

It may vary in four ways : in sped, or the rapidity of the

jerks
;
in strength, or in their force

;
in ienston,

Puise'^
or stretching of the artery

;
and in size, or

volume of the stream.

In certain cases of extreme weakness, as we ha\e said,

the recoil wave, from the shutting of the aortic valve, can be

felt, and is called a dichrotic wave.

The movements of the pulse at the wrist, or the beat

The Sphyg-
of the heart on the chest wall, can be registered

mograph.
fjij- niore accurately mechanically than by the

finger—by the sphygmograph and cardtograph respectively.
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These instruments consist essentially of a fine lever placed

on the beat and connected with a sheet of smoked paper

on which its movements are traced.

3. OTHER DETAILS OF CIRCULATION.

The sounds of the heart, as lieard vvhen the ear is placed

against the chest wall, are two in number
;
the

first long and dull is like ITibb, the second

short and sharp like dup. The first is caused partly by the

closure of the tricuspid

and mitral' valves, and
partly by the sound of the

contracting muscle
;

the

second sound by the slam-

ming of the aorta valve,

for it is found if the flaps

be hooked back the sound

ceases.

1 he movement of the heart is shown by a beat occurring

on the chest wall in the fifth interspace, two
inches below and one inch to the inner side of

the left nipple. It is caused by the spiral

arrangement of the muscle fibres at the apex, causing it to

turn sharply against the chest wall at each beat.

1 he force of the beat of the left ventricle is double that

of the right. The whole force exerted by the heart is equal
to 120 tons lifted one foot high, or the heart’s own weight
20,000 feet every hour.

The greatest height an active man can raise himself is 1,000 feet

an hour ; a locomotive can raise itself nearly 3,000.

1 here is an idea that the heart is more incessantly at

work than other organs. Such is not the case, but the
periods of rest alternate much more rapidly. All working
parts of the body have their intervals of rest : the brain when

A3 vs

Fig. 86.—Diagram of Heart Beat.

AS, Auricular Systole, sec. ; VS, Ventricular

Systole, jio sec. ; P, Pause — j® sec.
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we sleep
;
the stomach, eyelids, diaphragm, etc., at shorter

intervals.

If the whole circle of the heart’s action

be completed in one second, nearly half of this

is rest, and may be represented as in Fig. 86.

The contraction of the heart is called the systole, the

rest the diastole.

The movements of the heart are mainly caused by three

Pig. 87. Curves Drawn on a Moving Surface by Three Levers.

sets of ganglia in the heart itself. With proper care a heart

can therefore beat when out of the body

Ganglia of altogether, and even when cut in three pieces,
the Heart.

includes oiic of tlicse ganglia

or nerve centres.

A frog’s heart will beat for days if fed with blood, for

twelve hours with oxygen, for three hours with air, for half

an hour in vacuo, while COo stops it at once.
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The rapidity and force of the heart’s movements are

regulated from outside by two nerves—the pneumogastric,

from the brain, which slows or retards it
;
and

the sympathetic, which accelerates it. The

blood pressure in the heart is regulated through

the depressor nerve, a branch of the ^vagus, which acts by

suddenly dilating the large vessels in the abdomen to

lessen the heart pressure, or by constricting them to

raise it.

If the former nerve be irritated artificially by pressure

or poison, or by disease, the heart’s beat becomes very

intermittent. If, on the other hand, the sympathetic be

stimulated by pressure, as in indigestion or by poison, or

by alcohol, or by mental influence, or joy, etc., the heart's

beat is enormously quickened, and often goes so fast that

it is made to palpitate.

The general system of nerves, called the vaso-motor

system, that controls the calibre and tone of the blood-

vessels, also is connected with the heart, so

that the tension of the arteries and the force

of the heart’s beats are regulated with each

other. The heart itself is nourished with blood by two

vessels that arise from the aorta just behind the valve, and

are called the coronary arteries, the vein from them return-

ing to the right auricle, where its mouth is guarded by a

little valve. This is the shortest course the blood can take

to form a complete circuit (Fig. 82).

All blood must pass through two sets of capillaries, one

in the part it supplies, and the other in the lungs. In one

direction, however, it has to pass through three.

All the blood from the internal organs is col- circukUon.

lected into the vessel called the portal vein, and

enters the liver here
;

it breaks up into capillaries, and is

collected again by the hepatic vein and enters the venae

cavae. This is called the portal circulation.
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Three other parts of the circulation are peculiar :—The reipualoiy,

where the arteries are straight and do not anastomose, and the veins

have no valves
; the cerebral, where the arteries anastomose freely and

the blood returns in rigid sinuses instead of veins
; and the ereciile,

where the blood is retained at will in large venous spaces.

Proof of the The proof of the circulation of the blood
Circulation. mainly consists in the following points :

—

(r) The arrangement of the valves of the heart, all 01

which allow movement only in one and the same direction
;

(2) the opposite results of pressure on or tying a vein,

as compared with an artery ; the one swelling up on the

distal side or that furthest from the heart, the other on the

proximal or that nearest to the heart
; (3) the presence of

valves in the veins, only allowing the blood to flow'

towards the heart
; (4) the introduction of certain sub-

stances into the blood w'hich are proved to travel round ;

and (5) the direct observation of the blood current in life as

seen in the web of a frog’s foot.

Finally, we have to consider what other forces aid

circulation beside the heart’s impulse, w'hich in itself

Aids to even under favourable circumstances would
Circulation. hardly be quite sufticient.

1. We have already seen how force is stored up, and

passed on by the elasticity of the arteries.

2. In the veins the valves and the collapsible walls,

W'hich are squeezed at every contraction of the muscles in

which they are imbedded, help the blood up to the heart.

3. A still greater force, how’ever, is that of respiration,

W'hich, by creating a vacuum in the chest, relieves the

vessels of all pressure there, and, as it were, sucks the blood

towards the heart. As the veins enter the chest the force

of the heart’s beat has got so feeble that this is the principal

pow'er left. E.xpiration, of course, has a contrar}' effect,

and when prolonged, as in coughing, stops the venous flow,

as may be seen in the swollen veins of the neck.
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The course of the fcetal circulation is described in the

lasUchapter of this book.

4., THE VASCULAR GLANDS.

As indirectly connected with the vascular system, rve

may here consider the vascular glands, which

include the spleen, the thyroid, and the thymus

glands in the thorax
;

the suprarenal capsules

above the kidneys
;
the pineal gland and pituitary body in

the brain
;
and the carotid and coccygeal glands.

Fig. 88.-Malpighian Bodies on an Arterial Twig (from the Spleen of a Pig).

The spleen is about the size and shape of the palm
of the owner’s hand, and is situated beneath
the ninth, tenth, and eleventh ribs in the left

side, beneath the diaphragm. Its convex side is outwards.



1^4 Elementary Physiology for Students.

and its concave side is in close proximity to the tail of the

pancreas. It is of a deep red colour, and full of blQod.

The vessels enter and leave on the inner concave side.

The spleen is covered with the serous coat of the peritoneum,

and then with a fibrous ' capsule which sends trabeculse

inwards that support the spleen pulp of which the organ is

composed.

This spleen pulp is formed of round nucleated cells.

Fig. 89,-Section of the Spleen of a Rabbit, showing Spleen Pulp.

held in the meshes of large branching epithelial cells, which

form a sort of adenoid tissue. There are also many cells like

red blood corpuscles. The splenic artery breaks up into

arterioles that do not anastomose, so that each branch is

terminal (this explains how the blocking of one produces

infarction of the spleen) s
and also into a series of siiaces

into which the splenic corpuscles can freely enter.

There are various views as to the capillary- system of the -spleen,

but all are agreed that it is freely open in many places, in a manner
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peculiar to the organ, for the entrance of the splenic corpuscles into the
blood.

The so-called Malpighian corpuscles of the spleen must
not be confounded with structures of a similar name in
the kidney, and are simply outgrowths on the sheath of the
smaller arteries of masses of adenoid tissue, containing
lymph corpuscles surrounded with capillaries. They are about
70,000 m number, each the size of a millet seed (Fig. 88).

It appears probable that the spleen performs at least two
great functions :

—

1. The elaborating and storing of peptones and albu-
minous food.

It is found that it increases in
size after digestion from the store of
albuminous plasma it

contains, and subse- Its Functions,

quently slowly decreases
;

this and the constant pressure of uric
acid points to some definite nitrogenous
metabolism.

2. The formation and break-
ing up of blood corpuscles.

It seems to introduce numbers of
colourless and red corpuscles into the
blood, as well as to receive worn-out
corpuscles, which form red masses that
eventually disappear.

Fig. 90.—From a Section through
the Thyroid Gland of Dog.

a. The epithelium lining the vesicles
;

b, the colloid ” contents ot the vesi-
cles; c, a lymphatic filled with the
same material as the vesicles

; d, the
fibrous tissue between the gland vesi-
cles.

It probably has other functions, as a blood reservoir etc
It can be enlarged and contracted by some drugs as

well as by disease (ague).
^

The thyroid glands consist of two lobes, one on each^de of the trachea connected by an isthmus.
Fach IS covered with a capsule with strong
trabecute ,ha,

Til “"'1 containing a colloid
la 1 e gum. The gland is very vascular. This
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colloid product is carried off by the lymphatics into the

blood. Nothing further is definitely known as to the func-

tions of the gland. It is enlarged in goitre.

The thymus gland is largest shortly after birth, and

at puberty has almost disappeared. It is an inch

The Thymus.
largest, and is situated behind the

sternum. Like the other glands, it has a fibrous capsule

Fig. 91.—Section through the Thymus Gland of a

Fibrous tissue between the
’ '

with trabeculae, containing small follicles, consisting of

adenoid tissue, the middle of which has fewer ^^rpusc es

than the denser cortex. They contain giant ceUs with man>

nuclei, and concentric corpuscles of Hassall, masses

flattened cells surrounding a nucleated centre. In earlj

life the thymus may help to produce the blood corimscl

^
The suprarenal capsules are two small bodies bke

The Supru- cocked hats, perched on the top of the kidnei .

capsules Each is surrounded by connective tissue send-

ing fine septa inside, while the gland itself is divided into
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cortical and medullary portions. The cortical jjortion

has a dense horizontal stratum externally, and vertical

layers of cylindrical masses internally, separated by the

Fig. 92. From a Vertic.al Section through the Suprarenal Capsule of Man.

connective tissue, and both containing nucleated masses of
protoplasm of different shapes, which apparently are not
formed into regular cells.

K 2
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The medullary portion is a loose network of adenoid

tissue with irregular shaped cells in its network. Of the

functions of the glands nothing is known.

They are often found altered in Addison’s disease.

The pituitary body is a small grey mass consisting

of two lobes in the forepart of the brain. Of its functions

nothing is known.

The coccygeal and carotid glands are two small

plexi of arteries and small cells in capsules situated at

the top of the coccyx and at the bifurcation of the carotid

in the neck. Their use is unknown.
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CHAPTER XI.

BODY HEAT.

I. PRODUCTION OF HEAT.

The Heat of the body consists in the combustion of O with
the production of CO, and water. It is a form of energy,
and is produced by the vibration of tlie cor-

poreal atoms. The ultimate sowce of it is the
food and oxygen taken into the body, and the
cause of it is the metabolism or vital changes of the body, and
the amoimt of it depends on the amount of these changes.
1 he repair, building up, or anabolism of the tissue is, how-
ever, believed rather to absorb heat than to evolve it. It is

in the decay, oxidation, or katabolism q{ the tissues that heat
is principally evolved. It is found, indeed, by direct experi-
ment that the amount of C and H that unite in the body in
twenty-four hours with O is sufficient to maintain the body
temperature for a day.

The energy stored in the food of the body could be truly
described as latent heat were all of it used in the production
of heat. N^everlheless, though some of it produces
mechanical and electrical energy, it is convenient
to measure its potential forces under the head of heat-units.
A heat unit, as we have already seen, is i gramme of water
raised i^’C., and corresponds in mechanical energy with
425-5 work units (a work unit being i gramme raised
I metre high). The amount of heat units in any food is
found by burning it in a closed chamber surrounded with
a fixed quantity of water, which in its turn is in a chamber.
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isolated by non-conducting -substances and cold water,

from any external heat. The heat evolved passes by means

of a coiled lead tube through the water, and the increase of

its temperature, ascertained by delicate thermometers, multi-

plied with the volume of water, readily gives the number of

heat units. In like manner ice can be used, and the

amount melted calculated. The one is a Avater and the

other an ice calorimeter.

A living animal can be placed inside instead of food,

and the heat it gives off passing through the water in like

manner shows the number of heat units it evolves.

It is thus found that loo parts of albumen contain as

many heat units as 52 of fat, 114 starch, or 130

Heat of sugar. The reason that fat gives so much more
Foods. o

• • 1 1 u
heat than starch or sugar is that in the latter the

H and O are in the proportions to form water, so that the C

alone is burnt

;

whereas in fat there is always a great excess

of H, so that both C and H oxidise and are sources of heat

Some heat no doubt enters the body through hot drinks.

The places Avhere most heat is produced are the muscles,

secreting glands and organs, and brain. The

Centres
muscles form about one-half of the body, and

the bones nearly the other half. The latter

produce but little heat, whereas the former are the greatest

thermogenic centres in the body. Muscle work forms about

i of all the work done in the body, and of it is produced

in heat units, and only in mechanical energy. The

heart must be included with the muscles as a thermogenic

centre.

The secreting glands, such as the liver, produce heat.

With salivary glands the blood leaving them is a degree hotter

when they act than when they are passive. In the liver of

the dog the temperature in the hepatic vein is often 105 .

'I'he brain, by its active metabolism, is also a source of

heat.
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Other small sources of heat are the concussion of joints,

the friction of muscles, blood, etc., and electric currents,

the formation of salts and other chemical changes.

2. REGULATION OF HEAT.

Warm and cold-blooded animals have lately been called

hotnoiothennal, or of uniform heat
;
and poikilothermal, or of

varying heat, because the real difference between
, *1 1 • Warm and
them IS that the blood in a warm-blooded animal Coid-biopded

• ,» ... , . Animals.
remains the same notwithstanding variations m
surrounding temperature; while the blood in the cold-

blooded animal varies with the surrounding medium.
Of warm-blooded animals (mammals and birds), man

has a temperature of 99° F. (98-6 in the armpit)
;
the dog

102 b.
;
the cat 103 F.

;
the mouse 106 F'^.

;
the average

temperature of the mammalia being 101'’ F. In birds the
average temperature is 107° F., that of linnets rising to
III F. Amongst cold-blooded animals many vary but
slightly with the surrounding temperature. Snakes average
82° F.; in cold weather they are hotter, and in hot, colder
than the air. Fish are often one or two degrees warmer
than the water, the tunny fish being as much as seven
degrees F. The frog is generally about half a degree
warmer than the water.

In warm-blooded animals the metabolism and the
consumption of oxygen increase in cold weather and
decrease in hot

; whereas in cold-blooded animals the
metabolism and the consumption of oxygen decrease in
cold weather and increase in hot.

This shows there is some regulating or thermotaxic
centre that governs the production or thermogenesis of
heat. I hat this centre is nervous is shown by
the fact that after poisoning with curari this

regulating power is lost, and the warm-blooded
animal behaves like a cold-blooded one.
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Though the blood can complete the circuit of the body

in twenty-three seconds, nevertheless the temperature varies

as follows :

—

On the skin from 72’6°F. at the top of nose and ear

to q6° F. in middle of upper arm, and q8’6° F-
Heat at

“ ^
*

1
•

Different in closed axilla, the average being about 92 to

94° F. The skin is observed to be warmer over

muscle than bone.

In the rectum the temperature is 100° F., the blood is

102° F., the brain 104° F., the liver and heart 106° F.

Muscles and glands increase in heat one degree during

action, and the brain about half a degree. The

Affecling" principal conditions affecting the mean tempera-
Temperature. body are age, sex, period of day,

exercise, season, food, poisons and disease.

jge. In the newly born the temperature is one degree

above normal, also in the very aged
;
but in these the

governing (thermotaxic) centres being feeble, exposure soon

lowers it to a dangerous degree.

Infants and children are very subject to feverish attacks,

owing to the activity of their metabolism and the imperfect

development of the thermotaxic centre. From 28 to 65,

this centre being fully developed, the temperature of the body

is kept more uniform, while in old age variations from slight

causes again occur readily.

Sex .—In woman the temperature is higher than in

man.

Period.—Tht temperature rises during the day and falls

during the night, being highest at 6 p.m. (99'8° F.) and

lowest at 2 a.m. (97‘6° F.).

Exercise.—Active exercise will increase the temperature

from 1° to 2® F.

In summer the temperature is three degrees

higher than in winter. Climates varying* 100° F. have no

effect on body temperature.
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Food.—There is a very slight rise after food. A fall of

one degree after taking cold alcohol, and a temporary rise

of ‘5° after taking hot alcohol.

Poisons.—Alcohol, quinine, aconite, etc., decrease tem-

perature. Strychnine raises it.

In diseases the temperature varies from 77° F. in Asiatic

cholera to 107° F. in pneumonia. After death the tem-

perature rises for a short time, especially at the onset of

rigor mortis.

The heat of the body may be regulated by altering the

amount lost, or the amount produced. In the body this

is done in various ways, the process being

governed by a nervous centre. Body heat is
of^Heat

diminished by the skin, lungs, urine, cold

food, cold alcohol, and air. By the skin about 75 per

cent, is lost
; by the lungs 20 per cent.

;
by urine, etc., 3 per

cent,
j
and about 2 per cent, in other ways.

Heat is lost from the skin by conduction, radiation,

and evaporation. Besides the central thermotaxic power,
the skin has a self-regulating power by reflex

action. A hot atmosphere acts on the sensory

nerves, and by the vaso-motor nerves dilates the

surface capillaries, and reduces the heat by evaporation. A
cold atmosphere, vice-versa, closes the capillaries and retains

the heat in the body. Thus external heat and cold defeat
their own ends.

There appears in the action of the skin to be a balance
between radiation and evaporation that tends to assimilate
the loss in winter and summer. In cold weather much
heat is lost by radiation, little by evaporation, the capillaries

being contracted; in hot weather much by evaporation and
little by radiation, the temperature being so high.

d’he loss of heat from the skin can be largely regulated
by clothing

;
wool, being a bad conductor and hygroscopic,

is obviously the best covering for the skin.
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A naked man is said to be unable to maintain his normal heat when

the temperature is 8i° F.

The loss of heat by the lungs is fairly constant, they

having no power of reflex action like the skin. The loss

does not, moreover, vary with the surrounding temperature,

and but little with exercise.

The production of heat can be regulated by food, exercise,

and nervous influence. Amongst foods, fat, as we have seen,

gives the most heat. In paralysis the part loses heat. In

nervous excitement heat is increased, in nervous depression

it is diminished. In exercise the increased heat is largely

counterbalanced by the increased loss.

The shivering in cold helps to warm the body.

It is calculated that a man produces nearly two heat

units per minute.

AVe have already spoken of a thermotaxic centre. This

probably controls the therinogaiic (or heat-pro-

The^Tbree ducing) and thermolytic (or heat-losing) centres.

AVe have seen that the thermotaxic centre is

produced last, and it also fails first in disease (hence

pyrexia, etc.). The general action (like that of the respira-

tory centre) is probably partly reflex and partly automatic.

The centre is believed to be situated above the medulla

Nothing is known of the details of the action of these centres.

Great extremes of dry heat can be borne for a short

time owing to the power of evaporation pos-

Deaih from sesscd by the skin
;
thus 260° has been borne for

8 minutes; while Chabert, the fire king, entered

an oven at 500° F. At the same time, if the heat is moist,

evaporation is prevented, the air being already saturated,

and 1 12'' F. cannot be endured.

Death from too great heat appears to arise from tooiapid

and exhaustive metabolism
;
that from cold from too slow

and diminished metabolism, death in this case coming on

with torpor and sleep.
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chaptp:r XII.

RESPIRATION.
I. INTRODUCTION.

have already coiusidered the reception, digestion,

circulation, and assimilation of the solid and
liquid food of the body by means of the digestive

system and the blood, and we have now to see how the

gaseous or aerial food of the body {oxygen) is appro-

priated.

As, however, we have seen that, just as the foods of the

body consist of solids, liquids, and a gas, so the waste

products of the body consist of all three, we may con-

veniently consider here not only the reception of oxygen,

but the excretion of the waste gas—carbonic acid. The
double process is called respiration, and is carried on
mainly by the lungs, to a small extent also by the

skin.

These perform what may be called external respira-
tion, or the reception of oxygen and excretion

^ |

of carbonic acid by the blood. We must, and^iTerna

however, clearly understand that there is in

addition another internal respiration of no less import-
ance carried on all over the body, not by any particular

organ, but by the vital power inherent in each body cell, by
which oxygen is received and carbonic arid excreted,
not by the blood but by the cells from and into the
blood.

External respiration concerns, therefore, the exchange of
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gases between the blood and the air
;
internal respiration,

the exchange between the body cells of the tissues and

the blood.

The process of respiration in the animal kingdom is the

... ^ reverse of that in the vegetable. These breathe
Animal and °
Vegetable in CO„ absorb the carbon and expire oxygen :

Respiration.
. . , - nr.animals inspire oxygen and expire CUj.

In all vertebrate animals the essential principles of a

lung are seen, and these consist of a thm mem-
Principies bvaiie with blood on one side and atr on the
of a Lung.

other.

This principle can be illustrated by a moist bladder containing

blood. If this be plunged in a jar of oxygen it will absorb oxygen

through the membrane and become very bright ; if plunged into a jar of

carbonic acid it will absorb the gas and become dark or venous.

Blood, as we have seen, if deficient in oxygen and full of

CO, is dark purple or venous

;

if freed from the
Changes in ^ 1 ±

Colour of j CO, and charged tvith oxygen, it is bright scarlet

or arterial. Now, blood going to the lungs by

the pulmonary artery is dark, and returning from the

lungs by the pulmonary vein is bright red, so the change

must have taken place in the pulmonary capillaries that

connect the two.

These capillaries are spread like a network outside a thin

membrane which contains air on the other side.. T.he gills

of a fish that absorbs the air that is dissolved in the water

are constructed on exactly the same principle. The air and

water circulate on one side of the membranes and the blood

on the other. It must of course be understood that no

manufacture of gas goes on in the lungs, but simjily the

interchange of gases.

We will then proceed first of all to consider the

mechanical construction of the apparatus, and secondly the

work it does.
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2. GENERAL CONSTRUCTION OF THE LUNGS.

The lungs are contained in the upper half of the trunk

or thorax.

Comparing the trunk to a boiler^ and the Cene^^My.^

lower half being that which contains the fuel

and ashes, we may consider this upper half as containing

the steam, or the oxygenated blood that drives the engine.

This thorax is in the form of a blunt cone, and is a

completely closed cavity, save for an opening
• .1 • 1 • The Thorax.m the windpipe.

The thorax has a movable muscular floor called the dia-

phrngm. It contains the lungs, and the heart, and great

vessels. The lungs rise in the neck a little more than an
inch above the collar bone, and descend down to the lower
margin of the si.xth rib in front and the eleventh behind.

fl'he trachea or windpipe is a large tube that opens
into the throat or pharynx behind the tongue.

It has a cover, called the epiglottis, hinged to

the back of the tongue in such a manner that whenever
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this organ is retracted (as in swallowing food) it closes the

epiglottis tightly down over the tube.

The upper four inches of the tube is much enlarged

into a sort of box which forms the organ of the voice, and

is called the larynx, of which we will speak more par-

ticularly in another chapter. From the bottom of the

Fig. 94.—Larj’nx, Trachea, and Bronchi.

larynx the windpipe proper extends a distance ol four and

a half inches. It then divides into two large tubes called

bronchi, right and left, whicli enter their respective

The lungs are spongy, elastic, but apparently solid

bodies that fill the thorax, with the exceiilion

Description space takcii lip by the heart and large

of Lungs.
'pj^gy are not, however, really solid,

but filled with air contained in innumerable microscopic
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cells. The right lung is partly divided into three large

lobes, the left into two. Each lobe is composed of thousands

of lobules bound together by connective tissue, and each

lobule is a complete lung in miniature.

Between the lungs and the inner surface of the ribs are

the two layers of closed and empty bags, called The Pleura;,

the pleurce—right and left—which we will describe shortly.

We have said that the windpipe opens by the larynx

P'g- 95-—Lungs and Bronchi

into the throat, and thence into the mouth. We must also
point out that it opens no less freely into the nose by means
of the large posterior nares, and that there is this im-
portant difference between the two ; that we can close the
mouth passage at will, but we have no power to close the
nose passage.

1 he epiglottis alone of all the cartilages of the air
tubes is composed of yellow elastic fibre carti-

lage. It is covered on both sides with a laver St™cwre of
n

. 1
^ Irachea. H

or squamous epithelium which contains the
orifices of numerous mucous glands. It is well sujiplied
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with lymphatics, and contains on its posterior surface a few

taste goblets, like those that are found in the tongue.

Passing by the larynx for the present, we find the true wind-

pipe or trachea below consists of a tube an inch in diameter.

Fig. 96.—From a Longitudinal Section through the Trachea of a Child.

The stratified columnar ciliated epithelium of the internal free surface : K the t>»mem
membrane: r, the mucosa; d, the networks of longitudinal clastic fibres: the oval nuclw

between them indicale connective tissue corpuscles: r. the submucous tissue ^mmir^
mucous glands : /. large blood-vessels ; g. fat cells : h, liyalmc cartilage of the tracheal rings.

made of fibro-elastic membrane, kejit always open by 16 C-

springs or incomplete rings, made of hyaline cartilages. I he

space between the two ends of the C, which is always

directed backwards, is filled up by smooth muscle ;
and each
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muscle is attached at each end to the ring by an elastic

tendon, the space between each ring being also filled up at

the back by muscle. The object of this is to prevent any
pressure being put on the oesophagus, which lies immediately
behind. Externally the trachea consists of fibrous tissue

with numerous longitudinal muscle and elastic fibres.

1 he two bronchi right and left commence opposite the
third dorsal vertebra and run into each lung; the right being
the shorter and more horizontal. The incom-
plete cartilage rings are continued along them, fhe^umnchf
but the open part of the ring is now no longer
turned to the back, but to all parts of the tube. These
bronchi enter each lung together with the blood-vessels and
nerves, at what is called its root. In the lung they divide
and .subdivide very rapidly, still preserving the same charac-
ter of open tubes, the rings, however, gradually becoming
mere flakes of cartilage, while the transverse bands of
muscle become a complete coat of circular smooth fibres,

until at last each tiny bronchiole enters its lobule. At
this stage, when the tubes are not

Ajj- inch in diameter,
the cartilage finally ceases, and nothing is left but a tough
membrane with circular smooth muscle fibres round, covered
internally with longitudinal elastic fibres.

The mucous membrane lining the whole of the
tract may be divided into at least four layers. The inner-
most, commencing from the base of the
epiglottis and extending to the bronchioles of Lining of

1
• 1 • T .

the Bronchi.
inch in diameter, consists of a layer of

ciliated columnar epithelium, which waves always in an
upward^ direction

; beneath this a layer of flattened cells
(Defines), then a clear, well-defined basement membrane.
Beneath this is the fourth layer of areolar and adenoid
tissue. Ihen we get a submucous coat, connecting
this with the outer layers of the tube, consisting of loose
tissue full of nerve.s, lymphatics, blood-vessels, and glands.
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Numerous small mucous racemose glands open on to the

internal surface, secreting a clear mucus.

Within the lobule the construction of the tube changes.

Fig. 97.-From a Section through the Lung of Cat, stained with Nitrate of Silver.

« Kn infundibulum or alveolar duct in cross section ; h, groups of polyhedral cells lining one jwrt
’

* of the infundibulum the rest being lined with flattened transi^rent ei'ithehal «:aJes . c, the

afveoli Uned scales ; here and there between them u, seen a ymly-

hedral granular epithelial cell.

The muscular fibres cease, the ciliated epithelium first gets

short and cubical, and is then gradually re-

structure of nlaced by a single layer of squamous epithelium,

and the tube consists beside only of a very line

membrane covered by a few longitudinal clastic fibres.

Each bronchiole in tlie lobule divides into several akn-olar

passages which are lined on all sides with cup-shaped cells

and have distended extremities known as infundibula. 1 hese

air cells are not unlike the acini in a racemose gland, to
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which each lobule or indeed the whole lung may be aptly
compared. Each bronchiole forms the only entrance to its

lobule, so that once it is blocked all communication with
the lobule ceases.

The air-C6lls are about -

5\,th inch in diameter, and are
composed of the finest membrane lined with squamous
epithelium and covered with some elastic tissue.

In the lungs the cells are, of course, evei con- Structure of

...
, ... ’ an Air cell.

tractmg and e.xpanding, but never to their full

extent.

It is these elastic fibres that are seen in consumptive sputa when the
air cells are destroyed.

Small openings are seen when the alveoli are distended
between the cells opening into the lymph spaces below,
through which the lymph corpuscles come, and carry off
and store the carbon inhaled in the intercellular and inter-
lobular tissue. The pigment seen here is not true melanin,
but particles of carbon.

The blood-vessels of the lungs are derived from two
sources, pulmonary artery, which brings the impure blood
to be o.\ygenated,and the hronchial arteries, which
bring arterial blood to nourish the lung tissue i^i°°d-vesseis

itself.
^ Lungs.

1 he pulmonary artery sends in a branch at the root
of each lung, which rapidly subdivides, into a meshwork of
very regular and wide capillaries, sufficiently
broad to admit of the easy passage of the cor Pulmonary

pUSCleS.
Circulation.

Ihcse capillaries are so numerous that the spaces
between them are narrower than the vessels, and if placed
in one straight line they would reach several
thousand miles. Their united area presents a
surface of blood filty-six yards square in extent

'

and computed to contain not less than 22,500,000,000,000
corpuscles. 1 he united sectional area of the lung capillaries

L 2
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is less than that of the body capillaries, so that the flow of

blood in the former must be more rapid than in the latter.

These capillaries unite in four pulmonary veins that bring

back the arterial blood to the left heart.

The bronchial arteries form a separate system of

capillaries around all the bronchial .tubes. In the mucous

membrane there are two capillary plexus, a coarser one from

the pulmonary vein and a finer one from the bronchial

Fig. 98.—Small .Vrleries of the Air Cells of the Lungs.

artery
;
both of these plexus return by the pulmonary veins

to the 'left heart
;

tlie blood in these bronchial capillaries

being purified alike with the blood in the pulmonary by the

air in the bronchus. The other and deeper bronchial

capillaries return unpurified blood by bronchial veins to the

vena cava and right heart.

When the lung contracts the capillaries double up like

tendrils
;
when it is fully expanded they are quite straight.

The same thing is observed in muscle when it contracts

and expands.

The fact of the blooJ in the lininy of the hronchi.-il tubes retuminy

by the pulmonary veins explains the catarrh or bronchitis set up by any
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back pressure from heart disease, etc., thus causing congestion and
e.xudation in the mucous membrane.

Each pleura consists of a dosed sac, with both its sides

in apposition, wrapped round the lung, excepting at its root.

'I'he outer layer, called the parietal, is fixed to

the inside wall of the thorax, the inner, called
'

the visceral, to the surface of the lungs. As the lungs
move, the inner surfaces of each layer glide on each other
in the manner of a large joint. In health there is no space
inside the pleura.

The pleura is a serous membrane, and the parietal layer
consists of a dense layer of fibrous tissues overlaid with flat

endothelial cells. Beneath the two is a loose

mass of connective tissue with bundles of un- °f
. , the Pleura.

striped muscle, and numerous lymphatics and
lymph spaces and some elastic fibres. The visceral layer is

lined with columnar and endothelial cells that become
squamous when expanded. 'Fhe outer fibrous tissue of the
layer is continuous with the interlobular fibrous septa and
the tissue round the bronchi. This close connection of
the pleura with the lung tissues has important bearings in
disease.

In health, as we have said, the two pleural layers are in
close apposition

j
for although the lung is always on the

stretch, pulling with an elastic force of ^ to i lb.

per square inch and tending to separate them, on Pieurai

the other hand, the pressure of the air exerted
on the interior of the lung is 15 lbs. per square inch, thus
keeping the layers together by superior force. If, how-
ever, air be admitted to the outer surface of the lung,
or in other words, into the interior of the pleural sac by
puncture or other communication from without, the lung
at once rapidly contracts, separating the pleural layer, and
collapses.

The lymphatics of the lungs are very numerous
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There are at least three sets—the subpleural that drain

the pleura
;
the perivascular that run amongst

theTungs^^ the air cells round the capillaries, and the

peribro7uhial that run in the coats of the

bronchi. The lymphatics in the diaphragmatic pleura have

stomata that open directly into the pleural cavity. The

movements of respiration are thus active agents in the

circulation of the lymph, the vessel being provided with

valves.

The nerves of the lungs are derived from the sympa-

thetic system, and the vagus or pneumogastric. The

exact termination of the nerve fibres in man is

The^Nerves of known. This double nerve supply is of the

greatest importance, because it provides for both

involuntary and voluntary lung movements.

We thus can breathe without our will or mind being

engaged, and on the other hand, we can alter and var)’ our

breathing by our will within certain limits, and
Voluntary enabled to talk, and sing, and laugh,
Respiration.

^ .

all of which would be impossible were the lungs

supplied by the sympathetic only. The diaphragm or

thoracic floor is supplied by the phrenic nerve, and the ribs

by the intercostals. The involuntary centres for inspiration

and expiration lie in the medulla, and are con-

centres for nected with higher voluntary centres in the
Respiration. o ^ j* *i

cortex. The involuntary centres act ordinarily

automatically, but any accumulation of venous blood circu-

lating in them stimulates them by reflex action so as to pro-

duce deeper and more rapid inspirations. So strong is this

reflex action that the utmost power of the will, exerted through

the higher centres, cannot overcome it, and although we

can hold our breath up to a certain point, we can ne\er

commit suicide by so doing ; for the reflex power of this

centre overcomes all our efforts to inhibit it, and we are

forced to breathe-



The Process of Respiratioh. 167

The pneumogastric has two sets of respiratory fibres in

it
;

the one in the superior laryngeal when stimulated

slows the breathing; the other in the trunk of

the nerve quickens it. It is believed that the

double respiratory centres in the medulla, one

for inspiration and one for expiration, discharge their force

alternately.

3. THE MECHANISM OF RESPIRATION.

The mechanism of respiration consists essentially of

a dilatation of the chest by muscular effort, and a subsequent

contraction mainly by elastic recoil. It must be

remembered that the whole lung being forcibly ^“heTungs.

stretched against the inside of the chest wall

by atmospheric pressure, all expansion of the chest neces-

sarily means expansion of the lungs. All the movements

of the lungs arc passive and dependent upon those of the

thorax.

The muscles of ordinary inspiration are the diaphragm,

the intercostals, the levatores costarum, and the three scaleni.

The diaphragm is the most powerful respiratory muscle

in the body. It is always arched towards the thorax. It

forms a double dome, that on the right being

the largest
;

this hollow being occupied by Diaphragm'’*

the liver, and the smaller one on the left

by the spleen and stomach. The blood-vessels (vena

cava and aorta) that pass through it are surrounded by

tendons so as not to be compressed, and the circulation

reduced in respiration. The oesophagus, on the other

hand, has a muscular opening, so it is tightly closed during

inspiration, thus preventing any regurgitation of food

from the pressure on the stomach. The centre of the

diaphragm forms a tendon on which the heart rests, and

which is practically stationary during respiration. As the
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muscles contract both domes get flattened, and the length

of the thorax increased. . As in its descent the diaphragm

presses down the abdominal viscera, and these bulge out the

lower thoracic walls, it follows that the thorax is widened as

well.

All the other inspiratory muscles act by raising the ribs,

which make the chest deeper and wider.

The action of the intercostals has been variously explained.

Fig. 99.— Interco.stal Muscles.

By Galen and many others the external set are regarded as

inspiratory, and the internal set as expirator)’

;

Wrcostais
Waller both as inspiratory, by Vesalius both

as expiratory, while Landois regards both as

expiratory and inspiratory. Although opinions differ, Galen’s

view is the most accepted explanation of their action
;
that

the external intercostals raise the ribs as they shorten, and

are inspjrafoiy
;
and the internal intercostals depress the

ribs by contracting, and are expiratory. The action of the

intercartilaginous muscles in front is of course the reverse

of this.

.Still more recent investig.ilions, however, tend to show that both
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sets are mainly for the purpose of keeping tense the intercostal spaces

and preventing them bulging out in the chest movements than for

respiratory' purposes. Unless these spaces are kept tense great force is

lost in the respiratory efifort.

The ribs it must be observed

move on a fixed pivot at the

spine. Being curved

as they are raised ^°re™Rrbs.

they revolve out-

wards and also lift the sternum,

thus increasing the chest capacity

laterally and antero-posteriorly.

In inspiration it must be ob-

served that the omohyoid by

its attachment to the fascia in

the neck performs the valualile

work of preventing the sinking

in of the lung apex in inspiration.

If the effort of inspiration

be great, extra muscles are

brought into play— the serratus

posticus superior, the sterno-

mastoid, the serratus magnus,

pectorales, and trapezius. All

these tend to raise the ribs still

more. 'I'he spinal column is

also involuntarily straightened,

time the freest ingress is allowed to the air by the action
of the dilator nerves and the opening of the glottis.

1 he elasticity of the ribs favours ordinary inspiration,
but opposes any great effort. A great deal of the muscular
force is expended in overcoming the elasticity of
the lung.s, and the weight of the chest walls. Y

orce of
rp •

• ... ’
’ Inspiralion.

10 inspire 200 cubic inches requires thus
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a force of 450 lbs. The more the lungs are distended, the

greater the proportional force required. The total force

expended in respiration is estimated at 21 foot tons

daily.

The acts of respiration, and more particularly of in-

spiration, are of three distinct types. An infant when first

born begins to breathe partly from accumulation

R^pfration. in the blood exciting the respiratory

centre, and partly from the stretching out of

its body enlarging the thorax and causing a vacuum. When
thus established the breathing in infants and young children

of both sexes is nearly all diaphragmatic, and as this bulges

out the abdomen it is known as the abdominal type. In

men the ribs, more particularly the lower ones, take an

active share in it
;

this type is called the lowe?- costal. In

girls and women the principal part of inspiration is effected

by the six upper ribs, and this is called the suptrior costal

type. This sexual difference was long believed to be in-

herent
;

it has now been proved to be acquired from the

different clothing worn by each sex. Women who for years

have dressed as men breathe like them, the difference in

these two types being mainly artificial.

Expiration is mainly due to elastic recoil and the

weight of the chest wall, but can be greatly assisted by

the compression of the viscera by the abdominal

muscles, and by dragging down the ribs by

the triangularis sterni, the serratus posticus inferior, and the

quadratus lumborum. The total force in expiration is one-

third stronger than in inspiration. The muscular tissue within,

the lungs has little influence on respiration. It may assist

expiration, but is more probably used to regulate the size

of the bronchioles and prevent over-strain of the lungs.

Perhaps by a vermicular motion it may help slowly to

expel the mucus.

In the adult there are about 4?, beats of the heart to
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each respiration, so these are about 17 per

minute. The rate of these, however, varies Respiration,

greatly with the activity of the body. Taking

respiration when lying down as i ‘o or 1 7, when sitting it is in-

creased to I ’5; standing to i'8; in slow walking

to 2'o or 34; in cantering on horseback, easy
R,°^)'eased.

rowing, or walking, to 3'o
;
in trotting, swimming,

or fast walking, to 4‘o
;
and in fast running to 7'o or 119.

The rate also decreases according to age from

40 in the infant to 17 at twenty-five, at which decreased,

level it is maintained. On the whole, the

smaller the animal the quicker the respiration
;
because in

a small animal the proportion of surface to bulk is much
greater than in a large animal, and hence also is the loss of

heat.

Thus, a worm breathes 200 per minute, a horse 10, a hippo-

potamus I.

