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PREFACE.

—

SINGE Physiology rests on a tripod of anatomy, chemistry, and
physies, it is necessary in discussing vital phenomena to constantly
refer to these departments of science. In a work of this description
it must, however, be assumed that the student already possesses a
general acquaintance with them. But with regard to anatomy it is
necessary, in explaining the plan of the following work, to state that
anatomy and physiology are so closely intertwined, that it is scarcely
possible, even if it were advisable, to entirely separate the tuition of
the one from that of the other. In the early history of medical
education anatomy and physiology were professed by the same teacher,
who first deseribed the form, structure, and relations of a part of the
body, and then proceeded to elucidate its functions. The method
was natural, and is still to some extent adhered to, although the
extensive development of anatomy and physiclogy has rendered their
division between two teachers necessary.

No cnunteuaﬁcﬂ, however, is given in this book to the futile
attempt which has now and then been made to limit the tuition of
the anatomist merely to structure, and that of the physiologist mevely
to funetion ; for such a division seriously damps the interest of the
studaﬁt, and interferes with that lucidity of exposition which a
subject so important demands. |

It is expedient for the physiologist to enter fully into the minute
structure of the tissues and organs of the body. This subject is
therefore included in the following work. On the other hand, the
physiology of most of the joints, bones, ligaments, and muscles, is
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omitted ; for that department of physiology is best professed by the
anatomist.

I make a point of as far as possible explaining the experimental
methods by which the more important physiological facts have been
arrived at, because a bald statement of conclusions without :—m ex-
planation of the experimental steps necessary for their attainment
constitutes eramming as distinguished from education, and places the
student in a helpless position when he is left to think and work for
himself. To avoid this I enter into many experimental details which
will appear tedious to superficial minds. I may therefore at once
warn the dillefante that this book is not intended for any who are not
resolved upon earnest study.

I long ago promised my students that I would write a text book,
which would enable them more readily to follow my lectures. The
serious labour in the preparation of woodeuts of histological subjects
has been the principal cause of the delay in its appearance, for I am
entirely of opinion that a text book of physiology requires copious
illustration.

I have, as far as possible, repeated the observations of others, in
order that I might be able to offer an opinion on disputed points.

I have to thank my former assistant Professor Stirling of Aber-
deen for valuable suggestions, and my present assistant Dr. De Burgh
Birch for some of the histological drawings.

It ought to be stated that the first hundred pages were printed off
in October 1878,

UNIVERSITY OF EDINBURGH,
January 1880.



TEXT-BOOK OF PHYSIOLOGY.

SECTION 1.
INTRODUCTION.

—_——

CHAPTER L
HISTORICAL OUTLINE OF PHYSIOLOGY,

IN Greece, some four and a half centuries before our era, Hippocrates
first sought to establish medicine upon a rational foundation, and in so
doing enunciated physiological theories, which, in some instances, long
held sway over medical opinion. Long, however, before the time of
Hippocrates hospitals for the sick had been built at the more celebrated
medicinal springs of Greece. These Temples of Health were dedicated
to a somewhat mythical individual named Asculapius, and the priest-
physicians, who ministered to the bodily as well as to the mental troubles
of those who sought their aid, were termed Asclepiade or Alseulapians.
Hippocrates was a priest-physician at one of these Aisculapian hospitals.
Inheriting the medical traditions of a long line of ancestors, he, with a
sagacity that proved him a fit contemporary of those who were raising
Greece to the zenith of her fame, endeavoured to banish superstition from
the art of medicine, and to render its practice rational. He ascribed all
diseases to natural causes, and he counted it impiety to attribute one
more than another to visitations from the gods. He strove, in a
philosophieal spirit, to accurately observe and record the facts of disease,
and to found the art of medicine solely upon experience.

At that time it was fancied that matter consists of four elements
—fire, air, earth, and water. Thales imagined that in wafer the secret
of life may be found; Anaximines referred it to the air; Xenophon
ascribed it to the earth; while Pythagoras and many of his followers
maintained that fleaf is the cause of wvital phenomena. Hippocrates
agreed with Pythagoras in assigning an important place to the influence
of heat, but he further maintained that there is a spiritual essence
univetsally diffused, that constantly strives to preserve things in their
normal condition, and to restore them to order when deranged. This
principle he termed ¢dos, or Nature; hence the term Physiology,

B
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derived from ¢ioes and Adyos. The term literally means: Natural Philo-
sophy ; but it has long been employed to signify the functions of living
things.

Hippoerates aseribed to this hypothetical entity, Nafure, the power of
selecting what is beneficial, and of rejecting what is detrimental to the
body, and he moreover regarded it as a vis medicatrir, or healer of disease ;
notions which have held powerful sway until quite recent years.

After Hippocrates came Aristotle, who, amidst many other pursuits,
was a zealous student of animal life,. He may be regarded as the father
of Natural History, on account of his numerons writings about animals,
many of which he dissected in endeavouring to discover the uses of their
parts ; but although he proceeded by the method of patient research, he
arrived at results of very indifferent value.

It was not until the time of Galen, a Roman of the second century,
that physiology made any noteworthy progress, Following the example
of Aristotle, he studied the anatomy of those animals that most closely
resemble man in structure, and was thereby led to inquire into the
functions discharged by the various organs of the body. Galen had real
scientific instinet. He soon perceived that a study of the dead is not
sufficient to teach us the funections of the living body, and he therefore
resorted to experiment on living animals, Previous to his time it was
-gupposed that the arteries contain air, because they are found empty after
death. It was fancied that the air rushes down the windpipe, and
through the arteries, to keep the body cool. Galen exploded this doctrine
by simply opening an artery in a living animal, and finding that blood
instead of air came forth: a striking illustration of the important
physiological knowledge arrived at by ewperiment on living animals.
Galen was also the first to state, that the brain, spinal cord, and nerves,
must be regarded as the organs of sensation and voluntary motion. He
was also the first to point out that the nerves of sensation are distinet
from those of motion, and are connected with different parts of the
nervous system.- He assigned this as the reason why those organs of
sense that are capable of voluntary movements, such as the eye and the
tongue, have two sets of nerves, “If,” says he, “one of these nerves be
at any time injured, the organ loses only that function which the injured
nerve performed for it; thus, we often see, in one case, the tongue
impeded in its motion ; and, in another case, in its power of recognising
and distinguishing tastes” (Op. 26, i. p. 206): an admirable illustration
of the important physiological information attainable by the study of
diseased conditions. Galen, however, fell into numerous errors; but, in
spite of these, so far was he in advance of his contemporaries, and so
ignorant were his successors, that for centuries his opinions were accepted
by all.

: No further advancement was made until the revival of learning in the
fifteenth century. For some time after this revival mathematics and
chemistry were eagerly studied, and it not unnaturally followed that,
while the mathematicians attempted to explain all bodily action by
mechanical laws, the chemists were equally anxious to show that these
might all be accounted for by the chemical action of one constituent of
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the body upon another. But amidst the purely physical tendencies of
the mathematicians and the chemists, the spiritualistic ideas of the
(Grecian epoch reappeared,—for Paracelsus ascribed the bodily actions to
a spirit, supposed to “sit above the stomach.” He named it Archeus,
or the Spirit of Life, and imagined that it superintends the preparation
of the food, and the operations of a number of minor spirits supposed to
dwell in the several organs of the body. Such idle fancies availed
nothing, but happily, as time ran on, biological thought returned to the
channel in which Galen had left it, and the results of observation and
experiment again began to drive metaphysical curiosities from the field.
The study of human anatomy, begun in Alexandria, but revived in Italy
by Vesalius, again prompted earnest inquiry into the real functions of the
several parts of the body.

It now came to be the turn of England to advance the science that
Greece and Italy had initiated, and through the genius of Harvey she
at the beginning of the seventeenth century contributed the greatest of
all physiological discoveries—a knowledge of the circulation of the blood.
Harvey had studied anatomy in Italy, under Fabricius, but he perceived
as clearly as Galen, that a sufficient knowledge of the actions of the living
can never be arrived at by merely studying the structure of the dead
body. He therefore had recourse to experiments on living animals, and
from these was led to discover the circulation of the blood (Op. 27, p. 19),
and thus to lay the first substantial foundation of physiology, and through
this, of the principles and practice of rational surgery and medicine.

It was, however, in Germany, under the influence of Haller, that
physiology towards the close of the seventeenth century first rose to the
dignity of a science. Possessed of a strictly logical mind, strongly inclined
towards physics and mathematics, Haller insisted on eliminating from
physiology all statements that could not be verified by observation and
experiment. He added considerably to the store of physiological facts,
arranged them in the logical order of science, and thus gave to physiology
its present aspect. The demonstration by Sir Charles Bell of the different
functions of the two roots of the spinal nerves; the discovery of reflex
nervous action by Marshall Hall, and of the chemical nature of respiration
by Black ; the diseovery of animal electricity by Galvani; the promulga-
tion of the cell-doctrine by Schleiden and Schwann ; the measurement of
the blood-pressure by Stephen Hales and Poiseuille ; the invention, by
Thomas Young, of the graphic method of recording movement, and its
application by Ludwig to physiological investigation ; the application to
physiology of Joule, Mayer, and Helmholtz's principle of the conservation
of energy ;—these, together with Harvey's discovery, are the keys that
have opened the principal gates to the physiology of the present day.

In physiological studies the facts of anatomy, chemistry, and physics
form the foundation of the whole; thus, it would be vain to discuss the
functions of the parts of the eye, without a knowledge of their structure
and mutual relations, and without knowing the laws of optics; +f01‘_th_ﬁ
effect of the crystalline lens upon light is purely physical. Again, it is
impossible to comprehend the changes which the food undergoes in its
passage through the body without a knowledge of chemistry ; for the
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action of the gastric juice upon the food is a purely chemical problem,
But there are phenomena within the hody that are restricted to living
things, which have laws of their own, and are not explained in the present
state of our knowledge by the laws of chemistry or physics—e.g., develop-
ment, nutrition, sensation, volition, ete. These are termed wital, because
they are peculmr to living beings. Yet the history of physiclogy clearly
shows that real progress has been made only when the accepted theories
regarding vifal phenomena have been in perfect harmony with 4physico-
chemical laws,

Much knowledge of the bodily functions has been attained (1) by
merely observing vital phenomena in their normal condition. (2) Much
more, however, has been learned by experiments on animals and on man ;
for the method of experimentation is far more powerful than that of mere
observation in revealing function. Although there are points of specific
difference between man and other vertebrates, there are so many points of
strict resemblance, that inferences from the results of many physiological
experiments performed on dogs, rabbits, frogs, and other animals, are
applicable to the case of man. The principal physiclogical difference
between man and the vertebrates immediately below lim is to be found
in the more highly specialised character of brain action, yet even the
physiology of the human brain has been greatly advanced by experiments
on the brains of animals. There are other minor points of difference, but
it cannot be doubted that the physiology of bone, cartilage, muscle, nerve,
and other tissues in a dog or rabbit is essentially the same as in man.
Moreover, the heart, blood and lymph vessels, the lungs and kidneys, the
liver, salivary glands, stomach, and intestines of a dog or a rabbit discharge
functions essentially similar to those observed in man. But it must be
admitted that there ave various differences in points of detail here and
there observable ; so that althongh experiments on animals have been of
infinite value in. human physiology since the time when Galen proved
that the arteries during life contain blood, and Harvey demonstrated the
cireulation of that fluid, nevertheless, in no case can the result of an experi-
ment on an animal be regarded as more than an index of what may be
expected to hold true in man, It is merely presumptive evidence until its
truth is directly proved in his case. Yet so highly is this presumptive
evidence valued, that no one would dare to test the effect of some new
remedy upon a human being without first of all experimenting with it on
animals ; for although the effects in the two cases often differ in degree,
they are most commonly similar in kind. (3) Physiological knowledge
is also arrived at by studying the phenomena of disease. Disease may be
generally defined as an abnormal physiological condition ; in other words,
pathology is a modified physiology. Disease works experiments often
so refined that they cannot be imitated by art. Thus, from the observa-
tion that in some cases of enlargement of the spleen the blood contains
an increased number of white corpuscles, the novel conclusion was arrived
at that a function of the spleen is to produce white blood-corpuscles,
Many other facts in physiology, especially in that of the nervous system,
have been derived from this important field of inquiry.
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CHAPTER IIL
THE MOTION, FORCE, ENERGY, AND WORK OF THE ORGANISM.
THE BODILY MECHANISM.

WirHIN the bodily system there is incessant change. Various kinds of
work have to be done. The doing of work implies the expenditure of
energy, for energy is the power by which work is accomplished. The
expenditure of energy necessitates the renewal thereof, otherwise the work-
ing of the body cannot be maintained. In fhis respect the body resembles
a machine, such as, e.., a steam-engine. Every movement of the engine
implies the expenditure of power, for the supply of which the consumption
of fuel is necessary. In the fuel there is a store of latent power. By
chemieal change in the form of oxidation the latent power becomes active,
heat is evolved, and the machinery driven thereby. In time the fuel is
wasted ; the volatile products of its oxidation have flown into the air,
leaving behind nothing but an ash berefs of all its store of oxidisable
material, and therefore robbed of its capacity for work, To maintain the
working of the engine it must from time to time be © fed” with combus-
tible material and water, © respiration ¥ must be allowed in order that the
stream of air may supply the requisite oxygen and remove carbonic acid,
If sufficiently supplied with fuel, air, and water, the engine would continue
to work for an indefinite period but for the circumstance that the machine
wears away. The effects of its tear and wear may indeed be remedied by
timely repair, but sooner or later it becomes useless and has to be
abandoned.

Crude though the analogy be that such a machine bears to the bodily
mechanism, the essential lines in both are nevertheless strictly parallel
Every kind of bodily work, from the movement of a limb to the evolution
of an idea, implies the expenditure of power, for the renewal of which
repeated supplies of food and air are essential. But the bodily system is
so curiously and incomprehensibly designed, that, if properly nourished, it
grows from a comparatively simple speck of jelly-like matter into an
apparatus so complex that we cannot with anything like completeness
unravel it. The tear and wear of its complicated machinery is in most of
its parts for a time fully compensated by self-repair, but sooner or later
repair grows tardy and imperfect, the apparatus wears out, and can work
no longer.

The incessant ebb of power within the bodily system, implying as it
does the consumption of energising material and the tear and wear of
tissue, renders necessary the process of nutrition—a process comparatively
simple in the lower but excessively complex in the higher animals. It
comprehends (1) the means by which new matter is conveyed to the tissues ;
(2) the transformations it undergoes therein ; (3) the manmner in which
it is removed and thrown away when it becomes useless and effete.
The objects of nutrition are to supply material (1) for the building up and
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for the repair of the bodily system ; (2) for yielding energy wherewith to
do the bodily work. In analysing the bodily funetions we have therefore
to keep in view (1) a series of considerations relating to the nature, source,
and destiny of the materials employed ; (2) another series of considerations
relating to the nature, source, and destiny of the energy employed,
together with the work 1t performs.

WODILY MOTION,

The various movements that occur within the bodily system are all,
as indeed they must be, merely changes in the relative positions of the
masses, molecules, and atoms of its matter, and they result either frou
the various forces of which the portions of matter are the centres, or from
external forces,

1. OrDINARY OR VISIBLE MoTION 1s produced by contractile tissues,
of which muscle is the chief. The functions of muscle and nerve may be
conveniently studied in the frog, for as this animal is cold-blooded its
muscles and nerves retain vitality for a sufficiently long period after isola-
tion to permit of the ]u-]'l'u]'l:n-n:u*v of experiments. The frog is stunned
and pithed to render pain impossible. The skin is then removed, the
selatic nerve is isolated and divided near the spine, and the muscles are
removed from the femur, which
is then divided. The isolated
leg is laid on a plate, or it may
be suitably supported by a
clamp, as indicated in Fig,
This arrangement is well
adapted for demonstrating
many experiments on muscle
and nerve. When the move-
ments of the limb require to
be exaggerated, a light lever,
such as a straw, may be
pinned to the toes.

On applying the electrodes
Fa. 1 Fiog'slimb arranged for experimenta onmusele  OF & Faradicelectromotor ‘to

: i siarvs S N Ml the muscle of a living limb so

prepared, it is excited by the

electricity, and suddenly undergoes a change nf shape, becoming shorter

and thicker ; in a word. it contracts. There is in the substance of each

muscular fibre an invisible molecular machinery for the production of
'I:Iu‘t‘]l':l]lir.;ll movement.

CHEMICAL MOTION is a convenient name for the shifting of position
x-.}wutln, atoms and molecules give rise to new combinations. It occurs
more or less in every tissue of the body, but principally in the muscular,
glandular, and nervous. It must not be assumed that on stimul ating the
muscle electrical motion is the immediate cause of the contraction, for
undoubtedly the electricity acts r]uvﬂ:, if not entirely by setting up
chemical change. Chemical motion is as much concerned in causing a
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muscle to contract as in driving the bullet from a gun. In the one the
electrical stimulus merely induces chemical change, just as the spark, a
thermal stimulus, merely initiates it in the other. No doubt the case
of the gun is far simpler than that of the muscle, for we know by a
common experience that with the discharge of the gun the solid explosive
substance vanishes, and that, if the introduction of the explosive material
be omitted, the spark entirvely fails to move the bullet. The muscle is
more subtle ; its energising material lies hidden within the contractile
substance, and so curiously is the apparatus arranged that, unlike the gun,
the stimnlus does not at once transform all the energising material, but
discharges with their resultant contractions can be again and again induced,
even when the muscle is cut out of the body, and a renewal of the mate-
rial thus rendered impossible, In time, however, the contractions become
feeble, and eventually the stimulus altogether fails to induce them: and
this result appears the sooner the greater the intensity and the rapidity
of the contractions, for thereby the store of energising material is rapidly
used up. We know definitely that chemical change takes place more
rapidly in muscle during contraction than during rest, because carbonic
acid is rapidly evolved ; sarcolactic acid is produced, and changes the
reaction of the muscle from alkaline to acid ; and there are other chemical
changes to be afterwards detailed. We further know that when muscle
inside the body is exhausted by repeated stimulation its power may be
regained by rest and nourishment, whereby fresh energising material may
be introduced, and the effete matter removed.