Respiration is affected by atmospheric pressure. If this

be reduced one half the breathing is difficult and the inter-

change of gases is decreased. Increase of pressure slows

the respiration, but the interchange of gases is increased.

The will can, of course, alter the number of respirations.

Inspiration is slightly shorter than expiration, as 6 is to

7. In health there is no pause between inspiration and
expiration, but there 'generally is between expiration and
inspiration. In respiration there is a rustling sound heard
though the chest, supposed to be due to the expansion of

the air cells and the movement of the air.

Respiration, when tranquil, should always be carried

on through the nasal passages and not through

the mouth. The advantages of this are :— t^rou^gh

1. The air is warmed and moistened if too

dry, hence all irritation is avoided.

2. It is also filtered from dust, soot, etc.
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3. Any impurities (sewer gas, etc.) are more readily

detected by tlie sense of smell.

Ordinary breathing through the mouth is only a product

of civilisation. Among savages and most animals breathing

through the nose is the rule.

Sig/ii?ig is a prolonged quiet inspiration that

Respiration. occurs froiii deficiency of air or from mental

impression, often involuntarily.

Hiccough is a sudden inspiration with closure of the

glottis, caused by spasmodic contraction of the diaphragm,

often caused by some gastric irritation.

Sniffing is a succession of short inspirations through the

nose.

Sobbing, a series of convulsive inspirations, generally

through the mouth, caused by spasmodic contraction of the

diaphragm.

Yawning is a prolonged and very deep inspiration, the

whole respiratory tract being widely open. It is involuntarj’.

Sucking is an inspiration accompanied by the depression

of the tongue, causing, when the mouth is immersed in any

liquid or closed around a nipple, an inrush of fluid from the

pressure of the air.

Snoring occurs in respiration through the mouth only,

whereby the soft palate being set in vibration by inspiration

and expiration, the characteristic sound is produced.

Laughing is a series of short, sharp expirations, either

with or without sound, according as the vocal cords are

closed or open.

Speaking and singing are expirations with the vocal cords

nearly closed by which the sound is produced, the articula-

tion being formed in the mouth.

Coughing is an explosive expiration following a deep in-

spiration, by which the closed vocal cords are forced open,

and any substance irritating the bronchial mucous mem-

brane is forcibly expelled. 'I'lic chief causes of cough are
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irritation of the pharynx, of any part of the bronchial tubes,

of the stomach (stomach cough), or from cold air striking

the chest walls.

Sneezing is the same as a cough, only it is through the

nose.

Crying is a series of short, deep inspirations, with long

expirations, and frequently excessive secretion of tears.

T

K

r1

Fig. lor.—Diagram of Capacity of Chest.
T Tidal air, C Compleuieiitn). R Reserve. rI Residual.

1 he extent and capacity of the lungs obviously varies

with the age and size. In a full-grown man, five feet

eight inches high, the amount of air ordinarily

breathed in tranquil respirations is 30 cubic
J)“pfcity

inches; this is called iidal air. A forced

inspiration can take in 100 cubic inches more of coni-

plemental air. In the same way a forced expiration can get
rid of an extra hundred inches of reserve air

;

after which,
however, there still remains in the chest loo inches of fixed

or residual air that no expiration can get rid of.
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It will thus be seen that the vital capacity, or the utmost

air that can be expelled from the chest after the most for-

. cible inspiration, is 230 inches; over iii stone

weight a man loses i cubic inch for every pound.

From 15 to 35 the vital capacity increases at the rate of il

inches per annum; from 35 to 65 it decreases about ih

inches per annum. The vital capacity of woman in this,

as in most other physical ratios, is in the proportion of 7 to

10. The amount of air ordinarily breathed amounts to

686,000 cubic inches in 24 hours.

Having now considered at length the mechanism of

respiration, we turn to the work done by it in the inter-

change of gases.

I

4. FUNCTIONS OF RESPIR.\TION.

Inspired, air consists, if fairly pure, of 21 per cent,

oxygen and 79 per cent, nitrogen, by volume
;

or 25 per

cent, oxygen and 75 per .cent, nitrogen, by
Composition of

^ygight. In addition there is about i per cent.

of watery vapour, and 05 per cent, of CO;.

There is also a variable quantity of dust, microspores, and

other impurities. The air is generally cold or cool.

Expired air differs from inspired air in that it is warmer

(generally 98-6), there is an increase of CO; and a diminu-

tion of O ;
the composition being now 16 per

S'°Ei’^red°\ir 79 rid^ogen, and 5 per

cent. CO;. Tlie air is moister, being generally

saturated with watery vapour. It is free from all inspired

dust and impurities. It contains decomposing organic

matter to the amount of about 3 grains per 24 hours.

There is also a little free ammonia, which probably comes

from the mouth and teeth. It is about less in volume,

that is, if reduced to the same temperature. Being of a

much higher temperature, the actual volume of expired air



Carbonic Acid Expired. 175

is about g- greater. This decrease of volume represents an
extra amount of O absorbed, possibly used in the CO^
given off by the skin.

A very little nitrogen may be absorbed when fasting.

This relative amount of CO.1 given off and
^

. , . -
~ o Relation of

oxygen retained varies from many causes, dbe Oxygen

amount of COo in grains excreted per hour
averages 632, or 8 ounces of solid carbon per diem.

By volume, 18 cubic feet of COo are expired, and rather
more than this of O are inspired every hour.

Men give off more COo than women, in the ratio ro to 7.

The more muscular and energetic the person, the more
is the amount of gases interchanged. Exercise can increase
COo to one-third more. 1 he CO3 expired increases in
men from 8 to 30, and from 30 to death slowly diminishes.
In women it increases from 8 to 15, then remains the same
to 45, and then decreases.

COo is increased by

—

sex (men),

exercise and work,

age (youth),

temperature (cold),

food (carbohydrates),

increased number of respirations,

pure air,

moisture,

season (spring),

close of expiration.

COo is decreased by

—

sex (women),

sleep and rest,

age (old age),

temperature (heat),

alcohol,

impure air,

dryness,

season (autumn),

beginning of expiration.

More COo is produced in the day than O absorbed.
Ihe amount of O absorbed at night is iiear/y
dotible that of the day. D.iyandNigiu

Of 100 parts of COo expired per hour, 52
will be given off by day and 48 by night

; of too parts of O
inspired per hour, 33 parts will be inhaled by day and 67 by
night. On the other hand, one observer (Lewin) states thatO IS not stored up during sleej).
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The warmer the external temperature the less COj

evolved, the warmer the internal temperature

Affecting CO2 uiore. Food, especially carbohydrates, in-

creases the amount of COn, alcohol diminishes it.

The quicker the respiration the less COn is expired each

time, though the total amount per hour is slightly increased.

The more COg in the air the less is given off by the

lungs.

The moister the air the more COn is expired.

Most is given off in spring, least in autumn.

The last half of an expiration contains more COn than

the first half.

The amount of water given off by the lungs is about

half a pint in the 24 hours.

It is olrvious that with a tidal respiration of only 30

cubic inches, it is only the air in the windpipe and larger

bronchi that is ever actually exchanged; never-

of
theless the O inspired reaches the remotest

air cells, according to the law of diffusion

of gases, whereby they diffuse in inverse proportion to the

square root of their densities. By the tidal movement

being so slight the delicate air cells are spared the great

friction that would result if all the air were changed, while

the above law ensures that the COn in the deepest tissues

and the O above speedily change places.

The actual exchange, however, between the gases of the

^ ^
blood and those of the air cells is almost entirely

Gases^iii a cheiiiical process, and largely independent of

the above law, as these gases are not free in

the blood. The whole process is as yet imperfectly under-

stood.

The relative tensions at first sight favour the idea that

the process is one of siinjile diffusion, for the tension of O

in venous blood=.] imm. of inercuiy, in llie air 15S, that

of COg in venous blood= 4innn., in the air o'3S.
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1 hat it is a chemical process, however, and not due to
diffusion is proved, because even in an atmosphere of O the
blood only takes up the same fixed amount
whereas if due to diffusion there would be a
great excess. Oxygen probably diffuses from
the alveoh into the blood plasma, and is then taken up in
chemical combination by the reduced hemoglobin, which
then becomes o.xy-hemoglobin. Oxygen in the blood is
never free, but always in combination with hemoglobin.
Hence we find it is easier to make venous into arterial
blood by O than it is to make arterial into venous by CO.,
because the arterial corpuscles will not give up their O

. without some oxidising agent present.
1 he passage of COjj out of the blood is favoured :— ( i ) bv

the law of diffusion
; (2) by the affinity of COo

for a moist membrane, across which it easily fem o'f

passes
; (3) the presence of haemoglobin, which

is supposed to play the part of an acid.
In the blood the CO, exists in the serum in a stateof loose chemical combination.

The whole process is explained by Bonders as being due topres.sure, certain chemical compounds formed under oressure hpm •

separated when the pressure is removed The CO in tl 1

”’*”2

the oxygen in the hemoglobin are said 'to be of thi^ nature Thecombines with the plasma in the body cells whern it,

great and separates in the lungs where it is smaS The
.1.. I.ns. ,h„e ,he p,e„.„ O „„ ,h. ^rcdl. T,

'
“

s'”'* ''Iand separates in the tissues where it is small
^

^
u-

alveolar cells play an active part in the i„:::chang:

In the pulmonary circulation the blood not onlychan-escolour but becomes cooler and coagulates firmer.
n internal respiration the process of the lunes isreversed. In the body tissues o.xygen is given un hv^ti

capillaries and oxidised by the tissues, whil! by
^

a separate process CO, is absorbed from the '"‘-"=>1

waste products by the blood and lymphatics.
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The internal respiration is thus still less of a direct ex-

change of gases than the process in the lungs. That arterial

blood becomes venous in the limbs has been proved by

experiment after death. If a limb be cut off and arterial

blood be forced into the arteries venous blood issues from

the veins.

The muscles are the largest producers of COj- The

blood itself being a living tissue uses up O and produces

COj, so do the tissues of the lungs.

If the supply of air for breathing be insufficient the

breathing becomes first rapid {hyperpnam), then difficult

{(iyspneea), and then ceases (asphyxia). Dyspnoea
Dyspnoea.

Q^curs from want of O even when there is no

excess of COo, but not from excess of COo if there is

abundance of O.

Asphyxia itself consists of three stages :—(i) Exagge-

rated breathing, passing into (2) Convulsive spasms, and

ending in (3) Exhaustion, general paralysis of

Asphyxia.
inspiration, and death. In death from asph)ocia

the heart is full of blood and the blood is venous all over

the body. Asphyxia takes place whenever 10 per

cent, of CO2 takes the place of 10 per cent, of O. It

occurs more rapidly from want of O than b}’ poisoning

by CO3.

In a small confined space death occurs from want of O

and is very painful
;
in a larger space partly from this and

jrartly from COo, which narcotises and causes a less iviinful

death.

In pure O breathing becomes suspended (apncea) owing

to the satura.tion of the blood and the want of CO.1 to

stimulate the respiratory centres. Such is the

condition of intrauterine life, and can be pro-

duced temporarily for a very short time by numerous deep,

rapid inspirations.

Normal respiration is known as cupmra.
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If the amount of CO^ in the air be under ’o6 per cent, it

is not injurious
;

if it is -o8 it becomes offensive,

and if I'o it is very foul. To keep air indoors

under -o6 requires 1,000 cubic feet of space for each person,
and an allowance of 3,000 feet of air per hour.

Health greatly depends on ventilation. In the Foot
Guards, where each man had 330 cubic feet, the consumptive
death rate was 13 per cent.; in the Horse Guards, where
they had 570 feet, it was only 7 ;

and in the army generally
improved ventilation has reduced the consumptive death
rate from 8 per 1,000 to 3.

No gas without sufficient O can support life. Harmless
gases, such as nitrogen and hydrogen, thus cause suffocation
in 2 to 3 minutes.

Gases poison either by displacing O, such as CO
;
or by

simply taking it away, such as HoS
;

or by
narcotising, such as CO„; or by intense irritation,

such as Cl. Impurities in the air are absorbed
by the lymphatics and leucocytes. Part is returned by
the action of the ciliated epithelium. They may be injurious
(a) by irritation, such as steel filings, or by (b) infection, as
micro organisms

;
or they may be harmless, such as coal

dust
j
or they may be positively to some extent nutritious, as

in wood dust, which is said in many cases to be assimilated,
and in wood-turners to increase the body weight.

Ordinary sputum contains epithelial cells, leucocytes,
and mucus. In disease it may contain blood, elastic tissue,
bacilli, etc.

’

.M 2



CHAPTER XIII.

THE KIDNEYS.

I. STRUCTURE OF THE KIDNEYS.

We have seen lliat the body possesses three excretory-

organs which excrete three waste products ;
that CO^ and

water are given off by' the lungs, water mainly

Three py skill, and water and urea by the kidneys.
Excretions.

largely consist of the indigestible

refuse of food, and, though mixed with waste products, are

not therefore true excretions.

The kidneys are two in number, each one being

Fig. lOi.—The Kidncj-s.
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4 inches x 2^ X i^, and weighing 4I oz. They are
situated just by the sides of the last two dorsal
and the first two lumber vertebrte, the right one
being a little lower than the left on account of the liver. In
shape the kidney is like a bean, while from the hilus, or
most concave part, a tube (the ureter) comes off, some 12 to
16 inches long and as thick as a goose-quill, and passes
downward to a pyriform sac situated just behind and above
the pubes, called the bladder; a short tube called the
urethra enables the contained fluid to be excreted.

fig- 103. Course of Urinary Tubule from Malpighian Corpuscle to the Pelvis.
M C Maljughian Corpuscle. P Pelvis.

A kidney is a firm, fleshy body, covered with a thick,
fibrous membrane called a capsule, which in health is easily
detached, but is more or less adherent in

disease. If a kidney be grasped with its con-
cave side resting on the hand and split longi-

tudinally along the convex surface, its structure will be
well .seen.

We obsei-ve at once that it is hollow in the centre
(called the pelvis) where the ureter begins, and that
the solid part is easily divisible into two—an
outer and deep red layer, called the cortical part,

and the deeper and paler layer, called the
'

medullary part.
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This latter mainly consists of some twelve pyramids

(of Malpighi), their apices directed towards the pelvis
;
the

apex of each being received (like a finger in a
The Pyramids,

diyerticle Or cap of the peivis

called a calyx, into which the pelvis divides. This medullary

Fia 104 -Malpighian Corpuscles from the Cortical Portion of the Hunum
*' Kidney. (Frey.)

portion may be subdivided into the outer or basal part of

the pyramids, called the boundary layer, and the apices,

called the papillary layer. The cortex occujMes about

one-third of the thickness, the boundary layer a little less,

and the papillary a little less.
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2 C

M C

The cortex is friable and granular owing to the Mal-

pighian corpuscles, the medulla much denser and more

striated. At regular intervals bundle of tubes

(of which the medulla is mainly composed) corpusde"''

ascend from it into the cortex, showing the

original subdivision of the i c

gland into lobules. These,

getting narrower as they

ascend, are called the

pyramids ofFerrein or me-

dullary rays, their apices

pointing outward instead

of inward as the pyra-

mids of Malpighi, already

described. The kidney is a

compound tubular gland,

being mainlycomposed of

masses of tubules, which

commencing in dilated

extremities, called Mal-

pighian corpuscles, in the

cortex pursue a very de-

vious course, until they

at length discharge their

contents into the pelvis

By twenty to sixty ori-

fices at the summit of

each papilla or pyramid.

Each tubule commences in the cortex by a glomerulus,
or tuft of capillary blood-vessels, enclosed in the dilated
extremity of the tubule, the whole forming a

Malpighian corpuscle, of which there are in
xXuTes°'^

all some 500,000 ( ,
’ in. diameter).

A naiTow stratum of the cortex beneath the capsule above (sub-
capsular), and another next the medulla below, contain no corpuscles.

Fig. 105.—Dia-
gram showing the
course of the Urin-
iferous Tubules in
the different parts
of the Cortex and
Medulla.

M C Malpighian Corpuscle, ic I'irst Convolu-
tions. L H Loop of Ilenld. 1 l’ Irregular
Portion. 2 C Second Convolutions. S C
Straight Collecting Tube.
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The whole length of the tubule is about two inches

(52mm.); its size -g-ig in. diameter. It consists through-

out of a membrane lined with epithelium. It leaves the

corpuscle by a neck so constricted that no lumen can be
seen in the tubule at all. The tube is then twisted much
on itself, forming the first or proximal convoluted portion ;

Fig. 106.—From a Section through the Cortical Substance of the Kidney of a

Human Foetus, showing a Malpighian corpuscle.

B, Glomerulus : b, tissue of the glomerulus ; c, epithelium covering the ’glomerulus ; rf. ftattenol

epithelium lining Bownmn's capsuie ; c, the capsule itself ; f, unmferous tubules m cross

section.

it then becomes vertically spiral, forming part of a medullary

ray in the corte.x, and then, passing into the medulla, de-

scends right through the boundary layer in a very fine tube,

bends on itself and comes up again to the cortex forming

a loop of Henlc. As the tube enters the boundary layer on

its ascent it suddenly enlarges to its first calibre until it

reaches the cortex, when it narrows again. It then becomes

irregular in size and makes a few very sharp angular

turns (the irregular portion), which, becoming more
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rounded, leads into another twisted part (the second or

distal cotivoluted portion). It then forms a straight collecting

tubule, which for the first time joins with others as they

107.—From a Vertical Section through the Kidney of Dog, showing part of the
Labyrinth and the adjoining Medullary Ray.

a. The capsule of Bowman : the capillaries of the glomerulus are arranged in lobules- «, neck of
capsule ; A, i^egular tubule; c, proximal convoluted tubules; rf, a collecting tube; t part of
the spiral tubule;/ portion of tlic ascending limb ‘of Hcnic’s loop-iube

; d, e. / form the

descend to form first collecting tubes and finally discharging
tubes at the summit of the papilla.

This tubule is lined throughout by a single layer of
epithelial cells, but possessing different characters. The



1 86 Elementary Physiology for Students.

Malpighian corpuscle itself is composed of a single layer

of flattened epithelium resting on a hyaline

Tubuie.'^'^ membrane. The first convoluted and the spiral

portions are lined with cloudy cells
;
the part

of the cell next the membrane being striped by short

rods at right angles to the basement membrane, while the

inner half of each cell is granular and contains the

nucleus. In the descending part of Henles loop, which

resembles a blood-capillary save for its basement mem-
brane, the cells are clear and flat, with a nucleus that bulges

Fig. io8.—Portion of Convoluted Tubule showing peculiar fibrillated Epithelial
Cells. (Heidenhain.)

into the lumen, which is so narrow that the two nuclei

cannot lie opposite to each other. In the wider part of

the 'ascending limb the cells become striped and cloudy

as in the first convoluted portion. The irregular and

second convoluted portion have cells like the first, while

the collecting tubules have clear cubical epithelium which

becomes columnar in the discharging tubes. The base-

ment membrane all through is well marked save in the

collecting and discharging tubes.'

From the above description it will be seen that the

cortex contains the corpuscles and the first and second

- convoluted and the spiral and irregular portions
Summary.

tubulcs
;
the boumlary layer is made up

of Henle’s loops and (he collecting tubules, while the

papillaiy layer mainly consists of the larger collecting and

discharging tubes.



Blood Supply of Kidiyev. 187

The blood supply of the kidney is of great importance.

It arrives by a short artery, the renal, direct from the aorta,

which passes in at the hilus of the kidney by
^

1 T • 1 j Blood Supply.

four or five branches, which subdivide and

passing round the pelvis enters between the papillse by the

columns of Bertini, which are downgrowths of the

cortex near tlie junction of the boundary and cortical

layers.

Here the arteries form incomplete horizontal arches, from

the upper surface of which the interlobular arteries run

straight up towards the surface of t!ie cortex

between the medullary rays. Each artery gives

off at regular intervals on each side the short

afferent artery to the glomerulus of the Malpighian

corpuscle, which hangs at its end like a raspberry on its

stalk.

The artery suddenly breaking up into the circular tuft of

capillaries, united by fine connective tissue, seems at first

to have pushed before it the dilated extremity
1

Glomerulus.
of the tubule, so that a double layer is wrapped

round it just as the pleura round the lungs, the terminal

end being just separated enough to allow the afferent and

efferent vessels to pass. From the very centre of this

glomerulus the small efferent vein emerges, leaves the cap-

sule, and at once breaks up into a second set of capillaries

that closely surround the first convoluted portions and the

tubes (irregular and distal convoluted) in the medullary rays.

These unite into veins, which descend to the boundary layer,

there to form complete arches, and finally to leave the kidney

where the artery enters it.

From the under surface of the incomplete arterial

arches straight arteries spring that run downward between

and parallel with the tubules in the medulla,

giving off a network of capillaries and finally gy’iem

forming veins which ascend and enter the
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concave side of the complete venous arches. The capillaries

of these two systems, outer and inner, are connected, but
the value of this alternative inner channel for the blood,
without traversing the glomeruli, is obvious in cases of
congestion of the kidney.

The two layers in the capsule of the Malpighian cor-

puscle are often found fused together, and can

t^e'coi^"uscie. Seldom be made out
;
and as the water of the

blood is strained off here, the corpuscle has
been compared to a filter, of which the capsule forms the

filtering paper.

Considering that the organic impurities of the blood are

mainly excreted by the kidney, and that the
Blood Loses n • , .

Urea at blood amves there just after traversing the

lungs and left heart, it is obvious that the blood
is only purified in the lungs of its COn, and not of urea.

The blood that issues from the renal veins is as

bright red as that in the renal artery, and is

actually the purest blood in the body
;
any

little COo formed by the action of the kidney being ex-

creted in the urine. This renal blood flows into the inferior

vena cava.

The blood supply of the kidney is particularly large

and rapid, because it arrives at high pressure from the

aorta, and returns at very low pressure into the vena

cava.

The lymphatics are numerous, and surround the blood-

vessels, save in the glomeruli, where no lymph

McTN^rves. spaces liave been discovered. The nerves are

derived from the renal plexus and the lesser

splanchnic nerve. They have not yet been traced to the

epithelium of the tubules. The intertubular fibrous tissue

is scanty, and a few smooth muscle fibres are interspersed

with it. Beneath the capsule and round the apex of the

pyramid they are more numerous.
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2, THE URINE.

The fluid secreted by the kidneys is called urine. It is

transparent, amber, bitter, acid, and has a

peculiar odour. Its sp. gr. is about 1020, and

the daily amount in health averages 52 ounces in the adult.

Its composition is :
—

Water

Urea

Other organic bodie.'; ...

957
2-4

I'O

Chemical
Composition.

.Salts 9

lOO'O

There is probably a trace of sugar, and some CO., is

always present. In disease urine may contain, in addition,

blood, albumen, sugar, bile, casts, etc.

The daily amount passed (by weight) of these substance

is as follows :
—

Water ... 52 ozs.

Urea 512 grains.

Uric Acid 8

Ilippuric Acid IS ,,

As Salts

—

Sulphuric Acid... 31

Phosphoric Acid 45
Potassium, Sodium, Ammonium,

and Chloride 323 ,,

Lime
3 )»

Magnesia
3 ..

Mucus ... 7

Extractives

—

Creatinin, etc. ... ... ...

Its colour varies much, according to the amount of
pigment present, from the clearness of water, as at times in
hysteria, to the dark-yellow or brownish-red

,

^1 , . ^ .
Its Uiaracter-

seen in tne early morning. In disease it may
be black, brown, orange, or (rarely) bluish. As it decom-
poses it shows fluorescence.
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Acidity.

I'he taste and smell largely dei)end on the food taken

;

turpentine gives the odour of violets
; assafetida, of onions

;

while in diabetes it has a “ sweet ” smell.

The acidity is not due to free acid, but to the presence
of an acid salt—acid phosphate of soda, which is derived

from the ordinary phosphate of soda by the uric

and hippuric acids taking away part of the

soda. That it contains no free acid is proved by no pre-

cipitate being found with sodic hypophosphite. The urine

becomes more acid by standing a short time, from acid

fermentation, or when acids are taken, or after prolonged

exertion, and by an excessive animal diet. It becomes less

acid, or alkaline, by alkalies, by the pressure of blood during

digestion, by much vegetable food, by profuse sweating and
by standing a long time, from the decomposition of urea

and the forming of AmCOg by the mic?-osporo?i urece.

The specific gravity varies from 1015 to 1025, in health.

Copious draughts ofwater may, however, reduce it temporarily

to 1002, while, on the other hand, the absence

Gravify. fluids, and profuse perspiration, may raise it

to 1040. In infants it is about 1004. In

disease it is decreased by the presence of albumen, and
increased by sugar. The solids in 1,000 parts, in grammes,

can be obtained by multiplying the last two figures by 2-3,

or more roughly by simply doubling them.

Thus urine of 1025 sp. gr. contains 57‘5 grammes of solids in 1,000

parts, or more roughly 50 grammes.

The specific gravity is ascertained by the urinometer,

which floats freely in the urine
;
the specific gravity of the

sample being read off where the fluid touches the tube.

d'he quantity of urine varies greatly. It is about 48

ounces in the female and about 52 in the male.

I.east is secreted between 2 and 4 a m., and

most between 2 and 4 p.in.

It is decreased by sweating, dry food, lessened blood

Quantity
of Urine.
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pressui'C, and hjemorrhage. It is increased by much tluid, b)

increased blood pressure, by cold, and a dry skin, by drugs,

and in disease by sugar. It is also influenced by the

nervous system. It is often profuse in hysteria.

Urea is the principal organic constituent of urine,

and the kidneys may be said to be specially employed

in its excretion. Urea forms half of all the solids

in the urine. It is itself a diui'etic drug, and if

injected into the body it produces a filtration of watery

urine through the tubules even when all action of the

glomeruli are stopped by section of the spinal cord.

Its formula is CH^NoO, and it is isomeric with am-

monium cyanate NHjCNO. Its composition is simple

—one part of COo, and two of ammonia less one of water

—

COo + 2 (NH 3
)-H.20 = CH.tN20 .

It is the chief remover of the nitrogenous waste of the

body. On heating or standing it separates into AmCO;,

and cyanic acid by taking up two molecules of water,

CO(N2Ho)2-f CH20=C0(NH 0 ) 2
.

With nitrous acid it splits up into HoO, COn, and N,

and by this means its quantity is easily estimated, li?, presence

is found by adding nitric acid to the concern

trated urine, when flat crystals of nitrate of urea

will be formed after a while. The quantity is found by

decomposing a known amount of diluted urine with sodic

hypobromate, and the N given off rises to the upper part of

the tube, which is graduated so as to give the percentage of

urea shown by the amount of‘

N

NoH jCO + 3NaBrO=
3NaBr-hC02 + 2H0O + N.

It can also be calculated on the basi.s that a hnown weight of

mercuric nitrate will precipitate a certain amount of urea. This salt is

added to the urine till all the urea is thrown down, and the calculation

made.

Urea itself is colourless, has no smell, neutral reaction,

and a cool nitre-like taste.
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The average quantity is 2-5 to 3-0 per cent, of the urine,

or 500 grains daily. In children there is twice as much

Quantity
proportion to their weight. As a rule the

amount of N taken in the food is balanced by
the amount excreted in urea. Nitrogen forms half of urea by
weight. The quantity is increased by animal diet, and by

rapid nitrogenous waste, as in fever. It does not vary ac-

cording to the amount of urine, but is generally more with

increased urine, even when this is produced by drinking

water. A vegetable diet decreases it, and muscular exercise

as a rule does not increase it.

This important fact was proved by Haughton, who found that in a

daily walk of twenty miles less urea was secreted than in a daily walk

of five miles.

Urea forms of the blood, and of the lymph.

Urea found
in the Blood.

Uric Acid.

It is uncertain where it is formed, but some is

produced in the liver and lymph glands.

Kreatin is probably a source of it.

Uric acid, is the substance which next to urea carries off

the nitrogen waste of the body. It is colourless,

tasteless, odourless, and crystallises in sharp

needles. The urea of birds and snakes contains great

quantities of it.

An animal diet increases and a vegetable diet decreases

it. In gout it is deposited in the joints as urate of soda.

About 8 grains is formed in the 24 hours. The propor-

tion of urea to uric acid is as 45 to i. It is generally

deposited in the urine as a brick-red powder of acid urate of

soda and potash. Free uric acid is not common in urine.

The presence of uric acid is shown by the murexide

test. A few drops of HNO3 are added to the

urates and heated. When evaporated and

cooled, if a drop of ,\mHO be added, a

purple colour appears, which turns blue with

Tests for

Uric Acid.

beautiful

KHO.
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Another test is to dissolve the urates in a solution of

NaCOg and drop a little on a filter paper soaked in

HgNO.„ when a black spot appears.

Hippuric acid averages about 15 grains a day. It is

the chief excretion of herbivorous animals,

being greatly increased by a vegetable diet. It ackT””'^
is believed to be formed in the kidneys by the

combination of benzoic acid in the blood with glycin pro-

duced by the renal epithelium.

Kreatinin is another nitrogen excretion and is a

hydrate of kreatin formed in muscle.

Oxalate of hme occurs occasionally, especially after

eating rhubarb.

The colouring matters of the urine are urobilin and
urochronie.

Urobilin is an orange pigment probably derived from
bile, and most abundant in fevers.

Urochrome is a yellow pigment, and is regarded as the
chief colouring matter of urine. Its source is unknown.

Indican, phenol, lactic acid, and traces of ferments, also

occur in small quantities.

The inorganic salts are chiefly chloride of sodium (daily

180 grains) and phosphates (30 grains daily). The sodic
chloride is greatly decreased in disease.

Sulphuric acid is found combined with various
alkalies.

Triple phosphates of calcium, ammonium, and magne-
sium, are found in diseased and decomposing urine.

AVhen urine stands a short time it first becomes more
acid through the formation of acetates from the

presence of a small fungus, but after a time it

gets alkaline from the presence of the micro-
coccus iirece, which, causing the urea to take up water,
decomposes it into ammonium carbonate and cyanic
acid.

N
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Albunwi is the most important pathological addition

to the urine, but may occur apart from actual

Diseased discasc, after severe nervous strain or excess of

nitrogenous food.

Its presence is detected by floating a little urine on cold nitric acid.

If present a white disc of albumen will be found when the fluids join.

Blood (with or without corpuscles), bile, sugar, cystin,

leucin, tyrosin, and various deposits, casts or fragments of

renal epithelium, gravel, and stones, are all found in the urine

in various diseases.

3. SECRETION OF URINE.

The Secretion of Urine is a twofold process in the

kidneys :—(1) Filtraiion of water and salts,

Excretbn“‘^
which mainly occurs in the Malpighian corpuscles

;

and (2) Excretion of the solids, which occurs in

the convoluted tubules. The process in the corpuscles is

not however a process of simple filtration, for none of the

serum albumen of the blood is allowed to pass through. It

seems probable that the capsular epithelium has a selective

influence. Nevertheless, that the process here is mainly one

of filtration, and not of secretion, is seen in the difference

between the action here and in the salivary and other

glands.

Hence the amount always varies directly with the blood

pressure in the glomerulus, or, more accurately, with the

difference between this and the pressure in the blood tubules.

The amount of urine (which is all filtered off here) is affected

by the quantity of blood, the activity of the circulation, the

influence of the nerves, and the action of the skin.

The amount is increased by

—

I. Increased general blood pressure— (.r) in-

Causes of creased amount of fluid in blood trom drinking,
filtration.

increased action of the heart
;

(f) con-

striction of blood-vessels elsewhere, as in the skin.
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2. Increased local blood pressure relaxing the renal but

not other arteries by (a) division of the renal nerves
;

(b)

division of the splanchnic nerve
;

{c) puncture of floor of

fourth ventricle.

If the floor be punctured close to the origin of the pneumogastric
nerve you get diabetes mellitus (copious urine and sugar) from injury to

the vaso-motor centres of kidney and liver
;
if it be punctured just above

you get diabetes insipidus (copious urine without sugar) from injury to

kidney centre only.

On the other hand, the amount is diminished by

—

1. Diminished blood pressure— (^?) by lessened
activity of heart

;
(b) by dilatation of capillaries

;
{c) by

section of spinal cord.

2. Diminished local blood supply—{a) by constricting the
renal artery indirectly, by irritating renal or splanchnic nerve

;

{b) by irritation of the spinal cord.

The blood pressure within the glomerulus is increased by
the efferent vessel being much smaller than the afferent, and
by the immediate occurrence of a second set

of capillaries. At the same time, owing to the Pressure in the

efferent vessel leaving from the middle of the
glomerulus, a safety valve is provided in cases of over-pres-
sure

; for it is evident with this arrangement the
greater the distension in the capsule the less the

. 1
action.

pressure m the efferent vein.

The epithelium, striated and granular, of the convoluted
tubes seems to be the special excreting part of the kidney.
It is believed these cells take the waste pro-
ducts, principally nitrogenous, out of the blood,
and that the water and salts filtered off above m the cor-
puscles wash them down the tube.

The following experiment seems to show this Sulpho-
molybdate of soda injected into the blood is found in the
cells of the convoluted tubule, and if the Malpighian
corpuscles be destroyed it remains there, but if they act

N 2
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it appears in the tubule itself and is washed down with the

urine.

The experiment of Nussbaum to show the same thing—Ireing de-

pendent on the facts that in the frog the corpuscles are supplied by the

renal artery, the convoluted tubules by the renal-portal vein—has been

found to be unreliable, as a communication exists between the two

blood supplies.

The epithelium in the convoluted tubules is therefore

believed to be truly secreting like that in the salivarj- glands.

As we have said, the lining of the capsule is partly of the

same character, having the power of excluding albumen,

which if it is unhealthy it lets through.

Respecting the formation of urea, it is probable that it

is formed in the blood and excreted by the kidney
;

for the

kidney does not secrete like the liver or salivar)"

Urea where glands. If these be stopped no bile or saliva
formed. &

, . j i_ a.

is formed, because their source is stopped
;
but

if the kidney supply be stopped urea appears in the blood,

showing that the kidney is not an organ to manufacture a

fluid for use in the body, but to excrete useless matter only,

which but for it would accumulate.

Urea exists in the blood. It is not found in the muscles

or nerves, but in very small quantities in the liver. In

acute liver disease the urea rapidly diminishes.

Urea is probably partly obtained from nitrogenous food, because it

increases with abundant meat diet ;
and partly from the tissues, because

it occurs when no N is taken.

A theory, not yet proved, as to the origin of urea is, that it is

formed from the kreatin of muscle. This can easily be split up into

urea and sarcosin ;
and the sarcosin, which is methyl-glycin, also con-

verted into urea. (If glycin is given the urea is increased.)

Kreatinin, of which a very small amount is excreted, evidently

does not account for all the kreatin nnacle ;
and, seeing the excretion of

kreatinin is stopped by starvation and increased by flesh diet and not

by muscular exercise or waste (fevers), it is probable it is the product

of the kreatin in food rather than in the hody muscles.
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Uric acid has probably the same two sources, and is

not formed by the kidney, but is taken out

of the blood. It also increases when not ^here^fofmed.

excreted.

Hippuric acid is probably actively formed by the kidneys

by combination of benzoic acid in the blood with the

glycin they make. It is probably derived from vegetable

food.

The size of the kidney varies with the amount of blood

in it. These variations can be recorded by the oncograph

and oncometer, by which the kidney is enclosed in a metal

chamber filled with oil, communicating by a pipe with a

second chamber in which is a float and a writing lever, so that

the fluctuations in the size of the kidney, displacing the oil,

move the float up and down, and so produce a tracing on
paper.

The connection between the skin and kidneys is well

known. If the skin of a dog is washed with

acid water the kidney contracts rapidly at the
|*idlieyf

same time
;

and the secretion of urea and
sweat is in inverse proportion.

4. URETER AND BLADDER.

1 he ureter is a tube the size of a goose-quill, and
twelve to sixteen inches long, that leaves the pelvis of the
kidney to enter the bladder. It is composed
of four coats—fibrous, muscular, submucous,
and mucous. I he muscular coat is of smooth fibre arranged
in three layers, the central being circular, and the other
two longitudinal. The submucous coat is composed of
adenoid tissue with a few mucous glands. The epithelium
of the mucous membrane is in several layers, the most
superficial being spheroid, the next pear-shaped with long
processes, and the deepest oval.
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The ureter enters the bladder obliquely, lying for

three-quarters of an inch between its muscular and mucous

coats, which compress it and form a valve at its entrance.

The urine moves along the ureter by

—

1. The vis a tergo of continual fresh secretion.

2. Gravity when erect.

3. The peristaltic contraction of the muscles of

Passage of the

Urine.

the ureter.

The bladder is a pyriform abdominal bag in a child,

ovoid and pelvic in the adult, and consists of
The Bladder.

coats arranged like those of the ureter,

only the outer one instead of being fibrous is serous,

being composed of peritoneum, and only covers the upper

and back parts of the bladder.

In the submucous coats there are also elastic fibres which

maintain the bladder when empty in a state of rugose con-

traction. The nerves are derived from the sacral (spinal)

and hypogastric (sympathetic) plexuses. These centres are

purely reflex and would act unconsciously were not the

spinal centre controlled by a higher one in the brain. This

can inhibit or excitd the lower centres, and can also

bring extra muscles into play to aid micturition when needed,

the action therefore being partly voluntary and partly in-

voluntary. The exit of the fluid is prevented by the

sphincter iirethrcE, a circular band of striped muscle fibre

around the lower half of the urethra by which the urine

is discharged at intervals controlled by the will.

A healthy bladder when full contains a pint of fluid, and

is emptied at intervals by micturition. The urine passes

into the bladder slowly by drops. The desire

Micturition.
micturitioii occurs when the bladder is full,

but this may be with much or little urine, according as the

bladder is contracted or dilated.

If the urine is retained a long time in the bladder it

tends to decompose and becomes ammoniacal.
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CHAPTER XIV.

SKIN AND PAT.

The whole body is clothed internally and externally in

layers of varying thickness w'ith stratified epithelium, or

rows of closely connected cells of a regular
,

. . . , ,
Introduction.

type. Ihis forms the skin outside, the mucous
membrane within, and, variously modified, the glands of all

organs, the lining of the respiratory organs, and (often in a

single layer) the lining of closed cavities, such as those in

the brain. We have here to study the outer part of this

covering known as the skin.

The skin subserves many purposes :

—

1. It is a most efficient protection to the

body. Surrounding it, like a wall to a city,
fhe"sk°n

*

it guards the more delicate parts against injuries

of all kinds. Where these are frequent, the skin thickens to

protect the part more perfectly.

2. In it the whole beauty ol the animal resides. Physical

beauty is a physiological attribute of no small value in

connection with sexual selection.

3. It is an organ of respiration. It breathes in O and
exi>ires CO^

;
the amount of the latter being about of

the amount exhaled byhhe lungs.

4. It is an organ of excretion. By means of the pores
a large amount of watery vapour and used-up animal
matter passes off daily.

5. It is an organ of secretion. By means of the sebaceous
glands it .secretes wax and other oily materials.

6. It contains the organs of touch and common sensation.
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7. It is the great heat regulator of the body.

8. It has some abso7'bent powers.

9. Its outer layer has a special pov/er of preventing

evaporation.

The skin consists of two distinct layers. The upper

one is known as the epidermis, or scarf or false

fhe'skb*
skin

;
the lower as the corium, or cutis vera, or

derma, or true skin.

The epidermis contains neither blood-vessels nor

Fig. 109.—From a Vertical Seclio.a through the Epidernui.

a, The stratum Malpighii, or columnar cells ; b, the stratum granulosum. or prickle cells

c, the stratum luddum ;
rf, the stratum corneum, or flattened cells.

The
Epidermis.

nerves, and consists entirely of a mass of cells. It may be

subdivided into two parts, the outer horny part

or cuticle, consisting of rows of more or less

flattened cells
;
and the inner or retc mucosum,

which forms the rete Malpighi, which is composed in the

upper parts of ridge and furrow or prickle cells, and in the

lower (next the true skin) of cells more or less columnar.

The cells of the scarf skin have two functions. The

lowest layer makes and stores up in the nucleus and body

of each cell, pigment of various shades, from
Functions of

, , i* \ 1 r
Epidermis straw to black, according to the colour ot the

person
;

all the colour of the skin being formed

by the cells in this Malpighian layer.
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The cells of the cuticle manufacture, largely out of their

own semi-dried protoplasm, a horny substance called

keratin, that forms the substance of nails, the covering of

the hair, and gives firmness to the skin.

The thickness of this epidermis varies greatly. In the

palms of the hands and soles of the feet it is very thick,

and its yellow horny layers entirely obscure the colour of

the flesh underneath. Pressure and irritation cause active

cell growth, so that it thickens rapidly, and we get horny

hands and corns. On the cheek it is very thin, and the

blood-vessels in the true skin can be clearly seen.

The true skin underneath is separated from the

scarf skin by a fine basement membrane across

which all the nourishment from the blood to

the epidermis has to pass.

The surface of the cutis vera is raised into papillae or

conical elevations, which constitute the organ of touch. In

the depressions between them the epidermis is,

of course, much thicker. They will be described

Fig. no.—Two Tactile Papilla; of the Skin, freed of Epithelium.
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later on. The skin itself is formed of bundles of mixed
fibrous and elastic tissue crossing in all directions and
forming spaces or areolae, in which large numbers of fat

cells lie.

Plain muscle fibres, numerous blood-vessels, and sen-

sory nerves are found in it.

Fig. III.—Root of Hair, with surrounding Epidermal Cells.

The cutis vera is tough and elastic and lies upon a basis

of adipose and connective tissue, the fat layer below being

from a quarter of an inch to two or three inches
at Layer.

accoixliiig to the localit)' and the structure

of the person.

In some parts of the body, as in the eyelids, no sub-

cutaneous fat is ever formed.

The hair and nails arc specially modified outgrowths of

the epidermis.
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Each hair grows out of a follicle or pit, which is really

an indentation of the skin, generally deeper than the sweat

glands, passing right through the skin into the

subcutaneous tissue. It has a bulbous extremity of’’" Hair,

and is lined with epidermis. At the bottom a

small papilla of the cutis vera rises up, clothed with epider-

mis, and it is the growth of this that forms the hair, which

gradually emerges from the follicle. Its outer layer consists

of epidermal cells, arranged in the form of imbricated

scales with the edges turned upwards. Beneath this is the

Fig, 112.—Transverse Section of a Human Hair from the head, with its Follicle.

general horny layer, which often forms the whole of the rest

of the hair. Sometimes in the middle there is a pith, or

medulla, composed of irregular cells, fat, and often air.

As this hair closely fits the follicle, the epidermis at the

side of it is closely moulded on the scaly exterior
;
so that

when a hair is plucked out “ by the roots ” the epidermal

layer of the follicle or “ root sheath ” is carried away
with it.

The /la/r follicle lies obliquely to the surface of the skin,

and generally has the mouths of one or two sebaceous

glands opening on to the sides of the hair in it. In section,

a hair follicle presents, from without inward, the irregular

connective tissue of the true skin, the clear basement
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membrane of the epidermis
;

then we get the outer root

sheath (corresponding to the lower part of the epidermis),

and then the inner root

sheath, which retains its

horny character as far

down as the opening of

the sebaceous glands.

The arreclor pili mus-

cle is a layer of smooth

muscle fibre that stretches

downwards obliquely from

the true skin to the bulb

of the hair, which it em-

braces. When it contracts

therefore it erects the hair

and produces goose-skin.

At the same time it com-

presses the sebaceous

gland. Hair is elastic,

stretching to one-third of

its length
;

it is strong,

four human hairs carrying

I lb. It resists putrefaction

a long time, and is highly

hygroscopic. It grows by

proliferation of epidermal

cells from below. At a cer-

tain period the bulb dies,

and the hair falls off,

leaving a fresh papilla

behind and a new hair.

Hairbecomes^/rvfrom loss

of colour in the cells. It is silvery when air bubbles enter

the medulla and refract the light. Hair covers the whole

skin e.xcept the palms and soles, the greater part of the

Fig. 113,—Root and Shaft of Hair .
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fingers and toes, the surface of the eyelids, and parts of the

genital organs. Hairs generally radiate from centres,

in the head generally from one. The hairs of the head

number about 100,000. .Straight hair is round, and curly

hair more or less oval.

In animals, of course, hair is a covering, in man it is mainly an

ornament.

Fig, 1 14.—Two Hairs, showing Root, Sebaceous Glands at sides

of Shaft, and the Arrector Pili Muscles.

The nails, like the hair, are an epidermal outgrowth to

give firmness to the soft tips of the fingers. They are com-

posed of flat, horny cells, and grow out of a
. , • „ , , • The Nails.

shallow groove m the conum called the matrix.

The nail lies on a bed of the skin that is raised in regular

ridges, forming grooves on the under surface of the nail. As
the cells grow beneath and at the matrix they make the nail

thicker and longer, and keep pushing it along the bed

towards the tip of the finger. As the fresh layers of cells

keep being added, from the bed as far as the lunula or
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half-moon, the nail is thinnest at the matrix and thickens

as far as the lunula, whence it continues the same thickness

to the tip.

The glands of the skin are two in number

—

the Skln.*^ sudoriparous and sebaceous, the one excretor)-,

the other secretory.

Sudoriparous or Sweat glands, or pores, consist of a
long blind tube which opens at one end by an oblique valve-

like mouth on the surface (at other times it is wide and
trumpet-shaped). From this the tube descends in a spiral

through the skin into the areolar tissue beneath, and here

Fig. 115,—Nail and Matrix in Transverse Section.

the blind extremity is coiled up. The glands are numerous
and large in the palm, sole, forehead, and sides of the nose.

In the axilla they form a complete layer.

They are few on the back and they are absent from

parts of the genitals and the lips. The ceruminous

glands of the ear, though they secrete wax, are much like

sweat glands. The whole tube consists of a basement

membrane lined with cells. I'he canal consists of several

layers of columnar cells having a small central tube. The
coiled part of the tube is lined by a single layer of tall, or a

double layer of short, cylindrical cells, often containing oil

globules. A network of capillaries and also of arteries

(which break up into a rcte mirabile and reunite) surround

the coils, also a plexus of nerves. The total number of

sweat glands is about two and a half millions. These
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glands, besides secreting sweat, have a limited power of

respiration.

Sweat is a turbid, colourless, acid (alkaline when fresh),

saltish fluid with a peculiar odour, and is ex-

creted at the rate of about 2 lbs. a day. It has

the following composition :

—

Fig. 116.—Human Skin in Vertical Section, showing

a. Epidermis: b, Papillre ; Nerve Bulb; d. Blood-vessels; e. True Skin; Sweat
Duct; g. Sweat Gland; h. Adipose Tissue; i, Nerve Fibre.

Water ... ... ... ... ... .. 99'

S

Organic Acids ... ... ... ... ... -i

Salts—Sodium Chloride ... ... ... -i

P'ats—Cholesterin .. ... ... ... -i

Extractives and Epithelium ... ... .. -2

lOO'O

If secreted .slowly it is evaporated and not perceived:

this is transpiration, or insensible perspiration. If more
rapidly, it collects in drops, and is called perspiration. As
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a rule, the' right side perspires more than the left. The
palms secrete most, then the soles. The amount varies in-

versely with the quantity of urine. Certain drugs taken in

sufficient quantity, such as arsenic and mercury, are excreted

in the sweat.

The excretion of water by the skin is double the amount

excreted by the lungs, and averages of the body weight.

It is increased by heat
;
by a watery condition of the

blood, as after copious water-drinking ; by increased body

activity; by certain drugs, such as pilocarpin, ammonia, etc.
;

and lastly, by nerve action. Cold, copious urination as

in diabetes, rest of body, drugs such as morphia

in large doses, and direct nerve action, dimmish or

arrest it.

The secretion is controlled by the sympathetic system

and centred in the spine and medulla. As a rule,

as in saliva, the secretory and vaso-motor

centres act together, so that there is a large

supply of blood. But the contrary may occur,

and profuse perspiration arise from the secreting centre

acting alone, so that the skin is pale and the circulation

feeble. The sweat centre may be excited directly by drugs,

overheating, or by very venous. blood. The controlling sweat

centre is in the medulla. When this is stimulated in a

cat, all paws freely sweat, even three-quarters of an hour

after death. In certain diseases (rheumatic fever, etc.)

sweat is greatly increased, in others it is diminished.

The sudoriparous glands also respire. An arm shut

in an air-tight box expires enough CO^ to put out a

candle if introduced after an hour. In frogs
Respiration.

other cold-blooded animals, two-thirds of

the COg is excreted through the skin, which is thus more

important than the lungs, ^harnishing the skin in man does

not cause death by stopping this function or by checking

the sweat, but by lowering the temperature, which falls

Nen’e
Control
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rapidly to 40° F. if the whole surface is varnished. Rabbits

die when only one-eighth of their skin is varnished.

The sebaceous glands are most numerous where there

is most hair, as in the scalp and face, and also at the

various openings into the body. There are

none in the palms or soles. They are simple,

lobulated glands lined with cubical cells filled

with fat globules. It is the breaking up of these cells that

form the sebum, which is a white ointment, and is discharged

by the duct on the surface by the side of a hair, or into the

hair follicle itself.

It is composed of oily extracts and stearin. The wax
of the ear is a compound of this with the bitter cerumen
discharged by the sudoriparous glands there. Sebum
keeps the skin supple and from becoming sodden by the
quantity of water excreted, and the hair from being too di)'.

T he subcutaneous fat acts as an efficient protection,

filling up hollows and covering projecting parts. It forms
an admirable elastic pad, and, being a bad con-

ductor of heat, preserves the temperature of the |“bcutaneous

body. The firm, elastic skin over this preserves

the body still further from injury, while the dry, horny epider-
mis prevents the absorption of poison or the drying of the
tissues beneath (as is seen when it is removed after death).
It also prevents adjoining surfaces from growing together.

^\ e will consider the skin as a heat regulator in another
chapter.

As an absorbent its powers are slight. Ointments can
be rubbed in and absorbed where the skin is

thin, and so can mercury. If the epidermis be Pow/r/of

removed the surface absorbs rapidly.
theSkm.

Water is absorbed slightly when in a bath, especially
if the amount of fluid in the body be deficient, but no
nourishment (such as milk) can be absorbed by the skin in
appreciable quantities.
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CHAPTER XV.

MUSCLES.

Most forms of motion in the body and all forms of loco-

motion are performed by contractile tissue, of which muscle

forms the chief part.
Introduction.

Colourless corpuscles and ciliated cells

are forms of contractile tissue that we shall consider

elsewhere.

I. STRUCTURE OF MUSCLE.

Muscles may be broadly divided into two varieties :

(i) The striped, or striated, also called voluntar)’, because

they are with one exception under the control of

Striped and the will
j
and (2) The unstriped, smooth, orin-

Smooth.
voluntary, so called because they are not under

the control of the will, their action being reflex or automatic,

so that we are not as a rule conscious of it.

The action or contraction of the striped muscles con-

trolled by the cerebro-spinal system is quick.

Qualities of decided, and simultaneous in all parts of the

Smooth muscle. Thclt of the uHstfip^dy on the contrarj

,

controlled by the sympathetic system, is slow,

gradual, and spreads like a wave from one part of the muscle

to another in a manner called vermteular.

All the skeletal muscles (including those attached to

bones, those of the tongue, phaiynx, eye, ear,

urethra, external anal sphincter, and diaphragm)

are striped and voluntary. Most of Uiose con-

nected with the organs of digestion, circulation,

respiration and secretion are unstriped and

involuntary.

Striped
Xluiiclcs for

Active
Movements,
Smooth for

Passive
\'egetative

Life.
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The heart muscle occupies an intermediate position

between the two. On the one hand it is

striped, and the movement is decisive and Musde
simultaneous

;
on the other hand, the fibres are

branched and without investing sheath, and not under the

control of the will.

We will first describe the striped muscles and their

functions, and afterwards the smooth.

Fig. 117.—Fibres of Heart Muscle.

A, Under low power
; B, under high power.

1 he whole mass of striped muscles form about two-
fifths of the body weight. There are some 250
pairs ol skeletal muscles and onlv about five

Number of

1
•' Muscles.

Single ones.

Each separate muscle is covered by a fine sheath of
connective tissue called the fascia, and is attached at each
end (generally to bone) either directly by the
fibres, which is rare, or by a stout fibrous band ,

called a tendon, or by a broad fibrous membrane
called an aponeurosis. The muscle being tlius fixed at both

o 2
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ends (one or both of which must be movable), and being

capable of contraction, causes movements by the approxima-

tion of its two ends.

The muscle itself is closely covered with a fine layer oi

connective tissue {^perimysium), which also divides it into

bundles of fibres

Fibre'*
{^fasciculi). In each

bundle every separate

fibre is separated by very deli-

cate tissue {endomysium). The

tendon is partly formed by the

blending of all these sheaths.

In some cases the muscle fibres

themselves are directly connected

to" the tendon or aponeurosis

where they end. A muscle

fibre is inch thick, and from

j to inches long. In short

muscles the fibres stretch all

the length ;
in longer ones they

are connected (or spliced) to-

gether end to end. They lie

perfectly parallel and ne\er

branch, save in the heart. Each

fibre consists of at least three

parts :— (
i )
An invest-

ing sheath called

sarcolcmma, in which

nuclei are seen at intervals; (2) Tlie sanous or proto-

plasmic substance that composes the various parts of the

fibre; and (3) The connecting material that unites them

Sarcolemma is an elastic connective tissue. The heart

fibres are without it.
.

'I'he sarcous substance within is semi-lluid, trans-

Fig. ii8.—Muscle and Tendon.

a. Muscle; b, tendons.

Structure of

a Fibre.
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parent, viscid, and banded

with alternate dark and light

bars that give it the striped

appearance. The sarcolem-

ina is not striped. Small fat

cells lie at intervals between

the fibres, which greatly in-

crease in disease.

If a fibre be
Muscle Kibres.

Fig. i2o.—Mu.scular Fibre,
stained with ha^matoxylin,
of Staphylinus cjesarcus.
(Rollett.)

I, Intermediate disc (Krause’s
membrane) ; L, secondary disc
(placed within the lateral disc);
T. trarsverse disc (sarcous ele-
ments): N, nucleus of muscle-
corpuscle.

Fibrils.

I

treated

with alcohol or bichromate of potash

it breaks up longitudinally into indi-

vidual fibrils
;

if it be

treated with dilute HCl,

it separates transversely in regular

discs, like a pile of coins. The fibrillar

division is the commoner. The
transverse bands on each fibril, light

and dark, are of about the same width.

Looked at more closely, a dark
line is seen dividing the light band
into two. This is now proved to

be a thin membrane
{Krause's) joining the

sarcolemma at each side,

thus dividing the fibre into a number
of compartments, with a broad dark
band in the centre and a narrow
bright one at each side. The dark
band seen by polarised light is

found to be anisotropic, or doubly

refracting; the light, isotropic, or
singly refracting; and the dark band
is ge?ierally believed to be the contractile

part. The ultimate construction of
the fibrils is a matter of theory.

Dark and
Light Bands.
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Blood Supply.

Bowman’s represents them as built up of “ sarcous elements *' or

rectangular bodies, like oblong Ijeads, longer than they

Bowman’s aj-g broad, each composed of one dark central and two
Theory.

bright end discs. Schafer believes each segment between

Krause’s Membrane is composed of tiny rods, side by side, ending in a

row of small granules that is

Schafer's seen along the margin of the
rheorj

. light discs. A light band

(Hensen’s) observed in the middle of the dark

I

central band is explained by the rods Ireing

i

thicker at the ends than in the centre.

Many of the appearances described

are believed to be post-mortem changes.

For instance, many believe that in life

the whole fibre is isotropic.

The muscle fibres have an abun-

dant blood supply, not from one, but

several arteries ;
the ca-

pillaries lying longitudinally

between them, but never penetrating

the sarcolcmma, through which, there-

fore, the fibre must receive its nourish-

ment. Numerous lymphatics run be-

tween the fibres.

Sensory nerves end on the outer

surface of the sarcolemma

and give the feeling to

the muscle known as inusde-sense.

Some fibres and muscles are pale,

most are red. The red contain haemo-

globin, the others do not. The motor nerves are

distributed to each separate fibre. As there are, howe%er,

not so many nerves as fibres, one may have to supply

thirty, which it does by subdividing.

Barts of some muscles, however, receive no nerves at all, as the

lower end of the sartorius in frogs.

Nerves.

Fig. T2I.—Network of J

Striped Muscle. (Frey.)

a, Artery ;
b, vein ; f, capillaries
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The nerve terminates under the sarcolemma, about

midway in the length of each fibre, in a vioior end-plate,

which is a mass of protoplasm and is often connected with

the nucleus of the sarcolemma.

Muscle generally has the following composition :

—

Water

Nitrogenousbodies, myosinogen, nniscu-

line, alkali and serum (albumen,

creatin.and traces of other extractives),

urea, xanthin, taurin, etc. ...

Non-nitrogenous bodies, glycogen (in heart

muscle), inosite, fat

Salts, mostly potassium phosphate

Haemoglobin ...

Gas—CO2 in combination

Ferment—pepsin, a starch, and a lactic acid

ferment ...

75 -O

Chemical
Composition.

20*0

I *0

4*0

lOO'O

Fresh muscle is alkaline or neutral. If it be frozen
to 10° C. it becomes like wax. Pounded in a frozen mortar
it is like snow (muscle snow). Raised to — 3° C.
it melts into a yellow syrup (muscle juice, or

plasma), while at 40^ C. it coagulates into a soft clot and
yields an acid serum. The clot is formed (from the myos-
inogai in the living muscle) of myosin, a globulin akin to
fibrin, which, with acid, form syntonin or acid albumen. The
acid in the serum is sarcolaciic. Myosin differs from fibrin
in that it can be dissolved and re-coagulated. The clotting
can be assisted and retarded by the same means as a blood-
clot.

Masculine only differs from albumen in being coagulated
at45‘’C.

Inosite is a body which has the composition but not the
properties of sugar.



2i6 Elementary Physiology for Students.

2. PHENOMENA OF MUSCLE.

We will now consider muscle under four conditions

:

rest., work, fatigue, and death :

—

Muscle at rest is (rt’) neutral or alkaline—((J) absorbs O

Fig. 122.—Motor End Plates of Nerves in Striped Muscle.

m. Nerve ; t, end plate.

and gives off COo—(c) has slight but perfect elasticity-

{d) is irritable— (f) is always slightly stretched m
Muscle at body (to save waste of force)—(_/") is always

subject to nitrogenous change (waste and repair

ever going on)— (^o^) shows, with a delicate galvanometer,

certain electric currents.

These are best seen in the rheoscofic frog. The
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muscles of two frogs with nerves attached are prepared,

and the nerve of one is allowed to touch the

muscle of the other in two places. The currents,

“currents of rest” in the muscle being thus

conveyed along the nerve to the other muscle cause it to

contract. These currents were believed by Du Bois Rey-

mond to be proof of the electromotive nature of the sarcous

elements, but are now ascertained to be only on the surface,

of artificial origin, and probably due to post-mortem changes.

The irritability of muscle is a wide-spread property of

protoplasm, and exists, as we have seen, in leucocytes and

cilia. Where it exerts its force in a definite
. 1

. Irntability.

direction it is called coritractihiy. This pro-

perty is inherent in the muscle fibre itself, and is not

imparted to it by the nerve :—
1. Because it exists in parts where no nerves are found,

e.g. the lower end of the sartorius in frogs.

2. It persists after the nerve is divided.

3. It is found in the foetal heart before the nerve

structure 'is formed.

4. If the motor end-plate (not the nerve-trunk) is

poisoned by curari the muscle will still contract under direct

stimuli.

5. Ammonia and carbolic acid cause no contraction

if applied to the nerve, but do if applied to the muscle

;

on the other hand, glycerin stimulates the nerve, and not

the muscle.

Muscle at work receives more Irlood and the

capillaries are dilated.

{a) It has an acid reaction, due to sarcolactic acid.

(i) It alrsorbs more O (there being more
O breathed when we are work and less found work

'

in the veins).

(c) It excretes more COo (there being more expired when
we are at work and more found in the veins).
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{d) The amount of glycogen decreases , but muscle can

contract without any.

{e) There is no increase of k7-eatm.

( /") The amount of urea is not affected by muscle

work.

Iff) Heat is formed during muscle contraction in the

proportion of about of heat to of work. The body

is thus very little more economical than a steam-engine,

in which nearly ^ is work and heat, only in the

human machine the heat is of great use to warm the

body.

(//) The contraction forms a musical sound.

(7) Negative electric currents are set up by muscle in

action.

iff) It also slightly decreases in volume (about

part).

iff) Lastly, when at work it contracts.

Its irritability may be thus excited by direct or indirect

stimuli :

—

on rac 1

.

Directly., by chemical means—most acids

and the salts of many metals (iron, copper, zinc, etc.)
;

By thermal means—moderate heat

;

By mechanical means—a blow on the muscle

;

By electrical means, as by the making or breaking

of an induction circuit

;

Or indirectly, through the motor nerve attached.

The contraction changes the form, making it shorter

and thicker, but does not perceptibly alter the bulk.

We cannot really trace the means by which

Changes in change of form is affected, nor the relation
Contraction. o

^ ^ , .

between striation and coitraction. rroni the

diminution of glycogen, and the absence of any increase in

nitrogen products, it is believed to be due to the explosion

(not direct ^oxidation) of a hydrocarbon compound, but, after

all, it may contract at the expense of the f?'otcids. Certain
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changes take place during contraction in the appearance of

the dark and light bands. As contraction

begins the distinction between the two becomes
;^'’r"bre.

less marked;, the whole sarcous element then

becomes uniformly grey; and lastly, it becomes nearly as

broad as it was long, and light instead of dark in the middle,

with a dark band at each end. It thus appears that in con-

traction in each sarcous element or bead the dark and light

bands change places.

It is also believed by Bowman that the shortening and broadening

of the bead is produced by a rearrangement of its molecules. If, for

instance, there are 100 in 20 rows of 5 molecules, and these are

suddenly changed into 5 rows of 20 molecules, the long and narrow form

of muscle at rest becomes the short and broad form of contracted muscle.

The sarcolemma bulges between each Krause’s mem-
brane as the contents thus get broader. Some think that this

is only a passive movement, and that the actively contract-

ile part is not in the sarcous material but the elastic inter-

fibrillar substance. The ultimate process is still Init a theory

and requires clearing up. No connection is known between

the striated appearance and the speed and decision of the

movement.

This change of muscle form is graphically shown by a

Myograph. That of Helmholtz consists in a lever carrying

a style, attached to the end of a muscle. The
lever can be weighted at pleasure

;
when the

muscle is galvanised and contracts, the style

records the movement on a smoked paper on a revolving

drum. Below can be simultaneously traced the movements
of a tuning-fork vibrating at a certain rate per second.

The curve thus traced consists of four parts, which,

allowing Jjj of a second for the contraction, are

as follows :

Muscle
Curve.

I. A latent period second) before the

muscle acts.
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2. The contraction, or period of increasing energy

(•^ second).

3. The relaxation, or period of decreasing energy

(t^ second).

4. Then afterwards some slight residual contractions.

Each muscle has its own characteristic curve.

Muscle co7i contract f of its entire length. In the body

it rarely contracts more than }. Obstruction to motion

increases the contractile power up to a certain
Tetanus. . ^ ,

point. The time of the most rapid voluntary-

contraction is -05 second. If the stimuli succeed one

Fig. 123,—Tracing of a Single Muscular Contraction or Shock of the Muscle of a Frog.

S, Line showing at I, the point where it descends, the instant at which the stimulus of the

electric shock was applied to the muscle ; D, tracing of the %-ibrations of a tuning-fork

vibrating 100 times per second; I, basal line of muscle at rest : A'A, latent period of con-

traction ; AH, period of contraction
;
HB, period of relaxation.

another at less intervals than -^7 second each, contraction

produces a slight elevation of the curve until a maximum is

reached and a condition of ieianus ensues. (Eig- 125.)

This was produced in a frog by 1 5 shocks per second,

and is represented in the myograph by a wavy line. An

ordinary continued voluntary contraction really consists of

numerous minor vibratory contractions (shown in their

maximum in shivering). The strong contraction and vibra-

tion of tetanus may be produced by disease, as in spasms,

or by drugs, such as strychnine.

Muscle in fatigue is characterised {a) by the latent
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period in the myogram being larger, {b) the height of the

curve lower, (^r) the contractions slower, and by

{d) lassitude being felt. It is soon recovered pafigue.'”

from by rest, and is believed to be caused by an

accumulation of the products of decomposition, which

are principally phosphates. If these be removed by wash-

ing them out, or by massage, fatigue disappears much

sooner.

Muscle is more rapidly fatiguedahan nerve. In the body

Fig. 124.—Summation of Two Stimuli.

Y, Coimueui_eiucnt of time
; A, first curve

; 1:, application of second stimulus

;

C, second curve.

the will hardly ever calls forth the full muscle power; hence,

although great sense of fatigue be felt after exertion, the

muscle can often still be violently contracted under a strong

stimulus.

Muscle in death, or rigor mortis. After death,

generally in about six hours, but at a period varying from

ten minutes to seven hours, rigidity sets in from

(a) the coagulation of the myosin, {b) sarcolactic

acid is formed, and {c) heat evolved, (d) The
glycogen becomes grape sugar, {e) The muscle becomes
shorter, (/) thicker, {g) opaque

; {Ji) it is easily

torn, (/) it cannot be stimulated, {li) all electrical

reaction is abolished. (/) If cut, serum exudes.
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Rigor mortis generally begins at the jaws and passes down

the body to the feet, reaching the arms last. It lasts one to

six days, after which the muscle becomes soft as it gradually

decomposes.

Rigor mortis can be produced during life by stoppage

of all blood supply, or by great pressure (too tight bandag-

ing). When first setting in, it can be arrested

Rigor mortis ,

(^ut not afterwards) by heat or by saturation

with distilled water, and by acids. It is hastened

by cold, by poisons. Rigor mortis and ordinary contraction

Fig. j 25.—Incomplete Tetanus
;
the undulation of the successive shocks being still

perceptible.

have a certain resemblance. In both the muscle contracts,

the temperature rises, and COn is evolved. But in rigor

mortis alone, all the electric reaction is lost, the muscle is

rigid and opaque, and it cannot extend again.

A muscle differs from all other machines in becoming

stronger the more work it does. The amount of work

doU6 by muscle is the product of the weight
Work Done.

jf

only is the result, and no weight be raised, no work is done.

In the same way, if there be only weight and no height

reached, no work is done. I'he Itroader the muscle the

greater weight it can lift
;
the longer, the greater the height
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it can reach. It has greatest power when it first begins to

contract.

A dynamometer conveniently measures the power of

certain muscles in extension and flexion. In a frog every

gramme of muscle can lift four grammemelres.

3. SMOOTH MUSCLE.

Smooth muscle differs greatly in construction from

striated. It is composed of very small spindle-

shaped cells, about inch long by ^ 5V0 inch

broad, with a staff-shaped nucleus.

The ends are taper and the cells are all cemented

together, but have no distinct covering of sarcolemma.
They are longest in the uterus, and very short in the arteries

and veins. They are plentifully supplied with blood-vessels

and lymphatics. In chemical composition they resemble
striped muscle. They are supplied by sympathetic nerves,

mostly non-medullated, arranged in three plexuses or net-

works—a ground plexus on the outside of the muscle
bundles in the perimysium, an intermediary plexus between
the bundles, and an mtermuscular plexus between the separate
cell fibres. The nerves probably end in the nucleus.

The substance of the cell is contractile protoplasm. In
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contraction the latest period is longer, and both contraction

and relaxation are slower. The contraction passes from

fibre to fibre. Striped muscle not only moves all at once,

but always by stimulus, rarely alone in health (in cramps and

other affections it does). In plain muscle the movements

are often apparently spontaneous. They are soon affected

by temperature. Sometimes they pass into a fixed state of

tonic contraction, which answers to the vibratory tetanic

contraction of striped muscle. In Some cases three or four

nuclei are seen, which is a step towards the striated muscle

;

for both fibres are developed from single cells, only in the

striated muscle a great multiplication and division of nuclei

has taken place, which produces the sarcous elements or

beads of which it is composed.

The body of the smooth muscle cell, like that of the

striated, is believed ultimately to be a mass of fibrils.

The smooth muscles are rarely arranged in solid masses,

but in sheets, and tubes, and parts of internal organs.

The only smooth muscle said to be under the control

of the will is that of the iris, and this is striped in birds.
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CHAPTER XVI.

MECHANISM OP THE BONES AND
MUSCLES.

I. THE BONES.

The bones of tlie body, some 200 in number in the adult,

form the framework on which the body is built. The skull is

formed of twenty-two bones (eight form the

cranium and fourteen form the face), of which
only one is movable, the others being united
together by serrated edges and forming immovable joints.

Fig. 127.—The Clavicle.

The head is poised on the spinal column, which has a double
curve like a spring, and is composed of thirty-

three segments, of which the last nine have
become pressed togethermtotwobones, sacmunzxi^ coccyx,
leaving twenty-four separate vertebrae, seven of which in the
neck are called cenncal

;

twelve in the back dorsal

;

and four
in the loins lumbar. From the twelve dorsal vertebrae
spring the twelve ribs, forming the elastic arches which, with
the breastbone {sta-mim) in front, form the Ihorax. The
upper seven pairs are directly united to the sternum, and are
called true ribs

; each of the next three join the ribs above,
p
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and are called false ribs
;
while the last two arc far apart

and are called floaiing ribs.

Attached to the sternum above on each side are two

Fig. 128.—Hip Joint (Ball and Socket).

horizontal bones of a double curve, like a Roman key, called

clavicles, which, attached at their outer extremi-

ThcArtn. boucs, the slioulder-bladcs or

seem to keep the shoulders of the right tvidth

From the scapulm depend the arms, composed of one bone

(the above, and two (the and »/,m) belott ,

the wrist and hand containing twenty-seven more.

Below the sacrum which forms the base of the spine is

wedged between the two hip or innominata bones, and
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^\ith it forms the pelvis. Iwo ciip-hke sockets on the
outside of the pelvis receive the heads of
the femurs or thigh bones. The leg is com-
posed of tibia and fibula, and
the foot and ankle of twenty-

six bones,

2. THE JOINTS.

These bones, themselves

of four sorts

—

long, as the hu-

merus
;

short, as

the wrist bones
: flat, as the

scapulie
j
and irregular, as the

hip bones—are connected to-

gether by four varieties of

movable joints—the gliduig

or sliding or ar-
.7 j- r .

•
. And Joints.

ihrodial joints;

the hinge ox ginglymus]om\. ,

the ball and socket or enar-

throdial joint; and the ring

and pivot or rotatory joints.

All joints consist of two
or more bones covered with

cartilage, bound together with ligaments, external or in-
ternal (as in the knee), and surrounded with
a fibrous capsule which is lined with a fine of

synovial membrane that secretes a lubricating
fluid—synovia.

'I'he arthrodial joints are used where slight movement
with great strength is required, as in the
vertebra;, and wrist and ankle joints. Gliding

d'he ginglymus joint is used when only
to-and-fro movements are required, as in the elbow,

p 2

^Pig. 129. Knee Joint (Ginglymus).
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Ring and
Pivot Joints.

This hinge joint is seldom a simple to-and-fro movement. Even

at the elbow the surface of the lower humerus is of

Hinge Joints, a spiral shape, also the tibial .surface at the ankle. The

knee joint on the other hand has a flat spiral on its two

surfaces, so that a certain amount of rotation takes place in flexion

and tension (Fig. 129).

The c7iarthrodiaI joints are placed where great freedom

of movement is required, as at the elbow and

Socket‘d hips, allowing of antero-posterior, lateral, and

circumductory movements at will.

The double-hinge or saddle-backed joint is used where lateral

hinge movements are required as well as antero-posterior, as between

the hand and fingers, so that the latter can be spread as well as flexed.

Rotatory joints allow of rotation only, and are found

between the upper two vertebrte, the atlas and

axis for the rotation of the head, and at the

elbow joint for the rotation of the radius that

carries the hand.

Immovable joints (synarthroses) are formed for allowing the enlai^e-

m0tit of cavities, as in the cranium.

3. THE MUSCLES.

Muscles form 45 per cent, of the weight of the body,

and are used internally when hollow to surround canals,

organs and vessels, either to regulate their calibre or their

movements, or to close their orifices or sphincters, or for other

purposes. Such muscles are mostly unstriped. All skeletal

muscles are striped. These are generally fixed to two

bones with a joint between. Those on the /.w side by

shortening approximate the bones, and those on the extaisor

side by shortening separate them.

They may move one bone or both. Ihey may form a

straight band between the two, or turn an angle by passing

round a pulley, as in the superior oblique muscle of the e>e.

All motion of the body is performed by muscles,

generally with the aid ot bones.
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4. THE MECHANISM OF MOVEMENT.

Motion and locomotion are both movements of the body,

but are not the same.

Motion is simply movement. locoZuoI
Locomotion is movement from one place

to another. Walking is both motion and locomotion.

Waving the arms, nodding the head, breathing—are all

motions of various sorts, but are not locomotion, because

the body does not change its place. As a rule, all motion

takes place by means of bones, joints, muscles, and nerves.

The bones are moved, the joints are the places where they

move, the muscles are the machitiery

,

and the tiemes are the

power that moves them. Now all these movements, both of

motion generally and of locomotion in particular, take place

according to certain fixed laws of mechanics.

The principle we are most concerned with is that of

leverage, or movement by means of levers. A lever is

simply a bar that lifts, which may be either

straight or crooked, and made of any rigid

substance, such as wood, iron, or bone. All our long bones
are used as levers or bars.

In a lever then we consider the fulcrum, the poiver, and
the weight.

1 he fulcrum is thefixedpoint on which the lever moves.

Ihe power is the force that moves the lever—the weight
is the object that is moved. When you stir the

coals in the grate it is very easy to see that your Power.'^’nd

arm is the pozcer, the grate-bar the fulcrum, and
the coal the weight. In a see-saw the heavier child is the
i)ower, and the lighter one is the weight, or the one that is

moved.

'riiere are three orders of levers, according
^ .11 . .

o oi Levers.
to the three positions of the F, P, and W.

Leverage.
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In the first order the fulcrum (F) is in the middle,

the poiver (P) being at one end, and the weight

(^V) at the other
;

thus, P, F, W.

In the second order the weight (W) is in the

middle, the fulcnwi (F) being at one end, and

the power (P) at the other
;
thus, F, W, P.

First Order.

Second Order.

W

Â
F m
W

J

t

A
r

1
!

iliw
P

A
F

Fig. 130.—Three Orders of Levers.

In the third order the power (P) is in the middle,

the weight (W) being at one end, and fulcrum
Third Order.

other
;
thus, W, P, F.

A pair of scales and a see-saw are levers of the first

order (P, F, W), and we have several examples in the body.

When the arm is straightened at the elbow, as in

Examples: boxing, the foreami is a lever of the/;T/ order;

the elbow is F, in the middle
;
the triceps muscle

behind is P
;
and the fist and forearm may be taken as W.

If you tap with the foot on the ground, the ankle joint

in the middle is F, the calf-muscle fixed to the heel is P,

and the ground against wliich the toes press is ^\ . ^ ou

raise your head when bent by a lever of the first order ;
the

joints between the atlas and the occipital bone is F, in the
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middle
;
the muscles at the back of the neck that pull the

head up are P, on one side
;
and the front of the head and

face, on the other, is W. In each of these cases you see F
is between P and W.

In the second order (F, W, P) a pair of nut-crackers

is a good instance. The nut, AV, is in the middle
;

the

hinge F, at one end, and the hand squeezing, P,

at the other. A man wheeling a barrow is fe^'I^dOrder

another example. The barrow, AV, is in the

middle, the wheel oh the ground at one end is F, the

man lifting the barrow at the other is P. AA'e get instances

of this in the body. If you stand on tip-toe, AA^, the body,

resting on the ankle, is in the middle; P, the calf-muscle,

pulling up the heel at one end
;
and F, the toes, resting on

the ground at the other. If you support the body on the

hands and bent arms, and then raise it by straightening the

arms, the forearm is a lever of the second order
;
the body,

resting on the elbow joint, is VA^
;
the triceps, pulling on one

side of it, is P
;
and the hand, ]:)ressing against the ground

on the other, is F. Of course, it will be seen that in these

cases one side (or arm) of the lever is ve7-y short (between the

ankle and heel, or between the elbow and triceps), and the

other very long (between the ankle and toes or the elbow
and hand), but this does not alter the order.

The third order of levers (AV, P, F) is that most com-
monly used in the body. If you take up a piece of
sugar in the sugar-tongs, or of coal in the

coal-tong.s, you u^e this order. Your hand
xhrrdo^rdLr

squeezing the bars in the middle is P, the hinge

on one side is F, the coal or sugar on the other is AAb If

you tread a sewing-machine it is the same
;
your foot, P,

is in the middle, the hinge, F, at one end, and the rod
turning the wheel, AV, at the other.

If you place a ball or weight on your toes, and try to
laise it with your heel on the ground, you have P in the
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middle, or the muscles in front of the leg drawing the foot

up
;
with F, the heel against the ground on one side, and

W, the weight raised on the toes, on the other.

In the same way, if you bend your arm you have P in

the middle, the biceps muscle fixed in front of the elbow

;

with F, the elbow, on one side, and W, the hand to be lifted,

on the other.

The Erect
Position.

The Feet.

5. THE ERECT POSITION.

The erect position is peculiar to man,

and is not natural to any of the higher animals.

Let us consider how this position is maintained. We
will begin at the foundation and go upwards. I'he body is

balanced on the front of the feet (about three

inches square), and on the two heels (about two

inches square). The toes are in front of the body, and,

if the body tends to fall forwards, press firmly against the

ground to prevent it
;
and the heels behind prevent the

body from falling backwards. If the body tends to fall

sideways, the foot on the side towards which it leans,

pressing firmly on the ground, restores the balance. In

standing on one leg, of course, while there is a good deal

to prevent our falling forwards, and less behind, there is

little or nothing, without the other leg on the ground, to

prevent our falling sideways.

Having the two feet then firmly planted, the two legs

come next. They are hinged in the middle, at the knee,

and of course would fold up backwards if not

forcibly kept straight. 'I'he muscle that does

this is the pow'erful extensor of the leg that, passing down the

front of the thigh, crosses the front of the knee, is fixed into

the kneeca]), and continued down to the top of the shin in

the tibia, where it ends. The knee cannot
•ii,e Knee.

forwards becausc of the crucial liga-

ment in the joint, neither can it twist to one side or another.

The Legs.
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Fig. 131.—The LigamentinfrontofHlp Joint.

Now we have got the two legs upright, how are we to

balance on the two balls of the hip joints the whole of the

body and head above

them without it falling

over ? Naturally, it would

appear that the body

would fall forward or back-

ward unless incessantly

braced up by muscles

before and behind. Here,

however, we come across

a beautiful contrivance for

saving the dreadful fatigue

a muscle would

undergo by “‘p

such a con-

tinued effort. There is

no danger of the hip joint folding up forwards in the erect

position
j
the strain is to prevent the body, which is heavier

behind, from falling backwards (Fig. 131). From the front of

each hip-bone, therefore, passing across the front of each
joint, and fixed just below in the front of each femur, is a
band of fibres, t\\& ilio-femoral band, so strong that nothing
can break or stretch it. If we stand quite erect the whole
strain is thrown off the muscles on to these powerful bands,
which, when put to the full stretch, just allow the legs and
body to extend in a straight line, but not more

;
so that the

body by this means is balanced on the legs without fatigue.