3. NErvE MorioN.—If the nerve (N, Fig. 1) be stimulated by
electricity, or by a pinch, muscular contraction ensues, but there is no
visible movement of the nerve; and yet motion of some sort there must
be, for the effect of the stimulus travels along the nerve to the muscle.
Whether the motion of the nerve particles be a mechanical vibration, or
a chemical motion, is unknown, and on that account it is convenient to
term it nerve motion.

4. SoNorous MotioN is produced by the vibration of the particles
of a contracting muscle ; it may be readily heard if the jaws be clenched
during the night, when other sounds are hushed. It also arises from the
vibration of membranes in the larynx and heart, and to a slight extent
in other parts from various causes.

5. BrecrrICAL MotioN is generated by special organs in some fishes,
and is also produced in muscle and nerve, and some other tissues, in
animals generally. Its source is doubtless chemical motion. In a future
chapter the mode of demonstrating the electrical currents of muscle and
nerve will be explained. g

6. TaErMAL MoTioN rapidly appears in a muscle when it contracts,
in a gland when it secretes, in a nerve cell when it evolves nerve energy,
and, indeed, it is produced in all the parts of the body that are the seats
of chemical change. In part it springs directly from chemical motion,
but it is also immediately derived from the other modes of motion in
the organism which all finally assume the form of heat. ‘

7. In addition to the preceding, there are various mechanical move-
ments of a molecular nature ; such as the diffusion of liquids and gases, ete.
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TRANSFORMATION OF MOTION.

That one mode of motion can give rise to another may be gathered
from the preceding, and it may be further illustrated as follows :—1,
On rubbing a resinous rod with a piece of flannel, the mechanical move-
ment of the dissimilar substances gives rise to electrical motion ; the two
electricities in the resin are separated, the negative remaining in that
substance, while the positive electricity passes into the flannel. If the
electrified resin be brought near a pith ball suspended by a thread, the
negative electricity of the former attracts the positive electricity of the
latter, and thereby causes a mechanical movement of the ball towards the
rod. 2. On beating, e.g., a piece of lead with a hammer, the mechanical
gives rise to thermal and sonorous motions. 3. On striking together
flint and steel, the mechanical motion produces heat and light. 4. That
heat can produce mechanical motion is readily shown by the bubbling of
boiling water. 5. That heat can occasion electrical motion may be
proved by heating a thermopile. This consists of bars of dissimilar
metals, such as bismuth and antimony, two ends of which are soldered
together like the letter V, while the free ends are joined to the wire of a
galvanometer. On heating the junctions of the metals, the two electri-
cities are separated, and the current reveals its presence by deflecting the
needle of the galvanometer. 6. That electrical motion can generate heat
and light may be shown by conducting the current from a large Bunsen's
cell along a thin platinum wire. The powerful resistance that the wire
offers to the electrical motion leads to the production of intense heat and
light. 7. The burning of any combustible material shows that chemical
motion can give rise to heat and light. These elementary facts in physics
are recapitulated here merely to render clear what follows. :

FORCE.

The nature of force is unknown. Looking to its effects, it is defined
as that which produces, accelerates or retards, or changes the direction of
motion. As force is an attribute of matter, and since the matter of living
things can only be derived from the non-living world, it follows that the
various forces—e.g. gravity, cohesive, adhesive, and repulsive forces,
chemical affinity, electrical force, and others displayed by matter in the
non-living—are also found in the living world. Although the motions of
things living lead to results in many instances widely different from those
met with in inorganic nature, yet there is no evidence whatever that these
are due to agents other than the ordinary forces of matter.

All forces being either attractive or repulsive, diminish or increase
the distance between portions of matter, That force produces motion
needs no illustration. That it can prevent motion is readily proved by
attempting to overcome the force of gravity in lifting a heavy weight.
Further, in attempting to distort a solid body, the cohesive force of its
particles offers more or less resistance to the external pressure. In such
cases the force of the opposing hody is for convenience termed a force of

-
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resistance.  That force may retard motion is illustrated by any case of
friction.

We have seen that one mode of motion can be transformed into
another. That is to say, the various modes of motion are correlated.
There is, however, no reason for believing that the transformation of
force is possible ; there is no evidence that gravity or cohesive force can
give rise to chemical force ; nor this to any other form of force. As far
as we at present know, the several forces are distinet attributes stamped
on matter by its Creator. The terms “transformation of forece” and
“correlation of force” are therefore no longer admissible. They were
adopted when the term force was used to signify the energy of motion as
well as that which occasions motion.

ENERGY AND WORK.

Work.—Energy is the power of doing work. Work is the act of
producing motion against resistance (Maxwell). Thus work is done
when a weight is lifted ; because gravity resists the change. Work is
done when a solid is melted into a liquid, because cohesive force resists
the change ; or when a gas is compressed work is done in overcoming
the repulsion of its molecules. In contractile tissues the work is princi-
pally mechanical. In glands it is chiefly chemical. In the brain the
nature of the work is not comprehended. We can readily conceive how
" chemical change in a nerve cell can set up nerve-motion, and do work
which may end in exciting a muscle to contract, or a gland to secrete,
but we are entirely ignorant of the nature of intellectual work. In some
way or other it depends on material movement, because the molecules of
such a substance as chloroform can suspend its production, and they can
only do this by acting on the material substratum concerned in the
production of semsations and ideas. Doubtless they inhibit or suspend
the production of these states of consciousness, by suspending the
chemical or other motions necessary for their production. The evolution
of an idea is as certainly a work of the nervous apparatus, as a mechani-
cal movement is the work of a muscle ; but while we can readily perceive
that mechanical work is a shifting of material position against some
resisting foree, we have not the least comprehension of the manner in
which the motions set up in the brain give rise to consciousness and
other psychical phenomena. The real nature of mental work is therefore
an unsolved problem.

ENERGY is neither force nor motion, but it mmplies the existence of
force and its power of producing motion. For example, when a weight
rests on the earth it has no energy, although it is influenced by the force of
gravity. When lifted, and held at rest in the air, it has no motion, and
the force of gravity is scarcely so powerful as when the weight lay on the
earth, Nevertheless, it now possesses pofenfial energy ; that is, energy
in virtue of ils position with reference to the earth. If now the weight be
allowed to fall, its energy becomes actual or kinefic; that is, energy in
virtue of motion. Seeing that kinetic (kwéw, to move) energy implies
motion, the various modes of motion are for convenience spoken of as
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forms of kinetic energy. Take now such a case as that of carbon and
oxygen. When their atoms are locked together in the form of carbonie
acid, they, like the weight resting on the earth, have no energy. But if
by some power the atoms be torn asunder, they, like the weight lifted
and held apart from the earth, acquire potential energy—in virtue of
their position of relative distance. When a suitable temperature permits
of their reunion, they rush together, and in so doing, their potential
energy vanishes, while the kinetic energy of chemical motion appears, In
gunpowder there is a magazine of potential energy in virtue of a certain
relative position of its constituent molecules, in consequence of which,
they—when their movement is initiated by a spark—rush into new
combinations. Potential energy then disappears and gives place to the
actual or kinetic energy of chemical motion, and this in turn produces
the kinetic energies of heat and mechanical movement,

TRANSFORMATION OF ENERGY.—As kinetic energy is the energy of
motion, and the various modes of motion are termed kinetic energies;
therefore, one form of kinetic energy can be transformed into another.
Moreover, potential can give rise to kinetic, and this in turn to potential
energy. Thus in lifting a weight, kinetic energy wvanishes, and its
equivalent of potential energy appears. When the weight falls, its
potential energy disappears, and its equivalent of kinetic energy is
obtained.

In the potential state there is no motion ; because the tendency to
move is overcome by some force of resistance. Thus in the case of a
weight held at a distance from the earth, the force that resists the pass-
age of the potential into the kinetic state is in the support. The resist-
ance that prevents the atoms of carbon and oxygen from uniting at the
ordinary temperature is probably to be found in the attraction by which
the atoms of carbon cling together and form molecules, and similarly in
the case of oxygen. A power that can overcome the resisting force is
needed to liberate a body from the potential, and allow of its passing
into the kinetic condition. Such a power is termed a liberafing energy.
Thus, the withdrawal of the support liberates the suspended weight ; the
pulling of the trigger liberates the bent crossbow ; a spark liberates the
energy of the gunpowder; an electrical or nervous stimulus, when applied
to muscle, liberates the potential energy of its chemical material. In all
these cases the liberator is some form of kinetic energy, whose work may
be merely that of overcoming the resisting force ; just as the liberator
who opens the door of a prisoner’s cell merely overcomes the resistance
it offers to his escape, and does not supply the energy with which he goes
hence,

RELATION OF PLANT To ANIMAL—As regards energy, plant and
animal are related thus:—The sun’s light and heat enable the tissues of
the green plant to break up carbonic acid and to build up the carbon with
other elements derived from water, ammonia, ete., into complex organic
molecules, some nitrogenous, others non-nitrogenous. These are stores
of potential energy, because the atoms of earbon, hydrogen, nitrogen, and,
it may be other elements, are in such mutual relation that their chemical
affinity is only partially satisfied. Thus, take such a comparatively
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simple case as that of grape-sugar. The hypothetical relations of atoms
m the molecule, C; H,, O; may be thus represented :—

HH HH

H—0—C—0 06 U-H

060000

| k [ [ |

Lk RE TRE N S
The graphic formula indicates that in the molecule the position of the
carbon atoms is such, that they are probably linked one to another and
to hydrogen. But the attraction of carbon and hydrogen for oxygen is
far more powerful than either that between carbon and ecarbon, or
between carbon and hydrogen ; therefore, when the sugar is burned,
every atom of carbon and of hydrogen becomes fully linked with oxygen,
carbonic acid and water being the maferial, and the evolution of heat the
kinetic result. Such a change doubtless takes place when the sugar is
burned in the animal organism, and therefore it may be stated generally,
that while the plant accumulates potential, the animal transforms this potential
into the various kinetic energies of the body, all of them finally becoming
heat and radiating into space.

The principal chemical change in the animal body whereby the
potential energy of the food becomes kinetic is undoubtedly oxidation ;
but this is not the only source. It is also produced whenever a complex
organic molecule merely splits up into simpler molecules in which the
atoms are so rearranged that their mutual affinities are more perfectly
satisfied. Such a change is illustrated in the alcoholic fermentation of
grape-sugar. It is commonly stated that a molecule of grape-sugar
(C; Hy, O,) splits up into two molecules of aleohol (C, H; O) and two
of carbonic acid (CO,); but Pasteur has shown that small quantities of
glycerine, and suceinic acid are also produced ; nevertheless, as alcohol and
carbonic acid are the chief results, only their composition need be contrasted
with that of the sugar, in considering the changes. IFrom the following
graphic formul® it appears that the affinities of the carbon, at all events,
are more satisfied by the change, the energetic result of which is the
evolution of heat.

Glucose, Aleohol. Carbonic Acid.
HH H H H H 0
LS ] I
e A R 8 Ry
0 0 {ln]:}n:l:-? ? H 5
|
]l-l H }l[ H H H H

(CONSERVATION OF - ENERGY.—Not only are the various forms of
energy mutually convertible, but there is a definite quantitative relation
between them ; a certain amount of one sort of energy being equivalent
to a definite quantity of some other. In their transformations nothing is
lost, for energy, like matter, is believed to be indestructible; or as it
may be otherwise expressed, the sum of the polential and kinetic enevgies of the
universe is constanf. This is the law of the conservation of energy, This
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law, though elaborated by Helmholtz and others, was founded on experi-
ments made by Joule, who proved the quantitative equivalence of heat
and mechanical movement. He found that when a pound of water falls
through a height of 772 feet, its temperature is raised 1° Fahr,, and that
if the amount of heat necessary to elevate the temperature of one pound
of water 1° Fahr. be converted into ordinary motion, it can lift one pound
to the height of 772 feet from the surface of the earth.

The principle of the conservation of energy has heen proved to be a
law in the inorganic world, but owing to the excessive difficulty of the
problem, especially as regards the estimation of nerve-energy, its universal
truth in physiology has neither been proved nor disproved. But as every
definitely ascertained fact is in harmony with the principle, it is provision-
ally accepted as a probable hypothesis on whick lo proceed ; and when we
consider that a denial of the law implies that the living alone amongst things
material have the power of creating or destroying energy, and seeing that they
certainly have not this power over matter, we cannot but prefer to entertain
the hypothesis that the law of the conservation of energy extends to vital
operations.

DisstpaTioN 0F ENERGY.—When the bow is drawn across a violin
string the mechanical energy is not entirely converted into sound, but a
portion of it is through friction dissipafed into heat—a useless form of
energy in this particular instance. Again, in winding up a watch, the
spring does not obtain the full equivalent of the mechanical energy em-
ployed, because through friction a portion is dissipated into heat. All
energy tends ultimately to assume the form of heat, and as such dissipates
away from every working system. Thus in the body the chemical energy
of the food produces mechanical, nervous, and other energies ; ultimately,
however, all are transformed into heat that dissipates away into space.

MEASUREMENT oF ENERGY.—Energy being the power of doing work, its
quantity may be indicated by the amount of work, Quantities of mechanical
energy are indicated by units of mechanical work. The English mechani-
cal unit is the foot-pound ; that is, the amount of energy required to raise
one pound to the height of one foot from the earth’s surface. The metric
mechanical units ave the kilogrammeler, the gramcentimeter, and the gram-
millimeter, these indicating respectively the amounts of energy needed to
lift a kilogramme to the height of a meter, and a gramme to the height of
a centimeter or a millimeter.

Quantities of thermal energy are expressed in heat units. The English
heat unit is the pound-degree ; that is, the amount of heat required to raise
one pound of water 1° Fahr. The metric units are the kilogram-degree
and the gram-degree ; these respectively indicating the amount of heat
needed to raise a kilogramme and a gramme of water 1° C. From Joule’s
discovery —already alluded to—of the definite quantitative relation be-
tween mechanical and thermal energy, 772 foot-pounds are equivalent to
1 ponnd-degree ; that is, the heat required to raise one pound of water
1° Fahr. could, if entirely converted into mechanical worlk, lift one pound
to the height of 772 feet. On the metric system the mechanical equiva-
lent of 1 kilogram-degree is 424 Filogrammeters.

The three great working systems of the body are the muscular, the
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glandular, and the nervous. 1. Muscular work being mechanical is readily
expressed in mechanical units. Thus, if we hook a weight of say 20
grammes to a frog's muscle, execite contractiomn, and observe that the
weight is lifted say 2 millimeters, then 20 x 2 =40 grammillimeters of
work. 2. The work of a gland is to produce a secretion. Many of the
substances found in secretions are produced within the gland tissue, while
others are merely abstracted by it from the blood. But whether pro-
ducing or merely abstracting, the work of the gland is indicated by the
amount of each constituent that enters the secretion in a unit of time.
3. In the nervous system the estimation of its work has as yet been only
ronghly indicated. Seeing that all energy ultimately assumes the form of
heat, one might anticipate, on theoretical grounds, that the energy of
nerve motion as it sweeps through a nerve would be indicated by the
extent to which the nerve becomes heated. But the heat evolved is so
small in amount that some reliable investigators have failed to detect it.
The intensity of the excitement of a nerve is therefore approximately in-
dicated by observing the effect it produces on a terminal organ, such as a
muscle, or by measuring the amount of electrical disturbance set up in a
nerve during its excitement by the method to be afterwards described.

But in intellectual processes we have no means of measuring the energy
expended. We are as certain that it requires more work to sum up a
hundred than to sum up ten figures, as we are of the faect, that more
mechanical work is needed to lift a weight one hundred than to lift it ten
feet. But while we know that to lift the weight one hundred feet is just
ten times the work of lifting it ten feet, we cannot say the same of the
addition of the figures, for the summation of 2, 2, 2, 2, requires from
most persons less work than the summation of 9, 7, 8, 7. Unlike
mechanical work, mental work is extremely varied, and it is only roughly
estimated by standards of the most arbitrary kind. The rough ideas
regarding mental work arrived at by common experience are, however,
of great value in the ordinary routine of life and in practical medicine.
Thus, if we have to deal with a person whose brain-power has been
weakened by disease, we are careful to reduce his brain-work to a mini-
mum. We take care that if he reads at all it shall only be light literature,
In conversation we avoid all topics that would compel him to think deeply.
We refrain from asking questions that would tax his memory. All
argument is carefully avoided. We would never expect such a person to
work out a complicated mathematical problem or to make a speech, because
it is an everyday experience that these require vigorous meni:;al effort.
But although we have some idea of the quantity of Wﬂl:k tlmt._t-]us or that
mental exercise requires, it is at best so rough and indefinite that the
exact measurement of mental work is really quite outside the domain of
exact science. : ; _

Physiology is not an exact science like physics and chemistry, because
we cannot accurately measure all the various kinds of work that an indi-
vidual can perform. We cannot predict that two individuals apparently
gimilar, who consume the same daily amount of the same food, will be
able to perform the same amount of work, even when, as in the case of
mechanical work, it can be measured with tolerable accuracy. We cannot
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even predict that the same individual will be able to perform the same
amount of the same kind of work from day to day, even when he con-
sumes food similar in quantity and quality. We cannot even predict that
if the same stimulus be applied to two nerves, the amount of excitement
will be the same in both. From some cause unknown to us the one nerve
may be more irritable than the other, and on that account suffer greater
excitement. The organisation of animals, even of the same species, is in
its finer details infinitely varied. Some of their machinery, especially the
nervous and glandular, is readily affected by various conditions that
modify the working power in a manner and to an extent so obscure that
it would be impossible to accurately predict the work that can be done,
even if that work could be exactly gauged. Certainly physiology will yet
become much more exact than it is at present, but it may safely be
pradicbztl that complete exactness in every department will never be
attained.