The backbone being firmly fixed on the hip-bones, is

first well bent forwards to throw the weight of the heaviest
part to the front, and then as it gets lighter it

,

,

bends backward between the shoulders, and
forward again in the neck, there being no joint that can
double up between the hips and neck. At the neck a good
deal of the strain of keeping the head erect is taken off by an
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elastic ligament that, like a

'l*he Elastic

Ligament in

the Neck..

strong india-rubber band

(Fig. 132), pa.sses from the

back of the head to the

back of the spine,

and keeps it na-

turally erect. In

horses, where the strain on

a muscle would be tre-

mendous in keeping such a

weight from dropping down,

the head is held up by a

similar band of immense

strength running from the head along the nape of the neck,

where it can be felt, to the shoulder. The body, therefore,

tends to fall backwards below and forwards above
;
that is,

the foot has less support at the heel behind than at the toes

in front
;
so the ankle, the knee, and the hip would all fold up

backwards if they could, while the head always tends to drop

forward on the chest, as we see when we drop off to sleep in

a chair.

6. SPRING MECHANISM OF THE BODY.

Fig. 132.—Ligaments in Neck.

We will nowconsider the contrivances topreservethe brain

free from all shock. In the first place, the brain does not

lie on the bottom of the skull, butfloats on a sort of water-

bed. Each of the bones of the spine is separated from the

next by a thick elastic pad of cartilage (Fig. 133)- Eext the

spine itself is bent in a double curve, like a spring. 1 he

base of the spine is wedged in between the two hip bones

like the key-stone of an arch, but the broad end of the

base of the spine is downwards, and the narrow end of

the wedge uppermost, so the key-stone is slung hetv^ecn t\\o

other bones upside doum, and every pressure of the bod)

and head on the base of the spine tends rather to

separate the bones tlian to drive them together.

The femurs, slanting across the thighs, help next to break
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Fig. 133.—Pad of Carti-

lage between the

VertebrtE.

the shock from passing upward
;
and at the knee we have

between the bones hvo strong pads of cartilage to prevent

all janing.

In the foot the hinder pier of the arch

comes straight down to the ground, and

is formed of one bone, called the heel

;

but the front pier slopes very gradually,

like a spring, and is composed of twenty-

four bones. Thus we get in the foot-arch

solidity behind and elasticity in front.

7. LOCOMOTION.

The movement of the body from place

to place is the result of the combined

action of many muscles.

In the act of walkinff,
.1 1 /• t , ,

Locomotion
the muscles of the arm should

be entirely relaxed, as they are not required in any way.

The arms should neither be kept rigidly to the

side, nor should they be swung to and fro, but

left to hang naturally. Most of the other muscles are

used in maintaining the position of the trunk or in moving
the legs.

In commencing to walk, say, with the left leg, the muscles
of the calf raise the left heel from the ground, while the muscles
in front of the abdomen pull the body a little forward, still fur-

ther raising the left heel. When the body has been tilted for-

ward a certain extent, it would fall over were it not for the next
act, which consists in allowing the right leg to move forward
to support it. This is done partly by a pendulum-like swing
of the leg, and partly by a forward pull of the muscles in front
of the thigh. The right leg is now in front of the body,
and the balance is restored

;
but the left leg has not ceased

to act yet. It continues to push the body still further
forwards, while the mu.scles in front of the trunk still



236 Elementary Physiology for Students.

pull it over until it is in advance of the right leg,

thus raising at last the left

leg off the ground, and

allowing it to swing for-

wards in its turn. It will

thus be seen that walking

depends on pushing up-

wards with the leg., and

pulling fonvards with t!u

front of the trutik. As the

body is supported altern-

ately on each leg, it is in-

clined a little from side

to side, so as to throw

the weight fully on it, and

prevent falling over side-

ways. Thus the body, in

walking, is continually

rising and falling, and

swaying slightly from side

to side.

, . Jumping consists of a
Fig. 134.—Diagram of Skeleton showing

.
^

t j
Movement in Walking. Spviflg off tJlC grOUtld CaUSCa

by the sudden contraction of both calves, forcing the toes

so violently against the ground that the body

is jerked into the air.

Running' consists in short jumps with each leg altern-

ately, so that both feet are constantly off the

ground at the same lime. 'I'he body is inclined

still more forward than in walking, as is seen in soldiers when

they change to the “double” from “ quick march.’

Hopping consists in a jump on one leg, caused b) the

most violent contraction of the muscles of the

Hopping.
^

^.^^pablc of, while the other leg

is off the ground.

Jumping.

Running.
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CHAPTER XVII.

NERVES.

I. THE TWO SYSTEMS.

Nerves may be broadly ranged in two great divisions;

the cerebrospinal, or those that convey impressions to and

from the brain and spinal cord, of which we „ ...
. Two Divisions.

are more or less conscious
\
and the sympatheiic,

which convey impressions to and from the ganglion centres

of the sympathetic system, and of which we are wholly

unconscious. These two divisions often mingle, and part

of the cerebro-spinal system is very closely linked, as we

shall see, with the sympathetic
;
nevertheless the broad dis-

tinction is of value. It may further be remarked that these

two divisions mainly correspond with the two great varieties

of physical life.

The one, like the vegetable, is concerned in building

up the body and storing force, or potential energy, and

includes the respiratory, circulating, digestive,
Serves for

and secreting systems. Tliis is supplied by the Vegetative

sympathetic systems, and the reflex and auto-

matic parts of the cerebro-spinal system that resemble it in

action
;
and its movements are almost entirely beyond the

control of our wills, and even beyojid our consciousness.

The other, which is our animal life proper, is concerned

in the spending of force, or kinetic energy, and

includes the nerves and muscular systems. 'Phis AnimS Life,

is supplied by the cerebro-spinal system and
is almost wholly within the domain of consciousness and
volition.
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It may be further added, that the smooth unstriped in-

voluntary muscles are connected with the sympathetic, and

the striped voluntary muscles with the cerebro-spinal systems.

To complete the distinction, the sympathetic nerves are

grey and. non-medullated
;

the cerebro-spinal white and

medullated.

2. STRUCTURE OF NERVES.

Nervous structures exist in the two distinct forms of

fibres and cells. Nerve fibres may be medullated or non-

medullated, Medullated fibres are generally
Nerve n re.

bundles large enough to be seen

by the naked eye, and these bundles into trunks.

A nerve trunk is a cord or a band varying from one-

Fig. 135.- From a Transverse Section through the Sciatic Nerve of the Dog.

ei> Enincurium ; /», perineurium: «. nerve fibres constituting a nerve-bundle in cross section

y, fat tissue surrounding the nerve.

twentieth to three-quarters inch in breadth. It is surrounded

by a connective tissue sheath of epincurium.,
Nerve Trunk,

coiitaius blood-vcsscls and lymphatics. 1

Each bundle that comprises it has its own siiecial sheath of I
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perineurium—lymphatic spaces existing between the bundles
;

and each nerve fibre in the bundle has its individual

sheath of still finer connective tissue, called endoneurium.

Between the fibres runs a scanty meshwork of capillaries.

Every nerve fibre runs straight from its commencement
to its termination without branching or uniting with others.

The bundles, of course, branch and divide and unite in

Fig. 136.—Transverse Section through a Nerve Bundle in the Tail of Mouse.
/, The perineurium

; e, the endoneurium separating the medullated nerve-fibres seen in cross
section; /', lymph spaces in the perineurium; I, lymph spaces in the endoneurium.

plexuses, but the individual fibres never do, excepting just

at their extremities.

One thirty-sixth part of the body, by weight, is composed
of nerve substance.

The medullated nerve fibre itself varies in size from

T2W00 to \-soo ioch, the smallest being in the

brain, and the largest in the spinal nerves
;
and Ne7vi

it consists of three parts, the primitive sheath.,

the medullary sheath., and the axis cylinder.

I, The primitive sheath, or neurilemma, is a delicate

structureless membrane, with constrictions occur-

ring at regular intervals of about one-fifth of Jhe Primitive

an inch, called the 7iodes of Rativier. About
half-way between the nodes, just under the sheath, are nerve
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corpuscles. In a perfectly fresh nerve neither the nodes nor

the three structures of the nerve fibre are seen. The fibre

is then regular in outline, with pellucid contents covered

with the fine neurilemma. After a time, however, the outline

becomes double, and then it gets varicose or beaded.

2. The medullary sheath, also known as the 'white

Fig. 137.—Non-Medullated
Fibres.

Two Nerve Fibres, showing the

nodes or constrictions of Ran-
vier and the axis cylinder. The
medullary sheath has been dis-

solved away. The deeply-

stained oblong nuclei indicate

the nerve corpuscles within the

neurilemma.

Fig. 138.—Medullaled Ner\*e Fibres.

A, A medullated netv’C fibre, showing the

subdivision of the medullary sheath into

cylindrical sections imbricated with their

ends ; a nerve corpuscle with an oval

nucleus is seen between the neurilemma
and the medullar>* sheath ; B. a roedul-

iated ner\*e fibre at a node or constriction

of Ranvier ;
the axis cylinder passes unin-

terruptedly from one segment into the

other, but the medullary sheath is inter-

rupted. (Frey and Retrius.)

substance of Schwatm, gives the nerve its characteristic ivory-

white appearance. It corresponds to the in-

TheMeduUarj’ sulating substance round an electric wire, while

the neurilemma forms the protective sheath.

At the node of Ranvier it ceases, and the primitive

sheath is there in contact with the axis cylinder. The

medulla also serves as mechanical support and as rich

prepared food for the nerve cylinder within. It is white on
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account of the large number of fat globules in it, which
refract the light, as in chyle. It is semi-fluid and contains
much cerebrin and lecithin.

The axis cylinder is the essential part of the nerve
fibre along which the impulse travels. It occupies about
one-quarter of the

total breadth and
Cylinder.

lies in the centre

of the fibre, and in a cut

nerve often projects like the

wick of a candle. It is semi-

fluid and enclosed in a deli-

cate sheath of neuro-keratin,

and is made up of primitive

fibrils, which finally separate

just at its termination. The
axis cylinder is really an
enormously long protoplasmic

process of a central “gang-
lion” cell. Some medullated
nerves have no primitive

sheath
; these are found in

the central white and grey
matter of the nervous system.

As the nerve fibre ap-

proaches its termination it

first loses Its medullary sheath, then the primitive sheath, the
naked axis cylinder being continued until it
breaks up into fibrils. In unstriped muscle the
nerve divides at the node of Ranvier to form a plexus round
the muscle cells.

Non-medullated fibres are also gathered into bundlesand trunks. They occur in the sympathetic system and inthe olfactory and auditory nerves. All the nerves in theembryo are non-medullated. The undivided fibre consists

rig- I39-—Medullaled Nerve Fibres.
. n, Showinij on a surface view the reticulated
nature of the uietlullary sheath

; c, two nerve
='‘“"'‘'8; die axis cylinder, the medullary

?oSs -.nd ti,e""t
,r=“ically-arranged tninnte

hyahirsheau,.'''-’''^''^ outer
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of axis cylinder and primitive sheath only, and varies in size

from ^Vo to Woo inch. The absence of the white

substance of Schwann gives the nerves their grey or pink

appearance. Nerve corpuscles lie between the sheath and

Fig. i40.-Nerve Fib.es of the Cornea.

An axis cylin.lcr cor

the cylinder. These nerves differ from the medullaled in

also seen in the branching processes 01 nerve

brain and spinal cord.
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3. STRUCTURE OR NERVE CELLS.

Nerve cells generally occur in clusters, called ganglia,

and may be small and spherical, or caudate, or

stellate. They are always nucleated and may
''

have one, two, or more branching processes, and hence are

called tinipdlar., bipolar, or )nultipolar ; or, with no process
at all, apolar.

One of the processes continued to

an extraordinary length forms

the axis cylinder of a nerve,

and is directly continuous with

a nucleus of the cell. This process is

always unbranched, and is called the

axial-cylinder process.

Ganglion cells are sometimes sur-

rounded with a soft substance

like the white substance of ceiif''™
Schwann, but they have no
distinct limiting membrane, and consist of

finely granulated protoplasm of a fibril-

lated nature containing a large nucleus
in a clear envelope and within it a

nucleolus. They are angular with pro-

cesses and are capable of motion when living.

Four varieties of these cells are met with

1. 1 hose with no white substance of
. , .

Schwann and no capsule of neurilemma, as

in the brain and retina, connected with naked axis cylinder
nerves.

2. 1 hose with no white substance of Schwann, but with
capsule of neurilemma, as in sympathetic ganglia, connected
with the non-medullated sympathetic nerves.

3. Those with the white substance of Schwann and no
capsule of neurilemma, as in the auditory nerve ganglia,

Q 2

Fjg. 141.—A small ner-
vous branch from the
sympathetic of a
Mammal. (Frey.)
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and connected with nerves of similar construction which

form white substance of brain.

4. Those with both the white substance and capsule of

neurilemma, as in ganglia of spinal cord, connected with

ordinary medullated nerves.

Nerve cells are found in the brain and spinal cord, in

ganglia, and at nerve-endings in the tissues. The spinal

cells are generally unipolar, and are embedded in a finely

fibrillated granular ground substance {neuroglia), and have

no neurilemma. In the ganglia or the posterior root of the

spinal nerves the nerve cells have a sheath of neurilemma

and a short process which branches like a T.

The function of these cells appears principally to consist in the

nutrition they afford to the nerve. They may also increase the area of

nerve action, and here also non-medullated nerv’es are often changed

into medullated. There is very little evidence that these spinal root

ganglion cells possess any automatic or reflex power. All such action

appears to exist in the brain and spinal cord only.

Nerve

Chemical
Analysis.

4. PROPERTIES OF NERVE MATTER,

matter has a specific gravity of 1031. It

is 70 to 80 parts water, and 20 to 30 parts

solids.

The solids are composed as follows :

—

Phosphoric Acid

Phosphate Potash

„ Sodium

„ Iron

,,
Calcium

,,
Magnesium

Chloride Sodium

Sulphate Potash

,, Silica

lOO'O

These elements are combined to form cliaracteristic

compounds, of wliich the chief are; cerchrin, lecithin.
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protagon, c/wlesierm, and 7teu7-o-keratin. Proteids, not unlike

myosin, occur chiefly in cells and axis nerve cylinder.

Cerebrin and lecithin are fats found in the white

substance of Schwann.

Cholesterin forms about lialf of the white substance

of Schwann.

Protagon is similar to cerebrin and forms a large part

of the white substance of the brain.

Nerves have no elastic tension and do not retract when
cut, but they are remarkably coherent and can

be greatly stretched without rupture.
Eiasticuj.

We know little of the metabolism of nerves. It has not
been proved that in action they absorb O and
expire COj. There is no doubt that the meta-
holism of the nerve centres is much more active than that
of the nerves.

Nerves are very excitable or irritable, as can be shown
by various stimuli. Besides the normal nerve
impulse, these may be mechanical, chemical,
thermal, electric, etc.

Mechanical stimuli produce at first in sensory
nerves sensation or pain

j
in motor nerves muscular move-

ment. If continued, as in the form of long
pressure, the motor nerve gets paralysed before
the sensory. When a limb “ sleeps ” the paralysis is believed
to be due to the continued pressure breaking for a time
the continuity of the axis cylinder. Nerve-stretching also
paralyses the irritability of a nerve for a short time.

Thermal stimuli. Heat and cold increase the excit-
ability of a nerve, unless extreme, when both
diminish it. Rapid changes of temperature
quickly exhaust a nerve and kill it.

Chemical stimuli act rapidly, at first

and then paralysing. Such stimuli are acids,
alkalies, alcohol, ether, chloroform, etc.

Thermal.

stimulating

Cheniical,
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Electrical stimuli act most on a nerve at the moment

of application (making) or cessation (breaking). Single

shocks rapidly applied so excite the motor nerves
Electrical.

tctanus is produced in the muscle. It is

frequently found that the further a motor neire is from the

central system, and the nearer a sensory nerve is to it, the

greater the effect produced by electrical stimulus.

The electric current produces no manirest change in the nerve fibre

as it does in muscle fibre.

The nature of the normal stimulus is entirely un-

known. It travels centrifugally giving rise to motion, or

centripetally giving rise to sensation, and moves more

slowly than one induced by electricity.

The nutrition of nerves depends to a great extent on

the nerve cells, and their excitability depends

Nutrition of on their nutrition. Nerve fibre gets exhausted

^ more slowly than muscle fibre, and recovers

more slowly.

Continued inaction of a nerve diminishes its excitability.

If any nerve be severed, traumatic degeneration sets in and

the irritation decreases from the cut ends up-

Degeneration. medulla and axis break up as far as

the first node of Ranvier, beyond which the nerve continues

healthy. Repair takes place when the severed ends are

brought together from the sound parts in the reverse

direction.

The effects of section of a spinal nerve are veiy in-

structive. If (i) the 7C'/iole 7ien'c be divided after the

junction of the anterior and posterior roots, com-

Section of loletc peripheral degeneration of both sensor\
Spinal Nerve.

remaining unaltered. (2) If the anterior root alone be

divided, only the motor peripheral fibres connected with it

degenerate, the rest of the nerve remaining sound. (3)

If the posterior root be divided before the ganglion, the
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nerve only degenerates between the section and the spinal

cord. (4) If it be divided before and after the ganglion,

degeneration spreads upwards to the spinal cord and

downward to the periphery. These experiments show that

the centre of nutrition, or trophic centre of the anterior or

motor root, lies in the spinal cord, probably in the cells in

the anterior horn, while that of the jrosterior or sensory

root lies in the posterior ganglion.

Nerve-electricity. Natural currents of rest exist in

nerves, running in a detached piece from the centre to each

end, as in muscle. Perfectly fresh uninjured nerve

or muscle, or dead nerve or muscle, yields no cur- currents,

rents. The current in the nerve flows centrifugally

in a centripetal iierve, and centripetally in a centrifugal.

Stimulation of the nerve produces negative variation.,

or diminution of the natural nerve currents.

By the “rheoscopic frog,” nniscle can be made to contract by the

force of natural muscle currents of rest passing along a nerve. If a

moist conductor be placed so as to connect the longi-

tudinal with the transversal surface of a frog’s gastroc- Kheoscopic

nemius, and the sciatic nerve connected wdth the
^ ™S-

gastrocnemius of another leg be thrown on the conductor, the natural
current in the latter muscle passing along the nerve will contract the
cut muscle. The same result can be obtained if the sciatic nerve be
merely laid across the cut end of the fresh gastrocnemius.

By means of a Daniell’s battery with a Du Bois Reymond
key, currents can be sent through nerves at will. It is

found that muscle connected with the nerve
contracts at the making and breaking of the Mu7cie“"'^

currents, while during the time of its passage
a so-called polarising current is set up in the nerve, pro-
ducing a condition of eiectroionus, which increases or
decreases the natural current of rest according to whether
it runs in the same or a contrary direction. Of the means
by which currents (of action or rest) are produced in nerves
we know nothing.
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5. SENSORY AND MOTOR NERVES.

Natural nerve impulses in sensory nerves travel about

140 feet per second; in motor in feet per second.

Sensory and motor nerves will conduct impulses

Nerve Force
indifferently either way. The direction of

the current is entirely determined by the source

of the impulse, which in sensory nerves is peripheral, in

motor central.

As we have seen, the effect of stimulation of a neiwe

depends on the manner of its ending. Theoretically a nen'e

can carry a current either way, but practically

Current ^6 uscd in the body to convey a

current in one direction, because of the neire-

ending. The passing of a nerve current ft therefore shown

in an afferent or sensory nerve by pain or other sensation ;

in an efferent or motor nerve by muscular twitching or

movement. Sensation is the result of organic change in a

central nerve cell, just as movement is the result of organic

change in a muscle cell. The terms sensory and motor are

not, however, quite accurate.

Nerve fibres are better divided into :
(i) Afferent or

centripetal; (2) effe7-ent or centrifugal; and

Three /-\ interCentral, i.e. between the two nerve
Classes. '.J/ '

cells.

I. The functions of afferetit nerves are: {a) pain or

sensation
;

{b) special sense phenomena ;
(c) re-

Afferent

Nerves. flex action.

In a reflex action the afferent impulse is not perceived

in the nerve centres, but is received by a cell which tr.insfers it to

a centrifugal fibre, so that it results in action.

2. The functions of efferoit nerves are: {a) contraction

of muscle
;

Efferent (These may act on striped, smooth, or heart muscle

respectively.)

(/;) nutrition
;
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(These centrifugal nerves end in the tissues, and are supposed to

govern their metabolism, as in the cornea, etc. In the skin, paralysis

of the rrerves leads to changes in the skin, eruptions, and bed-sores of a

special form, due to the loss of trophic nerve influence.)

{c) secretion
;
{d) inhibition of nerve action.

(As in the slowing action of the pneumogastric over the action of

the heart, the nature and mode of this action is quite unknown.)

A nerve current is never diffused into other fibres or

reversed in direction along the same fibre.

3. hitercentral nerves serve to carry on co-ordinate

movements, and to connect cells for other
Intercentral.

purposes.

If afferent nerves be irritated in any part, the sensation

is not only felt at the spots, but is referred to all points of

distribution or origin, even if running in dead

or paralysed limbs. Thus, even after amputation
sensatbn

the pain of the nerve in an irritated stump is

referred to the toes, instep, or sole of the lost foot, as well

as to points of irritation. In venous diseases and hysteria,

pain is referred to the periphery of the nerve, though
originating in the central parts, or perhaps in a neighbour-

ing ideal centre.

In special sense-nerves, irritation does not produce
common, but special sensation

;
thus a blow

produces a flash of light, irritation of ear or

nose—sound or smell.

Afferent or sensory nerves commence in three ways :

—

1. In Paccinian corpuscles, little oval bodies
. ,

Origin of
occurring m some sympathetic and sensory Sensory

nerves in the hand and foot, and in many
glands, and consisting of onion-like layers of connective

tissue with an enlarged nerve in the centre.

2. E7id bulbs of Krause, found in the reproductive

organs, the skin, lips, and muscle tendon, and consisting of
an enlarged medullated nerve fibre, terminating in corpuscles
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of various shapes, forming a mass crowned with a cap-

sule.

3. Touch corpuscles., found in the papillae of the skin,

and formed of masses of fibrous and elastic tissue with a

twisted mass of nerve fibre wound round it, but containing

no blood-vessels.

Efferent or motor nerves end in striped muscle in a

fine network above the end-plate and a coarser one beneath

it (called the sole), and in smooth muscle in
Motor Nerves. ^ _ ,

plexuses between the fibres. In tendons they

end in masses of corpuscles. Other efferent nen-es (trophic)

end in twigs of naked fibres (as in the cornea).

The spinal nerves consist of thirty- one pairs—eight

.cervical, twelve dorsal, five lumbar, five sacral, and one

coccygeal. They all arise from the spinal cord
Spinal ^Tcrvcs*

* ^ *

by the roots. The anterior or motor roots are

the smaller, and arise from between the posterior and

lateral columns of the cord. The posterior or sensor)'

roots are larger and contain a ganglion. The two

roots unite beyond the ganglion and form a mixed

nerye.

Each nerve, as a rule, divides into a dorsal or posterior

branch distributed to the back; a somatic or branch

(the largest) distributed to the front of the body

Branches
(cach giving motioii and sensation), and a

splanchnic or interval branch, running to the

sympathetic cords and supplying the viscera.

Section of a spinal nerve destroys motion and sensibility

in the parts supplied. Section of the anterior root only

causes paralysis of muscle supplied, but no loss

Effect of Qf sensation. Stimulation of the peripheral cut

end causes contraction of the muscle, while

stimulation of the central cut end causes no pain.

Section of the posterior root causes loss of sensation in

the parts supplied. Stimulation of the peripheral cut end
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causes no effect
;
of the central cut end causes pain and

reflex movements.

The anterior roots, in addition to supplying motion to

all the voluntary muscles, also contain motor

fibres for some smooth muscles of blood-vessels,

bladder, &c., inhibiting vaso-motor fibres,

secreting fibres, sweat fibres, and

trophic fibres.

The posterior roots contain all

the nerves of common
sensation, and of touch, Censor”

and also convey stimuli

to reflex centres.

The cranial nerves will be

considered after we have examined

the nerve centres.

6. SYMPATHETIC NERVES.

The sympathetic nervous

system consists of non-medullated

nerves connected with

chains of large ganglia

lying on each side in

front of the spine
;

there being

three cervical, twelve dorsal, four

lumbar, and five sacral. The gang-

lia are collected into plexuses

named according to their situation,

the principal being the semilunar,

cceliac, renal, solar, hypogastric, and pelvic. Besides these,

innumerable small ganglia exist in every part of the body.

They are closely connected with the cerebral and spinal

nerves. The nerve cells are multipolar, and each is sur-

rounded by a capsule.
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Tlie ganglia, independent of the cerebro-spinal system,

Fig. i.(3.—Nerve Cells from the Peripheral Sympathetic Ganglia.

k, /, Apoltir ; r./l unii>olar ; a, A «»

are principally those in the heart, in the intestines
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{Auerbach's and Meissner's), and in some parts of the

reproductive system. All the other ganglia are connected

with the brain, and are therefore dependent partly for

their action on impulses proceeding from it, though these

are of a non-voluntary, reflex, or automatic nature.

The chief functions of the sympathetic system are (i)

the movement of the various viscera; (2) the dilatation of

the pupil;" (3) vaso-motor functions; (4)

secreting functions, including the secretion of

all the digestive fluids
; (5) excreting functions, as of sweat

;

(6) and probably trophic fibres from the viscera. In short,

they comprise, as we have seen already, most of the func-

tions of passive or vegetative physical life that are concerned

in building up the life force by the process of digestion,

circulation, secretion, and respiration.
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Nerve
Centres.

CHAPTER XVIII.

NERVE CENTRES: I.-THE SPIN AT. CORD.

I. THE SPINAL CORD.

The brain and spmal cord^ together with the ganglia of the

sympathetic system, constitute the nerve centres of the

body, and are essentially distinguished from

mere aggregations of nerves by the presence of

cells and grey matter. These centres constitute

what we have termed the engine or motor-power of the

body
;

that, being abundantly supplied with healthy blood,

generates the force which, when liberated by the action of

the mind or will, displays itself in the various phenomena of

animal life, by nerves and muscles, as kinetic energ}*.

These centres contain, as 'we shall see, in addition -to the

grey matter, vast numbers of nerve fibres as well as nerve

cells of all varieties.

Nerve cells form the battery of the vital force
;
and

nerves, which are originally prolongations of

and Wires'^ their processes, are the wires or conductors of

this force.

Nerve centres or groups of cells in the brain may be

divided into at least three great classes :

—

Ideal or mental, or those in which the

mind and brain are alone in action.

Psychic, or those in whicli mind, brain and body act

;

and

Involuntary,* or those in which brain and body alone

* The word “ involuntaiy ” is used here to include all automatic and

all reflex involuntary nerve action.

Three Classes.
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act. This last class performs many functions, but all are

independent of the mind or will. The following are the

chief functions of the involuntary nerve

centres :

—

a. Pure reflection. For this func-

tion three things are needed : an

afferent nerve, an efferetit

nerve, and a central nerve punakinT.''

cell, so that an impulse

arriving along an afferent nerve, say

of pain in the abdomen, is reflected

back along the efferent nerve of motion

that contracts the muscles of the part.

b. Automatism. The origination

of impulses without any apparent e.v

ternal stimulus at all.

c. Augmentation, or the power

of increasing nerve force by passing

through the cells.

d. Inhibition, or the power of

checking nerve force.

e. Conduction, or the simple

passing on of nerve force without

change.

/. Transference, or the diffusion

of nerve force to various parts of the

body, as in an aching tooth which

produces aching of other teeth.

g. Trophic functions for nerve

nutrition. The cells in the

cord consist of the lowest Fig. 144.—The Brain and
Spinal Cord.

or reflex class only
;
and

nerve centres in the spinal cord have at least four of these

functions, viz. reflection., conduction, h-ansference, and trophic.

The spinal cord, which we shall proceed first to consider,
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does the larger part of its work at the bidding of the brain,

to which it is generally, though not always, subservient

General
Construction.

Central
Canal.

2 . STRUCTURE OF SPINAL CORD.

The Spinal cord is a somewhat flattened cylindrical

cord, nearly an inchin diameter and from 15 to 18 inches long,

that extends from the medulla

or lowest part of the brain

above, down the spinal canal

until it ends below, in a slender grey

thread, the filum terminak, in the midst

of a bunch of white nerves, the cauda

equina.

It, as well as the brain, is essentially

tubular in structure, and consists of a small

central canal (expanded in the brain into

chambers or ventricles) lined

with a layer of columnar

ciliated epithelium, and sur-

rounded successively with grey matter,

white matter, and the membranes of the

cord.

Down the middle of the anterior

surface of the cord runs an
Fissures 01 open fissure, while along the

posterior surface is a deeper,

narrower slit, more of a septum or

division than a fissure.

The grey matter is in the shape ot

two commas with their backs to each

other, and their heads to the front,

united together by a band, in the midst of which

is the small neural canal of which we have

spoken. The posterior septum runs right up to this grey

band behind, so that the surroundinsj white matter which

Fig.
^

145. — Medulla,
Spinal Cord, and
Spinal Nerve Roots.

Grey Matter,
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completes the cylinder is here completely bisected
j
while

in front, the fissure not being so deep, leaves a connecting
band of white matter in front of the grey.

The grey band, or isthmus, behind the canal is called

ihe posterior grey commissure, that in front of it

is the anterior grey commissure

;

the a7iterior
Commissures

white commissurehCiwg, as we have seen, in front

of this again.

The grey matter consists of branching nerve cells and

tig. 146. Seclion of Spinal Cord, showing white artd grey matter and posterior and
anterior nerve roots.

naked axis cylinders
;

its grey colour being due to the
almost total absence of the white substance of
Schwann, while it is pinkish from the amount
ot blood circulating in it, which is four times as

much as in the white.

I he white matter ol the cord is composed of
medullated nerve fibres, fine connective tissues,

and neuroglia, which is a supporting network
Matter,

of fine fibres.

(irey matter is 81 per cent, water, and white 68 per cent.

R
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It also contains lecithin, albumen, cholesterin, and salts.

Grey matter is acid in reaction
;
white is neutral.

The amount of white matter in the cord increases

steadily from below upwards. The grey matter

pig_ —Transverse Section through the Spinal Cord of a Calf.

Pia mater b. prolongation of pU mater into the anterior l..ngiludin.il
'

longitudinal fissure fd. anterior column of ul.ilc matter : c. “'“,'
1
'".
“L^riSh^n of

tprior column of same ; 2, anterior while omnn.ssurc . h, ctnlral canal. 1. anlenor nc^ o

greTmalteJU. “f grey matter : C anterior ncr,e re ts : posterror nerae

roots.

increases suddenly at two places (the lumbar rcVcUing :A

the twelftii dorsal vertebra, and the cervical

White and sivclltug at the filth cervical \ertebra. 'Ihe

^
^ sectional area of the spinal ner\ es increases in

like manner as the grey matter. The total area of the

spinal cord just below the medulla is less than that ol the

spinal nerves entering it, hence, although conduction ot
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nerve fibres to and from the brain is one of its chief

functions, it is evident that many nerves end in the cord
itself, and closer investigation shows that not more than half

the spinal nerves that enter the cord are found at its upper
end. From this brief account it will be seen that the grey
matter varies in size according to the number of nerves
entering and leaving the part, and not according to those
which are given off below it.

The coverings of the cord are three in number, as in the
brain, and bear-

,
Membranes.

ing the same

names, though they differ

in detail.

The dura mater, a

stout fibrous membrane, is

but slightly at-
, , ,

Dura Mater.
tached to the

vertebral canal, of which it

does not form the peri-

osteum as it does in the Fig ,48. - F™. a 'IVan.ve.e Section
bones of the skull.

through the White Matter of the Cord.

,

Sliowing the tr.riu,versely.cut medullated nerve
I he arachnoid is a branched Lurgiiftni"'"

serous membrane in two

layers, parietal and visceral, and is se[iaraled

from the pia mater by the subarachnoid space,
which contains cerebro-spinal fluid.

'I’he pia mater closely surrounds the cord, and is

composed of fine connective tissues and blood-
vessels. It sends out prolongations along each
pair of spinal nerves, and dips down into the fissures of
the cord.

Ihe nerves come off (in all 31 pairs) between each
pair of vertebrae, varying, however, greatly in
size, and being largest at the cervical enlarge-
ment, where all the nerves for the upper limbs

R 2
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come off
;
and at the lumbar enlargement, where those

leave for the lower limbs.

The aiiterior roots leave the head or anterior horn of the

grey matter by several bundles, whereas the

posterior roots enter the tail of the comma or

posterior horn in one bundle.

The anterior roots are efferent or motor, w'hich is

proved by the fact that while in section all

motion in the part supplied ceases while sensa-

tion is left, stimulation of the distal end pro-

duces movement, and that of the proximal no sensation of

The Two
Roots.

Anterior
Efferent.

Anterior Motor

^osteri

pam.

The posterior roots are

afferent or sen-

.Afferenc
^ory, proved in

a similar way by

the fact that while in section

all sensation in the part is

lost while motion is left, stimulation of the distal end pro-

duces no movement, and that of the proximal end acute

'or Se•Osory

Fig I .g.—Anterior and Posterior Roots
of Nerve.

pam

Spinal
Column.

The white substance of the cord, consisting mainly of

nerves arranged longitudinally and medullated,

but without neurilemma, has been divided into

various columns, which have received distinctive

names. (Fig. 150.)

The anterior columns He between the heart fissure

on each side and the anterior roots of the spinal

nerves.

The lateral columns He between the anterior and

posterior roots on each side
;
while the posterior columns

lie between the posterior roots and the posterior fissure or

septum. This last column may be subdivided \\\X.q> posterior

median (next the septum), and posterior external (next the

nerve root).
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The three commissures, one white and two grey, all

consist of transverse or diagonal decussating fibres.

The anterior cornu of the grey matter contains many
large branched or multipolar cells, one process of which is

Fig. :5o.—An Isolated Ganglion Cell of the Anterior Horn of the Human Cord
PiKnient. The bmnclied processes of the LMimlio.i cell break un

generally continued in a nerve, while the others continue
to travel until they are lost in the groundwork
of fine neuroglia and nerve filaments. At the
end of the posterior cornu is a gelatinous cap, composed
princijially of neuroglia, called the snhsiantia ,s^eIafmos(j.
T he cornu also contains many small cells.

Many nerve fibres in the anterior roots can be traced
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from the large cells to their termination in the muscle fibre.

The posterior root, on entering the cord, divides into two

bundles, one of which goes to the posterior white column

and the other to the substantia gelatinosa in the posterior

Fig. 151.—Transverse Section of a Lateral Half of Spinal Cord.

Posterior median column, or column of Goll ; B, posterior lateral column or «

Burdach; c. column of Lissauer ;
D. posterior ‘ho ‘:omma tract :

gelatinosa; G, crossed pyramidal tract; ti. direct cerebellar

cervix cornu ; K, darkens column; L. cervix cornu; kl. Goners dcscsndii« an^^tCT^
tract ; N, R, Gower's ascending antero lateral tr.act ; O. direct Pf*"'"’*'
lerior cornu; Q, intermediolateral tract ; S, anterior root ; T,

posterior or do^ll fissure
;
w, central canal ; -\. anterior column. The tract internal to G M is

the mixed lateral column. The arrows Indicate the course of the hbres.

horn. The first bundle continues right up the posterior

column to the medulla.

The nerve cells in the cord form four groups. T here

are the larger ones in the anterior horn, the smaller in the

posterior
;

a group in the lateral white column, and a
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group along the inner edge of the posterior cornu (the

posterior vesicular column of Clarke'). I'his

last group is discontinued in the lumbar and
[^e'cord

cervical regions.

While the anterior cells are directly connected with

motor nerves, we must notice that such is not the case with

the posterior cells, which are only indirectly connected by a

thick meshwork of fibres.

The connective tissue of the spinal cord is very fine,

and forms a delicate scaffolding around the nerves in the white

matter, and covers the blood-vessels. In the

grey matter especially, filling up the spaces xissUr'"^
between the intricate network of connective

tissue, a particular substance is found, called neuroglia,

consisting of very fine granular ground-substance composed
of keratin, frequently formed into hollow cylinders in which
the nerve fibrils lie.

The course of the nerves in the spinal cord is threefold,

those ascending to and those descending from the brain, or

those ter7ninaiing in the cord itself, and each of

these groups is in three divisions. The fact Serw Fibres

that nerves tend to degenerate in the direction

that the nerve force travels has served pathologically and
physiologically to distinguish the efferent and afferent brain

fibres.

Considering the efferent or motor or descending fibres
first, we find they run, as in the accompanying diagram,

in three divisions : (a) the direct or uncrossed

pyramidal trad (from the anterior pyramids in

the medulla) in the anterior column
; if>) the

crossed pyramidal tract

;

and ic) antero-latcral tract in the

lateral column.

The ascending or sensory tracts are also in three main
divisions

:
{a) 'I'he cerebellar tract, and {l>) ascending lateral

tracts in the lateral column; and if) Golfs column in the



264 Elementary Physiology fur Students.

Course of

Motor
Impulses.

Fig. T52.—Section showing Columns
of Cord.

posterior column. Those fibres terminating in the

cord are also in three divisions : {a) The

Tracts!"’^ interior ground fibres in the anterior column
;

(^) the mixed lateral tracts in the lateral

column
;
and (c) the fasciculus cuncatus in the posterior

column. These all consist of fibres that con-

Traas.'^""^ nect the white matter and the anterior and

posterior roots with the grey matter at different

levels and do not ascend directly to the brain.

The great mass of motor

impulsesoriginating

in the cerebrum

pass through the

pores into the anterior pyramid

in the medulla, and then cro.ss

over and descend in the cord

by the crossed pyramidal tract,

a smaller part remaining un-

crossed and descending by the direct pyramidal tract.

The antero-lateral descending tract connects the spinal

cord and medulla, and is the medium for reflex impulses

from the latter centre.

In the ascending tracts, sensations offain are conducted

upwards by the ascending lateral tract
;

of touch by the

^ , column of Goll ; that of musailar sense is un-
Course of in j
Sen.sory crosscd find ascciids by the cerebellar tract and
Impulses.

column of Goll
;

of temperature, by the

lateral tract
; reflex sensations are probably conducted by

various paths. As a rule, motor fibres dea/ssate in the

medulla before they enter the cord, and sensory fibres in the

cord as soon Rs they hai'c entered by the posterior roots. The

motor fibres are closely connected with the large cells in the

anterior cornu for the purpose of carrying out complicated

co-ordinated movements.

'I’he nutritive or trophic centres of the descending motor
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nerves are in the brain, hence they degenerate downwards
when cut

;
and those of the anterior spinal Trophic

nerves are in the large polar cells of tlie anterior Centres,

column, hence these degenerate distally. On the other hand,
the trophic centres of the ascending column lie probably in

ganglion on the posterior roots of tlie spinal nerves, there

being no evidence that this ganglion has any reflex or

automatic properties.

3. THE REFLEX FUNCTIONS.

AVe must now consider the reflex functions of the

cord. We have seen that for a reflex action three things are

requisite : an afferent and efferent fbre and a

nerve cell or centre. Reflex actions are essen-

tially involuntary, though they may be often

started, controlled, or directed by the will, d’hey may be

Fig. T53.—Diagram of Reflex Action.

natural or acquired. In health they have always some
good end in view

; in disease they may be injurious or
useless, as the movements in chorea, etc.

In reflex action the nerves may belong (r) to the
cerebrospinal

;
or (2) to the sympathetic system

;

or (3) to both. Reflex Nerve.s.
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(1) In sneezing, coughing, swallowing, etc., both afferent

and efferent nerves are cerebro-spinal, yet the action is

purely involuntary.

(2) In secretion, digestion, etc., both afferent and

efferent nerves are sympathetic.

(3) In blushing or secreting saliva the afferent nerve is

cerebro-spinal, and the efferent sympathetic
;
in convulsions

and many hysterical movements the afferent is sympathetic,

and the efferent cerebro-spinal.

All these are natural reflexes. Of acquired reflexes we

will speak when we consider the brain. Reflexes in the

cord may be divided into three classes ;

—

Simple., when a single movement on one or both sides,

according to the intensity of the stimulus, is produced.

Spasmodic, when the stimulation is sufficient

R^ex^Action throw into spasmodic action large groups of

muscle
;
and Co-ordinate, when a single sensation

sets into
.
action large groups of muscles for purposive

action. Strychnine has a special power of so increasing

the excitability of the reflex centres that the slightest

stimulus produces the most violent spasms.

There is a difficulty of observing pure spinal reflexes in

mammals owing to the amount of shock pro-

Characterof (Juced in removing the brain. But there is no

doubt that they became simpler the higher we

ascend in the scale.

In frogs the purposive character of these movements is well marked.

If a drop of nitric acid be placed on the right llank of a frog deprived

of its brain, and therefore unconscious, it will at once l>e wiped off with

its right foot. If, however, the right foot be cut off, it will use its left.

Reflexes arc much more easily set up by stimulating

the end organ (as the skin) than by irritating

S'"®* the afferent nerve itself. The contraction of a
Phenomena.

. , , c
muscle does not var)’ with the amount ot

stimulus applied, but is constant.
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The greater part of the time taken up in a reflex act is

occupied by the profound changes in the central cell by

which centripetal is converted into centrifugal force, there

being a great deal more involved than is implied by the

word “reflexion.”

Reflex often strongly resemble voluntary acts in all

but their cause.

If the tail of a headle.s.? eel be gently touched it will be moved
towards the side touched

;
if.sharply, it turns away from it.

Reflexes can be iiiliibitcd by special mechanism for the

purpose. They can be stopped by the will when it is

active. For instance, when asleep if the palm be tickled

the hand closes
;
when awake it does not. An

involuntary start can often be controlled.

Sometimes the inhibitory power is limited.

^V'e can stop our respiration a certain time, but beyond that

the reflex mechanism overpowers our will and we cannot
die by holding our breath.

Apart from the will there is believed to exist in the

corpora quadrigemina a controlling centre over

the spinal reflexes. They certainly are more
active when the brain is gone.

Again, strong sensations may stop a reflex, as rubbing
the nose prevents sneezing.

Poisons or chloroform inhibit reflexes, and so does a
constant electric current.

The value of certain spinal reflexes in the detection of

spinal diseases is great. They are divided into three groups
— superficial, deep, and organic. The first include

all the skin reflexes in which certain involuntary

movements are normally produced by the

irritation of the skin in certain localities, as tickling the

soles of the feet, etc. In disease of the part of the cord
where the centre lies the reflex disappears.

The deep are tendon reflexes and are movements
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obtained by striking a tendon, as in the knee joint. These

may be diminished or augmented by disease.

The organic are reflexes ordinarily under the control

of the will, as micturition, and which cease to be .so in

disease.

There are also in the spinal cord centres for certain

acts connected with the vital functions. There is a dilating

centre for dilating the pupil of the eye ; a

Cord'^^'*'"
centre for regulating the size of

the smaller blood-vessels
;

a su'eating centre,

centres for defamation., micturition, and for reproduction,

and probably trophic centres. If the spinal cord be divided

the animal can be kept alive, but if the part below the

division be destroyed the animal dies from wasting, etc.

Complete section of the cord results in complete

paralysis of motion and sensation of all parts supplied from

below the lesion, though the muscles may
Sectionof

retail! their nutritive and electrical reaction.
Cord .

• 1 • u
Ascending and descending degeneration then

commences along the sensory and motor columns. Uni-

lateral section results in paralysis on the same side and anaes-

thesia on the opposite side, with a narrow zone of aniesthesia

on same side from those nerves which have not had time to

decussate. There is also hyperaesthesia on the same side,

the cause of which is not known.
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CHAPTER XIX.

NERVE CENTRES : II.—THE BRAIN.

I. THE ANATOMY OF THE BRAIN.

The brain includes the cerebrum, or greater,

and the cerebellum, or lesser brain. Both are Ti’®

enclosed in three membranes.

The dura mater is the outer fibrous covering, and,

unlike that of the cord, forms the periosteum of tlie skull bones,

to which it is closely adherent. It is well

supplied with nerves which, give it exquisite

sensibility, but it is poorly supplied with blood-

vessels. It is in two distinct layers which, separating in

certain directions, form the venous sinuses. It forms three

partitions in the skull
;
one, called the falx cerebri, is longi-

tudinal and vertical, and separates the two hemispheres;
another, similarly placed behind, the falx ccrebelli, separates

the two sides of the cerebellum
;
while a. third, the tetitorium

ccrebelli, is horizontally stretched between the cerebrum and
cerebellum.

The subdural space (between this and the next mem-
brane) contains lymph.

The arachnoid membrane consists (if we count the
endothelial layer lining the dura mater as part

of it) of two layers, otherwise of one. Beneath
the arachnoid is the sub-arachnoid space, filled

with a network of loose connective tissue, by which it is

united to the pia mater.

It contains cerebrospinal fluid, which is a thin, saltish
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fluid (Sp. Gr. 10 lo-, 99 per cent, water, and i per cent.

solids, of which 9 are .salts), analogous to lymph.

JpiL?rfuid’
average amount of it in the brain and spinal

cord is tioo ounces. If the quantity be much in-

creased, it produces coma ;
if decreased, epileptiform convul-

sions. The cavities of the brain containing it are connected

by the roof of the fourth ventricle with the sub-arachnoid

space. It is believed to be partly the lywphaiic drainage of

the brain and partly formed by the cubical cells which line

the ventricles (or brain-cavities), and which appear to have

secreting functions.

The pia mater, consisting of delicate connective tissue,

not only closely surrounds the brain and dips into all the

convolutions, carrying the blood-vessels ever)-

The Pia where with it, but at the transverse fissure forms

the velum interpositum as it enters the ventricles,

where, together with the numerous blood-vessels, it is called

the choroidplexus.

The arachnoid and pia materare muchmore closely united

in the brain than spinal cord, the former, however, bridging

over the convolutions into which the pia mater dips.

d'he blood supply of the brain requires a lew words.

The total amount of the blood passing through the brain is

not very great
;
the value of the brain not con-

sisting in the quantity but in the quality ot its

metabolism. I'here is probably a siiecial \ aso-

motor centre in the brain for regulating its own blood

supply. If this be impaired, the position of the head cannot

be rapidly changed without the varying quantity of blood

causing vertigo. Mechanical means are taken to mitigate the

force of the heart’s beat, and to ensure an equal distribution

of the blood in the tortuous course of the carotid and cerebral

actions, and in the free anastomoses of the circle of Willis at

the base of the brain.

Perivascular spaces surround the arteries, so that they can
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enlarge or decrease at the expense of the fluid around
them.

In the arterial blood supply by the pia mater there is a
very free anastomosis as the arteries break up into the
capillary network by which the surface of the
brain is supplied. The base, interior, and ganglia

of the brain are all supplied from the circle of Willis, and
here we get very few anastomoses. Each artery runs direct
to its district and breaks up, but the capillaries do not unite
with others.

1 he large veins of the brain are not true veins, as they
contain no muscle fibres and no valves, but are
open canals, called sinuses, composed of the
tough fibrous tissue of the dura mater, so that
they can neither be compressed nor distended.

Though the brain cannot bear compression and is in a
cavity with rigid walls, nevertheless, the quantity of blood
it contains is not uniform, but varies invariably with the
amount of cerebro-spinal fluid. The brain can thus become
congested or anEemic like other parts.

The cerebro-spinal fluid is of special value at the base
of the skull, where it forms a water-bed on
which the medulla and other structures rest,

Th'="'ater-

thus preserving them from all jar.

1 he brain pulsates with the heart, the large arteries
rhythmically moving its semi-fluid substance. It also rises
during exjjiration and sinks during inspiration.

Turning now to a general examination of the brain it-

self, we find that it weighs from 43 to 50 ounces (in men
48, in women 43), falling in idiots in extreme
cases as low as 16 ounces, and rising in some
distinguished philosophers to 64 ounces. The
weight of the brain is not, however, always a test of its
quality.

A washerwoman in France had a brain of 64 ounces.
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It is composed of white and grey matter.

The grey matter is arranged in three ways :

—

(a) The continuation of the central grey matter of the cord

White and
Grey Matter.

Kig- 154-—External and Sectional view of Urain.

for a certain distance. Here, between the end of the

third to the end of the fourth ventricle arise

Arr^ng^ement jpg cranial ncrvcs. 1'hen

Matter.
there are (li) scattered masses of grey matter
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imbedded in the central region. These include the corpus

striatum, optic thalamus, locus rubra and niger in the crus,

1.

3.

4 .

Fig. 55.—Diagram Illustrating the Progressive Changes in the Development of
the Brain. (Yeo.)

I, Three vesicUs in early embryo; 2, growth of lateral ventricle and corpora quadrigemina
;

3, growth of hemispheres
; 4, development of hemispheres.

the grey matter of the pons of the corpora quadrigemina and
geniculata, and the corpus dentatum of the cerebellum,

s
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And finally {c) the whole surface ut ihe cortex of the brain

is covered with a layer of grey matter about a third of

an inch thick, and differing from all other grey matter.

In the embryo the upper part of the medullary tube

presents a series of three outgrowths or vesicles,
Development,

form respectively the hi7id, mid, and

Hind Brain.

Mid Brain.

Fore Brain.

fore brain.

In the hind, brain the floor is formed by the medulla

;

the roof by the cerebellum (Fig. i56)and the pons Varolii; and

the cavity is the fourth ventricle. Thepons Varolii

consists of transverse and longitudinal fibres
;
the

longitudinal emerge at the front and form the cnera cerebri.

These form the floor of the mid brain
;
in the roof are

the corpora quadrigemina, the cavity being the

aqueduct of Sylvius, or the iter.

In the fore brain the crura diverge, leaving a space,

the anterior vesicle (the third ventricle), the floor being the

hfundibtdum, and the roof the pineal gland.

They enter masses of grey matter on each side

of the optic thalami. In front of the third ventricle the

crura spread out into two hollow masses above, which form

the two hemispheres, with their cavities (the lateral ventricles)

separated by a deep fissure and only united by the isthmus

of the corpus callosum, which extends along one-third of their

length. Beneath are two other prolongations forming the

olfactory lobes. In the floor of each lateral ventricle is

the mass called the corpus striatum.

The general arrangements of parts are therefore as

follows :—When the spinal cord reaches the brain it widens

and flattens, and at the same time the posterior

General seotum opeiis out right down into the central
Structures. 1 ‘

, , • • .1

canal, so as to lay the interior open after the

manner of a split herring. Across the front of the medulla

is a large, broad band of fibres like a bridge (hence called

the pons Varolii), which connects the two parts of tlie
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cerebellum, which is tlie size of a small apple, and rests

on the medulla above. Beyond the pons the longitudinal
fibres which pass through it diverge, as we have seen,
so as to form two rounded pillars called the peduncles

Fig. 156.—Diagram of Brain and \tedulla Oblongata (Yeo )

OJ the brain or crura cerebri. These pillars terminate on
each side in two large masses of grey matter, the anterior
one being the corpus striatum, the posterior the optic
thalamus.

Some fibres of the crus pass, however, forwards directly
through the internal capsule (a band of white fibres). From

s 2
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these two masses the white fibres radiate like a fan, forming

the two cerebral hemispheres (each being the size of a

large fist, and forming the greater part of the cerebrum),

terminating finally in the outer layer of grey matter that

forms the convolutions of the cortex.

Optic Nen’es

Fig. 157.—General View of Medulla

We will proceed to consider the structure of these

different parts in further detail.

The medulla is pyramidal, with its broad end upper-

most, and is about inch long, i inch broad, and f inch

thick. It is a continuation of the spinal cord

Structure of
^yith important modifications. It has an anterior

Medulla.

|-^gg^,re, which extends as far as the pons, and

the posterior fissure opens out into llie central canal

which forms the fourth ventricle of tlio brain, on tlie floor
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of which grey matter is exposed. Each half of the

medulla consists of four structures, from before and back-

wards—the anterior pyramids, the olivary body, the resti-

form body, and the posterior pyramid.

158.—Transverse Section through the Medulla Oblongata in the Region of the
Pyramidal Decussation.

/Py, Anterior pyrainitJal tract
\
iga, lateral nucleus of t;rey matter jyiz, part of anterior column not

decussating ; nn, nucleus gracilis gelatinous tiuclcus of posterior horn
; 11, spinal accessory

nerve. (Ilenle.)

'I'he three columns of the cord are continued in the

medulla as follows :

—

. •11 Course of
1 he direct pyramidal tract or anterior column y.pinai

becomes the anterior pyramid, the rest of the

fibres of the column passing behind it.

In the posterior column, the column of Goll, or the

posterior median column, becomes the ]iosterior pyramid.
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while the posterior external column or fasciculus atuealum
becomes the restiform body.

In the la/eral column the cerebellar tract goes with the
restiform body to the cerebellum

;
the crossed pyramidal

tract decussates and goes to the anterior pyramid of the
opposite side, while the lateral tracts ascending and descend-
ing are continued on to the cerebrum.

The olivary bodies are two well-marked oval bodies
lying behind the anterior pyramids.

The grey matter of the medulla consists of that of the

Spinal Cord

Fig. 159.—Under-surface of Cerebellum, showing vermiform process.

cord with additions, rearranged, however, in various masses

in the floor of the fourth ventricle.

The cerebellum is about 4 by 2^ by 2 inches, and

consists of a body and three pairs of crura. The body is

„ divided into right and left hemispheres united by
Cerebellum. *

a central portion, the vermiform process. The
surface is not in convolutions like the cerebrum, but in fine,

vertical lamina, or plates. The surface is grey matter with

the white inside, arranged in a branched manner like a tree.

In the middle of the white matter is a grey mass called the

corpus (lenlalum.



The Crura Cerebri. 279

Pons Varolii.

The Crura.

There are three pairs of crura in the cerebellum

The upper crura run to the cerebrum and form the sides

of the fourth ventricle
;
the middle aia-a form the pons

Varolii
j
while the inferior run to the medulla and form the

restiform bodies.

The pons Varolii consists, as we have seen, of trans-

verse cerebellar fibre externall)', and longi-

tudinal medullary fibre internally
;

with also

some grey matter continued on from the medulla.

Each crus cerebri which emerges from the fore part

of the medulla beneath the pons consists of

two parts :—the tegmentum or posterior part, and
the crusta or anterior part. Between the two is a mass of

grey matter called the locus niger.

It will be convenient here to take a general survey of the

direction of the nerve fibres in the brain, and
particularly those in the crus.

^
Nerve ribres.

The course of the nerves is more difficult to

trace in the brain than in the spinal cord. Besides com-
missural and intercellular fibres of all sorts, Meynert divides

all nerves into three great divisions :

—

1. Those that pass to and fro between every
Divisions*

part of the cortex and the great basal ganglia of

grey matter (the corpora striata, optic thalami, corpora
([uadrigemina, etc.) which convey sensory perceptions to

the mind, and convey motor impulses from it.

2. Those fibres that extend from the basal ganglia
through the crura to every part of the spinal cord

;
and

3. The peripheral fibres that issue from the cerebro-
spinal system and form what we call the nerves pi'oper.

The crura cerebri are divided into motor and sensory
tracts. d’he lower, or inferior, or pedal part
of each crus (called also the crusta) is the motor Sensoly

tract, and is connected with the anterior pyra-
mids in the medulla.
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The upper, or superior part, or tegmentum, consists of

three sets of fibres. The outer third connects the cerebellum

with the occipital and temporal lobes of the brain
;

the

inner third, the cerebellum with the frontal lobes
;
while the

middle third carries the sensory fibres, and is connected with

the olivary bodies in the medulla and the lateral and

posterior columns in the cord.

Above the crura, forming the roof of the aqueduct of

Sylvius, that connects the third ventricle in front with the

fourth behind, are the corpora quadrigemina

Quadrfgemina. (^^6 optic lobes of the lovver animals). These

are four masses of white and grey matter, the

size of peas, arranged in two pairs, anterior and posterior

;

the anterior pair is connected with the optic tract.

The basal ganglia consist mainly of four

Gang^k!^* large bodies, the corpora striata in front, and

the optic thalami behind.

The corpus striatum is a striated mass of grey and

white matter imbedded in the white substance of the hemi-

spheres.

The thalamus opticus is mainly grey matter, the two

being connected by a soft band in tlie third ventricle.

The cerebral hemispheres cover all the rest of the

brain, including the cerebellum, and consist of two halves

divided by the great longitudinal fissure which

passes right through to the base, being only

interrupted by a band of white fibres (corpus

callosum) that connect the hemispheres together along their

middle third. The surface or corte.x is grey, the interior is

white. The area of the surface is greatly increased by con-

volutions with depressions or sulci between, which cover the

The Hemi
spheres.

whole surface of the hemispheres.

'I'hese are divided into five lobes by depressions deeper

than the rest. The frontal lobe is in front, separated from

the parietal, or middle lobe, by the fissure of Rolando. The
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temporal lobe at the side is separated from the frontal by

the fissure of Sylvius. The occipital lobe behind-111 •
Lobes.

IS separated from the parietal by the parieto-

Kig. t6o.—Transverse Section through the Lower Corpus (Jttadrigemintim and the
Pons Varolii.

a. Aciiieductus Sylvii ; i, crossing of the liracliia of the hnver corp. i|undrig.
; q, e.inglion of the

lower corp. tiuaclriif. ; s, i)uduncuhis of the lower corp. (lunclri^. ; (hi, leinnentum •
«; the

fiesccnchng root of the fifth
; p, Ininclles of the anlt rior pyramidal tracts in cross-section • trpdeep transverse liundles of the pons; superficial transverse bundles of the nons iMev-

nert, m Strieker s Manual.) ' '

occipital fissure. I’lie central or internal lobe is called the
island of Rheil.

The white matter consists of fan-like fibres connecting
eveiy part of the cortex with the two basal

ganglia, and of innumerable commissural fibres.
Hemispheres.

the grey matter con.sists of several alternate
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layers of darker and lighter shades, according to the

arrangement of the cells that compose them.

Fig. 161.—Surface and Base of Brain.

There are five layers that resemble generally the three

in the cerebellum. 'I’lie outer layer is principally neuroglia

with small branching cells; the m.\t consists of a close
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r ' -'V

Hg 162. Vertical Section through the
Cirey Matter of a Cerebral Convolution,
a, Superficial Layer

;
/. closely.p.icked stnall

gangltoii cells; r, the layer of the cornu
Auimonis. this licing the principal layer ;I^ the gniniilar fnnnation,'’ small multi-

ihloJ’’”*' ‘T layer of spindle-
shaped ganglion cells. (Meync-rt. in Strick-

I'ig. 163.—Another Section
of same.
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layer of small pyramidal ganglia cells. These two may he

compared to the molecular layer of the cere-

Layersofthe The third layer resembles Purkinje’s

cells, and consists of many large pyramidal

ganglia cells, each having a process running to the surface,

and inner processes which are branched, and one un-

branched inner process that becomes a nerve. The tiLw

inner layers consist of small ganglia cells resembling the

layers of the cerebellum.

These cells differ in character, as in the cord, according

to the part of the cortex examined. In the front of the

brain, or motor circo, they are larger and iiiulti-

Ceiuin polar. In the posterior or sensory area they

are (as in the posterior nerves of the cord)

much smaller.

Many cells are pyramidal. In these one process ascends

from the apex to the cortex. Another process proceeds

from the second angle as a nerve fibre into the white

substance, where it becomes medullatcd, while a third

continues to subdivide till it is lost in a network of fibres.

These cells are contained in lymjih spaces. 1 he substance
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of the grey matter is made up of cells, neuroglia, and the

branching connective-tissue fibrils of the pia mater. The
grey matter is five times as vascular as the white.

The ventricles of the brain are five in number; the

two lateral ventricles in the hemispheres each

having three cornua, ascending, descending,

and posterior. In the door rises tlie coipus

striatum, and behind, the optic thalamus.

1 he sides of the third ventricle are formed by the
optic thalami, the floor by the infundibulum, the roof by
the velum interpositum (a fold of pia mater) and the pineal
gland. It communicates in front by theforamen ofMonro
(a Y-shaped passage) with the lateral ventricles, and behind
by the aqueduct of Sylvius with the fourth ventricle in the
medulla.

fifth ventricle is a small cavity in a delicate double
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partition or septum lucidum, between the two lateral

ventricles. All these cavities communicate with the

subarachnoid spaces and the central spinal canal.

The lowest vertebrata (amphibia) have no specialised brain. As
we ascend in the scale the optic lobes are first highly develop>ed,

the cerebellum being a small band, as in reptiles and birds. In

mammals the optic lobes decrease in size, while the hemispheres increase,

together with the cerebellum, which gets more and more overlapped by

the cerebrum as we ascend.

The convolutions increase in complexity and num-

ber with the mental development of the animal, being

less in a child than in a man. Increase of convolutions

means, of course, increase of grey matter.

2. THE FUNCTIONS OF THE BRAIN.

Turning now to consider the functions of the brain, we

may with convenience roughly divide the brain into four

parts, of which one is the cerebellum
;
the rest

D?Hsions
— Upper region of the cerebrum or cortex

;

the lower, or medulla
;
and the middle, including

all between.

The upper may be said generally to be the seat of intel-

lectual life, or of the spirit

;

the lower of the necessar}^ vital

functions that carry on and store life forces—the

Spirit
^
Soul

, vegetative side of our life or body; while the

middle region is that of the functions ot

animal life or the soul. All action of the upper region is

the result of the direct action of the mind
;
that of the

lower IS purely reflex or involuntary ; that of the middle

region is partly acquired reflex (or action once voluntar\,

but which by habit becomes reflex), and partly voluntary,

under the control of the upper region.

In conversing while walking, the whole of these four regions are in

activity. The cerebellum maintains the equilibrium and the erect

position ; the medulla the passive life of the body in the beating of the
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heait, the respiration, etc.; the middle region displays the animal life
or soul in the movements of the legs and muscles of speech

; while themmd or spirit directs in the higher region the whole and gives intelli-
gence and meaning to the words uttered. On the other hand, the
p enomena of drunkenness show the successive paralysis of spirit,
soul, and body. The upper region is affected first, and noisy manifest-
ations of animal life are displayed unruled by the spirit. If more be
drunk, the middle region and the cerebellum are paralysed, and if theman is dead-drunk the medulla alone remains active, carrying on the
fmictions of passive physical life. Equilibrium is lost and all ex.iression
of the animal life and energies. If more of the poison be now
administered, the action of the medulla is finally arrested and the
no longer dead-drunk, but dead.

man

We will consider the four regions of the brain in detail.
The grey matter of the cerebellum is arranged in three

layers ; a molecular layer externally, consisting
of fine fibrils, neuroglia and branches of nerve Structureof

cells below. I'hen comes, a layer of very large
cells (Purkinje’s). These cells send one process inwards
while outwardly they branch in a perfect net-
work of fibres. The third layer is called the ^“‘kinje’.s

nuclear layer, which consists of large numbers
of small neiwe cells that branch in the layers, with one
process running outward into the nuclear layer and dividin<x
at right angles near the surface. From the fact that the
single nerve process of Purkinje’s cells passes downwards
and inwards while it branches outwardly, and that the nerve
processes m the nuclear layer pass upwards and outwards
while they branch inwardly, it is supposed that the fannermay be efferent or motor, and the latter afferent or sensory •

here is, however, no proof of this. Each Purkinie’s cell
lies m a lymph space.

The cerebellum generally has to do with co-ordination
ot^ muscle and the preservation of equilibrium.
hen it is injured these powers are wanting Functions of

but neither will-power nor consciousness are
affected

; but after its removal they are often recovered after a
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Fie I66 -From a Vertical Section through the Grey Matter of the Cerebellum of

the Oog.

/»,. Pia mater ; A the ganglion colls of PurHnie = A, nuclear layer ; /; the layer of nerve fibres
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time. On removing the cerebellum in a pigeon it could
neither stand nor fly, though its will and intelligence were
intact.

In man injury to the cerebellum produces staggering
and reeling. In cerebellar disease you may get three classes
of “forced” movements, circus or round as in a ring, top or
circling as on a pivot, and rolling on long axis of body. All
three occur in a dog in an epileptic fit. This part of the
brain has no connection with the reproductive organs.

Dividing the cerebrum into three regions according to
their general functions, we will consider the
lowest or medulla first. Like the cord the
lH6dull3, conducts and reflects impulses. It

^

has also a few controlling, and possibly some automatic
centres.

Like all other parts of the brain it depends Functions of
tor Its activity on a free supply of healthv
material blood.

The principal reflex centres of the medulla are as
follows :

—

Closure of the eyelids, sneezing, coughing, mastication,
deglutition, sucking, vomiting, secreting saliva,
dilating the pupil, respiration, cardio -inhibitor}',
cardio- accelerating, vaso-motor centre, vaso-
dilating centre, spasm centre, and sweat centre. Similar
centres to some of these exist in the cord, but they are
a ways subordinate to the corresponding centres in the
medulla.

Closure of the eyelids. The fifth is the
afferent, and the seventh the efferent nerve in the

this case. Both eyes are closed in reflex action.

.k
afferent nerve is the nasal branch of

the fifth, and this reflex action, which is quite
involuntary, may be inhibited by compressing
the nasal nerve in the nose,

T
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Coughing. The tenth is the afferent nerve
;
the centre

^ . is just above that of respiration.
Coughing, '

, / • j '

Mastication, Masticatioil. This Centre IS affectea m
Swallowing.

lock-jaw.

Swallowing. The action of this centre seems to

interfere with the cardio-inhibitory centre, so that in sipping

water the heart beats more quickly. This centre is affected

in hydrophobia.

Respiratory. This centre is said to be partly auto-

matic, because it is excited by the quality of blood cir-

culating in it, as well as by nerve impulses. It is double on

each side, one part presumably for inspiration, and the other

for expiration. Respiration may be altered by the will, but

it cannot be checked indefinitely. The tenth is the afferent

nerve. If divided on one side, respiration on that side is

slowed. If the central cut-end be stimulated, breathingjs

arrested on the one side only. After section of both

afferent nerves the centre retains its activity, being stimu-

lated by the blood. In apiKxa the blood is saturated with

oxygen, and, even fails to stimulate the centre as in foetal

life. In eup7uea the respiration and blood are normal. In

dysp?icea the oxygen is decreased and the COo increased,

and the breathing is laboured. Asphyxia is caused by the

circulation of venous blood in the medulla, or from ex- <

cessive febrile heat, which exhausts the centre. The centre
j

can be influenced by the will to a certain extent, also reflexed
j

by cutaneous nerves, as in a cold bath. Other nenes

can slow it. The mechanism of inspiration and expiration

appears to be automatic, the two centres acting alternately.

The dilatation of the lungs stimulates the expiratory centre,

and the contraction of the lungs the inspiratory centre in

turn.

Cardio-inhibitory centre. This acts by the tenth

Hc.irt nerve and can be excited reflexly through

several abdominal nerves, or through the other
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vagia. It is partly inhibited by swallowing. Digitalis

and other drugs stimulate it.

Cardio-accelerating. The course of the Heart

nerve fibres is believed to be through the

sympathetic.

Vasomotor centre. The centre near the olivary

bodies supplies all muscles of the blood-vessels with nerves.

Stimulation causes contraction of the vessels,

paralysis causes dilatation. Chloral and curari

stimulate the centre and continue to act until

the centre is cut away.

It is e.xcited directly by the condition of the blood, by
psychical influences, by poisons, and by electricity. It is

excited reflexly by pressor fibres that run from various parts
of the skin, etc., and inhibited by depressor fibres, which
are specially numerous in the superior cardiac branch of the
tenth (called the depressor nerve).

This centre necessarily affects the temperature of the
body, in part, and as a whole. If a vaso-motor nerve be
divided, the part supplied gets full of blood and hot. If
the cut end be irritated, the vessels contract and it gets cold.
If a large number of nerve-controlling skin capillaries are
paralysed, the general temperature falls, though the part
affected gets warmer. Indirectly it also affects the activity
of the heart. It also contracts subordinate centres in the
cord.

vaso-dilator centre is believed to exist, though its existence is
not quite proved. Its action is the reverse of the vaso-motor centre.

Spasm centre. This is near the pons, and, if excited
directly by venous blood or poison, it produces
general spasms. The sweat centre is double :

Spasmand
1 1 . .

^ isweat Centres.
one may thus produce unilateral perspiration. It

is affected by many nerve poisons.

It will be convenient to consider the upper and middle
T 2
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Upper and
Middle
Region.

regions together, as, although the actual centres for the

various functions of animal life are beneath the

cortex, they are, at any rate as long as they are

voluntary, set in motion from definite areas in

the cortex acted on by the will, mind, or spirit of man.

That the hemispheres, and particularly the cortex, are

the centres for intelligent brain action, is proved by

direct experiment. A frog deprived of its

hemispheres can live and act if stimulated, but

has no voluntary movement, though it can

Intellectual

Functions of
Cortex.

execute almost any which it cannot do with the cord alone.

Placed on its back it will return to its natural position. It

swims perfectly, and will rest on a bit of wood. It will

croak if stroked. Volition alone is absent The body has

lost its animating spirit and is a mere complicated machine.

This psychical activity resides in both hemispheres, and if

one be destroyed may be taken up by the other. It is

impossible to say from this that the cortex is the mind. It

is more reasonable to believe that it bears the

The Brain and 53.^6 relation to the mind that the musician
the Mind.

does to the instrument
;

neither can express

itself without the appropriate instrument : which, in one

case is the organ or piano, in the other the cortex. The

cortex is thus the organ of the mind, but it forms no neces-

sary part of the machinery of the body. Birds can fly

perfectly when it is removed. Practically the higher we go

in the scale of animals the more difficult it is to distinguish

between the presence or absence of will-power in the acts

that are done. The functions of the cortex can be abolished

by injury or pressure which produces unconsciousness.

Unilateral destruction of the cortex has taken place m man

without loss of mind or will-power.

The degree of intelligence depends on the size of the

cerebral hemisphere, and the number and depth of the

convolutions.
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1 he spontaneous activity ot the cortex is the most
remarkable feature of life. To account for it by discharge

of nerve energy is unsatisfactory, for we have
no evidence that any such metabolism is carried

Action

out in connection with any other nutritive in-

fluence. The activity of the cortex is no doubt largely due
to afferent impulses. If these are wholly withdrawn and
nutrition of brain continued, all voluntary movements and
probably consciousness would go. A patient with general

anaesthesia, deaf in both ears and blind in one eye, went to

sleep whenever the remaining eye was closed
;
nevertheless,

though the prompting of tlie act may be an afferent impulse,
the carrying of it out or its inhibition is purely voluntary.

Certain physiologists deny free-will or spontaneous action altogether,
and assert that all brain action is essentially relle.x, and that if we knew
all about a man we could predict certainly what he would do at all times.

AH voltuHarv acts heloni Allto the cortex alone.

psychical processes take uj) a certain ijorlion of
.1 • <- .

^ i'iiiie fur
iiintJ

^ the perception of toucIittik.es ciboutone- 'tHiTerem

seventh of a second, of hearing one-sixth of a
second, of sight one-fifth of a second, of taste one-seventh
of a second.

During sleep a person may be compared to an animal
with its hemispheres removed. Sleep is caused
partly by the using up of the stock of potential
energy in the brain nerve cells, w'hich require to
be re-charged, and partly by the suggestion of position and
surroundings adopted at the time.

Besides the general fact that the anterior part of the
brain is for volition and the posterior for perception, in
1870 it was discovered that the stimulation of
certain regions of the cortex produced definite

co-ordinated movements on the opposite side. If slightly
stimulated, the movement alone was produced; if strongly,
convulsions occurred. The same results occurred if the
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white matter beneath were irritated, but the latent i>eriod

was longer.

All the anterior part of the brain is concerned in

movements of various sorts, excepting part of the frontal

lobes, which is believed to be the seat of the

ideai°Lntre i^cal and thought centres that do not pro-

duce bodily activity. The differentiation of

certain cortical areas that produce certain movements

Fig. 167.—Side View of Convolutions of the Brain.

S M and I F C, Superior, middle, and inferior frontaJ involutions : Sy F, Sylvian fcsarcs ;

SF F I VF superior and infe.ior frontal fissures; F of MrieS
^cendinE f.omal involution ; A P C, ascending parietal convolution ; S P C,

lobule • S M C superio r marginal convolution ; A G, r ngular gyros , P O F. panirio.orap

obe- S M and 1 O C, superior, middle, and inferior icipital convolution ,S M, and

I T S C, superior, middle, and inferior temporo-sphcnoidal convolutions; S and I T S F,

superior and inferior teiiiporo sphenoidal fissures.

increases as we ascend from the frog to the monkey. 1 he

size of the area corresponds to the importance of the part.

That for the arm is enormous as compared with that for the

trunk, and that for the thumb is enormous in proportion to

that for the arm. It may be observed that the pyramidal

tracts, the channel of these movements, increase from the

dog to man.

Motion takes place on touching the cortex, because the part

is connected histologically by nerve threads with the motor

centres beneath, but in what way the stimulus of the mind
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or will is applied we know not. In briefly considering

the results obtained by electrical stimulation,

we must bear in mind the coarseness of the ofCortex°”
method, which is something like trying to play

the piano by striking it with a long pole.

1 he following are the principal areas mapped out at

present on the monkey’s

brain, and also transferred

to the same districts in the

human brain.

Experiments show that

the areas in man are simi-

lar to, though not identical

with, those in the monkc)'.

So accurately have these

been mapped out that they

have been turned to prac-

tical uses in localising

tumours which have been
thus removed. The re-

moval of any area in the

monkey produces complete

motor paralysis in the region

on the opposite side of the

body supplied by it, and, in man, destructive disease has
the same results.

'I’he lower we descend in the scale, and the less move-
ments are directly controlled by will, the less does a
lesion or removal of the cortex affect them,
Again, the artificially accjinrcd reflex habits, injury to

such as playing the violin, are more permanently
affected by injury to the cortex than naturally acquired
reflexes, such as associated movements of the eyes and
head, etc.

With regard to sensation, the areas are not so definitely
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Sensory Areas.

Centre for

Intelligent

Speech.

localised, for obvious reasons, as in motion, it being far

more difficult to ascertain when an animal ex-

periences a sensation than when it moves.

There is no doubt, however, that they exist mainly in the

occipital and temporal lobes. The result of destruction

of these districts appears to be that the mechattis7n of

sensation is left ; a dog will see, hear, and feel, but the con-

sciousness is lost, it does not know what it sees, hears, or feels,

being unconscious.

The centre for speech is in the third left frontal con-

volution. Here lie on both sides the centres for the

movements of lip, tongue, face, etc., but the

psychical power of speech only appears to be

in the left-side, except in left-handed people,

who are therefore right-brained, that is, the superior powers

of the left brain (including speech) are in them transferred to

the right hemisphere. In deaf mutes this convolution is

very small, in idiots and monkeys only rudimentary. The

speech tract passes through the crusta in the left crus into

the left half of the pons, and there crosses and enters the

floor of the fourth ventricle, where all the nerve centres

concerned in speech are found.

The loss of the power of speech is called aphasia, and

may consist of the loss of power to articulate

the words, or to remember them, or to connect

the right word with the right thought.

^ ^
The centre for sight is in the occipital lobes,

Conscious and long-continued blindness is followed by
Sight.

, . ,

atrophy m these parts.

It may here be remarked that whereas originally the

whole of the brain was under the direct control of the will,

excepting the lower natural reflex districts,

Artificial habits loiig contiiiucd tend to form through
Refie.xes. °

^ . . . , . ,

life an ever-increasing scries of artihcial or

actpiircd reflexes, or co-ordinate movements independent of

LossofSpeedi.
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direct will-power, though they can be inhibited at will by it,

thereby differing from most natural reflexes. It is thus that

practice gives ease, and early apprenticeship to a trade is so
valuable. Such acts as swinging the leg and arm of opposite
sides together when walking, that of walking itself, of
reading, of playing musical instruments, etc., are instances
of acquired reflexes. The theory of the establish-

ment of these actions appears to be that whereas
at first they originated in the cortex, or at any rate the
afferent impulse arrived there and the ensuing efferent im-
pulses were directed by the will, after a time constant
repetition of the same series of acts, following certain im-
pulses, formed paths, and probably nerve fibres, betw'een the
cells involved

; and the impulse arriving, no longer required
to go to the cortex (as it were for orders), but at once
traversed the well-worn channels that produced the act.

ith regard to the region of ihought and all intellectual

processes, there appears little doubt that these
are connected with the anterior part of the
frontal lobes, which in idiots are found deficient,

in intelligent men greatly developed.

With regard to the corpus striatum and the optic thala-
mus, the original idea that the former was motor and the
latter sensory centres has now to be consider-
ably modified. All we can say with certainty is ih^Basar'^'^

that electrical stimulus of the former is followed
by contraction of the opposite half of the body, whereas
no such effects follow stimulus of the latter. The cause
of the contraction, however, is believed to be chiefly due
to pressure on the internal capsule.

The int6rU3,l CftpsulG is a narrow band of fibres from
the motor area, that lies at first between two
parts of the corpus striatum, the caudate Theimemai

and ventricular nuclei, and afterwards between
the corpus striatum and optic thalamus. Though it
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contains principally motor fibres, some sensory fibres run in

its posterior part.

It has recently been suggested by Gowers that the corpora striata

have functions analogous to and subordinate to those of the cortex.

Lesions of the corpus striatum and optic thalamus do not produce loss of
motion or sensation, provided the internal capsule be not pressed. It is

possible that the optic thalamus may be a centre for acquired reflex acts.

Injury to one crus causes paralysis of the opposite side.

Destruction of the corpora quadrigemina on one side causes

loss of sight in the opposite eye
;

total destruction causes

total blindness as well as loss of equilibrium and co-

ordination.

The pineal g'land that lies in front has lately been

Pineal Eye
showit to be a probable centre for sight con-

nected in some lizards with a disused central

eye lying in the middle of the skull, about the position of

the anterior fontanelle.

3. THU CR.ANIAL NERVES.

Of the livelve pairs of cranial nerves, the ist, 2nd, 8th,

9th, and part of the 5 th, are special-sense neiwes ; the

principal part of the 5th is a nerve of common

NTrvei. sensation
;
while the rest of the 5th, with the

3rd, 4th, 6th, 7th, and 12th, are mixed. The
9th, 10th, and nth are both motor and sensory or mixed

nerves.

The first cranial or olfactory nerves consist of a ]>air

of bulbs of grey matter at the anterior part of the base

of the brain. These bulbs are connected

together and jiartly decu-ssate behind, arising in

front from the opposite temporo-sphenoidal lobe.

From twelve to fifteen nerve filaments pass down through

the cribriform plate of the ethmoid plate from each bulb

into the nose, where they enter the mucous membrane.

'I'hese are the only nerves of smell.
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The second cranial or optic nerves arise from the

anterior corpora quadrigeniina and the optic

thalamus. From here a broad band of fibres

passes up to the psychical visual centre in the

cortex at the apex of the occipital lobe on the same side.

Via. 169.—Lateral View of Medulla, showing the position of the principal nuclei
{After ErO.)

l•J^.l'yrarnid.ll tract; Vy. Kr.. decusbiitiun uf pyraniiil
; u, nlivary hutly: o.s., sui^eriur olivary

l»o.ly ; V, iiiulor cciilre of (ifih
;
V'. midUle sensory centre of liftli ; V", mferior sensory nucleus

of fifth ; VI. nucleus of sixth nerve; (./.getui of the facial nerve; \ I l.micleiis of facmlnerve*MM, posterior inetlian auditory nucleus : IX. nucleus of glosso-pharyiige.il nerve’ X nucleus
of v^us

;

jXI. nucleus of spinal accessory ; xn. nucleus of hypoglossal nerve
; xi. nucleus of

die funiculus gracilis ; R V, roots of fifth nerve ; R Vi, roots of sixth nerve ; R \ ii roots of
facial nerve.