CHAPTER IIL
THE USE OF THE MICROSCOPE.

TaE magnifying powers of the microscope commonly employed in histo-
logical (irrds, web) studies vary from about 50 to 1500 diameters linear.
Still highér powers are sometimes had recourse to, but the properties of
light itself, apart from the difficulty in constructing lenses of very high
power, render them of no very great service ; indeed, the investigations
of Abbe (Op. 9, xiv. p. 191) and of Helmholtz (Op. 9, xvi. p. 15) show
that the lenses now constructed have, as regards magnifying powers,
reached the limit of usefulness ; and that there is little to be gained by
employing lenses that magnify more than 1500 diam. ; for, above this
power, the delusive effects of diffraction became very serious—so much
g0, that no microscope has yet been constructed, nor will it ever be (Abbe),
with a useful magnifying power that reaches 4000 diam. If such be the
case, it is calculated that objects less than g% inch must remain in-
visible ; and although Dallinger's (Op. 9, xvii. p. 224) observations show
that this limit determined by mathematical calculation is rather too
narrow, there seems no reason for supposing that it is likely to be very
materially extended. We must, therefore, rest satisfied with the thought
that we can only see masses of matter that are immensely larger than the
molecules of which they are composed. The finest structure. of molecular
mechanisms must remain invisible. One must, therefore, gnard against the
supposition that identical physiological properties must belong to things
that have an apparently similar structure when seen with an instrument
so limited in power as the microscope—e.g., it reveals no noteworthy
difference between the germ of a rabbit and that of a dog; and yet, from
observing the results of their activity, we are obliged to conclude that



INTRODUCTION, 15

there must be some essential difference between them. This instrument,
then, deals with tolerably large masses of matter; revealing their con-
figuration when their outlines are evident, and their wisible movements
when these are of sufficient extent,

TuE Size or Microscoric OBIECTS is in this country cnmmnnly mdl-
cated in fractions of an inch, On the Continent the unit of microscopic
size now commonly adopted is the micro-millimefer. This unit is the one
thousandth of a millimeter (0:0000397 inch). In writing it is indicated
by the letter p, and in speaking may be conveniently shortened to miero.
The human blood-corpuscle being a well-known object, and of tolerably
constant size, its breadth is sometimes for convenience used as the histo-
logical unit. Its broad diameter is 4% inch, or 8 p.

GRANULE, GLOBULE.— A granule is a particle of indefinite shape and
size, but so minute that it must be magnified 200 or 300 diam. to render
it visible. If such a particle be uni-

formly dark without any light centre, ﬁj‘__} ﬂ% - o ; o
it may be termed a fine granule (a, ":@“’} L8 020
Fig. 2), while if it have a light centre "‘J‘“ 1:*-‘:::?5 © Qg

with a dark outline (&), it may be

termed a coarse granwle. That this

variation in optical character is simply

the result of a difference in size is 2 X f
proved by the faet that when a is
more highly magnified, it presents the
characters of B, and conversely, when

b is less highly magnified, it presents

the characters of @. The term globule

is applied to a particle having, like 4
the coarse granule, a clear centre with

a dark margin, but possessing a glo-
bular shape (¢).

FIBRF.-, FiBRIL. A fibre 1s an Fig. 2. g, Fine granules ; b, coarse granules ;
elongated thread-lile body., Tfatihe 55 EOU0Rs G the ShRugs FEns 5 SeEs
extremely fine, it presents nothing emirane. Magnifed soodiam.
but a dark line without any light
centre (d, Fig. 2). To a fibre of such tenuity the term jfilril is often
applied. If the fibre be of relatively greater breadth, it has a light centre
bounded on each side by a single dark outline (e).

TuBULE, MEMBRANE.—A tubule presents a light centre bounded on
each side by a single dark outline, if the wall be exceedingly thin, or if a
-low magnifying power be employed (f, Fig. 2); but if the wall be of
considerable thickness, or if the magnifying power be high, a double
contour may be seen on each side of the clear centre (). But if it happen
that the contents of the tubule have a refractive index the same or nearly
the same as that of the wall, it may be impossible to see a double contour
even when the envelope is tolerably thick, because of its inner margin
being undefined. The term membrane is applied to any sheet of tissue (/).
It may present a homogeneous, fibrillated, or other appearance, It may
form the wall of a tube or cell, or be otherwise extended. When excess-
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ively thin, its edge shows only a single dark line, but if sufficiently thick,
or if it be very highly magnified, it shows a dark outline with a clear
band in the centre. It may be gathered from the preceding, that micro-
scopic appearances very largely depend on two variables—the magnifude
of the object and the magnifying power employed, and that the necessarily
vague terms fine and coarse are merely adopted for convenience of deserip-
tion. Generally speaking, however, the bodies a, d, and f (Fig. 2) are
described as fine, because of the characters they exhibit under the ordinary
medium magnifying power of 300 diameters,

CHAPTER IV.

THE CELL.
PROTOPLASM.

THE lowest living forms, of which the protamwba (Fig. 3) is an example,
consist of simple undifferentiated protoplasm, and nothing more, Proto-
plasm is also found in the tissues of all plants and animals, however com-
plex. It may be advantage-
ously studied microscopically
in certain cells of the trades-
cantia plant (Fig. b), in the
white blood-corpuscles of the
newt (Fig. 13), as well as in the
amaba and protameeba. Proto--
: : plasm, considered physically, is
Fig. 8. Protamaba. a, In its ordinary state ; b, dividing; g colourless, transparent jg]]]r.
S QAT < 109 o CIRE) like substance, that may be
finely granular or hyaline. Its consistence varies, being in some cases
semi-fluid, and though in others it preserves a definite form, it is always
soft.  Although apparently structureless, it must be maintained as a
hypothesis that the molecules of the various substances of which it con-
sists are not thrown together indefinitely, but form an organised mole-
cular machinery, capable of invisible and visible movements, that give rise
to the phenomena of life. Protoplasm is rendered excessively hyaline, and
may disappear, in acetic acid or in caustic alkali. It ustally has a marked
affinity for such pigments as carmine, logwood, and rosaniline nitrate’
(magenta). Considered echemically it has a very complex but not definitely
ascertained composition. As living protoplasm cannot be subjected to
chemical analysis, its composition is merely inferred from that of proto-
plasm analysed as soon after death as possible. Knowledge thus attained,
however, can only be approximative, for insfability is a prominent charac-
teristic i:-f complex nifrogenous organic compounds, and at death they in
some instances certainly undergo change. Protoplasm contains albumi-
nous or proteid substances as “its chief solid constituents. There are
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always small quantities of carbohydrates, of fat or its allies, of mineral
salts, and a large quantity of water. Like albumin, protoplasm is coagu-
lated by heat. Living protoplasm is the arena of complex chemical
changes which are very imperfectly known. Considered plysiologically,
protoplasm is the physical substratum of life. It is excitable or irritable,
and when its. molecular machinery is excited it becomes the seat of
motions that lead to results characteristic of vitality. In all cases there
are the invisible molecular movements that lead to nufrition and growth ;
also, there is, at some period or other of the existence of the protoplasm,
a visible movement that ends in the multiplication or reproduction of the
protoplasmic mass. Thus, when the protamceeba multiplies, its protoplasm
becomes as it were constricted, and finally separates into two masses, each
one a protameeba (Fig. 3). In many cases the protoplasm exhibits visible
movements not ending in multiplication, but merely in a locomotion of
the whole or a part of the protoplasmic mass. Thus in some vegetable
cells (Fig. 6) a streaming movement of the protoplasm is observed. In
free masses of protoplasm, such as protameeba, ameeba, and white blood-
corpuscles, the protoplasm streams indefinitely in this or that direction,
causing indefinite changes of shape in the mass. This kind of protoplasmie
movement, being so typically illustrated in the ameba, is termed amce-
boid. In ecomplex living things, movements that lead to differentiation or
evolution occur in protoplasm, whereby there arise protoplasmic masses
that differ widely in function; some evolving nerve-energy, others pro-
ducing mechanical energy, others secreting bile, urine, and so on. These
different acquirements seem to result from some subtle change in the
molecular constitution of the protoplasm. Various other differentiations
of protoplasm may take place, but these can only be studied in the sequel.

The various agents by which living protoplasm can be excited and
thrown into motion are termed in this connection excitants, stimulants,
or irritants. They are always forms of kinetic energy, e.g. thermal, elec-
trical, mechanical, and chemical. Their special effects, however, will be
afterwards studied.,

Y EAST.

Many facts having a general bearing may be gathered from a study of
some simple plant, such as the yeast of beer (Zorula Cerevisie) in a state of
active growth. The average size of the
fully-developed torula being only 12 p
(so'g ineh), it is necessary to magmify
it at least 300 diameters to discern 1ts
structure, and it is very advantageous
to use a magnifying power of 1000 or
1200 diam.

STRUCTURE oF YEAST.— Each torula K :
is a rounded or oval corpuscle, consisting i 4[-b:f’";1]=li'tfi fEE:W;;u Tl '5:;3:
of a thin envelope enclosing a finely- :E;iﬂk'].“r‘,mm by pressure; % 1900;
eranular, colourless substance, having a ‘
slightly dim appearance like ground glass (a, Fig. 4). The envelope, not-
withstanding its tenuity, is remarkably tough, but by forcible pressure

C
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between two .slips of glass it may be ruptured and its contents expelled
(d). The contained matter is protoplasm, In the larger torula there
are usually one or more vacuoles, These are merely spaces containing
fluid that appear in the protoplasm as the torula grows. Vacuoles are
far more common in the protoplasmic masses of plants than in those of
animals,

The protoplasm has a remarkable affinity for some pigments. Rosani-
line nitrate (magenta) and carmine redden it, logwood renders it violet.
On the other hand, the envelope seems fo have no affinity for these dyes.-
It should be stated, however, that when a concentrated solution of the
staining agent is employed the envelope necessarily acquires a tint,
apparently not because of any attraction for the dye, but merely from its
being permeated by an intensely "coloured fluid. The dye brings into
view a nucleus amidst the protoplasm of some of the larger torulwe, but its
presence 1s by no means constant.

A solution of osmic acid blackens particles of fat that are usually
present in the protoplasm.

Acetic acid and solutions of caustic alkali have no effect on the
envelope of the torula, but they render the protoplasm so clear that, after
a time, it becomes impossible to see anything but a few granules in its
place. This is due to the envelope being chiefly composed of cellulase,
while the protoplasm prineipally consists of proteid matter.

DEVELOPMENT OF YEAST.—There is no proof that a torula ever ori-
ginates spontaneously. It certainly, however, springs from a parvent in the
form of a bud. A very careful examination of a germinating torula,
magnified about 1000 diam., is required to trace the manner in which the
bud grows, and the use of a staining agent is indispensable. The bud, in
1ts youngest state, 1s a particle of protoplasm continuous with that of its
parvent, through a minute aperture in the envelope of the latter (a, Fig. 4).
The protoplasm of the parent seems to be the only part concerned in ger-
mination, the sac being passive. No sac is discernible around the bud
in the first instance, but ere long it appears, extremely thin at first, but
thickening as the bud enlarges (§). It is certain that the sac is not a
deposit from the surrounding fluid, for the torula grows in flnids that con-
tain no cellulose. Noris there the least evidence that the young envelope
grows around the bud from the parent sae, but it seems quite certain that
it is produced by the protoplasm which it envelopes. It cannot be main-
tained, in this case at all events, that the outer part of the protoplasm
becomes transformed into the envelope, for the latter consists chiefly, if
not entirely, of cellulose (C; H,, O;) ; while the protoplasm is principally
composed of proteid matter, that containg both nitrogen and sulphur, in
addition to carbon, hydrogen, and oxygen. How the cellulose is formed
by the protoplasm is unknown ; all that we can say is, that it in some
way or other secrefes cellulose, or a substance that becomes cellulose, the
molecules of which find their way out of the protoplasm and accumulate
on 1ts surface. ;

As the bud grows older it enlarges, owing to an increase in the mass
of its protoplasm and of its cellulose sac. In time a vacuole appears ;
and hefore or after this the bud in turn germinates. The parent torula,
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and each of its offspring, may produce three or four buds, which hang
together for a. considerable time in irregular chains and clusters. After
the torula has budded to its full extent, its protoplasm atrophies, and
-eventually disappears, leaving its passive shell empty. There is, therefore,
in the life-history of this comparatively simple individual, a period of
active growth, followed by a period of decline, and finally by death. The
torula is—1, a particle of simple protoplasm ; 2, a particle of protoplasm
in a cellulose envelope ; 3, an envelope from which the protoplasm has
vanished. In the first stage it is undifferentiated in structure ; in the
second, structural differentiation has taken place ; in the third stage the
protoplasm, the cause of growth, has vanished.

PrororPrLAsT AND PERIPLAST.—It is convenient to apply the term
periplast to the envelope of a protoplasmic mass, whatever be its chemical
nature or its physical aspect. The advantage of employing this term will
afterwards appear, when it is seen that in fibrous tissue, the liomologue of
the torula envelope is a bundle of fibrils ; while in the enamel fibres of
a tooth, it is a solid prism of matter chiefly calcareous. Adopting this
nomenclature, the three structural phases in the life-history of the torula
may be thus classified : 1. A simple protoplast. 2. A simple or nucleated
protoplast with a periplast. 3. A periplast only.

THE CeLL— The torula is a * unicellular organism ;” that is, it con-
sists of a single morphological unit—a cell. The most complex plants and
animals are merely aggregations of the morphological unit variously
arranged and variously modified. The units differ in structure, but they
are all either (1) a protoplast, simple or nucleated, without a periplast ;
or, (2) a protoplast, simple or nucleated, with a periplast ; or, (3) a peri-
plast from which the protoplast has disappeared. In the sequel the
different. significations that have been attached to the term cell will be
indicated ; but for the present it is enough to say that we shall use it to
indicate the morphological unit, preferring the term cell to any other, on
account of its historical significance, and also because it is short and con-
venient.

CueMICAL ComposiTioN oF Yeast.—Like every other living thing,
veast consists of (I.) organic and (LL.) mineral matters. The organic sub-
stances are— 1. Proteid or albuminous and albuminoid substances.
What proteids are present in this particular instance has not been fully
ascertained ; but at all events they resemble albumin in having highly
complex molecules, containing € H N O S in quantities not precisely
known. There is also an albuminoid matter named nuclein (Hoppe-
Seyler, Op. 28, p. 84) that contains C HN O P, but whose formula is nof
vet settled. 2. A carbohydrate in the form of cellulose (C; H;; Op).
3. Neutral fat (C; Hy Os), the composition of which has not been determined
in this particular instance ; lecithin, an azotised fat (C, Hy N P Q) ;
and cholesterin (C,; H,, O), an alcohol, but allied to the fats (Hoppe-Seyler,
Op. 28, pp. 79, 81). 4. The mineral matters are water, potassium phos-
phate, calcium phosphate, and magnesium sulphate.

When the torula is burned, its organic matter is oxidised, and other-
wise resolved, the carbon uniting with oxygen to form carbonic acid, the
hydrogen with oxygen to form water, and with nitrogen to form ammonia,
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while the sulphur of the proteids and the phosphorus of the nuclein
and lecithin unite with oxygen and hydrogen to form sulphurie and phos-
phoric acids, which combine with bases and remain in the ash with all the
other mineral matters save water. It therefore appears that a part of the
sulphur and phosphorus in the ash, formed elements in the organic matter
of the torula; from which it is evident that there is no sharp line of
demarcation between matters termed mineral or inorganic and those
termed organie.

Were the torula eaten by an animal and slowly burned within its
body, the results would be similar to those of the more rapid oxidation,
with the exception of the ammonia, which would be mainly represented
by urea (CH, N, O), a substance closely related to ammonia. Within the
torula the above substances are so distributed that the envelope is com-
posed of cellulose saturated with water containing salts, while the proto-
plasm consists of the other organic matters above mentioned, together
with salts and water.

NUTRITION AND GROWTH OF YEAST.—Food.—The torula grows readily

in a fluid containing

Oxygen.

Water (Hq O),

Cane sugar (Cy Hog Oyy).

Ammonium tartrate (C, Hy (NH,), Og).
Potassium phosphate (KH, PO,).
Caleium phosplate ( Py Og).
Magnesinm sulphate (Mg S0,).

This is a modification of Pasteur’s fluid, devised by him' for the cultiva-
tion of fungi. The torula grows best when sugar is present in the above
fluid, but it also grows when the sugar is omitted, with this difference in
the result, that when sugar is absent the torule contain no neutral fat
(Pasteur).  As the case is simplified by omitting the sugar, we will simplify
the case by ignoring its presence.

Assimilation.—The torula, unlike plants containing chlorophyll, needs
no light, but the molecular machinery of its protoplasm can do nothing
with food-material unless it be excited and kept in molecular movement
by a suitable amount of feaf, 25-35° C. (77-95° F.) Influenced by heat
the protoplasm becomes the seat of mefabolism,” decomposes ammonium
tartrate and sulphuric acid, and possibly water, and builds up their C, H,
N, O, and 5, into molecules of proteid matter of unknown but certainly
of very complex composition. This action of the protoplasm is the
chemical phase of its assimilative power, and seeing that this is a plant, its
metabolism chiefly consists in the infegration of complex molecules from
those that are relatively simple. ;

Yeast is considered to be a plant because its protoplasm has the
power of integrating complex organic molecules, and also because its peri-
plast consists of cellulose. Yet yeast differs from higher plants inasmuch
as it can, like an animal, take its nitrogen from pepsin (Mayer), a sub-

1 Pasteur used yeast ash in place of the minerals mentioned in the text (Op. 13,
vol. xlvii. p. 1011).

% This term was first used by Schwann (Op. 29, p. 198) to signify the chemical changes
that take place in organisms.
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stance allied to albumin ; indeed, it thrives better on this than on any
other substance known. Ordinary albumin, however, is ill adapted for its
food.  As regards the cellulose of the torula, it might be supposed that
it is produced from the sugar of Pasteur's fluid, but the fact that the
torula grows and multiplies when sugar is omitted suggests that it is in
some way or other derived from the proteid material of the protoplasm.
Lecithin and cholesterin are also probably derived from the proteid
matters. Very probably, however, the neutral fat is, under protoplasmic
influence, derived from sugar, for, as already stated, it is not produced
when sugar is absent,

But the assimilative power of a living organism has a physical as well
as a chemical aspect. The substances that have been chemically assimilated
by the torula are built up into structure. Some are added to the proto-
plasm, while others pass out of this and are formed into a firm envelope.
This molecular aggregation—which constitutes growth—results from a
plastic power in the molecules concerned. In a erystal, growth also results
from a plastic power that is obviously due to the physical forces of its
molecules. The growth of the living particle, however, differs in detail
very notably from that of a crystal; for while the latter grows by the
mere accretion (superposition) of homogeneous particles, the torula grows from
within, heferogeneous molecules being variously located in the process. This
made of growth, so characteristic of vitality, was, like chemical assimila-
tion, formerly ascribed to a hypothetical vifal force. But just as chemical
assimilation is now ascribed to the chemieal forces of the atoms and mole-
eules concerned, so plastic assimilation is ascribed to their physical forces.
The death of the tornla protoplasm, which takes place after a certain
period of life, notwithstanding a supply of suitable food and exposure to
otherwise normal conditions, probably results from a failure of assimilative
power.

Disassimilation.—Plant metabolism, although very largely integrative, is
however not entirely so. The disintegration, or regressive metamorphosis,
of complex organic molecules by oxidation—so marked a feature in animal
metaholism—is indeed in abeyance, yet evidence of its presence is to be
found in the similar character of the respiration of plant and animal proto-
plasm. Both absorb oxygen and excrete carbonic acid, and although, in
the animal at all events, carbonic acid may result from the oxidation of
substances that have never been assimilated into tissue, yet there can be
no doubt that its formation is largely due to the disassimilation or disin-
tegration of molecules that, for a time, played their part in the living tissue.

As respiration occurs in the protoplasm of plants generally, it is inferred that it also
takes place in torula, and when it grows, as it certainly can, without the presence of
free oxygen, it is conjectured that it obtains oxygen from sugar. 1t is only when chlo-
rophyll is present in the plant that there is superadded to the above process the decom-
{lﬂﬂiﬁﬂﬂ of carbonic acid and the exhalation of oxygen by the ehlorophyll when influenced
iy light.

The two processes of assimilation and disassimilation take place in every
protoplasmic mass—whether of plant or animal. When the two processes
are exactly balanced, there is no change of bulk ; when assimilation is in
excess, growth is the result; while, on the other hand, atrophy or wast-
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ing, and death ensue when assimilation grows feeble, and the forces that
produce disassimilation obtain the mastery.

The remarkable power that yeast possesses of transforming cane into
grape sugar, and the latter into aleohol, will be considered in another
chapter.

SUMMARY OF THE PHYSIOLOGY OF YEAST.—On reviewing the intricate
considerations that cluster around so comparatively simple an organism as
the torula, the main facts may be grouped as follows :—1. There is an
organised structure. 2. There is a complex chemical composition in which
molecules of organic and mineral substances are associated and interact in
a manner of which we know next to nothing. 3. There are movements
which give rise to phenomena that constitute the life of the torula, These
vital phenomena are mainly the three fundamental vital characteristics
met with in every organism, viz. nufrvition, growth, with a small degree of
structural differentiation or evolution, and veproduction. These are funda-
mental vital characteristics found in every organism save the very lowest,
e.q. protameeba, where there is no sufficient evidence of evolutionary power
in its ordinary life-history at all events.

In order that these vital movements may ensue, there must he a free
diffusion of water, oxygen, and other food-stuffs into the torula. The
physico-chemical forces of the protoplasmic molecules doubtless play an
important part, yet here, as in all plants, they cannot bring about the
phenomena of life without the constant influence of heat. The living pro-
toplasm is excitable, and heat is its normal stimulus. But we do not com-
prehend how it is that the energy of heat, with the physico-chemical forces
of the protoplasmic machinery, produce movements that lead to results
characteristic of vitality. To know this secvet should vequire a complete
knowledge of heal, molecular forces, and the molecular machinery of proto-
plism. ;

The torula may be dried like a seed of corn, and preserved for an
indefinite period without losing its power of living. In the dried state
vitality is dormant. There is pofential but no actual life. When, how-
ever, heat and moisture are applied, the torula actually lives, that is, its
molecular machinery moves in a way that leads to vital results. The
torula may be killed by exposure to a high temperature, such as that of
hoiling water, or by the influence of such agents as nitric and sulphuric
acids. When such is the case, the moisture and gentle heat that under
other circumstances led to vital phenomena now induce decomposition of
the organism ; doubtless hecause the too powerful heat or the powerful
acids destroy the delicate molecular structure of the protoplasm, and ren-
der it incapable of those movements that end in nutrition and growth, and
capable only of those that lead to a total disintegration of the complex
mechanism.

HAIRS OF TRADESCANTIA.

The hairs on the stamens of Tradescantia virginica severally consist of
a series of morphological units placed end to end (Fig. 5). Each umit is a
cell, and is homologous with the entire organism of the torula, but a
higher evolution has here taken place. As in the torula, there is a cellu-
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lose penplﬂst enclosing a mass of protoplasm (p, Fig. 6), but a part of the
prutﬂplasm has been differentiated into
a spherical vesicle termed a nucleus (n).
In the fully formed cells in the shaft of
the hair, the protoplasm stretches in a
thread-like form amidst large wvacuoles
containing a watery fluid—the cell-sap.
In these cells (Fig. 6) a streaming motion
of the protoplasm may be witnessed as
long as the cells are living. The whole .
substance of a protoplasmic thread streams » -7
in gsome cases towards, in others from, the
mass of protoplasm around the nucleus.
On arrival at the cell wall it flattens out |
like a viscous jelly, and streams along the /i

Sl A in_t:ei*iﬂr of the envelope. A better exhi-
from atamen of D1610N of the physical characters of proto-
Tradescantia.  plasm could searcely be obtained.

. Although we do not comprehend the
manner in which the peculiar protoplasmic movement »
seen in this, and in some other vegetable cells is bronght
about, it, like muscular movement, is donbtless de-
pendent on chemical changes in the protoplasm. Of
these changes we know nothing further than this,
that respiration is indispensable. In the absence of
oxygen the movement soon ceases, and in an atmo-
sphere of carbonic acid it is very easily arrested
(Kiihne, Op. 30, p. 106), but reappears when the car-
bonic acid is replaced by air. Fig. 6. Cell from liaix

A gentle heat hastens the movement, doubtless by """ I';'i't:'ﬂm::lf“f‘l'
accelerating chemical change, but if the temperature 1*11.4::1105&.1 : ‘II‘lm .E:-mm’jnf
be raised to 45° C. (113° F.), (Schultze), the movement dicate the direction of the
ceases, the protoplasmic threads contract and break I"UWFMT';ET“"'&
up into rounded masses. This is regarded as a heat-
stiffening, similar to the rigidity produced in a muscle by heat.

When a shock of induced electricity is transmitted through the living
protoplasm, it contracts, somewhat as a muscle does when thus stimulated.
The protoplasmic threads shorten, and being soft, break up into rounded
masses, and the streaming motions cease, just as happens when the cell is
overheated (Kiihne). Owing to this change of shape on stimulation, it is
inferred that the protoplasm is contractile, and although the streaming
movement has not been explained, it probably in some way orother results
from contractility (Kiihne).

As the cells grow old, the vacuoles enlarge, the protoplasm gradually
disappears, and nothing but the cellulose-periplast and cell-sap remain.

AMCEBA.

The protameba (Fig. 3) is a simple undifferentiated mass of pro.
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toplasm. In the ameba (Fig. 8) the protoplasm (p) usually encloses a
vesicular nucleus (r), and this in twrn a granule termed a nucleolus ().
The protoplasm may have a uniform finely granular appearance, but in
some cases its outer part is hyaline  There is usually no periplast, but
sometimes this is produced by the protoplasm, and the amwba thus
becomes encysted (D).

Ay

Fig. 7. 4, Am@ba. B U, undergoing division. D, quieseent amocba encysted : s, envelope ;
1 protoplasm ; #, nucleus, #', nucleolus.  x about 400. (Hemckel.)

Am@poid MovEMENT.—The protamaba and the non-eneysted ameeba
constantly exhibit in their normal condition a motion termed ameaboid.
This is characterised by indefinite changes of shape due to a streaming
motion of the protoplasm.  Protrusions of the protoplasm (pseudopodia)
occur at any part of the surface. These may afterwards be withdrawn, or
the general mass of the protoplasm may move towards them, and thus a
locomotion of a part or of the whole of the amceba ensue. Amaboid
movement is ascribed to contractility,—a property belonging to some
forms of protoplasm and to some of its modifications, whereby its particles
assume different relative positions, and thus occasion an indefinite or
definite change of shape in the mass ; thus, when a muscle contracts, the

change of shape is always in a definife direction, but in ameeboid masses of.

protoplasm the changes of shape are altogether indefinite.

- The study of amceboid motion is very instructive, for it leads to
the conviction that within a continuous proloplasmic unit, excitement may be
partial or general. A shock of induced electricity sets up a general exeite-
ment, the amamba withdrawing its processes and becoming spheroidal. If
the shock is not too powerful, the ameceba after a time again begins to
erawl about, but with shocks of great intensity the contractile substance
is paralysed. When the ameba comes into contact with solid particles,
it throws out processes around them, and the particles are thus enveloped.
It seems as if the protoplasm were locally excited by the contact of the
particles, nevertheless, processes may be thrown out when the amoeba is
not in contact with any solid matter.

(lold retards, while a moderate heat accelerates the motion—doubt-
less by retarding or hastening the metabolism on which the mechanical
movement immediately depends. On raising the temperature from 40° to
45° C. (104° to 113° F.) a permanent heat-stiffening ensues, owing to
coagulation of the proteid matter of the protoplasm, and death is the
result. Similar effects are produced by heat on the contractile substance
of muscle. The movements of the ammba must be regarded as resulting
from chemical changes within the protoplasmic machinery.  An appro-

e —— |
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priate external stimulus, such as an electrical shoek, may induce a sudden
discharge of energy, but often the movements occur without any apparvent
external liberator. It is convenient to apply the term aufomatic to motions
that result in protoplasm and its modifications from internal causes. In
every case, however, the pabulum needed to supply the protoplasm with
energising material must, like the fuel of a steam-engine, necessarily
come from without, although, when once the protoplasmic machinery is
thrown into the motions that constitute life, the liheration of the energy
of the explosive material may result automatically and not from external
stimuli.

NuUTRITION OF AM@EBA,—The ameba is believed to be an animal,
because it never secretes a cellulose periplast, and it cannot integrate
protoplasm out of simple substances like a plant. Like all other animals
it must he supplied with oxygen, proteid and mineral matters, and it
may be that—as in most animals—fats and carbohydrates are also
required. The ameeba obtains its food mostly from vegetable organisms.
The animalcule entangles and envelopes them, and extracts their nutrient
matter. Probably the proteid materials of the food particles undergo
a sort of digestion, and are thus transformed into substances that readily.
diffuse throughout the ameebal protoplasm to nourish its every part. The
food-stuffs arve assimilated both chemically and physically (p. 20). Much
of the assimilated food is doubtless employed for the building up of new
protoplasm ; a portion of it, possibly a different portion, is, like the fuel
of a steam-engine, destined not for plastic ends, but for the supply of
mechanical energy. At the same time, however, we are unable to say
whether the energising material is not at some time or other a part of the
protoplasmic framework, or merely exists within its interstices.

The ameba, like every other protoplasmic mass, respires,—absorbing
oxygen and excreting carbonic acid ; the admission of the one and the
escape of the other being essential for its vital manifestations. But no
doubt carbonie acid is not its only waste matter. FEffete azotised sub-
stances doubtless result from the disassimilative (disintegrative) metabolism
of the proteid matter. Of the nature of these we in this instance know
nothing, but probably they closely resemble creatin (C, Hy, N, 0,) or
creatinin (C, H, N, O), effete azotised matters derived from the modified
protoplasm of muscle.

REPRODUCTION OF AM@EBA.—Both the protamceba (Fig. 3) and the
amaeba (Fig. 7) multiply by fission. An encircling furrow appears in the
protoplasm, gradually deepening until the mass cleaves into two distinet
individuals. In the ameeba the fission of the protoplasm is preceded by
that of the nucleus (Fig. 7, B C). The fissiparous is by far the most
common mode in which the protoplasmic unit multiplies in the plant as
well as in the animal. It is one of the most characteristic and remarkable
of vital movements. Its determining cause is entirely unknown. In the
encysted ameeba (Fig. 7, D) the cleavage occurs again and again within
the periplast, which takes no shaie in the production of the new units.

THE OVUM.
All the tissues of the body are developed from the impregnated ovum.
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The ovum is a cell morphologically similar to the encysted amwba (Fig.
7, D). Tt (Fig. 8, 4) has an envelope or periplast—the zona pellucida (s) ;
enclosing a mass of protoplasm—the yelk (p). Within this there is a
nucleus—the germinal vesicle (n), and a nucleolus—the germinal spot (n').
The protoplasm is peculiar in containing many fatty particles.

Fig. & Diagrams to illustrate (4) the strocture of the mammalian ovum, and (B, €, D, E) the
cleavage of its nucleated protoplast. =, Nucleus ; »', nucleolus ; p, protoplasin ; s, periplast. (Megnified.)

The ovum is impregnated by one or more spermatozoids penetrating
its periplast and mingling with its protoplasm, in which they bhreak down
and disappear. This is preceded or immediately followed by a dis-
appearance of the germinal vesicle, - The whole protoplasmic mass cleaves
into two parts. It is doubtful whether a new nucleus appears pre-
vious to cleavage, but usually a nucleus may be seen in each segment
(B). The nucleus and the protoplasm of each mass divide into two (('), and
this process is repeated again and again until a vast number of minute
nucleated protoplasts are produced (E). The periplast of the ovum (zona
pellucide) remains entirely passive ; it has nothing to do with the formation
of the new individual, which entirely results from the impregnated proto-
plasm.

GERMINAL MEMBRANE.—The multitude of nucleated protoplasts result-
ing from the yelk-cleavage arrange themselves in the form of a membrane
—the germinal membrane, or blastoderm—immediately within the zona
pellucida. At first there is a single layer, but it soon divides into
two, an onter and an inner, termed respectively the epiblast and hypo-
blast. Soon thereafter a third layer—the mesoblast—is formed between
them, and all three take a share in the production of the tissues of the
embryo in a manner to be afterwards deseribed in the chapters on
Development.

All the tissues are composed of repetitions of the morphological unit
—the cell—variously arranged and variously modified. On tracing their
development from the germinal mem-
brane it is found that many of the
units undergo remarkable differentiations.
The units that became white blood-
corpuscles remain as nucleated masses

Fig. 0. The three layers of the blastoderm, Of unenveloped protoplasm, exhibiting

¢, Epiblast; m, mesoblast; &, hypoblast.  amoeboid movement. Those that be-
(BAlguL) come the cells of secreting epithelinmn

also remain usually without a periplast. But although in coarser
structure they resemble white blood-corpuscles, they must have under-
gone some profound physico-chemical differentiation, for they rarely
exhibit any ameboid movement, and are the active agents of secre-
tion. Some of them, eg. the epithelial cells of the kidney, have a

By S
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special attraction for urea, uric acid, and some other effete substances
which they withdraw from the blood, and thus act as scavengers in the
bodily economy. Others are the seats of an active metabolism for the
production of new substances, some of which, e.g. the pepsin formed in
the gastric glands, discharge important functions; whilst others, e.g. the
bile-pigments produced in the cells of the liver, are to be thrown out of
the organism as useless. In other epithelial cells part of the protoplasm
is modified into contractile cilia. In yet other epithelial cells, e.g. those
covering the skin, the protoplasts produce horny periplasts, which collect-
ively form a pliable but resistent covering for the body, and thus dis-
charge an important mechanical funection.

In those units that give rise to connective, cartilaginous, osseous, and
dental tissues, the striking differentiation consists in the formation of
periplasts, with varying physical and chemical properties. In connective
tissue it is mostly a pliable but strongly resisting fibrous tissue. In hone
it is a dense and unyielding calcified fibrous tissue, and so on. In all
cases the periplast discharges simply a passive mechanical function, acting
as a delicate packing between various soft tissues, or as strong membranes .
and cords for the binding of various parts together, or as rigid supports
for the soft parts of the body, as in bone.