'I'he optic tract is a broad band of white fibres that passes
forwards from the corpora and unites to form the chiasma,
whence the true optic nerves commence.

In the chiasma (or commissure) half the fibres of each
tract cross over in such a way that the right tract .supplies
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the right half of both eyes, and tlie left tract the left half,

so that the corresponding regions of each retina are brought

into connection with one hemisphere, thus securing single

vision with two eyes.

If one optic tract be injured there is blindness of half

of each retina (hemiopia).

In those animals whose eyes cannot act together, total

decussation of the fibres takes place.

The third cranial or moter oculi nerves on each side

arise by three bands in the posterior part of the third

ventricle from the grey matter of the aqueduct

OcuH Nerves .

°f Sylvius. They supply (i) all the voluntary-

motion for the external muscle Of the eyeball,

save the superior oblique and external rectus, and the

levator palpebras superioris
; (2) by the lenticular

the sphincter muscle of the iris; (3) and the voluntary fibres

of the ciliary muscle of the lens accommodation. The fibres

for this three-fold destination arise from three groups of

cells. Irritation of the nerves is followed by convulsion of

all the parts supplied by them. Paralysis is followed (1) by-

ptosis, external strabismus, diplopia, and loss of uj>

ward, downward, or inward movement from the paralysis

of the eyeball and eyebrow muscles
; (2) dilatation of the

pupil from paralysis of the circular sphincter mu.scle
;
and

(3) loss of accommodation for short distances from paralysis

of the ciliary muscles.

The contraction of the pupil is generally reflex, being

excited by light. The centres of the optic and third neive

are connected, so that if the retina is stimulated the third

nerve acts.

When the pupil contracts, as in looking at near objects,

the other parts supplied by the third nerve tend to act also,

that is, the ciliary muscle and the internal rectus, as slight

internal strabismus and accommodation are both needed to

clearly see near objects.
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The fourth cranial or trochlear nerves arise near the

third pair in the fourth ventricle, and supply

the superior oblique muscles. Paralysis causes

slight loss of motion outwards and downwards
of the eyeball.

d he fifth cranial or trigeminal nerves arise on each

Fig. 170.—Part of the Fifth Cranial Nerve.

side by two distinct roots. The sensory or posterior root, on
which is a ganglion {Gasserian) corresponding to
that in the sensory root of the spinal nerves— i'ri|eminai

arises from the grey matter in the fourth ventricle

(corresponding to the grey matter in the posterior horn
of the spinal cord), as well as from this part of the cord
down to the second cervical vertebra, d'he anterior motor
root, which has no ganglion, arises from the floor of the
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fourth ventricle. Some of the motor fibres can be traced

to the centre of the cortex, on the opposite side. The
nerve is in three divisions, the ophthalmic, the superior, and

inferior maxillary.

The ophthalmic division (which receives some sym-

pathetic fibres) supplies sensation to the upper eyelids,

forehead, temple, and nose : and also, by the
First Division . ^

, , , . ,

Ciliary nerves, through the lenticular ganglion,

sensation to the eyeball, a motor fibre for the dilatation of

the iris, and probably vaso-motor and trophic nerves.

Paralysis or section of this division is followed by loss

of sensation in the parts supplied, by loss of dilatation, and

by inflammation and destruction of the cornea and eyeball.

The superior maxillary division gives sensation to the

cheek, upper teeth and gums, lower eyelids,

DtvSon nose and upper lip : and, by

Meckel’s ganglion, to the palate.

The inferior maxillary division contains all the motor

fibres which supply the muscles of mastication. The other

fibres gives sensation to the lower teeth and

Dh’ision
gums, the lower lip and jaw, and to the tongue

;

also to the external ear and side of the

temple.

Complete section of the fifth nerve is followed by loss,

of sensibility in all the parts supplied by it, paralysis of

muscles of mastication, and ulceration of eyeball and nasal

and oral mucous membrane. The lips also move feebly,

having lost sensation, which, as a rule, guides their move-

ments, and have thus the appearance of being paralysed,

though their motor nerve (the seventh) is not interfered

with.

The sixth cranial or abduccns ner\es arise from the

floor of the fourth ventricle and give motion to

'^hCyAbducens external rectus. Paralysis is followed by

internal squint.
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1 he seventh cranial or facid nerves arise on each side
by two roots from the floor of the fourth ventricle, and
supply the face with motion, and also supply the
muscle of the soft palate and muscle of the Nerver'**
middle ear. chorda ty/z/pani branch they
supply the sense of taste to the front of the tongue, as well as
some of the lingual muscles with motion. They also supply
the parotid and sub-ma.xillary glands, and even aid in the
secretion of saliva.

AVhen paralysed (Fe//’s paralysis) one eye remains open
through paralysis of the sphincter of the eye, and the cornea
gets dry and opaque (but is not destroyed as in paralysis of
the fifth), the hearing is impaired, and taste and smell partly
gone. One side of the face is motionless and has a vacant
expression, the mouth being drawn over to the opposite side
by the unbalanced action of the healthy muscles and the
cheek-flaps in respiration; the tongue, if protruded, is
pushed over to the paralysed side.

The eighth cranial or auditory nerves arise on each
side by a large anterior root from two nuclei, median and
lateral, in the fourth ventricle, and a small
posterior one, also from two similar nuclei. The^^uditory

This anterior root supplies the nerves to the
vestibule and canals, the posterior one to the cochlea
Fibres unite these to the cerebellum and the corpora quadri-
gemma. These nerves are not only for hearing but also for
maintaining equilibrium.

The ninth cranial or glossopharyngeal nerves arise
from the floor of the fourth ventricle, near the two followincr
nerves. They are nerves of taste for the posterior
half of the tongue, a nerve of common sen- pha%^ngel°

sation for the same part, and for the tonsils, soft
palate, and pharynx. They supply the middle ear with
sensation. They communicate with the sympathetic and
tenth nerves.
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The tenth cranial or pneumogasiric nerves arise from
the floor of the fourth ventricle, by an origin adjoining the

The ninth and eleventh. These nerves supply the

pharynx with sensation and motion; by the

superior laryngeal branch they supply the lar>Tix

with sensation, and by the inferior laryngeal branch with

motion, and by the cardiac branch they supply inhibitory and
sensory fibres to the heart. They also supply motor and
sensory branches to the lungs, and branches to the stomach
and liver, in which run many sympathetic fibres. They
supply sensory and motor fibres to the gullet. By the de-

pressor branch they alfect the vaso-motor system, and lower

the blood-pressure. Section of the pneumogastric causes

death by closure of the glottis
;
stimulation of the superior

laryngeal branch produces coughing
;

section of the pul-

monary branch, traumatic pneumonia
;
and stimulation of

the cardiac branch slows the heart.

The eleventh cranial or spinal accessory nenes arise

on both sides, by two roots
;
by one root from the floor of

the fourth ventricle with the ninth and tenth,

and by the other from the spinal cord at the

fifth cervical vertebra. The medullary roots

supply the tenth nerves with their motor and inhibitor)-

fibres. The spinal roots of the nerv^es supply the muscles at

the side of the neck (the sterno mastoid, and trapezius).

The twelfth cranial or hypoglossal nerves arise from

the floor of the fourth ventricle and supply

the muscles of the tongue, hyoid bone, and

lower jaw, with motion. Paralysis causes dis-

turbance of speech.

The Spinal
Accessory
Nerves.

The
Hypoglossal
N erves.
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CHAPTER XX.

SIGHT.
The organs of special sense transfer to the brain, where
they are perceived by the mind or consciousness, the im-
pressions of the various phenomena around us.

Each, again, is specially adapted to respond to
a certain stimulus, but may equally well be excited arti-
ficially by other stimuli.

A flash of light is produced by a blow on the eye, though the
person be in darkness.

We will first of all consider the organ of sight.

I. STRUCTURE OF THE EYE.

The eyeball is a hollow flattened globe about one inch
in diameter, of which the posterior five-sixths are composed
of a tough white fibrous coat, called the sclerotic,

and the anterior one-sixth of a transparent coat,

Opiic
Nerva

U
I^tg. 171.

—

Genera! Diagram of the Eye.
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the cornea, which is a segment of a smaller sphere let into

Fig. , 72._General View of Section of Eyeball, showing Ncn-e Supply.

the larger one of sclerotic, as a watch-glass is let into a

watcli. llehind the cornea is the iris, a circular muscular
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curtain with a central aperture, and behind that the lens, the
space between the cornea and the lens being filled by the
aqueous humour

;

the rest of the eyeball is filled by the
vitreous humour. The sclerotic is lined throughout its

posterior two-fifths, first with the cho7vid coat, which is full

of pigment blood-vessels, and then, innermost of all, with
the retina, which is an expansion of the optic nerve that
enters from the brain through the sclerotic, and forms the
sensitive plate on which the

image seen is focussed by the

lens.

The sclerotic is analogous to the

dura mater in the brain (on boiling

it yields gelatine, the

cornea chondrin). The The Sclerotic,

choroid carrying the

blood-vessels resembles the pia mater,
a fine membrane (the lamina fusca)

lining the sclerotic may represent the
arachnoid, and a space between it

and the choroid containing lymph
the sub-arachnoid.

The cornea consists of five

distinct layers ;

—

1. An outer layer, seven or eight cells deep, of stratified
epithelium, corresponding with the epidermis of
the skin, and like it consisting of outer cells
which are flattened, then ridge-and-furrow cells, and lastly
a layer of columnar cells. This epithelium is continued in
a thicker stratum over the anterior third of the sclerotic,
and reflected so as to line the eyelids, and is called the
conjunctiva.

2. The anterior elastic layer of Bowman.
3. 1 he cornea proper, consisting of a ground substance

of flat bundles of finely fibrillated connective tissue, which
leave spaces filled with lymph in which the branched corneal

u 2

Fig. 173.—From a Vertical Section
through the Anterior Layers of the
Cornea.

a The stratified pavement epithelium ; b, the
substantia propria, with tlie corneal cor*
puscles between its lainelkc.
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corpuscles lie sixty deep. These corpuscles are capable

of motion, and also locomotion from space to space. Then,

4, we get the posterior elastic layers, and lastly, 5, a single layer

of cubical epithelial cells. The nerves are numerous, but

there are no blood-vessels, except round the margin from

which the cornea is nourished.

The choroid, consists of an inner capillary layer, and an

outer layer of elastic tissue and pigment cells,

and veins, and arteries, and ends at the anterior

third of the eyeball in the ciliary processes.

The ciliary muscle arises round the inner margin of

the junction of the sclerotic and the cornea in front, and is

attached to the ciliary processes of the choroid.

It is of smooth fibre in man, but striped in birds,

and acts as a tensor of the choroid (drawing

as it contracts), and as a muscle of accom-

The Choroid.

The Ciliary

Muscle.

it forward

modation.

The iris consists of four layers : (i) an outer layer of a

single row of epithelial cells, the continuation of those that

line the cornea; then (2) the ligamentum iridis,

The Ins.
continuous with the posterior elastic corneal

layer; then (3) the muscular layers, circular within, surround-

ing the pupil and radiating without
;
and lastly (4) a laj er

of pigment cells or uveal layer.

The iris is freely supplied with blood-vessels and nerves.

The muscles are both reflex in action and smooth in

fibre.

The pupil contracts by action of the circular fibres ; (1)

in a bright light
; (2) for near objects

; (3) by drugs such as

eserine (calabar bean)
; (4) by division of the

The Pupil.
cervical sympathetic or stimulation of the third

nerve which supplies the muscle.

The pupil dilates by action of the radiating fibres:

(i) in the dark; (2) for distant objects; (3) by drugs

such as atropin ; (4) by division of the third nen-e or
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stimulation of the cervical sympathetic which supplies the

muscle.

The existence of the radiating fibres in man is denied by some,

and the dilatation of the pupil is explained by the sympathetic being

inhibitory in character and relaxing the circular fibres.

The size of the pupil is also affected by the state of the

blood circulating in the medullary centre, and the amount
of blood in the vessels of the iris

;
any congestion causing

contraction of the pupil.

'I’he lens lies immediately behind the iris and is held in

position by a capsule composed of an elastic, transparent,

homogeneous membrane. The zonule of Zhin
is a stretched membrane that surrounds the

anterior margin of the capsule and unites it with the ciliary

processes of the choroid.

The lens itself is a bi-convex, transparent body, about
half an inch in diameter. It is composed of elastic laminje,

in layers like an onion, which consist of ribbon-like fibre

cells, hexagonal in shape and without nucleus save at the
sides of the lens. The lens is harder in the middle than
outside.

The blood-vessels of the eyeball are in three distinct

sets: (i) for the conjunctiva; (2) for the retina

(arteria centralis retina); (3) for the sclerotic,

choroid, and iris, consisting of the short, long,

and anterior ciliary arteries.

In the foetus an artery runs straight through the vitreous humour,
the remains of which form the canal of Stilling.

The blood-supply is very rich around the ciliary process
and serves to warm the anterior part of the eyeball.

1 he retina is a concave membrane consisting of a
connective tissue basement and layers of nerve
cells formed by the expansion of the optic
nerve over the posterior two-thirds of the eyeball. It ig
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transparent in life, but cloudy and pink after death. Op-

posite the centre of the lens is an elevated yellow spot, the

macula lutea, which has in its centre a pit or depression, the

fovea centralis. The optic nerve enters one-tenth of an inch

to the inner side of this spot.

The retina consists of ten layers, seven of which are

nerve structures :
—

1. The internal

&rtfna. limiting layer.

2. Fibres of the

optic nen e.

3. Layer of large ganglion

cells.

4. Molecular layer of

nerve fibrils.

5. Internal granular layer

of round bipolar cells.

6. Inter granular layer of

fibrils.

7. External granular layer

like No. 5.

8 . External limiting layer.

9. Layer ofrods and cones.

10. Black figment cell

layer next the choroid coat.

Fig. T74.—Section of the Tinman In the yclloW SpOt all the
Retina. , .. .1

layers disappear except the

cones. Here vision is most acute, and the sensitiveness of

the retina varies with its distance from this spot. Thus at

5° away the sight is only as acute
;
at xo°, at 20°, /ff

;

at 30°, ^ ;
at 40°, -aio- Beyond this forms cannot be

clearly seen. Vision at the macula is said to be direct,

elsewhere on the retina indirect. Hence, to see an object

clearly, we look at it, i.e., focus it on the yellow spot. To

every nerve fibre there arc about seven cones, 100 rods,
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and seven pigment cells. The rods in life contain a purplish

pigment in their outer halves. It is soon bleached by light,

but is restored in the dark. Its use is unknown.

The Rods and Cones.

f External Granular
Layer.

f Inter Granular Layer.

Internal Granular Layer.

Molecular Layer.

Lar^e Ganglion Cells.

Fibres of Optic Nerve.

Surface.

The Mcinl'jana
Liiuiiaus lis-

le rna.

Retinal Limiting
" Layer.

Fig- 175-—Diagram of, A, the Nervou.*; ElemenU of the Retina, and, B, the
Connective Tissue Substance.

The vitreous humour of the eyeball consists of

mucous tissue and a very watery fluid. The
aqueous humour closely resembles cerebro- Humlur°""
spinal fluid.

2. OPTICAL MECHANISM OF THE EYE.

As an optical instrument the eye is best compared to a
photographic camera. The eyelid forms the cap, which,
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being lifted up, the light from the object streams in through

The Eyes the lens, and passes across the dark chamber
and Camera,

bleached upon the sensitive plate behind,

which in the eye is the retina.

A

B
Fig. 176.—Diagram of Visua! Angle.

The L’ne A B h.is a visual ang;le x, and a retinal angle y, both of which are identical with the
visual angles of any lines drawn parallel to A B, between the lines A 0 and B t».

If a rabbit be held before a window in a bright light for two

minutes, then killed, and its eye opened, there will be seen bleached

on the retina the inverted image of the window-frame. The image can

be fixed with a solution of alum.

Fig. 177.—Accommodation of the Eye for Dist.ance, Parallel Rays being brought

to a Focus on the Relina. The eye is at rest, and no muscular effort is made.

L, Lcn.s ; P, parallel raj*s : R, retina.

One or two points must be noted as to rays of light

before going into further details.

I. All rays of lights from over twenty feet are practically
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parallel, and on passing through a bi-convex lens (as in the

eye) are by it collected together
;
a point on the

other side, called the principal focus, a similar

distance in front of the lens, is called the anterior

fixed point, and it is obvious that rays from this point pass

out as parallel on the other side.

2. All rays of light proceeding from less than twenty

feet distance are divergent, and hence their

principal focus, after passing through the lens, Nrarofijecis

recedes, until when the rays proceed from the

anterior focal point it is lost altogether as the rays become
parallel.

Rays of light from twice the anterior focal distance are brought to

a point behind the lens at twice its principal focus, but in rays from less

Fig. 178.— Formation of Image on the Retina.
The point B is received at D, and A at C, the image being thus reversed.

than this distance the focal point is further from the lens, while in rays
at more than this distance they are nearer to the lens, until, as we have
seen, at twenty feet they become the principal focal point.

Rays of light brought to a point at the principal focus
diverge again after reaching it.

In passing through such a lens the image is necessarily

inverted. This can be clearly seen by holding any object
before the excised eye of a rabbit, when the inverted image
can be perceived on the retina.

Without a lens there is no image formed
;
the rays of

light from the object are not collected into the focal points.
In the eye the retina forms a curved sensitive

plate behind the lens; its curvature makes it

very superior to the flat plate in a camera, inasmuch as the
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Accom-
modailon,

principal focus coincides with a large area of the retina,

whereas in a flat plate it only touches one part, and thus the

whole object can be accurately defined instead of as, in the

camera, only one part.

The normal eye is thus adapted to bring parallel rays

of light {i.e. from objects over twenty feet) to an exact focus

on the retina.

All objects less than twenty feet from the lens have to

be focussed in the camera by moving the lens (by a screw)

further from the plate as the principal focus is

lengthened. Inasmuch as our lens is at a fixed

distance from our retina, another method must
be adopted. The princi]jal focal point must, for a clear

image, be at the retina. Its increased length from the lens

in near objects can obviously be corrected by using a

stronger or more convex lens, so as to shorten the focal

distance, and this is what is done in the eye. Not that

another lens is .substituted, but, by what is called accom-
modation, the convexity of the lens is increased. This

change is only a slight one, as the difference in the length

of the focal point between rays from an object twenty feet

distant and one four inches distant is only one- tenth of an inch.

The mechanism is as follows:—The lens is highly elastic

and is always kept in a state of flattened tension by the

suspensory ligament, which is fixed to the ciliar}-

process of the choroid, and the capsule of the

lens. The contraction of the ciliary muscle

pulls the choroid forward, relaxing the tension of the ciliar}-

processes, and hence of the lens, particularly in front, and

thus allows the anterior surface to become rounder. This

can be done until it brings an object about four inches

distant to a focus on the retina. The nearest

F.nr hints'*" '
point at wliich an object can be clearly focussed

on the retina by accommodation is called

the “ near point" and varies in individuals, from three

Action of
Ciliary

Muscle.
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inches in children to two feet in old age, when the lens is

hard and inelastic. The '•'•far pomt ” in a healthy eye is

infinite distance when the rays of light are parallel.

That the anterior surface of the lens is altered in accom-

modation is shown by Purkinje’s images.

If a lighted candle be held in a dark room at one
images*

^

side of the eye, three reflected images can be perceived

by the observer.

The first is the brightest, and is erect, and is produced by the

Klg. 179.—Diagr.nm of Alteration of Anterior Lens in Accommodation.

cornea
;
the second is not so bright and al.so erect, and is from the

anterior surface of the lens
;
the third is smaller! fainter, and inverletl,

and is (rom the posterior surface of the lens.

If now the eye be .accommodated to look at a near object, the

middle image from the anterior surface moves nearer to the corneal

image, owing to the rounding of the anterior surface of the lens.

.Scheiner’s experiment illustrates many of the points we have touched
on. If a piece of card with two holes nearer to each other than the
diameter of the pupil be placed in front of the eye, and two needles
held one behind each other and the eye accommodated for the near one,
two inverted images of the further one are seen

;
and if the right hole

be covered, the left image disappears, and vice vcrsd. The reason of
this is because the eye being arranged for the principal focus of the
near needle to fall on the retina, and the /ocal distance of the further
needle being much shorter, the rays of light from it have crossed and
produce crossed inverted images of two needles.
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At the same time that the ciliary muscle acts in accom-
modation two other actions take place. 'Y\\g. pupil contracts

and the eyeballs corwerge by the action of the internal rectus

Fig. :8o.—Scheiner’s Ex-
periment.

C, Card with two holes, S, left

;

15, riglit
;

R, further point ;

l\ nearer point ; R', focus
of distant Object ; I”, course
of rays ttirou^h dextrrfl apcr>
turc from near point ; P '.

course of ra^s from near point
through sinistral aperture.

Threefold
Action.

muscle, all three actions

being due to the third

nerve, in order that the

object should be imprinted on the

same part of each retina; otherwise

there is diplopia or double sight.

It is obvious from this that straining in

accommodation actually leads to internal

squint.’

The limits of ^‘distinct vision lie be-

tween the far and near points, and this

constitutes the range of acconiniodation.

In some eyes various defects

exist that have to be overcome. Some
eyeballs are too long, so

Defecti that the principal focus is

in front of the letina and
parallel rays cannot be brought to it

;

a focus or sub-crossing in front of the

retina produces a blurred image.

This condition is called myopia,
and is corrected by wearing concave

glasses for far sight In

this eye it is obvious but

little accommodation is needed, as the

long eyeball gives the longer focal dis-

tance than usual.

Other eyeballs are too short In

these the principal focus would lie

behind the retina, and the

me'iropic.
'‘‘'‘>’•'5 ha\ing time to

meet make the image of

Myopia,
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near objects blurred, and also increase the necessity

for accommodation. This is corrected either by con-

tinual accommodation, which, by rounding the lens

shortens the principal focus till it falls on the flattened

Fig. 181.— Diagram of the Course of the Rays in a Myopic Eye.

retina, or by wearing convex glasses, which answers the same

purpose. This condition is called hypermetropic.

In old age the lens gets less elastic and accommodation

Fig. 182.—Diagram of the Course of the Rays in a Hypermetropic Eye.

more difficult, and thus the near point is inconveniently far

off; hence to take the place of accommodation

weak cotwex glasses are worn for near objects.

This condition is known as presbyopic.

In astigmatism the vertical and transverse curves of

cornea and lens are not equal. This is cor-

rected by cylindrical glasses.

Presbyopic.

Astigmatism.
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Spherical aberration, which consists in the over-

refraction of the rays that pass through the

lens, is corrected by cutting off their rays by

the diaphragm or iris in front.

Chromatic aberration, or the different refractions of

the coloured rays that make up white light, is

probably corrected by the different media

(aqueous and vitreous humours) through which

the light ray passes.

Spherical
Aberration.

Chromatic
Aberration,

111 passing from a denser to a thinner medium, or vic< versa, a ray

of light is bent, but not equally. The seven colours of which it is

composed have all different angles of refraction, red being least bent

and violet most.

In the eye there are three curved surfaces and three

different medias, but the one corrects the other, so that a

ray of light continues in almost a straight line as it passes

through them.

Six optical defects are said to exist in the normal eye,

all of them slight :

—

I. The vertical curve of the cornea is greater

DefecTs. traiisverse, but this astigmatism is cor-

rected by that of the shape of the lens being

the opposite way. The result, however, is that we see a

star, not as a circle, but as an asterisk.(*)

2. There is some chromatic aberration in the normal

eye.

3. The centres of cornea and lens do not exactly

coincide.

4. The media are not quite transparent.

5. Yellow pigment at the fovea centralis prevents any-

thing being seen in its real colours.

6. There are some polarising elements.

The rods and cones are the parts of the retina acted

on by the light. This is proved by Purkinje’s
Purkinje’s
Figure. hgure.
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If in 'a darkened room the eye looks right ahead while a kght is

moved about close under the eyeball, the branching figures of the

blood-vessels in the retina can be seen, showing that it must be the

parts beyond these that see ; that is, the most external part of the retina,

the rods and cones.

The cones are more important than the rods, as they

Fig. 183.—Cones at Yellow Spot.

alone are found in the centre of acutest vision. The Cones,

the fovea centralis. The blind spot of the eye

is one-tenth of an inch to the inner side of this.

X
Its existence is proved by fixing the right eye on the

X, the left being closed and then the head moved slowly

from the book, the eye being kept fixed on the

cross, and when the image of the ball to the

right falls on the blind spot it will no longer be

seen. In vision the blind spot is filled up by the mind.

'I'he time that a visual impression remains on the retina
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is one-eighth second
;
points of light less than inch

apart cannot be discerned as separate, this

impressFonf being the distance of one cone from another.

It is probable that colour is perceived by the
cones, as they are wanting in birds that fly by night and
animals that live underground.

The Young-Helmholtz theory is that there are cones

Colour Vision
three primary colours, red, green and

violet

;

each capable of taking up the particular

ether waves that produce the colours, those of red being at

Fig. 184.—Diagram of the-Three Primary Sensations of Colour. (Veo.)

I, Red ; 2, green
; 3, violet

the rate of 481 millions a second, green 607, and violet

764; the waves being about
a 0000 irich long. The theory

accounts for the negative after-images we see. When, for

instance, a red circle is gazed at long enough to exhaust the

red cones where the image falls, if the eye be directed to a

white surface, it appears white, except at the exhausted

spot, where the red cones being useless for the time and

only the green and violet active, the circle is reproduced

in a violet-green.

Hering'S theory is that the perception of colour is due

to the decomposition and repair of certain

Theory* parts of the retina and cones. AVhite, red

and yellow produce the former efiect, and
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green, blue and black the latter. Neither theory, however,
fully explains all the phenomena of colour vision.

Colour blindness is most common for red rays, and may
be natural or produced by excessive use of tobacco. It

has been found that in darkness the cones retract as

well as the colour cells in the deepest layer of the retina.

Fig. 185.—Diagram shmying relative Attachments of the Ocular Muscles,
thin lines show the axes of rotation.

The

whereas in light they lengthen and dovetail one into the
other.

The eyeball is moved by six muscles, four of which,
the superior, inferior, hitenml and external
recti, move it upwards, downwards, inwards, ^i“scies of

and outwards; while the other two, the superior
^

and inferior oblique in combination with these, roll it at any
angle between these four directions.

We have two eyes to enable us to see things as solid
v
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by viewing them from the different points at the same time.

It is this that gives the appearance of solidity to flat pictures

in the stereoscope. The two eyes also greatly

increase the range of vision. Thus to see these

two pictures as one it is not necessary that the

two images shall fall on the same parts of each retina. If

the image falls on the inner side of one retina, it falls on the

Binocular
Vision.

Fig. 186.—Diagram of Eyeballs and Optic Nenes and part of Pons and Medulla.

outer side of the other; and single perception of vision is

secured by the complete decussation of the fibres of the

optic nerve from each eye, and the supplying of every

part of the outer segment of one eye with the same nerves

as every similar part of the inner segment of the other.

If the image be made to fall on two non-corresponding

parts (as by pressing the side of one eyeball when look-

ing at anything), two objects are seen instead of one.

In those animals whose eyes, being placed laterally, are
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incapable of binocular vision, the complete decussation

of fibres does not take place. No full explanation of

binocular vision has, however, yet been given.

The estimate of the size and distance of the objects we
see is partly dependent on the size of the retinal figure and
partly psychical, i.e. determined by our knowledge and
judgment.

Thus, a child tries to grasp the moon, etc.

The eyelids protect the eye from excessive light, and by
their movement (winking) keep the cornea moist and clean.

At each movement of the upper eyelid a tear

is squeezed from the lachrymal gland, which
^

lies at the upper outer angle of the eye, across the cornea,

and is carried off by two small ducts that open, one in the

edge of each lid, and enter the lachrymal sac in the inner

angle of the eye, and by the nasal duct descend to the

inferior meatus of the nose.

The eyelids contain segments of yellow elastic cartilage

and are lined with the conjunctiva. The Meibomian glands
on the inner side secrete a fatty substance which prevents
the tears from running over the edge of the lids under ordinary
circumstances. The tears are alkaline, .saline, and consist
of 99 parts water and i part solids, of which half are salts.
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CHAPTER XXL

HEARING.

I. THE STRUCTURE OF THE EAR.

The organ of hearing is an apparatus for bringing the waves

of sound in contact with the auditory filaments
Three Ears.

auditory nei^'e. This organ may be

divided into three parts, the outer, middle and inner ear.

The outer ear consists of the puma and the auditory

canal. The pinna or ear proper is of but slight use in

hearing, and but little is lost when it is absent.

The Outer -pQ ^ slight extent this acts as a reflector of

sound waves into the auditory canal, and as a

conductor of them, inasmuch as they are best conducted when

the conducting body is vertical to them. T.he extraordinaiy

shape of the ear may be accounted for in that it presents

some vertical surface in every direction. The meatus, or

canal, is rather over an inch long and secretes a little wax.

It is bounded by the tympanum, a tough, fibrous membrane

stretched at an angle of forty-five degrees from

The^rums of perpendicular. This takes up every vibration

of air that passes down the canal, and, the

membranes being unevenly stretched, it can \ ibrate to

vibrations as slow as thirty in the second up to rapid ones

of four or five thousand. A drumhead is only adapted to

one set of waves.

Behind this tympanum lies the middle ear. This

consists of a high but shallow cavity in the

The Middle temporal bone, about half an inch in height and

one-eighth inch in breadth, lined everywhere

with ciliated epithelium, and containing five openings, three of
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which are closed by membranes, one on the outer wall by the

tympanum, and an oval and a round opening in the inner

wall (the fenestra ovalis and rotunda). The remaining

unclosed openings are those leading into the

mastoid cells behind and the canal of the Eustachian

Eustachian tube in front, about two inches long,

leading into the upper part of the pharynx. This tube, closed

Fig. 187.—The Ear.

save when swallowing, acts as the ventilating tube of the

middle ear, and insures the even pressure of air on each side

of the drum which is essential to its free vibration. The
tube as well as the inner surface of the drum is covered

with ciliated epithelium waving towards the tliroat, and thus

passing out any accumulated mucus.
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The Ear-
bones.

In the middle ear are. the three ossicles, the malleus or

hammer, the incus or anvil, and the stapedius or stirrup.

'I'he malleus is

firmly fastened by
its handle to the

inner side of the ear drum.

Its head is received into the

incus, which is suspended from

the roof. One of the feet of

the anvil (which is very like a

double tooth) is inserted into

the wall of the cavity, and the

other jointed by a small bone

with the head of the stapedius,

the foot-plate of which is firmly

fi.xed to the membrane of the

fenestra ovalis. These three

bones form angular levers, by

means of which the membrane
of the fenestra is vibrated less

e.xtensively but more powerfully than the drum itself.

It is obvious that the drum of the middle ear receives

Fig. 188. —Mechanism of the Ossicula
Auditus.

M, Malleus; i, incus; S, stapes ; a, axial
ligaments.

and carries across it the vibration of the drum to the inner

membranes, but this is accomplished much more forcibly and
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accurately by the chain of bones
;

so that, though these

are not essential to hearing, they are a great aid to it. The

ossicles move en masse and not with a mere mole-

cular vibration. A muscle, the iensor tympani, can e®'

“

bones.**

tighten or relax the drum at will, and so alter

its vibrating compass. In like manner the stapedius muscle

checks the movements of the stirrup bone.

Fig. 190.—Diagram of Outer, Middle, and Inner Ears.

Behind the fenestra lies the inner ear or labyrinth.

Immediately behind the fenestra ovalis is the

vestibule, a long cavity containing fluid and Ea*

having eight openings : four in the posterior and

superior wall leading to the three semicircular canals, one in

the outer wall, the fenestra, one in the

anterior wall leading to the cochlea, and one Labyrinth

blind tube in the posterior wall, the aqueduct

vestibuli. The cavity is filled with fluid perilymph, and in

the fluid floats the membranous labyrinth, or detached lining

of the cavity, also full of fluid, cndolymph. It consists of
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two portions, the utricle, which lias openings leading into
the membranous layers of the three canals, and also con-
tains some nerve fibre endings and some crystalline particles,

otoliths ; and the saccule, out of which the cochlea opens.
1 he three semicircular canals are arranged vertically,

transversely, and

Semicircular horizontally, and
Canals.

these have

a common opening at one end,

thus making five in all. They
are lined throughout with the

membranous canals.

The cochlea is like a

periwinkle shell
The Cochlea. . ,

.

With a spiral canal

of two and a half turns divided into two by a membrane;
the ujrper one of which, the scala vestibuli, communicates
through the vestibule by the fenestra ovalis with the

middle ear
;

and the lower, the scala tympani, by the

fenestra rotunda. Besides these two openings a blind

Semicircular Canals.

Fig. 192.—Section and Internal view of Cochlea.

branch leads from the cochlea a short distance into the

bone, the aqueductus cochlea.

The scala vestibuli is divided into two

by a second membrane {Reissner's membrane's,

and this part between it and the basilar

Scala
vestibuli.
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membrane is called the scala media. This is filled with

endolymph, the other two with perilymph. In the scala

media is the organ of Corti.

This consists essentially of pairs of cells called the

t ig 193.—From a Vertical Section through the Cochlea of a Guinea-pig's Ear, seen
in the long axis of the Modiolus.

a. The scala veslibuH ; b, the scala tympani : c, tlie scala media : tlie membrana tectoria ; e, the
cells of Claudius \/, the upper outer angle of the scala media

; g, the region of the outer hair-
cells on the membrana basilans ; h, the membrane of Reissner ; t, the epithelium lining the
sulcus spiralis (interuus)

; j, the tunnel of Corti's arch ; k, the stria vascularis
; t, the ligamen-

turn spirale ; m, the crista spiralis ; «, the nerve fibres in the lamina spiralis ossea
; (?, the gang-

lion spirale;>, the nerve-fibres In the modiolus; q, channels in bone containmg blood-vessels;
r, masses of bone tn the modiolus ; s, the bony capsule.

rods of Corti, standing on the basilar membrane and leaning

against each other so as to form a sort of spiral

tunnel all the way up. There are actually of

three inner rods to every two outer, and of the

outer there are 4,500. The outer one is shaped like the

hammer of a pianoforte, while the inner one is like a pad
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to receive it. A membrane unites the heads of these cells

with the modiolus or shaft in the middle and the outer wall,

and is perforated with eyelet-like holes through which

some three or four bristle nerve cells protrude. There is

one row interior to the pad and hammer cells and three

or four exterior. A second well-defined membrane (the

membrane of Corti) rests on the surface of these bristle

cells. The auditory nerve enters by the modiolus or central

Fig. 194.—Organ o Corti of the Cochlea of a Guinea-pig.

a. Outer rod or pillar of Corti ; I, inner rod or pillar of Corti ; r, tunnel of Corti’s arch : outer hair-
cells ; e, inner hair-cell outer supportinij cells containing fat globules ; inner supporting
cells ; /{, cells of Claudius ; t, epithehal cells lining the sulcus spiralis intemus

; y, ner>'e-hbres ;

ky part of crista spiralis.

shaft of the cochlea and distributes branches all the way

down to all these structures.

From this brief description of the three ears it will have

been observed that the sound waves are transmitted by

three media—solids, liquids, and gases. In the

Soundwaves, outer ear the v'aves are partly conducted by

air and partly by the cartilage of the ear

and the bones of tire head. The drum of the ear passes

them on partly by the air, and partly by the chain of bones

of the middle ear
;
and by agitating the two internal mem-

branes sets up corresponding waves of fluid in every ]>art of

the labyrinth. The.se, striking on the terminations of the

auditory nerves, cause the ])erception of sound.
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2. FUNCTIONS OF THE EAK.

Sound is produced by waves of air varying from the

bottom C on the organ, 16 per second and 64 feet long, to

the shrillest sound that can be perceived by the human ear,

38,000 per second and inch long
;

this embraces a range

of 10 octaves. Compare this with the speed and size of

ether waves of light. The eye, however, has only the range

of one octave of colour.

Each octave consists of waves twice as fast and half as

long as the octave below.

A musical sound consists of waves at equal or propor-

tionate intervals of time ; a noise when they are at irregular

intervals. In sound there are three factors—its pitch, its

intensity, and its quality.

The pitch depends on the length and rapidity of the

air waves, the intensity on their height, and the quality

on the number of secondary or complementary waves that

overlay the fundamental tone.

It was formerly believed that these vibrations were taken

up and transferred to the auditory nerve terminals by the

roots of Corti, but, as birds, which can well distinguish

musical notes, have no rods, it is probably the stiff,

erect hairs on the stretched strings that form the basilar

membrane which have this function.

d he perception of the sound is, of course, a psychical

or mental act. It is believed that the special function of the

vestibule is to distinguish the intensity of the sound which is

transferred to the nerve hairs by the waves of the endo-
lymph and the striking of the otoliths against them.

The semicircular canals are connected with the equili-

brium of the body, and when diseased it can no longer be
maintained. Injury to them does not interfere with hearing,

but produces in animals a pendulnni-WkQ movement of the

head in the direction of the damaged canal.
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1 he cochlea undoubtedly distinguishes every vibration

of sound, and transmits these, whether as speech, musical
sounds, or mere noise, by the auditory nerve to the centre of
hearing, and then to the cortex, where they are psychically

perceived and we become conscious of them for the first

time. For it is not the eye that sees or the ear that hears,

but the mind of man.
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CHAPTER XXII.

VOICE, SMELL, TASTE AND TOUCH.

I. PRODUCTION OF SOUND.

Sound is produced in the larynx
;
speech or articulation in

the mouth.

The larynx is a long, oval box, somewhat in the shape of

a short jug, without a bottom, but with a hinged lid, the

hinge being forward. It is situated

behind the tongue, and
, ,

’ The Larynx.
extends down the up-

per and anterior part of the throat

till it joins the windpipe below.

The lid at the top, the epiglottis, is

formed of yellow elastic cartilage,

and is fixed by its anterior surface

to the back of the tongue. It has

not much to do with the voice,

but is to prevent food, solid and

liquid, falling into the larynx as it

passes over it on its way down the

gullet behind.

The larynx itself is formed of

two cartilages. The
upper and larger, the

thyroid, is like a pointed

shield. It is closed in front but open behind, where it is

closed by membrane and partially by two small pyramidal

cartilages to which the posterior ends of the vocal cords

are attached. The cricoid cartilage 'is of the shape of a

Fig. 195.—The Thyroid^ Ar>’-

tenoid, and Cricoid Cartilages.
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signet ring, with the signet behind and the narrow part in
front. The arytenoid cartilages are fixed to the top of the
cricoid.

Across the larynx, like a diaphragm divided antero-
posteriorly into two plates, are the two so-called vocal cords.

They are fixed anteriorly into the hollow of the thjToid (the

povmm Adamiy or Adam’s apple), and behind are fixed to

the tops of the triangular pyramidal arytenoid cartilages.

The cricoid and thyroid cartilages are so jointed that the

thyroid can be tilted forwards, and the cricoid and arytenoids

backwards, thus stretching the cords. The arytenoids can

also be wheeled round on their bases in such a way that

their apexes can be made to meet, thus bringing the cords

in close apposition, or separated so as to make the rima

g/offtdis, the space between them, of a broad triangular

shape, the apex being in front and the base behind.
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Just above the cords in the sides of the larynx are two

ventricles of Morgagni, with two folds of mucous mem-

brane above, called the false vocal cords. These play no part

in phonation, save that by secreting mucus they serve to

keep the cords moist.

The muscles tliat can act on the vocal cord are nine.

The pair of crico-thyroid muscles tilt the

cricoid and thyroid apart and stretch the cords JhrLi?ynx.

The thyro-arytenoid pull them together and

relax the cords.

The crico-arytenoidei postici revolve the arytenoids so as

to separate the cords.

The crico-arytenoidei lateralis unites them.

The arytenoid single muscle pulls the arytenoid cartilages

still more forcibly together.

In ordinary resiairation tlie cords are widely separated.

In phonation they are brought together, and the

expired air from the windpipe sets them in vibra-

tion, their tension and approximation deter-

mining the length and number of the air-waves thus pro-

duced, and hence the pitch of the sound.

In women the cords are one-third shorter than in men.

The cords in phonation, and especially in singing, can be
“ stopped ” like violin strings so as to vibrate over a portion

of their length only at will. There are three varieties of

phonation apart from other vocal sounds, such as coughing,

etc.:—the monotonous, as in ordinary sjreaking, when the

variety is due to articulation and the tone of the voice

changes little; the musical, when tones are uttered with

musical proportionate vibrations
;
and the unmusical, when

varying tones are uttered with irregular numbers of vibrations.

The extreme range of the voice for chest notes is from
low F (42 vibrations per second) to A"' with

1,708 vibrations; the bass voice ranging

generally from F (80 vibrations) to F, two
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octaves up (342 vibrations)
;
tenor from C (128 vibrations)

to C" (512 vibrations); alto F (171 vibrations) to F ' (684
vibrations)

;
and soprano, C' (256 vibrations) to

C"
(1,024

vibrations).

Falsetto is produced by vibrating the edges of the vocal

^ ,
cords only.

The tone of the voice depends on the

general construction and quality of the larynx, the pitch or

the tension of the cords, the volume of sound or the amount
of air forcibly expired.

2. SPEECH.

Speech, or articulation, consists of the moulding or

shaping of the air-waves produced by the lar)-nx, by the

^ .
mouth into vowels, or the interruption of these

Articulation. *

waves by the mouth forming consonants. The
combination of the tvvo in various ways forms words.

In whispering, speech is formed in the mouth alone

independently of the larynx.

There are three primary vowel sounds a (ah), c, and

u (<?(?). In the first the mouth is funnel-shaped, the

lips being widely apart. In e the mouth is half

Sounds closed, and in u {00) the lips are brought closer

together so as to form the neck of a funnel

while its wide end is backwards. The other vowels are

compound sounds. In consonants the air-wave is interrupted

by the meeting of the lips, or lips and teeth, or
Consonants. ^

, , r i j
tongue and teeth, or tongue and soft or hard

palate. The tongue assists in speech, particularly in con-

sonants, but is not essential to it.

3. SMELL.

The nose is divided into a respiratory
Two Regions.

olfacto/y rcgioii. The former includes

the inferior meatus and turbinated base, and the lower
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part of the middle turbinated. The region above this is the

organ of smell.

The mucous membrane here is thicker, and is covered by
a single layer of cubical epithelium containing a brown pig-

ment. The respiratory region, on the contrary, is uncoloured,
and clothed with ciliated epithelium, except in the nostrils,

where it is squamous.

It contains tubular glands and numerous lymph follicles.

Fig. 197.—Nerves of Smell.

In it are also the terminals of the olfactory nerves, which
end in olfactory cells, that are inserted between
the ordinary cubical ones. The body of the

cell is cone-shaped, with a large nucleus, and a
rod slightly fibrillated at the end passes down to the free

surface.

These transmit olfactory sensations of gaseous odours or
finely divided solids, or even odorous Iluids

brought into direct contact with them in the act

of respiration, to the olfactory bulb of the brain, where they
w
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are psychically perceived. All odours must be dissolved in

the mucus before they reach the olfactory cells
;
hence the

membrane must be moist and in a healthy condition, or if

it is dry, or the mucus too abundant, as in a cold, the sense

of smell is impaired.

The delicacy of the sense of smell is great : toooooooo ®f

a grain of musk can be perceived.

Irritation of the olfactory cells or nen-es will

produce the sense of smell without any odour

being present.

The intensity of the sense of smell depends on the size

of the terminal organ and the concentration of the odour

by the action of sniffing. Practice greatly improves the

acuteness of smell. Flavour is a combination of smell and

taste.

Delicacy of
Smell.

4. TASTE.

Region for

Taste.

The sense of taste is located in the root of the tongue,

and to some extent in the tip and margin (not

the centre) of the tongue, and part of the soft

palate, the uvula and the tonsils. Most of these

parts are supplied by the

glossopharyngeal nerve,

which is essentially the

nerve of taste.

The mucous membrane
of the tongue

is covered with

three varieties of

papillse, filiform, fungiform,

and circumvaUatc.

'Pile filiform are the

most numerous.

Three
Papillae.

Filiform.

Fig. igS.—The Tongue. and cover the



The PAriLLHi of the Tongue. 339

tongue, particularly in the middle. They may be partly

for touch and partly for rasping the food against the hard

palate.

2. The fungiform papillje are chiefly at the sides and
tips, and are small rounded projections with a

constricted base, and covered with a thin layer Fungiform,

of epithelium, and are probably organs of touch-

3. The circumvallate papillm are about ten in number,

Fig. 199.—Filiform Papilla. Fig. 200.—Fungiform Papilla.

arranged in a V (the point of the V being directed back-
wards) across the back of the tongue. They are

flattened circular elevations about inch wide,

surrounded with a depression or trench with an

elevated ring of tissue beyond.

At the base of the trench, ducts or glands secreting a

viscid saliva are found, while imbedded in the sides of the

trench are the taste buds, or true gustatory organs.

These buds are also scattered over the other regions of

taste named.

Each bud or bulb is funnel-shaped, and is buried in the

epithelium of the trench wall. It is composed
of a series of long canoe-shaped cells, like the

segments of an orange, so arranged as to leave at the surface,

w 2
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where they all meet, a small opening, out of which project

into the trench delicate processes.

The food to be tasted is first subdivided, and then as it

passes backward some part falls into these trenches, is partly

dissolved, and the cell processes in contact

with the solution convey the impression of

the taste to the centre in the brain, along the

glosso-pharyngeal nerve, which supplies these taste buds.

Method of
Tasting.

ce ^LCy/^TiON

Fig. 201.—A Circumvallate Papilla.

There are four tastes

—

siaeef, bitter, acid, and saline. Taste

is aided by smell to perceive so-called flavours.

Taste can discern part of sulphurous acid

in water, but smell far surpasses taste in keenness. There

seems a certain harmony in taste as in smell,

as well as discord, and the essence of good

cooking is to obey the subtle laws of this

armonv, and to contrast or combine tastes with the same

udgment that we contrast or combine colours.

Four Tastes.

Taste
armony.

Touch and
Sensation.

5. TOUCH.

'I'he sense of touch dift'ers from all other

special senses in being distributed all over the

body, d'ouch, indeed, is only a more delicate
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and acute form of common sensation, and is due to the

special modes in which certain sensory nerves ter-

minate.

'I'he regions wlicre touch is acutest are the fingers, the

tongue and lips, and the skin generally. 'I'he nails and

teeth and the hair have all the sense of touch in a minor

degree.

The touch corpuscles lie in the papillte of the true

Fig, 202.—Papillae.

skin, and are most numerous in the fingers and toes and in

the palms and soles. They are oval bodies of

connective tissue, with nerves w'ound round them corpuscles,

and terminating in fibrils. The papillse that

contain these corpuscles contain no blood-vessels.

Paccinian corpuscles are oval bodies made of layers

of connective tissue like an onion. The nerve in

these is in the centre, and ends in an expanded COTp"scie.s.

extremity, 'i'hey occur in the genital and some

internal organs.

Krause’s end-bulbs are spheroidal masses covered
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witli a corpuscle of connective tissue and containing cells

^
and nerve fibres. They are found in the nose,

Kncl-buibs. eyelids, mouth, fungiform papilla;, the rectum,
and elsewhere.

Merkel’s touch corpuscles occur in the deei>er

i7. The inedullated nerve-fibre
; the conccn-

trie capsule?.

Fig . 204.—An End-bulb of Kraufte.

a, Mertullateci ner^'e-fibre ; h, the capsule of the
corpuscle.

Merkel's
Touch
Corpuscles.

layers of the epidermis and in some root-

sheaths, and consist of two or three flattened

cells one above another in a capsule, with a

nerve fibre between them.

For the perception of touch the epidermis should be

thin, but not absent. If it is wanting acute

ypidei-m'is.
sense of touch is lost.

Acuteness of touch is measured by touching the

surface with the points of a blunt pair of compasses, and
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seeing the least distance at which they can be discerned by

the mind as two. This is found to vary as follows :

—

Tip of tongue

Tip of forefinger ...

Under lip ...

Tip of nose

Palm of hand

Back of hand

Back of foot

Back of neck

Back or thigh

Pressure is a modified sense

Jj- inch

24

of touch, and gives us the

Fig. 205.—Corpuscles of Grandry in the Tongue of Duck.

A. Composed of three cells ; B, composed of two cells
;
C, showing the development of a Grandry's

corpuscle from the epithelium covering the papilla
;

epithelium ; «, nerve-fibre. (Izquierdo.)

estimation of weight. Touch bulbs are arranged in

groups in localities where pressure is common,
° ,11 ‘11 Pressure.

and are called pressure spots, as in the soles,

palms, etc.

Pressure is felt most acutely, and difference of weight

most accurately discerned, in the forehead.

Sense oftemperature is another variety of the sense of touch.

It is believed that temperature areas, specially sensitive to

heat and cold though not to touch, exist all over the body.

It is found that if the points of a compass are so near that

they feel as one, they can be distinguished as two if one leg

be warmed.

Common sensation differs from those we have been
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describing, inasmuch as special sensations are referred to

Commo
external objects, while pain, hunger, thirst,

Sensation. tickling, muscular sense, etc., are all referred
to the body itself, though, as in ]jain, they may

be produced by external objects. Any of these common
sensations may be started by irritation of the appropriate
nerves, or even by ideal centres in the brain. 'J'hus.

thinking of a rough sea-passage may produce nausea, etc.
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CHAPTER XXIII.

REPRODUCTION.
I. FEMALE ORGANS.

The female organs of generation consist of four parts—
two ovaries, two Fallopian tubes, a uterus, and a vagina—
arranged in the shape of a T, the ovaries and tubes forming

the horizontal part, the uterus and vagina the perpendicular.

The ovaries are oval flattened bodies about inches

X I X i, attached on each side of the uterus by a ligament

(the ligament of the ovary), and slightly to one

of the fimbriae or extremities of the Fallopian

tube.

The ovary has a dense fibrous capsule {tunica albughiea)

covered with a
y r 1 • 1

Structure.
layer ol cubical

epithelium outside, and is

formed of soft fibrous tissue,

and may be divided into

cortical and central regions.

Imbedded m the cortical Fig. 206.—Utems, Vagina, Ovaries, and

region are numerous small
Fallopian tubes.

(xio inch) Graafian vesicles, containing the ova or the female
reproductive element. Each vesicle is enclosed in a

membrane {memb7-ana propria^ lined with nucleated cells

forming the membrana granulosa. The cavity is filled with

the ovum, composed of a delicate transparent membrane

—

the zona pellucida—and finely granular protoplasm called

the vitellus. Imbedded in this is the nucleus or germitial

vesicle, containing the nucleolus ox germitial spot.
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The central stroma of the ovary contains many Ijlood-

vessels and some smooth muscle fibre, and much larger

Graafian vesicles, in which the ovum only occiijiies part of

the centre, being attached by cells (called the discus pro-

lis'erus) at one side, the rest being filled with fluid. 7'hese

Graafian follicles are formed at first by a growth of the

external “germ" epithelium of the ovary—which gets cut

Fi^. 207.—Frjin a Vei lical Section through the Ovary of a new-born Child.

a, Germinal epithelium ; b, ovarian tube : r, primitive ova ; d, longer tubes liecoming' constricte<1

off into several Graafian follicles : e, large nests :./i isolated tlmshc<l Graafian folliocs blood-
vessels. (Walcleyer, in Strieker’s Manual.)

off—and, multiplying, form cell nests and eventually the

vesicle with all its layers.

As a follicle ripens it works down from the stroma into

the central parts, and w'hen it is about to burst it rises again

and protrudes, and is eventually ejected at the Fallopian tube-

By far the greater number of ova atrophy and disappear.

There are about 60,000 in the ovary of a female infant.

Previous to puberty, although these changes are going on.
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the ova never attain full development, and the ovaries are

small and pale.

The Fallopian tubes are four inches long, and extend

laterall)- from the upper angles of the uterus. When the

tube leaves the uterus it is narrow, but gradually

expands as it nears the end into a trumpet-

shaped extremity, which terminates in a fine

fringe which is attached by one of the fimbrice to the ovary.

Fig. 208.—A large Graafian Follicle of the Ovary of Cat.

The follicle is limited by a capsule, the theca folliculi
; the membrana granulosa is composed of

scveial layers of epithelial cells. The ovum with its distinct hyaline zona pellucida is im-
bedded in the epithelial cells of the discus proligerus. The cavity of the follicle is filled with
fluid, the liquor folliculi.

Its canal is lined with ciliated epithelium, and the walls are

composed of fibrous and muscular tissue. The tube is

only wide enough to admit a bristle as it enters the uterus.

The ripened ovum passes along this tube from the ovary to

the uterus.

After puberty, for a period ot about thirty years, a
periodic discharge takes place in women known
as menstruation. The mucous membrane of

the uterus gets swollen and turgid, and eventually is shed,
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wholl}' or in part, together with the loss of a varying amount
of blood and mucus.

There is no evidence to show that the |)assage of ova
into the tulies is specially at these times.

Wlien a Graafian vessel has burst and liberated an ovum,
a yellowish mass is produced called the corpus

Luteum. luteum. It is really a growth of cells of the

membrana granulosa.

If the ovum that has escaped is not impregnated, the

corpus luteum only lasts about a month. If it is impreg-

nated it increases to nearly an inch in diameter, and at the

ninth month is still half an inch.

The uterus is a Small triangular muscular body with

the base upwards. Each side is a little over two inches long.

The apex is elongated, and forms the neck or
The Uterus. . . .

cervix which projects into the vagina. It has

an outer serous coat, several layers of unstriped muscle,

and an inner mucous coat, lined by a layer of ciliated

epithelium and containing numerous mucous glands. In the

neck of the uterus the mucous membrane is in folds. The
neck terminates in two lips which form the os uteri.

The vagina is the canal which, embracing the cervix

uteri above, extends downwards and forwards for some five

inches. It is lined with mucous membrane and
The Vagina. . , x • n

squamous epithelium. Itsantero-posterior walls

are usually in contact, and the entrance is surrounded by

a muscle that can closely contract it.

The orifice in the virgin is partly closed by a fold of

mucous membrane, the hymen. Immediately above the

opening is the meatus urinarius from the bladder, and above

that again the clitoris., a small erectile organ having two

small corpora cavernosa (as in the penis). These structures

are enclosed by two vertical folds of mucous membrane,

the nympho’, and two external folds of skin, the laHa

e.xterna.
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2. MALE ORGANS.

The male organs of generation include the hvo testes

with their ducts, the vasa deferentia, the two vesiculce

se/ninaks, and the penis.

The testes are two oval bodies suspended in the scrotum^

Fig. 209.
—Section of parts of three Seminiferous Tubules of the Rat.

tf. with the spenuatozoa least advanced in development ; b, more, and c, most advanced. Between
the tubules are strands of interstitial cells. (E. A. Schafer.)

not unlike the ovaries in size, but a little larger. The testes

is covered with a serous coat the tunica vaginalis,

and a thick fibrous coat the tunica albuginea,

which, continued inwards, partially divides the testicles vertic-

ally into two halves and also into a number of compart

ments or lobules. Each lobule contains several convoluted

seminal tubules, each tubule being about two feet long and
of an inch in diameter. They are about 800 in all.
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and are composed of a thick basement membrane lined
Math layers of cubical cells. Internal to these are some
large clear cells which by division produce smaller cells.

These are the spermaioblasts or formers of the spermatozoa,
which is the male reproductive element.

The semen is a gelatinous fluid with a peculiar odour.

Fig. 210.—Various kinds of Spermatozoa.
^

A, Spermatozoon of guinea-pig, not yet completely ripe ; li, the same seen sidewaNis—the lieaii of
the spermatozoon is flattened from side to side

; C. a spermatozoon of the horse ; D. a sfrerma-
tozoon of the newt.

It is alkaline, and composed of about three-quarter

spermatozoa and a quarter clear fluid. It is SS per cent,

water.

The spermatozoon is a minute body consisting of a

flattened head (formed out of the nucleus of the cell)

ooVo lorig) ^ind a slender taj^ering tail

several times as long. By the lashing of this

tail, which persists for some days in suitable media, they

slowly propel themselves along.
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The seminal tubes collect into about a dozen wide

ducts, the vasa efferentia, which being much
convoluted form the posterior tubal portion of

the testes known as the epididymis. These
gradually coalesce and enter the vas deferens. They are

about 20 feet long, and the vasa about two feet.

The vas deferens or the excretory duct of the testes is

constructed externally of connective tissues
T 1 • , , , Vas Deferens.
lined with mucous membrane and columnar
epithelium, with unstriped muscle

between.

The two vasa pass from the

scrotum by the spermatic cords,

which also contain nerves and

blood-vessels, and enter the pro-

state gland, and uniting with

the urethra pass up the penis :

the urethra being the common
channel for the urine and the

semen. Before they enter the

gland they are joined by a short

duct from the i<esiculce seminales,

which are two bodies lying at

the side of the bladder, each

formed of a single convoluted tube that secretes a fluid that

mingles with that from the testes, and thus forms the

semen.

The prostate gland, the functions of which are un-

known, lies at the neck of the urinary bladder, and
is pierced by the urethra, joined on each side by
the vasa deferentia. It is the shape and size of

a chestnut, and contains many glands which open by small

ducts into the urethra.

The penis is the terminal organ, and is composed of

three long masses enclosed in fibrous sheath, the two upper

Fig. 211.—A tubule of the Epididy-
mis in cross section.

The wall of the tubule is made up of a
thick layer of concentrically arranged
noil-striped nuiscuiar tissue, a layer of
columnar epithelial cells with extra-
ordinarily long cilia projecting into the
lumen of the tube.
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being the corpora cavernosa and the lower the corpus

The Penis
spongiosuvi, through which the uretlira passes.

This third body is expanded at the extremity,

and forms the plans penis.

The loose skin covering the glans is called the prepua.

The corpora cavernosa are erectile structures containing

spaces formed by fibrous tissue, which form venous

sinuses, and these when filled with blood render the organ

erect, rigid, and swollen.

The corpus spongiosum consists of smaller sinuses.

Coivper's glands are two small bodies the size of peas

that open into the base of the urethra.

Impregnation.

3. REPRODUCTION.

Impregnation consists in the introduction of the semen
into the uterus, where the spermatozoa make their way up the

Fallopian tubes and impregnate any ovum that

maybe being propelled down by the action of the

ciliated epithelium. The impregnated ovum passes on into

the uterus, and when the menstrual

period comes round the soft thickened

mucous membrane forms an appro-

priate bed or nidus for it, in which it

rests, and the mucous membrane in

this case is not shed, and no menstrual

period occurs as long as the ovum is

there. In this sense, therefore, the

period is the expression of the absence

of any fertilised ovum in the uterus.

The fertilisation of the ovum is

produced by tli6 entrance of one or

more spermatozoa.

of'the'ovum
According to Balfour and many other ob-

servers, previous to impregnation the germinal

Fig. 212 —Penetration ofa
Spermatozoon into an
Ovum, and formation of

a Membrane.
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vesicle or nucleus becomes lost in the vitellus or yolk sur-

rounding it. Part of it is formed into two small bodies,

''t '
' >1.

'

Fig. 213.—Ovum with two Polar Cells
and Female Pronucleus, surrounded
by Radial Strias.

Fig. 214.— Ovum with Male and Female
Pronucleus, and with radial striation
of the Protoplasm around the former.

united by a rod, which partly protrude from the ovum, and
are calledpolar cells. These are nipped off as small corpuscles,

Fig. 215.—Segmentation in the Ovum of Amphio.vus, Blastula .stage.
Ect, Ectodcnn; End, endodcrm ; Fh, segmentation cavity. (After Hatscliek.)

and have no further use, while the remainder forms thefemale
pronucleus

;

no further development being possible without
impregnation. Impregnation generally takes place in the

X
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Fallopian tube, or at times in the ovary. 'J'he spermatozoon

from the semen, generally only one, passes through the

vitelline membrane, and according to observations of Balfour

in lower types of mammalia, the head and tail are lost, while

Fig. 216.—AnterO'posterior section of the Blastoderm of the Fowl’s Egg before

incubation.

A, Anterior extremity; P, posterior extremity; ectoderm ; Cs, segmentation ca\ity; n, free

nuclei in the vitellus. (After Duval.)

the' part just below the head (or according to some the head

itself) becomes a nucleus (the wa/e proiiucleus) at some

Fig. 217.—Antero-postcrior section of a Fowl's Egg (not incubated).

A, Anterior. P, posterior extremity of embryo ; ex. ectoderm or cpiblatt : =

in. cndodcmi or liypoblast ; eg. sub-gcrinmal cavity with an entodemne globule at its margin.

little distance in the yolk from the female pronucleus.

After a short time, by amoeboid movements, the two nuclei

unite and form the first bhistosphcrc, which successively

divides, including portions of the yolk, until the whole ovum

is at first like a mulberry, and at last, by the time it reaches
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-Ovum of Fowl,
with Primiiive Streak, sur-
rounded by the Area pellu-
cida, which is bounded hy
a line, and is pyriform, and
by the Area opaca, which
is oval.

a, Zona pellucida ; b, viteUus.

the uterus, so finely divided as to be granular, each granule

being in fact an embryo cell consisting of a minute quantity

of yolk with a clear nucleus in the centre. The whole

process so far takes about 75 hours,

the ovum meanwhile enlarging

through the absorption of fluid.

The cells surround a hollow cavity

in the centre of the ovum, called the

segmentative cavity, and the hollow

sphere of the ovum at this time is

called the blastodermic vesicle. It

is fully formed by the tenth day. If

the ovum divides up entirely, as in

man, it is called holoblastic. If the

yolk or food remains undivided, as

in birds, it is called niesoblastic.

As the blastoderm enlarges, the layer of cells around the

cavity become single, and at a small white spot a second layer

grows inside the

first till it forms a

closed sac, at first

pear-shaped, and then biscuit-

shaped. This inner layer is

called the hypoblast, and the

upper layer the epiblast. At
the same time numerous small

hollow protuberances

appear on the surface
sheath'^'^

of the ovum, the villi

of the primitive chorion. An
opaque streak then appears (the

primitive streak) in the pellucid centre {area pellucida),

with a groove in the centre (the primitive groove). At the

Formation of
the Three
Layers.

Fig. 219.— Diagram showing the
gradual folding off of the Embryo,
which comes to be seated on an
eminence, and has a curved form.

a. Zona pellucida
;

b, viteUus
; c, embryo

;

(i, e, folds of amnion.

same time the hypoblast splits into two layers, the upper
of which (next the epiblast) forms the mesoblast.

X 2
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We have thus three layers :

—

The epiblast, out of which is formed the central

system, and the whole of the external tissues
;
the

mesoblast, from which are formed most of the

organs and structures of the body, including bone

and muscles, the connective tissue, reproductive

and excretory organs
;
and the hypoblast, which

lines the whole of the digestive tract and all its glands.

In the epiblast a groove now appears, the medullary

groove, the sides of which rise up (the lamina dorsales) and

nervous

Structures
Formed by
the Three
Layers.

Fig. 220.—Diagram showing early differentiation of parts in Blastoderm.

dt Chorda dorsalis ;
yv, provertebra: : lY, Wolffian body : an. aorta -.ffc. pleuro-peritoneal

’ cavity ;
so, somatopleure ; sf, splanchnopleure.

gradually unite, forming the neural tube or central canal of

the spinal cord, the cells inside which become the ciliated

epithelial lining. At its anterior end the medullary or

neural tube has four dilatations representing the fore brain

(hemispheres), mid-bratn (corpus quadrigemina), land brain

(cerebellum), and after brain (medulla); these grooves get

folded and twisted so as to form the head. The rest of

the epiblast forms the skin.

In the mesoblast a cord is formed below the medullar)-

groove, round which the bodies of the vertebra; are formed

like a string of beads. The mesoblast at this point splits

into two layers, the upper uniting with the

splitting of eniblast form the somatopleure or parietal layer,
the Mesoblast. '"I

, , , 1 ^

while the inner and the hypoblast form the

splanchnoplcure or visceral layer. 1 he space betw een them
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becomes the pleuro-peritoneal cavity. This division ceases

at the medullary groove. So far the embryo lies flat on the

surface of the yolk, but by degrees the layer surrounding it

appears to be tucked in at the head and tail, ends and

sides, thus giving it a convex shape and raising it till it is

like a canoe upside down, out of the well of which is the

stalk connecting the hollow head part or head gut., and the

hind gut with the mass of yolk outside.

This duct is called the vitelline duct, and the yolk the

Fig. 221. —Diagram to show the mode of Origin of the Amnion.

hp, Somatopleure
; ks, head fold of amnion

;
ss, tail fold of amnion ;

ek, epiblast
;
kk, head cap

;

sk, tail cap ; dsh, cavity of the yolk sac ; dom, ductus omphalo-mesentericus or omphaln-me-
saraicus ; pharyngeal or anterior portion of intestinal cavity hypoblast lining the

cavity of the intestine
;
hg, rudiment of heart

;
hh, part of pleuro-peritoneal cavity.

umbilical vessel

;

the rest of the duct is eventually the

umbilicus. The folding down of the visceral

side plates thus enclosing a cavity filled with E>uct.

yolk, completes the first part of the formation of the embryo.

We have now a neural canal above a vertebral layer, and

a larger body canal in front communicating with an um-

bilical vessel outside.

At this period, four clefts or visceral arches appear in

the side of the head opening into the fore-gut, while a slight

depression indicates the oro-nasal aperture. Hranchki

Posteriorly a similar depression forms the anus,

During this formation of the embryo the somatopleure
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rises up at each side over the back of the embryo, and
meeting forms the amniotic sac, tlie inner layer of mesoblast
forming the true a?n?iion, the outer of epiblast the false

amnion, there Sometimes being a cavity between containing

''false water.” This cavity fills with fluid, so that eventually

the embryo floats in it.

Fig. 222.—Diagram to show the complete Formation of the Amnion,
ffw, Amnion

;
rt/, allantois

; dom, umbilical duct: ds, umbilical vesicle; 3, \*Uli ; ch,fr, cboritmi
primitivum.

This amniotic fluid is largely formed of foetal urine.

At this time an internal projection grows in the hind

gut into the pleuro-peritoneal cavity towards the vitelline

duct through which it passes, and grows up, alongside of the

umbilical vesicle, spreading itself between the layers of the

amnion.

This is called the allantois, and at its origin eventually

forms the urinary bladder.
The Allantois.

, i • i

Blood-vessels form at an early stage which

carry the contents of the umbilical vesicle to the embrj-o.
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The outer layer of the amnion, the vitelline membrane

of the ovum, and the allantois all blend into one, which is

called the irue chorion.

We have already spoken of the villi of the chorion.

They are at first hollow, and as blood-vessels are formed in

the allantois they extend into these cavities.

Fig. 323.—Diagram to show the Formation of the Allantois.

ch,y>r. Primary chorion ; ch.s, secondary chorion
;
am. amnion ; ds, remains of yolk sac

al, allantois ; aT, neck of allantois.

To understand the further steps, we must consider the

condition of the uterus at this time.

The mucous membrane of the uterus is lined with mucous

glands lined with ciliated epithelium. This mucous mem-
brane thickens at pregnancy as at menstruation,

, ,
°

. 1 r • The Placenta.

and becomes more vascular, and its superficial

layer becomes the membrana decidua, or the part eventually

shed with the ovum. The cavity of the uterus soon becomes
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filled with secreted fluid with nucleated cells. When the

ovum reaches the uterus it is imbedded in the decidua, part

of which grows up round the ovum and forms the decidua

reflexa, the decidua vera being the superficial lining of the

Fig. 224.—Diagram to 'show the Formation of the Placenta.

V, Ulerus
;
dv, decidua vcra ; dr, decidua reflexa

;
ch.l, chorion ; am, amnion : al, aibntois: ds,

vitelline duct and sac
; plf, placenta fcctalis; flu, placenta uterina ; dcm, ductus cmphak)-

mesentericus
;
hn, the point of junction of the amnion with the skin : df%, the cavity of the

amnion.

uterus. As the ovum gradually fills the uterus these two come

in contact and coalesce. The decidua serotina is that part of

the decidua where the placenta is formed as follows. Part

of the deeper mucous membrane where the ovum is attached

becomes hollowed out by spaces that communicate with

both arteries and veins, and the villi on this side of the ovum
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push through the decidua serotina into them. Over the

rest of the surface of the ovum they disappear.

We thus get the placenta formed, essentially consisting

of a foetal part, the outgrowth of the ovum, like the fingers of

gloves, full of foetal blood-vessels dipping into the maternal

Fig. 225.—The Villi of the Fcetal portion of a Mature Human Placenta x 100 diam.

;

the capillaries are filled with injection.

a, artery ; b, vein.

part, which are sinuses full of the parent’s blood. A double

interchange thus takes place. The foetus is supplied with

arterial blood by the mother, and the mother receives the

used products of the foetus.

It is thus that a foetus can infect a mother with syphilis or other

poisons.

The %imbilical cord connects the placenta with the foetus.
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and in late foetal life only certain traces of its original

formation, which, in addition to the two arteries and vein

from the embryo, include the layerof the amnion, the umbilical
vesicle (never bigger than a pea in man) and its duct, and
the remains of the allantois. The cord is nearly twenty-four

inches long, and the three blood-vessels in it make about
forty turns. Whm-ton's Jelly surrounds the arteries.

Fig. 226.—Diagram to show the Early Stages of the Second Embryonic Cuculation.
(Seen from behind.)

/j, Left jugular right jugular
;
iff, ductus Cuvieri

; ef, cava inferior; right cardinal \*etn :

vcs, left cardinal vein
;
csd, superior right vena cava; css, superior left veca cava; um-

bilical vein ; a, azygos vein
; ha, hemi-azygos vein ; ad, right innominate

; as, left Innominate ;

sd, right subclavian vein
;
ss, left subclavian vein ; cf, ca^•a superior.

The foetal circulation when established is as follows :

—

The blood of the foetus passes along the two hypogastric

arteries, through the two umbilical arteries, along

the cord to the placenta. Then the pure

blood is returned along the umbilical vein to

the inferior vena cava by the ductus vcuosus. It then enters

the right auricle, and, guarded by the Eustachian valve, the

great mass of blood (instead of descending into the right

Foital

Circulation.
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ventricle and thence to the lungs, as it does when the

pulmonary circulation is established) passes through the

foramen ovalis direct into the left auricle, thence to the left

ventricle, and by the aorta to the hypogastric arteries, d’he

blood from the superior vena

cava coming downwards does

not pursue this course, but

through the right auricle des-

cends into the right ventricle

to the pulmonary artery, and

then by the ductus arteriosus

into the aorta.

After birth the hypogastric

arteries are obliterated and

become the lateral ligaments of

the bladder, the remains of the

allantois (the urachus) forming

a median ligament. The um-

bilical vein becomes the liga-

mentum teres of the liver, and

the ductus venosus and arte-

'riosus and foramen ovalis are

all closed.

The mammary glands
may be noticed here as con-

nected with repro-
- . _ , , ,

The MamnicB.
auction. Each gland

has about twenty ducts opening

on the nipple. As they pass into the gland they branch

like a tree, one large branch to each lobe of the gland,

the lobes being united by connective tissue. During

lactation only, the fine terminals of these ducts communi-

cate with the secreting acini. Each acinus consists of a

basement membrane with a circular layer of nucleated

secretory cells inside, which by fatty metamorphosis produce.

Fig. 227.—Diagram showing the

curved Form of the young Embryo :

A, natural size
;
b, magnified. The

head is seen to be sharply curved
downwards. In the fore and lower
part of the head is the eye

;
im-

mediately below which are the

visceral arches. The viielline sac

is seen reduced in size and attached

by a long pedicle to the body of

the embryo.



364 Elementary Physiology for Students.

together with numerous oil globules, the milk, the lumen
being filled with it. The ducts are. lined with cubical

epithelium. The nipple and’ areola are pigmented more
abundantly during pregnancy.

Each acinus is surrounded by a network of capillaries,

and many lymphatics, from which the milk appears to be
partly prepared. The acini are not formed much before

puberty, and degenerate at the menopause.
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Num-
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Changes in a Day, 37 ; Necessity of i
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ments of, 39 ; Four Inorganic Con-
stituents of, 39 ; Twenty-four Organic
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49 ;
Excessive Use of Food for, 50
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Growth, 36; a Source of Heat, 150;
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tion, 225—228

Brain, Development of, 2 ; Location of, 5 ;
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of, 161
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Canals of the Ear, 328

Capillaries, loi, 104 ; Discovery of, 125 ;
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•Circulation, 141 ; of Lungs, 163

Capsule of Kidney, 181
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Carbon, 39, 40
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Cartilage, 24, 29, 30; Developments from,
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355
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2JB7 ; Functions, 287—289
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Seat of Respiratory System, 14 ; In-
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Chimpanzee, Construction of, 10, 11

Chin, Indicative of Character, 7
Chlorine, 39
Chondrin, 41

Choroid, the, 308

Chorda Tympani, Irritation of, 65
Chyle, 24, 94, 107

Chyme, Action of, 91

Ciliated Epithelium, The, 21
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Circulatory System, 15

I Coagulation, 117

Colloids, 77
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Action of, 94
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Cooking as an Aid to Digestion, 54
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protected by Ej-elids 323
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Cortex of Kidneys, 182, 186 ;
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292, 294, 295
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Crying, 173

Crystal, CJrowih o(, 2
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3 ;
Heat of Body at, 50 ;
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Decay always accompanies Life, 2 ;
of

Cells, 20 ;
of Body, 37

Defective Vision, 316—321

Deglutition, 69, 70

Dentine, 24, 57, 58

Development, Meaning of, 2

Dextrin, 62

Diaphragm, The, 166 ;
Action of, 167

Digestion, Defined, 52 ;
Alimentary Canal

in, 52 ;
Oral, 54 ; of Starch, 60

;

Gastric, 71, 78, 79; Self, 80; Intes-

tinal, 91

Digestive and Secretory Systems, Seat of,

14, 15

Duodenum, 83 ;
Digestion in the, 91

Dura Mater, 27

Dynamic Equilibrium, 2, 37

Ear, The, Size and Location of, 6 ;
Nerves

of, 303 ;
its Structure, 324 ;

its Bones,

326 ;
its Functions, 331

Eggs, Hatching, 3

Elastin, 27, 42

Embrj'ology, Definition of, i

Enamel, 24 ;
of Teeth, 57

Energy, Manifestation of, 4 ; Potential
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Epiblast, The, 355, 356
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184
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Excretions, 42, 43 *, Functions of, 253

Excretory System, 15
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its Cause, 170
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its Blood-vessels, 309 ;
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Action, 315, 316 ;
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Eyelids, 323

Eyes, The, their Range of Vision, 6 ;
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Relation to Ancient Types of Beauty,

6; Closing, 289; Nerves of, 303;

Structure, 305—311 ; Optical Mechan-

ism, 311—323

Face, Muscles of the, 6 ;
Nerves of, 303

Fallopian Tubes, 347

Fascia, 27
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portion and Kinds in the Body, 43 ;

as Food, 47 ;
Storage of, 51 ;
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Female Organs, 345—348
Ferment, Formation of, 100 ;
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Muscles, 212 ;
of Nerves, 238, 239,

241, 263, 264 ;
of Brain, 275, 279; of
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Fibrinogen, 118, 119

Fibrous Connective Tissue, 26, 27

Filtration, 77

Fingers, The, 8, 11, 341
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116

Flavours, 338

Flesh-formers, 47
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Foetal Circulation, 362
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by the Body, 43 ;
Source of Animal,

44 ; Varieties of, 45—48 ;
Analysis of,

48 ;
Quantity required, 48 ; Digesti-

bility of, 49 ;
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Absorp-
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153

Foot, The, Size and Formation, 12 ; its

Bones, 227 ;
its Motion, 231— 236

Force, Storing of, 4 ; Source of Animal,

38
^
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7 ;
Size of, 9

Functions, 58

Gall Bladder. 98

i

Gallstones, 90

Ganglia of the Heart, 140

Ganglion Cells, 243, 251
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Gases, in Relation to Vegetable Life, 4 ;

of Body, 39 ; in Blood, 121 ; in Re-
lation to Inspiration, 175, 176 ; poison-

ous, 179

Gastric Digestion, 78

Gastric Juice, 75; Chief Function of, 76;
Action on various Substances, 78

;

Flow of, 79
Gelatinous Substances, 24, 27, 29, 41

Germination of Cells, 19

Gizzards, 72

Gland Tissues, 24

Glands, Salivary, 63 ; Structure of, 64 ;

of Stomach, 74 ; of Intestines, 84—86 ;

Lymphatic, 106, 107 ; Vascular, 143 ;

Thyroid, 145 ; Thymus, 146 ; Coccy-
geal and Carotid, 148 ; of Skin, 206 ;

Sebaceous, 209 ; Mammary, 363
Glycogen, 51 ; Formation of, 99 ; Use of,

99
Gravitation and the Position of the Body,

9
Growth, Signification and Cause of, 2 ; of

Cells, 19; of Bones, 36

Gullet, The, 72

Hair, 24, 25, 39 ; its Structure, 203

;

Cause of Grey and Silvery, 204 ;

Amount on the Head, 205, 341

Hands, The, 8 ;
Size of, 9

Haunch-Bones in Human Figure, 9
Hajmatin, 113, 115

Hemoglobin, 42, 78, 112, 113

Head, Shape of, 5

Hearing, 324—332
Heart, Beating of the, 8, 71 ;

and Blood

Circulation, 97 ;
its Structure, 128 ;

Muscles of, 129 ; Chambers of the,

130; Auricles and Ventricles of the,

13 J ;
Valves of the, 132 ; Walls of the,

136 ;
Sounds and Beat of the, 139 ;

Contraction and Rest of the, 140

;

Cause of Movement, 140 ; Regulation

of the, 14

1

Heat in Relation to Life, 3, 4 ;
of Body

at Death, 50 ; Source, 149 ;
Units,

149; -of Foods, 150; its Centres, 150;

its Regulation, 151 ;
at different Parts,

152 ; Conditions affecting, 152 ;
Loss

of* 153* Death from, 154; formed

by Muscle Contraction, 218

Hemispheres, Cerebral, 280

Hering*s Theory, 320
Hernia, 81

Hiccough, 172

Hippuric Acid, 193
Hips, The, 9, ii, 233
Hopping, Motion in, 236

Humours of the Eye, 307, 31

1

Hunger, 81 ; Effect on Liver, 98

Hyaline Cartilage, 30

Hydrocarbons, 47
Hydrogen, 39, 40

Hypermetropic Eye, 317

Hypoblast, The, 356

Impregnation, 352

Inspiration, Force of, 169

Intercellular Substance, 22, 23, 27, 30

Intestinal Digestion, 9 c

Juice, 90

Intestines, 82, 83 ; Valves of, 83 ; Coats

of, 84 ; Glands of, 84 ;
Passage of

Food in, 94
Iris, The, 224, 308

Iron, 39

Jaw of Carnivora, 60

Joints, 29 ;
Bones of, 227 ; Structure and

Movement, 227 ;
Hinge, Ball and

Socket, Ring and Pivot, 228

Jumping, Motion in, 236

Kntabolism, 37

Keratin, 26 42

Kidneys, 39, 51 ; their Structure, iSo—

186 ; their Blood Supply, 1S7 ; Arteries

of, 187 ;
Corpuscles in, 188 ;