In the units from which muscle is developed the protoplasm is so
ditferentiated that it becomes elastic, and its contraction is no longer
ameeboid, but in a definite direction.

In the units that become nerve cells the protoplasm loses its contrac-
tile power, but becomes the producer of nerve energy with all 1ts wonder-
ful manifestations. The protoplasm of other nerve units becomes trans-
formed into the delicate fibrils of the nervous threads, that neither exhibit
contraction nor evolve merve energy, but constitute strands of highly
excitable tissue that may be thrown into invisible motion by the energy
of the nerve cell, or by various other forms of energy, and thus become
the means of conveying swift messages between distant parts of the
complicated bodily mechanism, Full details, however, regarding the
manifold physico-chemical and functional differentiations of the various
units of the blastoderm, as they develope into the several tissues, can only
be given when the tissues become individually the subject of study. DBut
with regard to the morphology of the several tissue units, it will be found
that each unit is either

1. A protoplast—usually nucleated, but sometimes simple—without a
periplast, as in the white blood-corpuscles.

2, A protoplast usually nucleated—with a periplast, as may be seen
in bone and cartilage. :

3. A periplast from which the protoplast and nuclens have vanished,
as in the enamel fibres of the teeth, ete, Sometimes, however, the nucleus
remains within the periplast.

To these three categories we may refer all the morphological forms of
the tissue units met with in complex organisms, and it is to be observed
that their prototypes are all to be found in the organisms low in the living
scale ; thus—1. The protameeba is a simple protoplast. The ameeba is a
protoplast mostly nucleated and mostly without a periplast. 2. The
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torula is a simple or a nucleated protoplast, with a periplast. The
tradescantia cell is a nucleated protoplast, with a periplast ; while 3. The
old torula and the old tradescantia cells are periplasts, from which the
protoplasts have vanished.

THE CELL THEORY.

Animal histology first passed from seeming chaos into the order of
science when Schwann (1838, Op. 29) brought it within the domain of the
areat morphological law, that, however diverse in structure and function
the several tissues of organisms may be, * there is one universal principle for
their development, and that principle is the formation of cells” (Op. 29, p. 165).
The tissues are composed of cellular units and intercellular substance, each
unit having a vitality more or less independent. That is the essence of
the cell theory, which was first enunciated by Schleiden with reference to
the tissues of plants. When Schwann applied it to animal tissues he hod
to discharge a far more difficult tisk than Schleiden, for while the cellular
units are readily perceptible in vegetable tissues they are extremely
difficult to detect in some of those of animals. Schwann proved the truth
of the cell theory as regards the tissues of higher vertebrates only, but
subsequent investigations have shown that the cell theory of the develop-
ment and constitution of organic tissues really possesses the universal
character which he assigned to it.

But relying—as Schwann was compelled to do—on technical methods |
of microscopy of a very primitive character, it is not surprising that he
should have fallen into some errors. Thus in maintaining that  cells are
formed in a structureless substance ¢ cyfoblastema’ which lies either around
orin the interior of cells already existing ” (Op. 29, p. 165), he fell into the
error of supposing that cells may arise de novo, by a sort of precipitation.
To Martin Barry (Op. 3, years 1838-39) belongs the credit of having been
the first to correct this error, and to maintain that every cell springs from
a pre-existing cell : all the cells of the body arising by continuous descent
from the ovum, This theory of cell descent received support from Goodsir's
researches, both in the domain of physiclogy and of pathology, and is
now all but universally accepted.

Schwann defined a cell as consisting of an envelope, cell fluid, and
nucleus ; the protoplasm of the cell being unknown until Von Mohl after-
wards discovered it in the cells of plants. In deseribing the supposed free
development of cells in a cytoblastema, he stated that the nucleus is first
formed by the precipitation and coalescence of particles. The substance F'f
the cell-wall is then precipitated around it, and eventually the cell-fluid
accumulates between them, owing to imbibition, and to a power of the
cell-membrane to chemically alter and secrete certain substances. Thus,
although Schwann failed to demonstrate an envelope amuind the cells of
pus and mucus, yet he aseribed the production of the perinuclear matter
of a cell to its envelope. Leydig (Op. 31) perceived the error, and maintained
that the cell membrane is only a condensed outer layer of the cell sub-
stance, whose importance is therefore greater than that of its hardened crust,
and constitutes the material substratum for vital processes, and that there-
fore the essential structure of the cellular unit is a mass of cell-substance
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enclosing a nueleus.  Goodsir had already pointed out the division of the
nucleus as the first step in cell proliferation, and had named it on this
account the germinal cenfre of the cell. Von Mohl discovered protoplasm
in the vegetable cells. Remak, perceiving the similarity between this and
the perinuclear substance of the animal cell, and, following Leydig,
maintained that the essential part of the cellular unit is a nucleated mass of
protoplasm.  Notwithstanding this, however, the presence of an envelope
as an essential part of the cellular element was contended for by Virchow
(Op. 32, p. 12) so late as 1858, and it is to Beale (0p. 33) and Max Schultze
(Op. 14, year 1861, p. 18 ; Op. 34) that the credit belongs of having finally
brought back histologists to the position adopted by Leydig and Remalk.
But it had already been shown by Briicke (Up. 41) that the nucleus is not,
universally present in the morphological unit, for in the cells of fungi it is
generally absent. Beale showed that minute particles of protoplasm without
nuclei oceur in the blood, Schultze discovered a non-nucleated variety of
ammba (Ameeba porrecta), and Heeckel found a non-nucleated protista—the
Protogenes primovdialis. It was therefore proposed by Heackel, that
as a nucleated mass of protoplasm had been termed a cell by Schultze,
a non-nucleated mass should be termed a cyfode. At first glance
this nomenclature appears advantageous. Thus the protamomba is
a eytode, the ordinary ammba a cell, the torula a cytode with an
envelope, and the ovum a cell with an envelope ; but we are landed in
. difficulty with such cases as the old vegetable cell from which the proto-
plasm has disappeared ; the enamel fibres of the teeth, which were at first
eells, but have become rods of caleified material without nucleus or proto-
plasm ; the coloured corpuscles of lower vertebrates, which have a nucleus
and cell-membrane, but whose protoplasm has given place to a
pigment ; and the mammalian coloured blood-corpuscle, where both
nucleus and protoplasm have vanished. Yet, although to none of these
- cases are the terms cytode, and cell in its restricted sense, applicable,
they are all well-defined morphological units, in which peculiar develop-
ments have oceurred. In consequence of the confusion introduced by this
change in the significance of the term cell, it has been proposed to abandon
it, and to substitute the word corpuscle, but as this term is too vague, and
as the word cell is classical, it is still, and will probably always be, generally
employed. The imperfection of the proposed nomenclature lies in its
ignoring the periplast of the morphological unit. Thus the old torula,
the enamel fibre, the mammalian red blood-corpuscle, although they
cannot be deseribed as cell-envelopes, and still less as intercellular substance,
may nevertheless be correctly termed periplasts ; that is to say, they are
morphological units in which a protoplast—eytode or cell—once existed,
but has now produced and given place to a periplast. The red blood-
corpuscle of lower vertebrates is a nucleated periplast ; that is, there is
a nucleus and a periplast, but no protoplasm. + j
We might therefore indicate the chief varieties of the morphological

unit by designating them either—

1. A cytode—simple or with a periplast.

2. f‘i. [:E]l 1 LR 13

3. A periplast.
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Or, we may designate them—
1. A simple protoplast, with or without a periplast.
2. A nucleated protoplast =
. 3. A periplast.

We prefer the latter nomenclature because it allows us to use the
classical term cell in a general sense, as indicating the morphological
unit ; although it must be admitted that it is sometimes, ¢.¢. in the case of
cartilage, convenient to apply the term to only a part of the cellular
unit—the nucleated protoplast.

It has been already indicated that protoplasm is in evolution the
primary and fundamental part of the morphological unit ; the protameba
consists of nothing else. The nucleus, however, is so generally present
that it demands a careful scrutiny. In young cells 1t is mostly spherical,
but as age advances it may become oval or spindle-shaped. In some
cases it presents a single contour, and appears to be solid, while in
others its double contour indicates a vesicular character. Within the
vesicle there is a fluid, and it has recently been shown by Flemming,
Klein (Op. 8, vol. xv. p. 315), and others that in many nuclei there is a
network of very fine fibrils. The nucleus of some cells, at all events—
e.q. pus-cells and blood-corpuscles—contains an albuminoid substance
termed nuelein. The nucleus has a stronger affinity than protoplasm for
stch dyes as earmine and magenta; but, unlike proteplasm, it is not readily
affected by alkalies and acetic acid. And yet, though physically and
chemically different from protoplasm, we have seen that it behaves simi-
larly when the cell multiplies by cleavage, and, indeed, it often divides
completely before the surrounding protoplasm has even become furrowed.
This power of germinating suggests that the nucleus must be regarded as
a near modification of protoplasm, and Beale® was led by this considera-
tion to embrace the nucleus and protoplasm under one common term—
germinal maiter. The almost universal presence of the nucleus suggests
that it possesses some important function, of which, however, nothing 1s
definitely known. That of the nucleolus is equally obscure, In some cases
it is absent; in others one. two, three, or more may he present. The
chemical nature of the nucleolus is quite unknown. ;

As regards the periplast of the cellular unit, it must be specially
remembered that the term periplast, unlike the term protoplasm, indicates
nothing reqarding the structural nature of the parts to which it is applied,
for it is applicable to the matrix of cartilage and bone, the sheath of mus-
cular fibre, and the fibres of conmective tissue. It merely md_ma,taes a
genetic relation, and implies that it is that part of the morphological unit
which has been produced by the protoplast, simple or nucleated, AJPhgugh
its chemical and physical characters are most varied, and although it may,
as in the matrix of cartilage, undergo very marked physical and chIEmu‘:n,l
changes, it—unlike the protoplast—mnever proliferates and produces new unils.

w

1 The views of Beale, according to which he groups thELpELI‘tS of tlml morphological
unit into germinal matter and formed material, cannot be diseussed until the structure
of the elementary tissues is detailed. It ought, however, to be stated here, that xfrha}
we term periplast is not always applied to what Beale terms :‘fnrmed m:t&nnl.
Neither do we use the term protoplasm as synonymous with germinal matter,
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Cern MurLTipLICATION.— The simplest mode in which cells multiply is
by gemmation. We have already studied the process in the torula, and it
15 sufficient to add that in cells where the protoplasm is nucleated, the
bud simply grows from the outer part of the protoplasm without any
apparent participation of the nueleus in the process. But in the higher
plants and animals gemmation is rare ; the common mode of cell multi-
plication being fission. As this process has been already described in the
protameeba, ameeba, and ovum, it is sufficient to observe that as regards
the division of the protoplasm the process is similar in the presence or
absence of the nucleus, but when the nuecleus is present it divides before
the protoplasm, and when the protoplast is enveloped in a periplast, the
division of the former does not implicate the latter.

In the ovum the fission of the protoplast occurs rapidly, and the peri-
plasts secreted around some of the protoplasts have no connection with
the original periplast—the Zona pellucide. But in the case of hyaline
cartilage, where the cell-division usually takes place slowly, a new peri-
plast is formed around each of the new protoplasts. The two layers of
the periplast between the apposed surfaces of the protoplasts (Fig. 39)
form a septum, which has been erroneously supposed to grow inwards
from the original periplast. But it may happen that the cartilage
protoplast proliferates rapidly, and a brood of young cells is enclosed
within the original periplast, giving rise (Fig. 41) to an appearance not
unlike that of the ovum during segmentation., The term endogenous is
sometimes applied to this variety of the fissiparous mode. There are,
therefore, only two essentially different modes in which the cell prolifer-
ates—1, the gemmiparous ; 2, the fissiparous—the endogenous mode being
only a variety of the second of these. :

As long as Schwann’s doctrine of the free formation of cells in a cyto-
blastema outside other cells was believed, the term exogenous was employed
to distinguish this mode. But as the production of cells in this manner
is no longer generally credited, the term has become obsolete.

CHAPTER V.
THE GENERAL CHEMISTRY OF THE BODY.

As it is impossible for the student to learn fully what is known of the
chemistry of the body until the whole subject of nutrition has been studied
in detail, it is proposed to give in this chapter merely such a general
outline of the subject as will enable him to comprehend the chemistry and
nutrition of the simple tissues.

THE FOOD AND THE EXCRETA,

-

The nutrition of the organism requires the introduction of suitable
quantities of (1) One or more proteids, e.g. albumin; (2) One or more
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carbohydrates, e.g. sugar or starch; (3) Fat ; (4) Mineral solids, such as
alkaline chlorides, sulphates, and phosphates, earthy phosphates, and
ron ; (5) Water ; (6) Oxygen. Life could indeed be maintained without
the carbohydrates and fats, for they are to some extent formed from pro-
teids within the economy, but, for reasons to be afterwards given, nutrition
becomes unhealthy when they are omitted from the food. The composi-
tion of all save the azotised articles of diet—the proteids—is known.
These contain C H N O S in quantities that are unknown, but it is
certain that their molecules are extremely complex.

In the alimentary canal, the proteids and some of the carbohydrates
are variously changed by the influence of ferments in the digestive juices.

The food molecules enter the blood, some being absorbed into the blood-

capillaries of the stomach and intestines, and passing from thence through
the portal vein and liver into the general cirenlation ; while others, espe-
cially the fats, pass into the lymph-capillavies and through the thoracie
duct reach the blood. 1In the blood and lymph the food molecules are
conveyed to all the tissnes. Assimilation and disassimilation, with all the
manifold and obscure molecular transformations implied in these processes,
oceur.  The effete matters re-enter the blood, and are removed therefrom
by the organs of excretion—the lungs, skin, liver, and kidneys. In pass-
ing through the economy the complex organic molecules are to a large
extent disintegrated into effete substances, of which urea (C H, N, 0),
uric acid (C; H, N, O, ereatinin (C, H, NO,), cholesterin (C,, H,, 0), car-
bonic, sulphuric, and phosphoric acids, are the most important.  Although
some of these effete matters have a composition by no means simple, they
nevertheless form a striking contrast to those matters from whose regres-
sive metamorphosis they are derived. Yef, although many of the inter-
mediate stages in the metabolism of the molecules of the food into those
of the tissues, and finally into those of the exereta, are known, it must
be admitted that our present knowledge of the whole subject is so meagre
that we ave as yet scarcely within its threshold.

THE GENERAL CHEMICAL COMPOSITION OF THE BODY.

What is known of the composition of organisms has been ascertained
by wltimate and by provimate analysis. By ultimate analysis the chemist
seeks to resolve the body into its ulfimate or elementary principles, while by
proximate analysis he endeavours to ascertain as nearly as possible what
chemical compounds really exist in the body. Thus he isolates from the
blood, albumin, sodium chloride, water, ete. ; and believing that these sub-
stances really exist as such in the fluid, and are not produced by the pro-
cesses employed, he regards them as prozimate principles. Owing to the rough-
ness of such a process as the ignition of an organic substance, compound
principles are obtained which may not be prozimate principles. Thus sul-
phurie, phosphorie, and carbonic acids are actually produced in the com-
bustion of an organism, and could not therefore be regarded as its prozimate
principles, unless some other method of analysis, free from fallacy, proved
them to be such. Although much has in this way been ascertained as to
the proximate principles of the dead body, our knowledge of the proxi-
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mate principles of the living organism is still very fragmentary ; for many,
especially the azotised substances, are extremely unstable, and are apt to
change, not only in the hands of the chemist, but in the act of death,
which in nearly every instance must have oceurred ere his processes are
applied. Thus fibrin is readily separable from the blood at death, and
was formerly believed to be a proazimale principle of the blood during life ;
but it is now known that it results from the union ef two separate com-
pounds which in the present state of our knowledge are regarded as proxi-
mate principles. The very fragmentary character of our knowledge vegarding
the real proximate principles of the living body must be carefully borne in mind.

UrriMATE PRINCIPLES.—Only fifteen chemical elements are con-
stantly found in the body. Of these nine are non-metals— carbon,
hydrogen, nitrogen, oxygen, sulphur, phosphorus, chlorine, fluorine, and
silicon ; while six are metals—sodium, potassium, calcium, magnesium,
iron, and manganese. Copper, lead, and lithium are occasionally present.
-All these elements arve found in various states of combination, but part of
the oxygen, nitrogen, and hydrogen occurs in a free state.

Free oxygen enters the blood by the lungs, and is carried to all parts
of the body to oxidise organic compounds. Although most of it is either
loosely or firmly combined, some of it exists in a free state in the blood
and other fluids.

Free nitrogen—mostly absorbed from the atmosphere—oceurs in the
blood and other fluids in small amount. Free hydrogen is found in the
alimentary canal, where it is liberated from its compounds, probably
during butyric acid fermentation.

Proxmiate PriNcipLES.—The chemical compounds found in all
organisms may be broadly divided into two great groups, the mineral and
the organic. This division, although somewhat arbitrary, is convenient.
Mineral or inorganic substances are those which are most commonly formed
in the inorganic world, and which are scarcely at all produced in living
beings ; while organic substances are those whose natural seat of formation
is in organisms, although many of them may also be produced artificially.
Every solid and fluid of the body contains both mineral and organic sub-
stances, whose relative proportions vary in different cases.

MINERAL COMPOUNDS.

The inorganic substances are water, mineral acids, mineral bases, and
mineral salts.

Water is the chief mineral constituent, forming about 70 per cent of
the weight of the body.

Hydrochlovic Acid.—Free in the gastric juice, but elsewhere combined
with the alkalies, as chlorides of sodium, potassium, and ammonium.
The last is rare ; the first is the most common, and it exists very generally
throughout the body. Sodium Chlovide is by far the most abundant mineral
salt in the body.

Sulpluric Acid, combined with sodium and potassium, is found in most
of the tissues and fluids.

Phosphoric Acid (common, tribasic, or orthophosphoric acid), combined

D
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with sodium, potassium, lime, and magnesium, is found in all the tissues
and fluids, caleium phosphate being especially abundant in bone and
tooth, Phosphoric acid also enters into the composition of lecithin, a
complex azotised fat largely found in nerve tissue.

Tron forms a part of a complex organic body, the blood-pigment.
fluoride of calcium is found in the bones and teeth, while manganese
oceurs in traces in various parts.

Sources of the Minerals.—The free hydrochloric acid of the gastric juice
is derived within the body from chlorides. Small quantities of water,
sulphuric and phosphoric acids, are produced by the oxidation of the H.
5. and P, of organic compounds ; but the great bulk of these substances,
with all the other mineral matters, enter the body from without.

The functions of the mineral substances are very imperfectly known.
Water is the general solvent for the various solids and gases, and gives a
soft consistence to various parts. Sedium chloride is necessary for the
solution of the globulin family of proteids; thus without its presence in
small amount, the contractile substanee of muscle—a globulin —would
become solid. Farfhy salts give hardness to the bones and teeth. The
sodium phosphate of the blood and lymph is one of the carriers of carbonic
acid from the tissues to the lungs. All these substances, however, have
probably other important functions. Hydrochloriec acid plays an important
part in the digestion of proteids

As water and mineral solids are found in every organism, however
simple, their functions, although so imperfectly known, must be held to
be as essential in the organic fabric as the so-called organic matter. Yet,
however important they are in establishing certain physical conditions,
and however essential may be their chemical relations, -this holds true of
them all, they are not sources of bodily energy. This springs from organic
substances only, by oxidation and otherwise.

ORGANIC COMPOUNDSa

The organic compounds might be classified as azotised and non-azotised,
but as such a classification leads to difficalties, we may group them as
follows :—1. Proteids and their allied Principles, II. Azotised Deriva-
tives of the Regressive Metabolism of 1.  IIl. Carbohydrates. IV.
Alcohols, V. Fats and their Alljes.

I. PROTEIDS AND THEIR ALLIES.

Proteids and their allies constitute the chief solids of the blood
and lymph, and of all the tissues excepting the bones and teeth. They
have all an exceedingly complex composition, that in most instances is
not definitely ascertained. Most of them, especially the proteids, are
very unstable, and readily decompose into a number of simpler bodies.
Some of them are in intimate relation with salts, bases, and acids, from

‘1 It is not intended in this chapter to give anything like a detailed account of the
reactions of the proximate principles. These will be fully given in an Appendix; and in
the chapters on the Tissues and on Nutrition, details will be given that would here prove
uninteresting and distracting.
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which they cannot be detached without undergoing change. They are
mostly amorphous.

A. Proteids.

The chief members of this group are—1. Albumins, 2. Globulins.
3. Fibrin. 4. Alkali-albumins. 5. Acid-albumins. 6. Peptones.

These substances were termed proteids by Mulder, on the theory that
they are all compounds of a primary principle—profein. Although this
theory is now discarded, the term proteid is retained for convenience.
Their percentage composition in 100 parts is—

L H. N. Q. S,
From . : 597 69 15°4 209 0-8
To = g 54+5 e 165 235 2:0

Their molecular weight and constitution are unknown.

1. Albumins. —Albumin is the chief organic constituent of the trans-
parent part of an egg, and of the serum of the blood. As the albumins
derived from these two sources are slightly different, they are distin-
guished as egg-albumin and serum-allumin.

Albumin from either of these sources is soluble in water. When its
solution is evaporated at a low temperature, a transparent residue
remains, which can be easily redissolved. As it scarcely at all diffuses
through animal membrane, it is a characteristic colloid. Its solution turns
a polarised ray towards the left.

When a solution of albumin is heated to from 60° to 70° C. (140°-158°
F.) it coagulates. The presence of water is necessary for this change ; for
if the albumin be previously dried, it may be heafed to the temperature of
boiling water without undergoing change. The previous addition of very
dilute acetic or phosphoric acid to an albuminous solution lowers the tem-
perature at which coagunlation occurs. On the other hand, the addition
of a very little alkali—e.g. sodinm carbonate—raises the temperature of
coagulation, and if the alkali be in excess, coagulation is altogether pre-
vented.

Albumin is not precipitated by carbonic, acetic, tartaric, or mineral
acids, if these be dilute and added in very small quantity ; but if added
in excess, precipitation occurs. Nitrie acid is the most powerful precipi-
tating agent. The precipitate thrown down by nitric acid is soluble
in excess in the case of serum-albwmin, but scarcely at all in that of egg-
albumin, Albumin is also precipitated by tannic acid, alcohol, and by
most of the salts of the heavy metals, such as mercuric chloride.

Although the chemical difference between egg-albumin and serum-
albumin is not striking from their reactions, there is nevertheless a great
physiological difference between them, for if egg-albumin be introduced
directly into the blood or lymph vessels, it is largely excreted by the
kidneys as a foreign substance (Bernard).

9. Globulins are found in the blood, chyle, and lymph, in musele, and
in protoplasm generally. They are closely allied to albumin, but, unlike
albumin, they are not soluble in pure water. They are, however, readily
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soluble in water containing a little sodiu . chloride (1 per cent), but the
addition of an excess of the salt precipitates them. The addition of any
amount of salt to a fluid containing allwmin occasions no precipitate. 1In
other respects they resemble albumin. The substances belonging to the
globulin group are :—a. Crystallin, or globulin proper, derived from the crys-
talline lens.  b. Filwinoplastin, or paraglobwlin, ¢ Filrinogen. Both b and
¢ are found in the blood, chyle, and lymph. d. Myosin, the chief con-
stituent of muscle, and a constituent of protoplasm generally (Hoppe-
Seyler, Op. 28, p. 76).

3. Fibrin is not found in the living body, but appears when blood,
lymph, and chyle coagulate. It results from the union of the two globu-
lins, fibrinoplastin and fibrinogen. It is insoluble in water, solutions of
salt, and dilute acids. When heated it assumes the properties of coagu-
lated albumin.

4. Alkali-Albumins or Alluminates—All the albumins and globulins,
when added to solutions of caustic alkali, form compounds termed alkali-
albumins or albuminates. Casein, the chief proteid constituent of milk, is
believed to be a potassium-albumin, but it is not identical with potassium-
albumin produced artificially. Casein is not coagulated by heat nnless an
acid be previously added.

Aeid-albumin or Syntonin does not exist in the body, but results from the action
of dilute acid (e.g. 0°2 per cent HC1) upon the proteid substances already mentioned.

. Peptones.—All the above proteids, when subjected to the influence
of the hydrolytic ferments of the gastric and pancreatic juices, are converted
into peptones. Peptones are soluble in water, and, unlike the solutions of
other proteids, are diffusible. By this means the proteids are enabled to
diffuse from the alimentary canal into the blood-vessels. The albumin of
the blood is derived from peptones, by some process the reverse of that
by which they are formed in the alimentary canal. Unlike albumin,
peptones arve not coagulated by heat and mineral acids, but, like albumin,
they are precipitated by tannic acid, mercuric chloride, and by an excess
of aleohol.

The following chemical reactions are common to all the proteids :—

a. They are all soluble in caustic alkalies. ] I

b. After the previous addition of weak acetic acid to their solutions they are precipi-
tated by potassium ferrocyanide. : :

¢. On the addition of a trace of cupric sulphate, followed by a solution of caustic
potash, a violet colour appears, whiech becomes deeper on boiling.

d. If their solutions be boiled after the addition of strong nitric acid they assume a
yellowish colour, which becomes bright orange or amber on adding ammonia (Xantho-
proteic reaction).

B. Albuminoids.

The albuminoeids are closely related to the proteids, and are either pro-
duced from proteids alone or from these with other substances by the vital
influence of cells, but by what special processes is altogether unknown.
Like the proteids, they are amorphous, and resemble them in general com-
position, but unlike the proteids, some of them contain no sulphur.  They
are not converted into peptones by the gastric and pancreatic ferments, although,
like proteids, they yield leuein and tyrosin ; sometimes the one, sometimes
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the other, or both, when subjected to hydrolytic treatment. In other
respects the members of the group have no common characters, and differ
widely amongst themselves,

1. Mucin (C 52:2, H 70, N 126, O 282 per cent) occurs in mucus
and in mucous tissue, and is the cause of their viscidity.

2. Gelatin or glutin (C 504, H 68, N 183, S + 0 24'5 per cent) is
obtained by the prolonged boiling of white fibrous tissue and of the organic
substance of bone. As gelatin swells up but is not soluble in cold water,
and as white fibrous tissue does not swell up in cold water, it is believed
that gelatin does not exist as such in the tissue, but that it is derived
from a hypothetical principle—collagen.

3. Chondrin (C 499, H 66, N 145, S 0-4, O 286 per cent) is obtained
by the prolonged boiling of hyaline cartilage. It is supposed to be
derived from a hypothetical prineiple—chondrogen.

4. Keratin (C 50°3-52'5, H 6'4-7, N 16-2-17-7, § 0:7-5, O 20°7-25
per cent) is the chief constituent of hair, horn, nail, and other epidermic
tissues.

5. Elustin (C 555, H T4, N 16'7, O 20°5 per cent) is the principal
constituent of elastic tissue,

Mucin swells up but does not perfectly dissolve in water. The presence of a little
sodinm chloride inereases its solubility. It is readily precipitated by alechol and by
acetic acid ; the pmcif)itate is not dissolved by sodium sulphate.

Chondrin is soluble in hot but not in cold water, is precipitated by acetie acid, and

the precipitate is dissolved by sodium sulphate. !
Gelatin swells np, but does not dissolve in cold water. It dissolves in hot water,

and forms a jelly on cooling. It is not precipitated by acetic acid, nor by acetic acid

and potassinm ferrocyanide, like the proteids.
Keratin 1s insoluble in water—cold or hot. It is only soluble in hot solutions of the

alkalies.
Elastin is an exceedingly insoluble substance. It is dissolved by prolonged boiling

in caustic potash, but, unlike keratin, is decomposed thereby.

6. Ferments that convert starch and glycogen into glucose (amylolytic),
~ proteids into peptones (profeolytic), and break up fats into glycerin and fatty
acids (fat-decomposing), occur in the body. All of them are hydrolytic,
and will be afterwards referred to in detail

C. Substances more complez than Proteids.

Althongh the synthesis of proteids from their elements does not oceur
in the animal body, yet to a slight extent there is the power of raising
proteids to a more complex composition. At present three substances
are known which occupy this position.

1. Hemoglobin—a crystalline substance (the colouring matter of the
blood-corpuscles)—is the most complex substance known. The following
formula is given by Preyer—Cg;,, Hgy Ny Fe S; Oy It -may be
decomposed into a great number of bodies, amongst which a proteid (globin)
and a pigment (hematin) are the most notable. It will be fully studied
with the composition of the blood.

2. Vitellin is abundantly found in yolk of egg, and also in protoplasm generally
(Hoppe-Seyler, Op. 28, p. 77). It is a crystalline substance, and may be decomposed into

a proteid and a phosphorised fat (lecithin). , )
3. Nuelsin ( ;s Ny P; Og) has been obtained from the nuclei of pus-corpuscles
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(Miescher) blood-corpuscles, from spermatozoids, and from the cells of yeast (p. 18). Tt
somewhat resembles mucin, but, unlike that substance, contains phosphorns,

II. AzoriseD DERIVATIVES OF THE REGRESSIVE METABOLISM
OF PROTEIDS AND THEIR ALLIES.

Ammonia and Ammoniacal Derivatives.

tj.;. AMMONTA and ammoniacal salts oceur in small quantity in the blood and other
par

2. CoMPOUND AMMONIAS OR AMINES are bodies in which the hydrogen atoms of
ammonia are replaced by hydro-carbon molecules. None of them have been found
within the organism, but may be obtained by artificial decomposition. Thus methyl-
amine NH, (CHy) and érimethylamine N (CHy)y may be obtained by the decomposition of
creatin, C; Hy N, O,

3. AMIDES are substances in which the hydroxyl group (OH) in acids is replaced by
amidogen (NH,). U/rea is the biamide of carbonie acid, CO (NH,),—that is, the
hydroxyl (OH) groups of carbomic acid, CO (OH)s, are replaced by two molecules of
amidogen (NH,). Urea is excreted by the kidneys, and is the great azotised derivative
of the proteids and their allies, but it never yet been obtained from them by artificial
EALS,

4. Amipo-acips are acids in which hydrogen atoms of the acid radicle are replaced
by amidogen (NH,). Thus:—

0y H, 0 (0 H) 0, Hy (N Hy) 0 (0 H)
Acetic acid. Amicglu-lfunt.ic a:id or glycocin.

The amido-acids may behave as acids or as bases.

a. Glyeocin or glycocoll, Gy Hy N Oy, or amido-acetic acid, does not occur free in the
body, but is found combined with cholic acid as glyco-cholic acid (Cyg Hyg N Og) in the
Elu, and in relation to benzoic acid, as glyco-benzoic or hippuric acid (Cy Hy N Oy) in

@ urine.

b. Taurin, Cy Hy N 80,, is amido-ethyl-sulphonic acid, in which a hydrogen atom

of ethyl-sulphonic acid is replaced by a molecule of amidogen (N Hy). Thus :(—

80, (O H) S0, (0 H) (Cy Hy) 80, (0 H) (C; Hy [N H,])
Sulphurous }ﬂ:id. Ethy -sulphnni:: acid. Amildn-uthyl-afﬂpﬂunic a.:illd
It is found free in some glandular organs, and is combined with cholic acid, as tauro-
cholie acid (Cyg Hyy N 80;) in the hile.

¢. Lewcin is amido-caproic acid, in which one H atom of caproie acid is replaced by
a molecule of amidogen (N H,). Thus:—

CgH;; 0 (OH s Hy, (N Hy) O (O H)
?Juplrﬁaic :::ﬂid. ) im'iﬁu.mpr’uic acid,

d. Tyrosin—Cy Hy, NO,—is an amido-acid of unknown constitution. _

Lenein and tyrosin uaunﬁ geenr tnﬁntlwr in various glands. They are readily pro-
duced from proteids by the prolonged influence of the proteolytic ferment of the pancreatic
juice, and tlm:,r may also be obtained from proteids artificially. R,

e. Cystin is found in the kidneys, and sometimes forms urinary caleuli ; its formula
is probably C; Hy N 80, (Gamgee and Dewar, Op. 1, V. p. 142).

5. AMIDO-ACIDS—IN wHIcH THE HYDROGEN OF THE AMIDOGEN GGROUPS I8 ITSELF
SUBSTITUTED. —a. Sarcosin, Cy Hy NOy, is obtained by boiling creatin with baryta water,
and is methyl-amido-acetic acid. Thus :—

¢, H, (N H,) O(0O H ¢, H, (N H [C H,]) 0 (O H)
!An?igln-&cegt}ic u:::id. ] ‘ilathylaa,midn-anetic acid.

b, Creatin, C, Hy Ny 0y, is found in the muscles, blood, brain, ete. By boiling with
bharyta water, creatin is resolved into sarcosin and urea. By the action of mercuric oxide
on an aqueons solution of creatin, methyl-guanidin and oxalic acid are obtained. As the
latter is derived from the oxidation of acetic acid, creatin is regarded as methyl-guanidin-
acetic acid. Thus:— . ¥

' NH(CH N H (C Hy)
O (N H) Eﬁ: G{HH}-’HHj 3) G{HH}}FH{G‘IE{.G{GE

Guanidin. Methyl-guanidin. Methyl-guanidin-acetic acid,
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6. AMMONIACAL DERIVATIVES oF UNKNoWN CONSTITUTION.
a. Uric acid, Cg; Hy N, O,, Found in urine, liver, blood, ete.
b. Xanthin, C; H; N; 0, Found in urine, liver, blood, ete.
¢. Hypoxanthin, C; Hy N, 0, Found in muscle, liver, blood, ete.
d. Creatinin, C; H; N3 O. Found in urine and muscle.
e. Allantoin, C; Hg N; O;. Found in urine.
Jo Carnin, Cr Hg N, U5 Found in extract of meat.
g. Gueanin, C; Hy Ny O, Found in the liver and pancreas.
h. Inosinic acid, C; Hg N, 0y, Found in muscle.

7. UERTAIN PIGMENTS.

. Bilirubin, Cig Hig Na 0. Found in bile.

b, Biliverdin, Cig Hyy N, O, o %

= Hgf?rm?;;i:’“’ C3s Hyy Ny 0., Found in fieces ; sometimes in urine.
d. Urochrome, ! Found in urine,

e. dndican, Uge Hye N 'O

f. Melanin. Found in the skin and in the I:j"i_?,“ It contains C H N O, but its
composition is unknown.
The pigments of the bile and urine are probably derived from the blood-pigment
- —hamoglobin—a substance having a far more complex composition than any of them.

Substances devived from the Decomposition of Proteids by Avtificial Means
and by Putrefactive Decomposition.

The following facts regarding the results of the decomposition of pro-
teids by artificial means and by putrefactive ferments are important as
showing that the azotised derivatives are in many cases similar to those
already detailed as formed in the body, and further because they prove
that fafs may also be derived from the decomposition of proteids.