Size, and

connection with the Skin, 197

Kreatiniii, 193, 196

Laiynx, The, 7, 158, 333, 335

Laughing, 172

Lead, 39
Legs, The, 7 ; the Human and the Animal

contrasted, 10 ;
Bones and Muscles of,

n, 12; Bones, 227; their Motion,

231—236

Lens of Eye, The, 309, 312

Tissues, 24

Leucocytes, Action of, 93

Leverage of the Body, 229—23a

Life always accompanied by decay, 2

Definition of, 3, 4 ;
Difference be-

tween Animal and Vegetable, 4 i ts
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incessant Change, 37 ; a twofold Pro-

cess in, 38

Ligaments, 27, 233

Light, Effect on the Eye, 312, 313

Limbs, the Seat of Locomotory System, 14

Lime-Salts of Intercellular Substance, 23 ;

in Cartilage, 35

Liver, 42, 51 ;
Structure of, 95 ;

its Blood

Supply, 96 ;
Lobules of, 97

,' Cells of,

98 ; Functions of, 98—loj
;
and Heat,

150

Lobes of Lungs, 159

Lobules of the Liver, 97 ;
of the Lungs,

159 ;
Structure of, 162

Locomotion, 10, 14, 15 ;
Principles of, 229

—232, 234—236
of Cells, 21

Lungs, 15; Passage of Blood through,

135 \
their Loss of Heat, 154 ;

General Construction, 157 ;
Described,

158 ; their Blood-vessels, 163 ; Lym-
phatics of, 165 ;

Nerves of the, 166 ;

their Movements, 167 ; Capacity of,

173

Lymph, 24 ;
Movement towards the Heart,

103 ; and the Glands, 106, 107

Lymphatic System, loo
; Circulation, 103;

Glands, 106 ; of Lungs, 165 ; in Kid-

neys, 188

Lymphatics, Uses of, 100

Magnesium, 39
Male Organs, 349—352

Maltose, 62

Mammary Glands, 363
Mastication, 55, 60, 67, 290

Medulla, The, 276, 289

Medullary Sheath, 240

Membranes, 25, 30, 35, 69 ; of Brain, 269
Menstruation, 347
Mesoblast, The, 355, 356
Metabolism, 37 ;

of Nerves, 245
Milk, 48

Mind in Relation to Brain, 292, 297
Minerals as Food, 47, 50

Morphology, Definition of, i

Motion, of Cells, 20, 21 ; of the Body, 229
—232

Mouth, Position of, 6 ; Size of, 9
Movement, As an Inherent Quality of

Life, 5

Mucin, 41, 63

Y

369

Mucous Membrane, 69, 72, 73, 84, 91 ;
of

the Bronchi, 161

Muscles of the Face, 6 ;
of the Neck, 7 ;

of the Legs, 11 ;
Number in the Body,

12, 24, 39, 42, 51 ;
Contraction of,

104, 218; Intercostal, 168; Structure

of, 210; of the heart, 211; Number
and Description, 211 ;

Fibre of, 212 ;

Blood Supply, 214 ;
Nerves, 214 ;

Composition, 215 ;
Phenomena of, 216

—223; at Rest, 216; at Work, 217,

222 ; Changes in Fibre of, 219 ; in

Fatigue, 220 ;
in Death, 221 ;

Smooth,

223 ; their Weight and Use, 228 ;
the

Ciliary, 308, 314 ;
of the Eyeball,

321 ;
of the Larynx, 335

Myopia, 316

Nails of Fingers, 8, 24, 25 ;
their Com-

position, 205, 341

Nasmyth’s Membrane, 58

Neck, Formation of, 7 ; Elastic Ligaments

of, 234; Nerve of, 304

Needles, Swallowing, 80

Nerve, 24

Nerve Electricity, 247

Nervous System, Seat of, 14, 15 ; and the

Saliva, 65 ; and the (Esophagus, 68 ;

and the Lymphatic Vessels, 105 ;
of

the Lungs, 166 ;
in Kidneys, 188 ;

of

Muscles, 214 ;
Two Divisions, 237 ;

Structure of Nerves, 238—242 ; Struc-

ture of Nerve Cells, 243, 244 ; Nerve
Matter, 244—247 ;

Sensory and Motor
Nerves,248—251; Sympathetic Nerves,

251—253: Nutrition and Degeneration,

246; Currents, 247; Rate of Nerve
Force, 248 ;

Nerve Centres, 254—304 ;

Cranial Nerves, 298—304; Nerves of

Smell, 337

Neuroglia, 29

Nitrogen, 39, 40. 46 ; and Inspiration, 175

Nitrogenous and Non-nitrogenous Con-
stituents of the Body, 40, 42

Nitrogenous Food, 46

Nose, Position of, 6; Breathing through

the, 171

Nostrils, The, g

(Esophagus, The, 68, 167

Oils in the Body, 43

Optic Nerve, 299, 307
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Osmosis, 77

Ourang-Outang, Construction of, lo, ii

Ovaries, 345
Oxygen, 39, 43, 45 ; Inspiration and Ex-

piration, 17s ; Entrance into Blood, 177

Paccinian Corpuscles, 249, 341

Palpitation, Explanation of, 72

Pancreas, 86 ;
Shape and Structure, 87

Pancreatic Juice, 88

• Papillae, 201

Parapeptone, 76

Paraglobulin, 118, 119

Paralysis, 304
Pellitory Root, 67

Pelvis, i8r, 182, 227

Penis, 351

Pepsin, 74, 78

Peptone, 76, 100

Pcricardiumy The, 128

Perichondrium Membrane, 30, 35
Periosteum, 27

Pettenkofer’s Test, 89

Peyer’s Glands, 85, 86

Pharynx, The, 68 ;
Nerve of, 304

Phosphorus, 39
Physiognomy, Science of, 6

Physiology, Definition of, i ; the Cell

the Basis of, 17

Pigment in Cells, 26, 308, 310

Pineal Eye, 298

Pinna, The, 324

Pituitary Body, The, 148

Placenta, The, 359—361

Plasma, 117, 118; Constituent Parts, 120
* Pleuras, The, 159; their Structure, 165

Pleural Fluid, 103

Pneumogastric, The, 167

Poisons, in relation to Body Heat, 153

Portal Vein, 141

Potassium, 39
Pressure, 343
Primitive Sheath, 355

Prostate Gland, 351

Proteids, 45, 46, 51 ; and the Pancreatic

Juice, 88 ; in Nerve Cells, 245

Protoplasm, 17, 18 ;
and Vegetable Cells,

22 ;
and the Suprarenal Capsules, 147

Ptyalin, 61

Puberty, 346

Pulse, Cause of, 137; Rate of, 138;

Quality of the, 138

Pupil, The, its Dilatation, 253, 268, 308 ;

Contraction of, 300, 308, 316
Purkinje's Images, 315, 318
Pylorus, The, 72

P5rramids of Kidneys, 182

Receptaculum Chyli, loj

Reflexes, 265-8, 289

Rennet, 77, 78, 89

Reproduction, 345—364

Respiration of Cells, 20 ; an Aid to

Circulation of Blood, 142 ; External

and Internal, 155 ; Animal and
Vegetable, 156 ; Voluntary*, and
Centres for, 166 ; Mechanism of, 167 ;

Types of, 170; Rate of, and Nasal,

171 ;
Functions of, 174 ; Day and

Night, 175; Internal, 177; of the

Skin, 208

Respiratory and Circulatory Sj'stem, Seat

of, 14, 15, 290

Retina, The, 30D, 307, 309 : its Sensitive-

ness, 310; Formation of Image on,

3*3

Ribs, The, 8 ; their Movement, 169

;

Number, 225

Rice, Swallowing, a test for suspected

Murderers in India, 67

Rock, Growth of, 2

Rods of Corti, 329

Running, Motion in, 236

Sacrum, The, 227

Saliva, The, Composition, 60 ;
Action, 61,

62 ; a True Secretion, 65 ; Nci-n c

Action on, 66, 266

Salivary Glands, 63

Salts in the Body, 40 ; for Sustentation of

Life, 46, 50 ; and the Pancreatic

Juice, 88

Sarcolemma, 212, 219

Sclerotic, The, 305, 307

Secretions, 4?, 64 ;
Causes that Influence,

66; Functions of, 253

Semen, 350

Seminal Tubes, 351

Serous Sacs, Origin of Lymphatics in, 102

Scrum, 117

Sex, in Relation to Heat, 152

I

Shoulders, The, 9, 13

Sighing, 172

I
Sight, 296, 305—323



Index, 371

Silicon, 39
Skin, The, its Functions, 199; its Struc-

ture, 200 ; its Glands, 2c6 ;
Respira-

tion of, 208 ;
its Absorbent Powers,

209

Skull, The, 14 ; Number of Bones in,

225

Sleep, Cause of, 293

Smell, 336—338

Sneezing, 173,266, 267, 289

Sniffing, 172

Snoring, 172

Sobbing, 172

Sodium, 39, 40

Soul, The, 286

Sound, Production of, 331, 333

Spasm Centre, 291

Speaking, 172, 296, 336

Spermatozoa, Movement of, 21, 350

Sphygmograph, The, 138

Spinal Cord, a Nerve Centre, 254 ; its

Structure, 256—265 ; its Three Com-
missures, 257 ;

Nerves, 259 ;
Column,

260, 277; Cornus, 261 ;
Nerve Cells,

262 ; Connective Tissue, 263 ;
Reflex

Functions, 265

Spine, its Position and Movement, 10, 12 ;

Tissue in, 28 ;
Bones of, 225 ;

Nerves

in, 244, 246, 251

Spirit, The, 286

Spleen, Size and Shape, 143 ;
Pulp,

144 ;
Capillary System of, 144 ;

Cor-

puscles of, 145 ; Functions, 145

Spontaneous Generation, Falsity of, i

Starches, 47 ;
Digestion of, 61

Starvation, 49
Steapsin, 88

Sternum, 225, 226

Stomach, Seat of Digestive and Secretory-

Systems, 14 ; Described, 71 ;
of Rumi-

nants, 72 ;
Walls of, 72 ;

Glands of,

74 ;
two Processes in the, 75 ; Move-

ments of, 79 ; Contents of a Lunatic’s,

80

Sucking, 172

Sugar, 61, 62 ; Tests for, 62 ; in the Liver,

99
Sulphur, 39
Swallowing, 266, 290, 325

Sweat, 206, 207, 268

Syntonin, 76

Systems of the Body, The Four, 15

Tannic Acid, 67

Taste, 338—340
Tea and Digestion, 67

Tears, 323

Teeth, The, 55 ; Germs of, 56 ;
Parts of,

57 ;
Development of, 58 ; Decay of,

59 ; Varieties of, 59 ;
and the Sense of

Touch, 341

Temperature, Sense of, 343

Tendons, 27

Testes, 349
Thighs, The, ii

Thirst, 81

Thoracic Ducts, 105, io6

Thorax, The, 8, 157

Throat {see Pharynx)

Thumb, The, 8

Tissues, The, 7 ;
Elementary, 17 ; Classi-

fication, 24 ; of the Stomach, 85

Tongue, Nerve of, 303, 338

Tonsils, 68

Touch, 340—344
Trachea, or Windpipe, 157 ; its Structure,

159

Trypsin, 88

Tubes of the Body, 14

Tubules of Kidneys, 183—186

Tympanum, The, 324

Umbilical Cord, 361

Urea, 191; Found in the Blood, 192;

Formation of, 196

Ureter, 26, 181, 197

Urethra, 181

Uric Acid, 51, 192 ; Tests for, 192, 193 ;

Where Formed, 197

Urine, Composition and Characteristics,

189; Specific Gi-avity, and Quantity,

190 ;
Organic Constituents, igi ;

Diseased, 194 ; Filtration and Ex-
cretion, 194, 195 ;

Passage of, 198

Urobilin, 193

Urochrome, 193

Uterus, Tissue in, 28, 347, 359

Vagina, The, 348

Valves of Heart, 132

Vets deferens^ 351

Vaso-motor System, 141

Vegetable Cells, 22

Life, Definition of, 4 ; Food for, 44
Matter and Spontaneous Genera-
tion, I
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Vegetables as Food, 49
Vegetative Systems in the Body, 15, 38
Veins, Colour of Blood in, 109 ; Structure

of, 124 ; Valves of, 125 ; Pulmonary,

135 ;
Without Pulse, 137 ; Renal,

188

Ventricles of the Heart, 130 ; Contraction

of, 135

Vertebrata, The, 14

Vesicles, 145

Vessels, 24

Villus,85; Construction of a, 91; Absorption
of Fat by, 92

Vision, Colour, 320

Vitellus Duct, The, 357
Vocal Cords, Tissue in, 28; and Vomit-

ing, 81, 334, 335

I
Voice, The, 7, 333; its Compass, 335;

Tones, 336
Vomiting, 81

Waist, The, 9
Walking, Motion of Body in, 234
Water of Body, 39; as a Food, 45; and

the Pancreatic Juice, 88; in Blood,
120, 121

Waves, Sound
, 330

Wharton’s Jelly, 362

Will, Human, seated in the Brain, 14

Windpipe, 333
Wrist, Strength of the, 8

Yawning, 172

Young-Helmholtz Theory, The, 320
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bers. Vol. II.—Deuteronomy to Samuel II. Vol. III.—Rings I. to

Esther. Vol. IV.—Job to Isaiah. Vol. V. ^Jeremiah to MalachL
Old Testament Commentary. Edited by Bishop Ellicott. Handy

Volume Edition. Genesis, 3s. 6d. Exodus, 3s. Leriticus, 3s.

Numbers, 2S. 6d. Deuteronomy, 2s. 6d.

Protestantism, The History of. By the Rev. J. A. Wylie, LL.D.
Containing upwards of 600 Original Illustrations. Three Vols. gs. each.

Quiver Yearly Volume, The. With about 600 Original Illustrations.

7s. 6d.
Religion, The Dictionary of By the Rev. W. Benham, B.D.

Ch ap Pdition. los. 6d.

St. George for England
;
and other Sermons preached to Children. By

the Rev. T. Teignmouth Shore, M.A., Canon of Worcester. 5s.

St. Paul, The Life and Work of. By the Ven. Archdeacon Farrar,

D.D., F.R.S., Chaplain-in-Ordinar>” to the Queen. Library Edition.

Two Vols., cloth, 24s.; calf, 42s. Illustrated Edition, complete

in One Volume, with about 300 Illustrations, £i is. ; morocco, £2 2s.

Popular Edition. One Volume, 8vo, cloth, 6s. ; cloth, gilt edges,

7s. 6d. ;
Persian morocco, 10s. 6d. ; tree-calf, 15^*

Shall We Know One Another in Heaven? By the Rt Rev. J. C
Ryle, D.D., Bishop of Liverpool. Cheap Edition, Paper covers, 6d.

Signa Christi. By the Rev. James Aitchison. 5 '*
. .

“Sunday,” Its Origin, History, and Present Obligation. By the

Ven. Archdeacon Hessey, D.C.L. Ft/ih Edition. 7s, W.
Twilight of Life, The. Words of Counsel and Comfort for the

Aged. By the Rev. John Ellerton, M.A, is. 6d.



Selections from Cassell 4' Co?npa^iy s Publications

®tiucatiomU Morka anil ^tukcnta’ Jltanuala.

Agricultural Text-Books, Cassell’s. (The “Downton '' Series )
Edited

by John Wrightson, Professor of Agriculture. Fully Illustrated,

2s. 6d. each.
"Partn Croos. By Prof. ^VriCHTSON.

\ t?<^o
sS?and Manires. By J. M. H. MUNRO, D.Sc. (Londonl, F.I.C., F.C.S.

Live Stock. By Prof. WRIGHTSON.
Alphabet, Cassell’s Pictorial. 3S. 6d.

r, o r j
Arithmetics, The Modern School. By George Ricks, B.Sc. Bond.

With Test Cards. t^List on application.)

Atlas, Cassell’s Popular. Containing 24 Coloured Maps. 2s. od.

Book-Keeping. By Theodore Jones. For Schools, 2s.
;

cloth, 3s.

For the Million, 2s.
;
cloth, 3S. Books for Jones’s System, 2s.

Chemistry, The Public School. By J. H. Anderson, M.A. 2s. 6d.

Classical Texts for Schools, Cassell’s. {A Listpostfra on application.)

Cookery for Schools. By Lizzie Heritage. 6d.

Copy-Books, Cassell’s Graduated. Eighteen Books. 2d. each.

Copy-Books, The Modern School. Twelve Books. 2d. each.

Drawing Copies, Cassell’s Modern School Freehand. First Grade,

IS.; Second Grade, 2S.
, ,, ^

Drawing Copies, Cassell’s “New Standard.’’ Complete in Fourteen

Books. 2d., 3d., and 4d. each.
i,/r a th . j c.a

Energy and Motion. By William Paice, M.A. Illustrated, is. od.

Euclid, Cassell’s. Edited by Prof. Wallace, M.A.

Euclid, The First Four Books of. New Edition. In paper, 6d.
;
cloth, gd.

Experimental Geometry. By Paul Bert. Illustrated, is. 6d.

French, Cassell’s Lessons in. New and Revised Edition. Parts I.

and II., each 2s. 6d. ; complete, 4s. 6d. Key, is. 6d.

French-English and English-French Dictionary. Entirely New
and Enlarged Edition. 1,150 pages, 8vo, cloth, 3s. 6d.

French Reader, Cassell’s Public School. By G. S. Conrad. 2s. 6d.

Gaudeamus. Songs for Colleges and Schools. Edited by John Farmer,

*:s. Words only, paper covers. 6d. : cloth, gd.
-o i- 1.

German Dictionary, Cassell’s New (German-English, English-

German). Cheap Edition. Cloth, 3s. 6d.
• v ^ 1 j

Hand-and-Eye Training. By G. Ricks, B.Sc. 2 Vols., with 16 Coloured

Plates in each Vol. Cr. 4to, 6s. each. Cards for Class Lse, 5 sets, is. each.

Historical Cartoons, Cassell’s Coloured. Size 45 in. x 35 in., 2s.

each. Mounted on canvas and varnished, with rollers, 5s. each.

Historical Course for Schools, Cassell’s. Illustrated throughout.

1.—Stories from English History, is.

II.—The Simple Outline of English History, is. 3d.

III.—The Class History of England, 2S. 6d.

Latin Dictionary. Cassell’s New (Latin English and English-

Latin). Revised by J. R. V. Marchant, M.A., and J. F. Charles,

B.A. Cloth, 3s. 6d.

Latin Primer, The First. By Prof, Postgate. is.

Latin Primer, The New. By Prof. J. P. Postgate. Crown 8vo, 2s. 6d.

Latin Prose for Lower Forms. By M. A. Bayfield, M.A. as. 6d.

Laundry Work (How to Teach It). By Mrs. E. Lord. 6d.

Laws of Every-Day Life. By H. O. Arnold-Fokster, M.P. is. 6d.

Special Edition on Green Paper for Persons with Weak Eye.sight. 2s.

Little Folks’ History of England. Illustrated, is. 6d.

Making of the Home, The. By Mrs. Samuel A. Barnett, is. od.

Map-Building Series, Cassell’s. Outline Maps prepared by H. O.

Arnold-Forstbr, M.P. Per Set of Twelve, is.

Marlborough Books :—Arithmetic Examples, 3s. Arithmetic Raises, is. od.

French Exercises, 3s. 6d. French Grammar, 2S. 6d. German do., 3s. od.

Mechanics for Young Beginners, A First Book of. By the Rev

J. G. Easton, M.A. 4s. 6d.



Selections from Cassell (f Companys Publications.

Mechanics and Machine Design, Numerical Examples in Practical,
By R. G. Blainh, M,E. With Diagrams. Cloth, 2s. 6d.

“Model Joint” Wall Sheets, for Instruction in ManuaJ Training. Bv
S. Barter. Eight Sheets, 2s. 6d. each.

Natural History Coloured Wall Sheets, Cassell’s New. i3
Subjects. Size 39 by 31 in. Mounted on rollers and varnished. 38. each.

Object Lessons from Nature. By Prof. L. C. Miall, F.LS. Half
cloth, paper boards, 2S. ; or cloth, 2s. 6d.

Perspective, The Principles of. By G. Trobridce. Illustrated. Paper.
IS. 6d.

; cloth, 2S. 6d.
Physiology for Students, Elementary. By A. T. Schofield, M.D..

M.R.C.S., &c. Illustrated. 7s. 6d.
’

.Aysiology for Schools. By A. T. Schofield, M.D., M.R.C.S.,&c,
Illustrated. Cloth, is. gd.

; Three Parts, paper covers, jd. each ; or
cloth limp, 6d. each.

Poetry Readers, Cassell’s New. Illustrated. 12 Books, id. each; or
complete in one Vol., cloth, is. 6d.

Popular Educator, Cassell’s NEW. With Revised Text, New Maps,
New Coloured Plates, New Type, &c. In 8 Vols., 5s. each; or in
Four Vols., half-morocco, 50s. the set.

Readers, Cassell’s “Higher Class.’’ (List on application.)
Readers, Cassell’s Historical. Illustrated. (List on application.)
Readers, Cassell’s Readable. Illustrated. (List on application.)
Readers for Infant Schools, Coloured. Three Books. 4d. each.
Reader, The Citizen. By H. O. Arnold-Forster, M.P. Illustrated.

IS. 6d. Also a Scottish Edition, cloth, is. 6d,
Reader, The Temperance. By Rev. J. Dennis Hird. Cr. 8vo, is. 6d
Readers, The “Modern School’’ Geographical. (List on application.)
Readers, The “ Modern School.” Illustrated. (List on application.)
Reckoning, Howard’s Anglo-American Art of. By C. Frusheh

Howard. Paper covers, is.
; cloth, 2s. Nesu Edition, ss.

Round the Empire. By G. R. Parkin. Fully Illustr.ated. is. 6d.
Science Applied to Work. By J. A. Bower, is.
Science of Everyday Life. By J. A. Bower. Illustrated, is.
Shade from Models, Common Objects, and Casts of OrnamentHow to. By W. £. Sparkes. With 23 Plates by the Author. 3s.’
Snakspere’s Plays for School Use. 5 Books. Illustrated. 6d each.
Spelling, A Complete Manual of. By J. D. Morell, LLD. is.
Technical Manuals, Cassell’s. Illustrated throughout!

—

Handrailing and Staircasing, 3s. 6d.—Bricklayers, Drawing for, 3s.—
Building Construction, 2S. — Cabinet-Makers, Drawing for, 3s.
Carpenters and Joiners. Drawing for, 3s. 6d. -Gothic Stonework, 3s.

—

Linear Drawing and Practical Geometry, 2s.—Linear Drawing and
Projection.—The Two Vols. in One, 3s. 6d.—Machinists and Engineers
Drawing for, 4s. 6d.—Metal-Plate Workers, Drawing for, 3s.—Model
Drawing, 3s.—Orthographical and Isometrical Projection, 2s.—Practical
Perspective, 3s.— Stonemasons, Drawing for, 3s.—Applied Mechanics,
by Sir R. S. Ball, LL.D., 2s.—Systematic Drawing and Shading, 2s.

Technical Educator, Cassell’s. Revised Edition, Four Vols. cs.
each.

Technology, Manuals of. Edited by Prof. Ayrton, F.R.S., and
Richard Wormell, D.Sc., M.A. Illustrated throughout
The Dyeing of Textile Fabrics, by Prof. Hummel, 5s.—W.atch and
Clock Making, by D. Glasgow, Vice-President of the British Horo-
logical Institute, 4s. 6d.—Steel and Iron, by Prof. W. H. Greenwood,
F.C.S., M.I.C.E., &C., 5s.—Spinning Woollen and Worsted, by W. S.
B. McLaren, M. P., 4s. 6d.— Design in Textile Fabrics, by T. R. .\shen-
hurst, 4s. 6d.—Practical Mechanics, by Prof. Perrv, M.E., 3s. 6d.—
Cutting Tools Worked by Hand and Machine, by Prof. Smith, 3s. 6d.

This World of Ours. By H. O. Arnold-Forster, M.P. Illustrated.

3S. 6d.



Selections from Cassell ^ Company's Publications,

goohs for ^oung people.

“Little Folks” Half-Yearly Volume. Containing 432 4to pages, with
about 200 Illustrations, and Pictures in Colour. Boards, 3s. 6d.

; cloth, 5s.
Bo-Peep. A Book for the Little Ones. With Original Stories and Verses.

Illustrated throughout. Yearly Volume. Boards, 2S. 6d. ; cloth, 3s. 6d.
Bashful Fifteen. By L. T. Meade. Illustrated. 3s. 6d.
The Peep of Day. Cassell’s ILinstraied Edition. 2s. 6d.
Maggie Steele's Diary. By E. A. Dillwyn. as. 6d.
A Bundle of Tales. By Maggie Browne (Author of “Wanted—

a

King/’ &c.), Sam Browne, and Aunt Ethel. 3s. 6d.
Fairy Tales in other Lands. By Julia Goddard. Illustrated. 3s. 6d.
Story Poems for Young and Old. By E. Davenport. 6s.
Pleasant Work for Busy Fingers. ByMAGciE Browne. Illustrated. 5s.
Born a King. By Frances and Mary Arnold-Forster. (The Life of

Alfonso XIII.
j

the Boy King of Spain.) Illustrated, is.
Cassell s Pictorial Scrap Book, containing several thousand Pictures.

Cloth, 21S. Also in Six Sectional Vols., paper boards, 3s. 6d. each.
The Marvellous Budget: being 65,536 Stories of Jack and Jill,

By the Rev. F. Bennett. Illustrated. 2s. 6d.
Schoolroom and Home Theatricals, By Arthur Waugh. Illus-

trated. 2s. 6d.
Magic at Home. By Prof. Hoffman. Illustrated. Cloth gilt, 5s.
Little Mother Bunch. By Mrs. Molesworth. Illustrated. Cloth, 3s. 6d.
Pictures of School Life and Boyhood. Selected from the best Authors.

Edited by Percy Fitzgerald, M.A. 2s. 6d.
Heroes of Every-day Life. By Laura Lane. With about 20 Full-

page Illustrations. Cloth. 2s. 6d.
Books for Young People. Illustrated. Cloth gilt, 5s. each.

The Champion of Odin; or,
Viking Jjife in the Days of
Old. By J. Fred. Hodgeits.

| Hon. Mrs. Greene.
Under Bayard’s Banner. By Henry Frith.

Books for Young People. Illustrated. 3s. 6d. each.

Bound by a Spell; or. The Hunted
Witch the Forest. By the

•The White House at Inch Gow.
By Mrs. Pitt.

•A Sweet Girl Graduate. By L. T.
Meade.

•The King’s Command: A Story
for Girls. By Maggie Symington.

Lost in Samoa. A Tale of Adven-
ture in the Navigator Islands. Bv
Edward S. Ellis.

Ta^ or, “ Getting Even ** with
Him. By Edward S. Ellis.

•The Palace Beautiful. By L. T.
Meade.

Polly: A New-Fashioned Girl. By
iZ T. Meade.

“Follow My Leader.” By Talbot
Baines Reed.

•The Cost of a Mistake. By Sarah
Pitt.

•a World of Girls: The Story of
a School. By L. T. Meade.

Lost among White Africans. By
David Ker,

For Fortune and Glory; A Story of
the Soudan War. By Lewis
Hough.

*AIso procurable in superior binding. 6s. each.

Crown 8vo Library. Cheap Editions. Gilt edges, as. 6d. each.
Hambies Hound London. By C.

L. Mat^ux. Illustrated.
Aroundand About Old England.

By C. L. Matdaux. Illustrated.
Paws and Claws. By one of the

Authors of ” Poems written for a
Child.” Illustrated.

Decisive Events in History.
By Thomas Archer. With Original
lUus'rations.

The I’rue Hobinson Crusoes.
Cloth gilL

PeepsAbroad for Polka atHome,
Illustrated throughout.

Wild Adventures in Wild Places.
By Dr. Gordon Stables, R.N. Illus-
trated.

Modern Explorers. By Thomas
Frost. Illustrated. Nevj and Cheaper
Edition.

Early Explorers. By Thomas Frost.Home Chat with our Young Polks.
Illustrated throughout.

Jungle, Peak, ana Plain. Illustrated
throughout*

The England Of Shakespeare. By
E. Goadby. With Full-page Illus-
trations.



Selections from Cassell ^ Company's Publications.

The “Cross and Crown” Series.

Freedom’s Sword : A Story of the
Days of Wallace aiid Bruce.
By Annie S. Swan.

Strong to Suffer: A Story of
the Jews. By E. Wynne.

Heroes of the Indian Empire:
or. Stories of Valour and
Victory. By Ernest Foster.

In Letters of Flame : A Story
of the Waldenses. By C. L.
Mateaux.

Illustrated. 2s.6d. each.

Through Trial to Triumph. By
Madeline B. Hunt.

By Fire and Sword: A Btorv of
the Hu^enota. By Thomas
Archer.

Adam Hepburn’s Vow: A Tale of
Ttirk and Covenant. By Annie
S. Swan.

No. XIII.; or, The Story of the
Lost Vestal. . A Tale of Early
Christian Days. By Emma MarsUalt

Golden Mottoes ” Series, The. Each Book containing 208 pages, with

Four full-page Original Illustrations. Crown 8vo, cloth gilt, as. each.

Desperandum.” By the“ Nil
Rev. F. Langbridge, M.A.

“Bear and Forbear.” By Sarah
Fill.

“Foremost if I Can.” By Helen
Atteridge.

Cassell's Picture Story Books.
Pictures and Stories, &c. 6d,

Little Talks.
Bright Stars.
Nursery Toys.
Fet's Posv’.
Tiny Tales,

Daisy’s Story Book.
Dot’s Story Book.
A Nest of Stories.
Good-Night Stories.
Chats for Small Chatterers

Honour is my Guide.” By Jeaxue
Hering (Mrs. Adams-Acton).

Aim at a Sure End,” By Emily
Searchheld.

He Conquers who Endures.” Br
the Author of “ May Cunninghams
Trial." &c.

Each containing about Sixty Pages of

each.

Auntie’s Stories.
Birdie’s Story Book.
Little Chimes.
A Sheaf of Tales.
Dewdrop Stones.

Cassell’s Sixpenny Story Books. All Illustrated, and containing

Interesting Stories by well-known writers.

The Smuggler’s Cave.
Little Lizzie.
Little Bird, lafe and Adven-

tures of.

Luke Barnicott.

The Boat Club.
Little Pickles.
The Elchester College Boys.
My First Cruise.
The Little Peacemakers

The Delft Jug.

Cassell’s Shilling Story Books. All Illustratedi and containing Interest-

ing Stories.

Bunty and the Boys.
The Heir of Elmdale.
The Mystery at Shonelm

School. , ^
Claimed at Last, and Hoy s

Reward.
Thorns and Tangles.
The Cuckoo in the Robin’s Nest.
John’s Mistake.
The History of Five Little

Pitchers.
Diamonds in the Sand.

Illustrated Books for the Little Ones. Containing interesting Stories.

All Illustrated, is. each ;
cloth gilt, is. 6d.

Indoors and Out.

Surly Bob.
The Giant’s Cradle.
Shag and Doll.
Aunt Lucia’s Locket.
The Magic Mirror.
The Cost of Revenge.
Clever Frank.
Amo^ the Redskins.
The Ferryman of Brill.

Harry Maxwell.
A Banished Monarch.
Seventeen Cats.

Firelight Stori^'s.
Sunlight nnd Shade.
Rub-a-Dub Tales.
Fine Feathers tnd Fluffy Fur.
Scr*^mbies and Scrapes.
T'lttle Tattle Tales.
Up and Down the Garden.
All Sorts of Adventures.
Our Sunday Stories.
Our Holiday Hours.

Albums for Children. 3s

The Album for Home. Scjioo',
ana Play. Containing St'^nes by
Popular Authors. Ilhistr^te.l.

My Owu Album of Animals*
Wilb Full-page Illustrations.

6d. each.

Some Farm Friends.
Wandering Ways.
Dumb Friends.
Those Golden Sands.
Little Mothers & their Children.
Our Pretty Pets.
Our Schoolday Hours.
Creatures Tame.
Creatures Wild.

\^TthPicture Album of All Sorts,

Full-page Illustrations.

The Chit-Chat Album. lUnstrated

throughout



Selections from Cassell ^ Company's Publications,

“ Wanted—a King ” Series. Illustrated. 3s. 6d. each.
Great Grandmamma. By Georgina M. Synge.
Kobin’s Ride. By Ellinur Davenpurt Adams.
Wanted—a King ; or, How Merle set ihe Nursery Rhymes to Rights,

By Maggie Browne. With Original Designs by Harry Furniss.

The World’s Workers. A Series of New and Original Volumes.

With Portraits printed on a tint as Frontispiece, is. each
Charles Haddon Spurgeon. By

G. HOLDEN Pike.
Dr. Arnold of Rugby. By Rose

Ex Selfe.

The Earl of Shaftesbury. By
Henry Fr th.

Sarah Robin^'on, Agnes Wes-
ton, and Mrs. Meredith. By
E. M. Tomkiiison.

Thomas A. Edison and Samuel
F. B. Morse. By Dr. Denslow
and J, Marsh Parker.

Mrs. Somerville and Mary Car-
penter. By Phyllis Browne.

General Gordon. By the Rev.
S. A. Swaine.

Charles Dickens. By his Eldest
Daughter.

Sir Titus Salt and George
Moore. By J. Burnley.

David Livingstone,

Florence Nightingale, Catherine
Marsh, Frances Ridley Haver-
gal, Mrs. Ranyard (“L. N. R.‘’i.

By Lizzie AUdridge.
Dr. Guthrie, Father Mathew,

Elihu Burritt, George Livesey.
By John W. Kirton, LL.D.

Sir Henry HavelocK and Colin
Campbell Lord Clyde. By E. C.

Phillips.

Abraham Lincoln. By Ernest Foster.

George Muller and Andrew Reed.
By E. R. Pitman.

Richard Cobden. By R. Gowing.
Benjamin Franklin. By E. M.

Tonikinson.
Handel. By Eliza Clarke. rSwaine.
Turner the Artist. By the Rev. S. A.
George and Robert Stephenson.

By C. L. Mnt^aux.
By Robert Smiles.

The above IVorJtsiexcluditti^ RICHARD COBDEN CHARLES HADDON
Spurgeon) can also ^>e had / hree tn One Vol., cloth, gill edges, y.

Library of Wonders. Illustrated Gift-books for Boys. Paper, is.;

cloth, IS. 6d.
Wonderful Adventures. I Wonders of Bodily Strength
Wonderlul Escapes. and Skill.
Wonderful B illoon Ascents.

| Wonders of Animal Instinct.
Cassell’s Eighteenpenny Story Books. Illustrated.

Wee Willie Winkie.
Ups and Downs of a Donkey’s

Life.
Three Wee TTlster Lassies.
Up the Ladder.
Dick’s Hero; and other Stories.
I he Chip Boy.
Haggles, Baggies, and the

Emperor.
Roses from Thoms.

Gift Books for Young People.
Original Illustrations in each.

The Boy Hunters of Kentucky.
By Edward S. Ellis.

Red Feather: a Tale of
American Frontier.
Edward S. Ellis.

Seeking a City.

Rhoda’s Reward; or.
Wishes were Horses.’’

Jack Marston’s Anchor.
Frank’s Life-Battle; or.

Three Friends.
Fritters. By Sarah Pitt.

The Two Hiirdoastles. By Made-
line Bonavia Hunt.

the
By

* If

The

Cassell’s Two-Shilling Story Books. Illustrated

Faith’s Father.
By Land and Sea.
The Yoimg Berringtons.
Jeff and Leff.
Tom Morris’s Error.
Worth more than Gold.
“Through Flood—Through Fire;’’

and other Stories.
The Girl with the Golden Looks.
Stories of the Olden Time.
By Popular Authors. With Four

Cloth gilt, IS. 6d. each.
Major Monk’s Motto. By the Rev.

F. Langbridge.
Trixy. By Maggie S)miington.
Ra^ and Rainbows: A Story of

Thanksgiving.
Uncle William’s Charges; or. The

Broken Trust.
Pretty Pink’s Purpose; or. The

Little Street Merchants.
Tim Thomson’s Trial. By George

Weatherly.
Ursula’s Stumbling-Block. Byjulia

Goddard.
Ruth’s Life-Work. By the Rev.

Joseph Johnson.

Stories of the Tower.
Mr. Burke’o Nieces.
May Cunningham’s Trial.
The Top of the Ladder : How to

Reach it.

Little Flotsam.
Madge and Her Friends.
The Children of the Court.
Maid Marjory.

and other Tales,

The Four Cats of the Tippertons.
Marion’s Two Homes.
Little Folks' Sunday Book-
Two Fourpenny Bits.
Poor Nelly.
Tom Heriot.
Through Peril to Fortune.
Aunt Tabitha’s Waifs.
In Mischief Again.
School Girls.



Selections from Cassell ^ Company*s Publications*

Cheap Editions of Popular Volumes for Young People, Bound in

cloth, gilt edges, as. 6d. each.

In Quest of Gold; or, Under
the Whanga Palls.

On Board the EsTTuralda

;

or,
Martin Leifs h*s Log.

The Hcmance of Invention

:

Vignettes from the Annals
of Industry and Science.

The *'Deerfoot” Series. By Edward S. Ellis. With Four full-page

Illustrations in each Book. Cloth, bevelled boards, as. 6d. each.

The Hunters of the Ozark.
|

The Camp in the Mountains.
The Last War Trail.

The “Log Cabin” Series. By Edward S. Ellis, With Four Full-

page Illustrations in each. Crown 8vo, cloth, as. 6d. each.

The Lost Trail. I
Camp-Fire and Wigwam.

Footprints in the Forest.

For Queen and King.
Esther West.
Three Homes.
Working to Win.
Perils Afloat and Brigands

Ashore.

The “ Great River ” Series. By Edward S. Ellis. Illustrated.

Crown 8vo, cloth, bevelled boards, 2S, 6d. each.

Down the Miasisaippi. I
Lost in the Wilde.

Dp the TapajOB ; or. Adventures in Brazil.

The “ Boy Pioneer” Series. By Edward S. Ellis. With Four Full-

page Illustrations in each Book. Crown 8vo, cloth, as. 6d. each.

Ned in the Woods. A Tale of I Ned on the E-iver. A Tale of Indian

Early Days in the West.
|

River Warfare.

Ned in the Block House. A Story of Pioneer Life m Kentucky.

The “World in Pictures." Illustrated throughout as. 6d. each.

A Bamble Bound Prance.
All the Kussiae.
Chats about Germany.
The Land of the Pyramids

(Egypt).
Peeps into China.

The Eastern Wonderland (Japan).
Glimpses of South Ameiioa.
Bound Africa.
The Land of Temples (India).

The Isles of the Pacific.

Half-Crown Story Books.
Little Hinges.
Margaret’s Enemy.
Pen’s Perplexities.
Notable Shipwrecks.
Golden Days.
Wonders of Common Things.

Books for the Little Ones.

Bhymes for the Toting Folk.

By William AUingham. BeauufuUy
Illustrated. 3fl. od-

The History Scrap Book: With
nearly i.ooo Engravings. 6s.!

doth. 7s. 6d.

The Pilgrim’s Progress. 2s. 6d.

Truth will Out. „ .

Soldier and Patriot (George Wash-

The^?biSlg Man in the Battle of
Life. By the Rev. Dr. Landels.

At the South Pole.

My Diary. With la Coloured Plates

and 366 Woodcuts. Is.

The Sunday Scrap Book. With
Several Hundred Illustrations. Pa^
boards, 3s. 6d. ; cloth, gilt edges, be.

The Old Fairy Tales. With Original

Illustrations. Boards, Is.; cloth,

ls.edL

Cassell & Compansr’s Complete Catalogue wiU bt ton fott

free on application to

CASSELL & COMPANY, Limited, Ludgatt Hill, Londtm-
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