DEecoMPOSITION OF THE ProOTEIDS,—a. By Heaf.—When subjected to destructive
distillation the proteids yield an oily fluid, containing (1) Ammoniacal salts of the
fatty acids, such as ammonium caproate, butyrate, acetate, and carbonate, and a number
of amines—homologous derivatives of the series of ordinary alcohols, such as methylamine,
propylamine, butylamine. (2) Bodies belonging to the aromatic group, as aniline and
picoline, (3) Phenol, benzol, and their homologues.

b. By Owidation..—By the action of oxidising agents, as potassium-bichromate with
sulphuric acid, ete., there ap{nem' bodies belonging to the aromatic and fatty groups, as
acetie, henzoic, propionic, valerianic aldehydes ; acetic, benzoie, hydrocyanie, propion,
and valerianic acids.

¢. By Caustic Alkalies—When heated with caustic alkali, proteid substances yield
lencin, tyrosin, salts of fatty acids, ete.

d. By Mineral Acids.—When boiled with sulphuric and hydrochloric acids, they

yield glycocin, leucin, tyrosin, ete.

e. By Putrefactive Ferments.—Putrefactive fermentation is due to the
destruction of proteids and some of their allies by living bacteria—vege-
table organisms that will be afterwards described. Their mode of action
is unknown, but probably it largely depends on their robbing the proteids
of oxygen. Formie, acetic, butyrie, valerianie, caproie, and lactic acids
appear, combined with ammonia or other organic alkalies. Some of the
nitrogen is eliminated in a free state, but most of it is contained in the
ammonia produced. Leucin and tyrosin, sulphuretted hydrogen, car-
bonie acid, and various other substances, are produced. When the proteids
are entirely decomposed by putrefactive fermentation, there remains a
substance rich in fats, in earthy and ammoniacal salts, phosphates, and
nitrates.

Thus we see in the decomposition of proteids by a, b, ¢, d, the results
of the crude and violent processes of the laboratory ; whereas under e,
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decomposition, leading in many instances to similar results, can be effected
by the subtle influence of the protoplasm of certain minute organisms, It
is therefore easy to transfer the thought to the cells of the bodily organ-
ism, and to picture them as minute protoplasmic laboratories, effecting
varied transformations of proteids and other substances, the proteids
yielding not only azotised derivations but also fafs and other bodies.
That fats are really derived from them—e.g. in the cells of the mammary
gland—there is no doubt.

IIT. CARBOHYDRATES,

The carbohydrates of the body are—(1) Glycogen or animal starch,
Cy Hy, O, oceurring largely in the liver, and in most feetal tissues ; it is also
a constituent of muscle and of all ammhoid protoplasm. It is chiefly formed
from grape-sugar, but may also be derived from proteid substances. It is
readily converted into grape-sugar by ferments in the saliva, pancreatic
juice, liver, ete. (2) Grape-sugar, dextrose or glucose, C; H,, O, + H, O.
All the starch and cane-sugar of the food are converted by digestive fer-
ments into grape-sugar, most of which passes into the portal vein to the
liver, where it is transformed into glycogen. It oceurs in small quantities
in the blood, lymph, chyle, and muscles. When acted on by yeast it
undergoes alcoholic fermentafion, and under the influence of the Bucterium
luctis it, like milk-sugar, undergoes lactic acid fermentation. (3) Milk-sugar
or lactose, C,, Hy, Oy + H, O, is the only sugar in milk. (4) Muscle-
sugar or inosite, C; H,, O, 4+ 2H, O, is found in muscle, brain, spleen, etc.
The carbohydrates are to a large extent derived from the carbohydrates
of the food ; but that they are also produced from proteids has been
already stated with regard to glycogen, and will be shown also to held
true regarding the formation of milk-sugar in the protoplasts of the mam-
mary gland. The carbohydrates serve important ends in nutrition.

IV. ArconoLs.

1. Cholesterin—a monatomic aleohol, C,; H,, (OH)
or

Cys giﬂ 0

is the only free aleohol in the body. It isfound in pus cells, white and red
blood-corpuscles, the cells of yeast (Hoppe-Seyler, Op. 28, p. 79), blood-
serum, and largely in the white matter of the brain, spinal cord, and
nerves. It is an effete product, and is withdrawn from the blood by the
liver, and excreted in the bile. Nothing is known of its source, but the
fact of its occurrence in yeast-cells and white blood-corpuscles shows that
in these cases, at all events, it probably arises from protoplasmic meta-
bolism. :

2. Glycerin is a triatomic aleohol, consisting of a radicle glyceryl with
three hydroxyl groups ; thus :

: r G H
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Glycerin probably always occurs in combination within the body.
The neutral fats are formed by substituting fatty acids for the H atoms
of its hydroxyl.

Y. FATs AND THEIR ALLIES.

1. Farry Acms.—The chief fatty acids found in the body are—

Formic acid, C H O (O H)
Acetic g Gy B OH(OHY
Propionic ,, C, H, O (O H)
Butyric o G HL 00 H)
Caproic ,, C; Hy,, O (O H)
Caprylic , C;, H,, O (O H)
Capric s G H OO
Palmitiec , C,; H, O (O H)
Stearic 2 O He O (0 H)

These belong to the acefic acid series. Oleic acid, C; Hy, O (O H),
belonging to the oleic acid series, is also present. The fatty acids rarely
oceur 1n a free state, although their glycerin-compounds (neutral fats) are
widely distributed. Their compounds with alkalies (soaps) are found in
the mt.estmal canal, and also, to a slight extent, in the blood.

2. NEUTRAL I‘iT‘-; —The {}I'd]]'mt"}f fats stored up in fat cells, and
most uf those in the blood and other parts, are neutral fats. Those of
most common occurrence in man are palmitin and olein, and in much
smaller amount, sfearin. Olein is fluid, at the ordinary temperature,
while palmitin and stearin require the temperature of the living body to
retain them in a liquid state. When treated with an alkali, they take up
water, and decompose into glycerin, and their respective fatty acids,
which unite with the alkali, and form soaps. They are also decomposed
in the same manner by the fat-decomposing ferment of the pancreatic
juice. The neutral fats under consideration are comstituted by the sub-
stitution of the three molecules of the radicles of the respective fatty
acids, for the three H atoms of the hydroxyl groups of the glycerin
alcohol. Thus:—

£ Glycerin. Stearin. Palmitin. Olein.
¢, H, ); ¢, H, ¢, H, o, H,
b5 0 0, 0, 0,
HB 4 (015 H35 0}'-! (Glﬁ I-IS'.I. O:} B (CIE H?ﬂ 0}
Radmlc of i{a-:llu.lc of Radicle of
Stearic acid. Palmitic acid. Oleic acid.

The following graphic formula will serve as a type to show how the
production of these compounds results :—

Glycerin. Palmitic Acid. Palmitin. Water.
GYH, ) o 3(JmHmf::-}G: ¢, H, }0 31-1}0
, AHy 8 i H (Cy; Hy, 0, gein H

The fats of the body, although derived from the fat in the food, also
largely spring from the transformation of the proteid substances. It has
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been already shown that certain vegetable cells—the bacteria—can bring
about the production of fat from proteids during putrefactive fermenta-
tion. There is certain evidence, afterwards to be detailed, that the cells
of the mammary glands produce fat from proteids, and there is every
reason for believing that fats are also derived from carbohydrates.

3. Grycerin-PHosrHorIC Acin, Oy Hy P O, is clusﬂl{' allied to the neutral fats.

It is an acid glycerin ether, and may be prepared synthetically from glycerin and ortho-
phosphoric acid. It is obtained from the decomposition of lecithin.

4. Acips oF THE LAcTic series.—Lactic and carbonic acids are
the members of this series of most physiological interest.

. Luctic acid, C, H; O,, is formed from sugar by the lactic acid fer-
mentation. It is found in the alimentary canal, where it results from
fermentation of the saccharine elements of the food.

b. Sarcolactic acid, a body isomeric with lactic acid, is produced in
muscle during contraction. The mode of its formation is unknown.

¢. Carbonic acid, C H O,, is the chief oxidation product of the various
organic constituents of the body. It is mostly formed in the tissues,
and passes into the lymph and blood, to be excreted by the lungs. It
oceurs in the form of carbonates, in combination with sodium phosphate,
and in a free state.

5. CompLEX AzOTISED Fars—1. Lecithin, C,, Hy N P O, is widely
distributed in the body. Tt is largely present in the brain, nerves, pus,
and white blood-corpuscles, ovum, and indeed in protoplasm generally.

2, Cerebrin, Cy H’F‘ N 0,1, is a constituent of nerve tissue. The substance de-
seribed as “ protagon,’ ll?' Liebreich, appears to be a mixture of lecithin and cerebrin
(Hoppe-Seyler, Op. 21, Heft 4, § 487).

8. Neurin or Cholin, Cy Hy; N Oy, is a product of the decomposition of lecithin.

The chemical processes of the organism belong to the three great
types of chemical transformation :—1, Synthesis ; 2, Isomeric change ; 3,
Decomposition. ~ What may be termed the minor synthesis of proximate
principles is doubtless a chemical process of common occurrence in the
body, e.g. the formation of urie acid from xanthin.

=9
R et el

A similar example is afforded in the production of hippuric ﬂ:::id from
benzoic acid and glycocin. Thus, if benzoic acid be taken into the
organism, it combines with glycoein, a derivative of the metabolism of
proteids, and the result of the union—hippuric acid—is excreted by the
kidneys.

G, H, 0, + 0, H.NO, = C; H.NO, -+ H, O
Benzoic acid. %}ljuu{:in. Hippuric acid. Water.

The most notable substance, however, that results from sy_ni_;heti{:
metabolism in the animal body is hiemoglobin (p. 37). Ifs composition is
more complex than that of the proteids themselves, and it doubtless
results from the union of proteids or their allies with iron or mthi some
substance containing it. Yet in this, as in all the syntheses in the
body, there is the union of one or more complex organic substances
amongst themselves, or with simple substances ?‘uch as oxygen or water.
They are, so to speak, only minor syntheses in comparison with the

EEPERS——— S
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major syntheses of complex organic substances out of the elements of
CO,, NH,, H,0, and H,SO,, occurring in the plant.  Tsomeric change
is probably a common occurrence in bodily metabolism ; a familiar ex-
ample is the transformation of starch (C; H,, O,) into dextrin (C; H,, O;)
by the salivary ferment. A different arrangement of the atoms in the
two molecules is probably the cause of their difference in chemical pro-
perty. But the great chemical change that characterises metabolism
in the animal is the decomposifion of complex organic molecules. The
agencies by which this is effected, at the comparatively low temperature
of the body, are only very partially known. There are simple decomposi-
tions ; that is, the complex molecule merely breaks up into two or more
whose combined molecular weight is equal to that of the substance
decomposed ; thus, when the molecules of glucose are thrown into com-
motion by the lactic acid ferment, they simply decompose into those of
lactic acid.
Cs Hyy Oy = 26, H;, Oy
Glucose. Lactic acid.

Sometimes a simple decomposition consists in the separation of one or
more molecules of water (dehydration) : thus creatin may by heat be split
up into creatinin and water :—

C,H, N, 0,=C, H.  N,O + H,0
Creatin Creatinin.

In some cases decomposition is Aydiolytic, that is, it is preceded or
accompanied by the addition of water. This happens when the lactic
acid ferment transforms millk-sugar into lactic acid ; thus :—

C; Hys O + HO = 4C, H, O,

It need scarcely be said, however, that the addition of water is not in
all cases followed by decomposition, for the result may be mere hydration
and not hydrolysis.

A change in the relation of the molecules to oxygen is, however, the
great feature that broadly marks the decompositions within the organism,
Degzidation sometimes oceurs ; thus, when proteids are fermented by the
pancreatic juice, one of the produets is indol (C,; Hy, N,), a substance
which, unlike the proteids, contains no oxygen. But cwidation is the
most common event, and is, above all others, the characteristic feature of
the metabolic phenomena of the animal body. Hence it is that an incessant
stream -of oxygen flows through the organism. The following is an
example of a decomposition depending on oxidation :

G, H, O, + 30, = C, H, O, - 200, - 2H,0
Butyric acid. Oxygen.  Acefic acid. Carbonie acid. Water,

Since the time of Lavoisier the idea has generally prevailed that the
mere affinity of oxygen for carbon, hydrogen, ete., with the excitement of
the organic molecules produced by heat, are the causes of decomposition
in the body, as they are in a burning coal. The comparatively low
temperature of the body, 38° C. (100° F.) is a serious obstacle to the
entertainment of such a hypothesis, which some have endeavoured to
surmount by the theory—mnow, however, proved to be without sufficient
foundation—that the oxygen is in the form of ozone.
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FERMENTS AND THEIR EFFECTS.

The subject of fermentation grows daily more important in physio-
logy, pathology, and practical medicine. The digestion of the food is
almost entirely the work of ferments, They affect the composition of the
blood as it passes through the liver. They probably oceur widely in the
tissues, and either exist in the blood in its normal states, or speedily appear
in it under various abnormal conditions. A ferment (Bacillum anthracis)
appears certainly to be the cause of splenic fever, and other forms of
zymaotic disease are probably due to them. That they are the determining
cause of putrefaction—and that antiseptic agents probably act by de-
stroying them—Pasteur (Op. 13, vol, Ivi. p. 1189) was the first to maintain,
(1863), and to point out the importance of applying this prineiple in
practical surgery ; but the scientific instinet of Lister was needed to grasp
the significance of the hint, and to give it practical effect.

Ferments are bodies having the power of inducing chemical changes
in others without being themselves consumed. The ferments produced
within the body are albuminoid matters of unknown composition.  They
are sometimes termed unorganised to distinguish them from the organised
ferments—such as yeast. As the unorganised ferments are all soluble in
some medium, the term soluble is sometimes employed to distinguish them,
but as they are non-living, as contrasted with the organised or living fer-
ments, they may be thus designated. The non-living ferments of the
body being soluble in water may be filtered without loss of power, and
salicylic acid—which is fatal to living ferments—does not prevent their
action (Kiihne). Non-living ferments are incapable of self-multiplication.
Living ferments grow and multiply at the expense of the matters in
which they occur, and unless they are suitably fed, they die and become
useless.

Non-living or Soluble Ferments.

All the ferments capable of being isolated from the tissues and fluids
of the body are hydralytic ; that is, they all cause water to be taken up by
the substance in which they induce decomposition. Those as yet known
may be classified in three groups.

1. Amylolytic or sugar-forming ferments, formed in the salivary glands,
pancreas, liver, and intestinal glands, and present in some other organs.
Most of these convert starch and its isomeric ally glycogen, into grape-
sugar. The intestinal ferment converts cane-sugar into grape-sugar.
These ferments act like dilute mineral acids at a boiling temperature.

2. A fat-decomposing ferment formed by the pancreas. It causes
neutral fats to take up water, and to split into glycerine and fatty acids
at the temperature of the body (38°C.) This ferment produces the same
effect as a caustic alkali at a higher temperature than is necessary for the
action of the ferment, ;

3. Proteolytic ferments formed by the gastric glands and pancreas
transform soluble or coagulated proteids into peptones and other products.
The physiology of these ferments will be discussed in detail under
Digestion, ;

e T e ————— = S
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Living or Organised Ferments,

To what extent—if indeed at all——the metabolic phenomena occurring
in the tissues are to be regarded as of a fermentative nature is unknown,
Therefore, for the present, it must be simply stated, that the only living
ferments that appear to exist in the body in its normal state are certain
fungi found in the alimentary canal. There they appear to give rise to
putrefaction of proteid particles—in the sordes around the teeth—and
probably also in the lower part of the intestine ; and to lactic and butyric
fermentations in the stomach. In abnormal states they may find their
way into the urinary passages, and induce decomposition of the urine ;
and they may also enter the blood and other parts, and there become the
cause of deadly disease.

YEAST AS A FERMENT.—As yeast 1s the type of an organised or living
ferment, some facts with regard to its action may not be inappropriately
stated here. It transforms cane-sugar into grape-sugar, and induces
aleoholic fermentation in the latter. About 98 per cent of the sugar is
split up into aleohol, carbonic acid, and small guantities of glycerine and
suceinie acid ; while nearly two per cent of the sugar disappears ; being prob-
ably, as Pasteur suggests, appropriated by the protoplasm of the torula.

Yeast cannot induce alcoholic fermentation unless it be living. A boil-
ing temperature, ether, chloroform, carbolic and salicylic acids, creosote,
ete., all destroy its vitality, and prevent alcoholic fermentation. Further,
unless yeast be supplied with the food necessary for the life of its proto-
plasm (p. 20)—e.g. if it be sown in distilled water and sngar—it soon dies,
and its power as an alcoholic ferment ceases, It was maintained by
Liebig that the fermentative power of yeast is due to a catalytic effect
of its azotised matter while undergoing oxidation—he being entirely
opposed to the doctrine that the life of the yeast is concerned in the result.
But when the yeast, sown in distilled water, dies and decomposes, the
proteids of its protoplasm are precisely in that condition which, aceording
to Liebig, is favourable to its activity as a ferment. Therefore, however
much remains doubtful, this is certain, that yeast acts as an aleoholic ferment
only when it lives, No one has succeeded in separating an alcoholic ferment
from the torulse, and the only conclusion as yet warrantable is that the
living torula is itself the ferment. With regard to the manner of its
action we know nothing definite, and have no better theory than that
long ago suggested by Stahl—that the living yeast, being in a state of
inward commotion, communicates to the sugar movements that induce it
to take up water, and resolve itself into new compounds,

But yeast also produces a non-living soluble ferment separable from the
torule after they have been killed by ether (Hoppe-Seyler, Op. 42, p. 522),
which transforms cane-sugar into grape-sugar, although it cannot carry
the change further. The distinction between the living alcoholic ferment
and the non-living glucose-forming ferment m con nection with yeast is oh-
viously of great interest, and important in its bearing on the whole question
of organised ferments. By killing the yeast all fermentative power s not
abolished, but mervely a certain fermentative power dependent on its living state.

BACTERIA AND THEIR EFFECTS.—Bacteria are elementary organisms
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having the characters of fungi. They appear to he minute non-nucleated
particles of protoplasm enclosed in a cellulose envelope. They live readily
in fluids containing proteid matter in solution, but, like fungi, they can
also thrive in Pasteur's fluid (p. 20). Like yeast, they require oxygen,
which they may obtain from the air dissolved in the fluid, or from some
decomposable organic substance which contains it.

Our knowledge of bacteria is as yet so imperfect, that classifications
hitherto proposed can only be regarded as temporary. Cohn (Op. 35, 1.
p. 146) proposes to divide them into four groups—1. Globular bacteria,
represented by Micrococens (Fig. 10). 2. Rod-like bacteria, Bucterium
termo (Fig. 11). 3. Thread-like bacteria, including Bacillum and Fibrio.
4. Spiral bacteria, including Spirillum and Spirochate. The researches
of Lister (Op. 8, vol. xiii. p. 381) have, however, very clearly proved
the inadequacy of any classification—such as Cohn’s—based exclusively
on morphological features, for the rod-like bacterium (Bacterium lactis)
that occasions the lactic acid fermentation, assumed thread -like
and toruloid forms when sown in urine, rod-like forms when transferred
from the urine to Pasteur’s fluid, thread-like and rod-like forms when
re-transferred from the Pasteur's fluid to urine, and rod-like and thread-
like forms after it was re-transferred to boiled milk. Yet, notwith-
standing the various fluids in which it had been sown, and which had
effected notable changes in its morphological characters, its physiolo-
gical property of inducing lactic acid fermentation was retained. Thus,
it seems evident that a classification of bacteria on physiological, instead
of morphological grounds, will have to be adopted. This is also very
strikingly illustrated by the fact that the bacterium which occasions
butyric fermentation (Buacillum sublilis) and the bacterium which induces
splenic fever (Bacillum anthracis) ave identical in morphological characters
and in life-history ; yet when B. subtilis is injected under the skin of an
animal no evil effects ensue, but when B. anfliracis is injected, “splenic
fever,” and it may be death, are the result.

This difference of physiological effect with identity of morphological character
is a cardinal point in the considerations that cluster around bacteria.

Micrococeus.—If a piece of unboiled meat be triturated with cold water,
the fluid filtered, and placed in an ordinary vessel, and kept at summer heat,
it becomes in a day or two somewhat turbid, and a scum or pellicle appears
on the surface. The pellicle consists of a multitude
of minute globular bacteria—micrococci—imbedded
in a clear jelly termed zooglea (Fig. 10, «). The
zoogleea is analogous to that produced around the
familiar alga—palmella, but whether it is secreted
_ ¥ by the micrococei or produced from substances in
hu?ﬂi;l 11::;31«:;4:;;:?;;"’2 :t'-:::t: 'the. surrupnding fAnid h},r_a, sort of fermeutf],tiva
400 ¢ b, free and more highly influence is unknown. Micrococel are exceedingly
magnifled ; ¥ ¥, undergoing minute, being only about 1 # (552gg inch) in diam.
AL They arve comparable to torule in so far as they
are minute particles of protoplasm, in what appears to be an envelope of
cellulose. Unlike torule, however, they proliferate by fission (b’ E.-":,t. _In
their jelly, microcoeei exhibit no locomotion, but when free, and not clinging
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to any fixed objects, they exhibit an irregular dancing movement, which,
so far as we know at present, seems to be Brownian motion ; an irregular
vibratory movement common to all fine particles floating in a fluid. It
is purely physical, and probably results from thermal changes in the fluid.

Bacterium termo may also be found in great numbers with micrococci
in the putrefying juice of b
meat as well as in other
putrefying fluids. It some-
times consists of one,
mostly of two, and rarely
of three or more segments.
Its breadth is usually too @_E 3)

about 1 p, and the length 2! T

of one secment IISHEI.H}F Fig. 11. Buacteriunty ferma, o, forming o zooglea ; b, free, x G600
g C T'.l B e o, dividing ; ¢, with flagella ; ¢, division nearly complete, with
_1 6] s { 0 l'l}. ut—as growing fagelln forming a connecting link (after Dallinger):
1mn _Bﬂgfgﬂ:u.m EEI{:‘HS—HIE d, Bacterinm elongated to form a gonidium- or "' spore "-containing
]E]lgbh Gf thﬂ segmunt filament ; 5, germs or * spores.” (After Ewart.) x 4000,
probably varies according to the conditions under which the fungus grows.
When enveloped in a zoogleea (Fig. 11, a), B. fermo is motionless ; when
perfectly free, it mowves. It exhibits two sorts of movements :(—1, a vital
movement ; and 2, Brownian movement. The vital motion is due to the
contractions of a pair of cilia or flagella—one at each end of the minute
cell (¢"). The flagella lash like the tail of a fish, and impel the individual
in a definile divection. They are analogous to the flagella seen on the
familiar profococcus, and as in that case, so here, they are doubtless pro-
L] ¥ L }T
longations of the protoplasm through the cellulose envelope.

ﬁn{-‘ﬂg_;rg_‘;ﬁgé"u ﬁrﬂ_@p ‘th_ﬁ_u_m

Sometimes the flagella cease to lash, and the movement of the bacterium in a definite
direction stops ; and 1t can at any time be brought to an end, ¢.g., by a boiling tempera-
ture or by alcohol. But although the vital movement ceases, Brownian motion, always
present, but obscured hy the vital movement, continues, so t]mt, when the free bacterinm
becomes *‘ quiescent,” it is quiescence only as regards the vital motion in a definite direc-
tion, The living bacteria on becoming quiescent may secrete a zoogleen, and thus
produce a colony (a).

The flagella of Bacterinm termo were recently discovered by Dallinger and Drysdale
(Op. 9, vol. xiv. p. 105), and notwithstanding their extreme tenuity, have been measured
by the former, who finds them to be gpggp inch in breadth, a size almost inappreci-
able. Recently Koch (Op. 35, year 1877) has actually succeeded in taking a micro-
photograph of the flagella and bacterium.

Bacterium termo commonly multiplies by fission.  After magenta-
staining, the protoplast may be seen in the act of division (¢). In others
the division appears to be complete, but in reality a minute protoplasmic
thread unites the two segments. It afterwards elongates and forms a
flexible link (¢”) that remains for a variable period, but finally snaps and
forms two flagella. Another mode of reproduction, discovered by Koch
(Op. 35, vol. ii. p. 3) in the case of Bacillum anthracis, and recently pointed
out by Ewart in this particular instance (Op. 4, vol. xxvii. p. 474), consists
in the formation of germs or gonidia ; the bacterinm elongates (d) ; its
protoplasm repeatedly divides, and eventually forms small, bright, refracting
particles, each with a thin envelope. The parent envelope gives way and
they escape. That these are really germs was proved by Koch (Op. cit.)
who observed them, in the case of Bacillum anthracis, sprouting and
elongating into filaments.
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As regards the relation of Micrococcus to Facteriwm (ermo, further investigation is
needed. It is maintained by Cienkowski {ﬂ% 43) that micrococei arise by repeated
subdivision of bacteria, and it has been generally supposed that mierococci elongate and

roduce bacteria (Cohn, Op. 85, vol. i. p. 149) ; but doubt has been thrown on this by
iwart, who in his experiments succeeded in getting a cultivation where microeocei without
any rod-like bacteria were present. The preparation was made by inoculating a drop of
fresh aqueons hnmour (an albuminous fluid) from the eye of an ox by a minimal

quantity of pus taken from a newly-opened abscess on the point of a caleined needle

(Op. 4, vol. xxvii. p. 476), the lluids being rapidly placed on a caleined glass slip and
under a caleined cover-glass, and sealed.! No elongation of micrococel into the rod-like
bacteria conld be detected, although watched for many days.

Bacterium termo is believed by many to be probably the great cause,
though possibly not the only one, of putrefactive fermentation of albuminous
substances. The effect of micrococens is not so elear, but it is also very
commonly present where putrefactive change is taking place ; this subject
will, however, be discussed later.

Bacillum—The Buacillum subtilis of butyric fermentation, and the
Bacillumanthracis(Fig.
12), the ferment of
splenic fever, are mor-
- ~~  phologically identical,
A——RC——, and have & lifehis-

e tory so similar to that
T of Bacterium termo, al-

= ready deseribed, that

Fig. 12. Bacillum anthracis, a, in a zoogloea ; b, free; o ¢, dividing ; o a special account need
divided ; d, elongating to form n gonidinm- or *“spore "-containing fila- not be givgﬂlﬂ The
ment o' ; 5 spores; & &, ponidia dividing ; g, gonidinm spronting to F
form o filament.  Highly magnified. (Ewart.) SEgII]E!l]tE of Bacillum

areusually longer than

those of Bucterium fermo, but under special circumstances those of the
latter sometimes attain to greater length. The totally different physio-
logical effects of B. subtilis and B. anthracis have already been mentioned.

ErrEcTs 0F REAGENTS ON BACTERIA.—a. Hsat.—That fully formed
bacteria are killed by ebullition is what might be expected, indeed,
a much lower temperature than 100 C. (212" F.) is sufficient : thus, while
Bucteriwm termo multiplies rapidly between 30° and 35° C.,, it is killed by a
fourteen hours’ exposure to 40° C., or a three hours’ exposure to 45° C.
(Eidam, Op. 35, vol. i. p. 223). The germs of bacteria, however,
are not so easily killed. In the dry sfafe they may be heated to
110° C. (230° F.) without losing their vitality (compare effect of heat
on dried albumin, p. 35), but they are destroyed by a temperature
of 120° C. (248° F.) Sanderson and Ewart (Op. 4, vol. xxviil. p. 477).
In a moist condition the germs are destroyed at a lower temperature, but
as Tyndall (Op. 3, vol. clxvii. p. 149) has conclusively shown, it is an
error to suppose that ebullition for @ few minufes is in all cases sufficient
for their destruction. Thus he found from a large number of experi-
ments, that the bacterial germs in old hay, when boiled in an infusion of

1 These precantions are needed to destroy the germs of other fungi.

? The termn Bacillum might well be abandoned and Bacferiuwm substituted ; for the
former only introduces needless confusion, and in point of etymology is indefensible, for
while Bdkrpor means a staf or rod, bacilfum is the diminutive of bacnfiwm and means a
little staff. Yet Bacillum is applied to a body longer than the ordinary Bacterium termo.

g —

B T S —

—




INTRODUCTION. 49

turnip, are not with certainty sterilised by ebullition, unless it be continued
for four howrs (lib. cif. p. 177). In an infusion of cucumber, the vital
resistance of the germs was found to be quite as great. Ignorance of this
fact has been the cause of much trouble to those desirous of proving the
groundless supposition that bacterial and other small things may arise de novo
in turnip infusion and similar fluids. The probable explanation of this
remarkable fact—that dried bacterial germs are, as above stated, not killed
by temperature under 120° C'. (248° F.)—is, that the envelope of the germ
becomes by desiccation extremely impervious to moisture, and requires to
be exposed to even boiling water for several hours before it is penetrated
and the protoplasm destroyed.

Pasteur in 1862 (Op. 44, vol. Ixiv.) observed the singular fact, that while acid fluids
are sterilised by a temperature of 100° C., a few degrees more are needed to sterilise
alkaline fluids ; e.g. alkaline urine.

b. Chemical Reagents—DBacteria are killed by carbolic acid, salicylic
acid, alcohol, and wvarious other antiseptic agents. Paul Bert (Op. 13,
vol. Ixxx. p. 1579), has recently shown that when flesh, moist bread, fruits,
wines, etc., are exposed to pure oxygen, under pressures varying from ten
to twenty-seven atmospheres, putrefaction is entirely prevented, and it
required a long subsequent exposure to common air to bring it about.
The effect cannot be mechanical, for such pressures with ordinary air
instead of with pure oxygen entirely fail to sterilise the putrefactive germs.

BACTERIA AS FERMENTS,—That a bacterium, named by Lister the
Baclerium lactis, is the cause of lactic acid fermentation was long ago
surmised by Pasteur, and has been completely proved by Lister (Op. 8,
vol. xviii. p. 177). It is just as certainly the cause of lactic fermentation,
as yeast is of alcoholic fermentation. The remarkable morphological
changes which the Ducterium lactis undergoes when sown in different
fluids, with retention, however, of its lactic fermentative power, have been
already alluded to. :

That the Bacillum subtilis is the cause of the butyric fermentation is
highly probable, while it seems certain that the Bacillum anthracis is the
cause of splenie fever,—which is therefore probably of the nature of a
fermentation, Many are equally convinced that putrefaction is also due
to ferments, and that the particular ferment is notably the Bacferium
termo.  Wherever putrefaction is taking place, bacteria are found grow-
ing and -multiplying, and the question arises,—Are they themselves
the destructive agents that occasion putrefactive change, or do they
merely revel amidst the chaos of its results, like sea-fowl in the wake of
a vessel? There are some who—following the teaching of Liebig, that
putrefaction is merely due to oxidation—incline to the latter idea. DBut
it becomes untenable when narrowly examined.

1. A watery solution of peptones (p. 36)is a fluid rich in proteid matter ;
apt to putrefy, and having the advantage over an ordinary albuminous
fluid of not coagulating on heating, Such a solution made of a specific
gravity about 1005 putrefies when placed in any ordinary vessel, and
kept at 30-35° C. If the unboiled fluid be placed in a flask that has
not been exposed to a high temperature—it matters not whether its
mouth be open, or closed with a cork, or glass stopper, or plug of cotton-

E
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wool—it in time swarms with bacteria. 2. If say half a dozen glass
flasks be half filled with the solution of peptones, their mouths firmly
plugzed with cotton-wool, and all placed in a water bath, boiled for an
hour or so, and then set aside and kept at the moderate temperature of
30-35° C,, putrefaction scarcely ever ensues, and yet there is oxygen in the
air of the flask ready to oxidise the proteid material, if that were enough
to occasion putrefaction. But as soon as the merest trace of bacterial
seum is introduced into the fluid in the flask, and the cotton-wool plug
replaced, putrefaction begins, and though it were a flask capable of hold-
ing a large quantity of peptone fluid, it would be found that after
inoculation with a minute particle of bacterial scum, the merest trace of
the putrefying fluid could in turn excite putrefaction in another ; evidently
because the putrefactive ferment is capable of self-multiplication. But if
the bacterial fluid be thoroughly boiled, it no longer serves to induce putre-
faction in another. On Liebig's theory this seems inexplicable, for why
should. the temperature of boiling water destroy the cause of fermentation
in & NON-COAGULABLE fluid if that cause be nof living? There is but one
feasible explanation—viz. that pufrefaction is due fo a ferment, and that

ferment is living bocterie.  To inoculate such fluids with putrefactive -

ferment, bacterial seuin is not essential, a drop of ordinary unboiled water,
or the contact of any solid body not exposed to a sufficient heat, or to
other antiseptic agents such as carbolic acid, may suffice to introduce the
putrefactive ferment, for bacterial germs contaminate the outer surfaces of
all solids, and exist in air as well as in water. Some indeed have stated
that bacterial germs are not conveyed through the air, but only by water
and solids ; it need not be doubted, however, that this is an error.

We are indebted to Lister (Op. 8, xviii. p. 179) for proof of the fact
that putrefactive germs do not exist in the blood, in its normal condition
at all events. Thus, if blood be run from the vein of an animal through
a calcined glass tube, into a glass flask that has been heated to 300° F.,
and allowed to cool in a chamber whose air has been purified by the fine
spray of carbolic acid, the flask may be kept simply covered with an
inverted watch-glass and under a bell-jar without putrefaction; yet,
under these conditions, if the blood be inoculated with bacteria, it putrefies
rapidly. Lister also showed that the same holds true of milk with
regard to the Bacterium lactis, it is not present in the milk when secreted,
but appears in it only after external contamination. Chiene and Ewart
(Op. 1, vol. xii. p. 448) have made experiments on this point, and have
supplemented Lister's observations by demonstrating that in living
healthy rabbits neither bacteria nor their germs exist in the liver, spleen,
kidneys, pancreas, lymphatic glands, and urinary bladder, although they
exist in great numbers in the stomach.

There is therefore a sound scientific basis for that system of surgery
devised by Lister, which seeks to prevent putrescence of the exposed
fluids and internal solids of the body by guarding them from the entrance
of the germs of putrefactive ferments. (The effects of putrefactive ferments
on proteids have been stated at p. 39.)

In addition to the works referred to in the text, consult those
mentioned by Ray Lankester in Op. 8, vol. xviii. p. 455.
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SECTION IIL
PHYSIOLOGY OF THE TISSUES.
ENUMERATION OF THE TISSUES.

THE term fissue has by some been confined to coherent groups of similar
morphological units, such as epithelial and cartilaginous tissues. The
blood-corpuscles being detached units floating in a fluid, do not fall within
this definition. It is therefore more convenient to give a less restricted
meaning to the term, and to apply it generally to all the elementary
organised constituents of the body. The elementary tissues may be
grouped as follows :—
Blood and lymph corpuscles.
Epithelial tissue.
[ Cartilaginous tissues.
Mucous tissue.
Connective tissues 4 Retiform tissue.
Ordinary connective tissue.
| Osseous tissue.

Adipose tissue.
Dental tissues.
Muscular tissue.
Nerve tissues,
The bodily organs consist of assemblages of two or more elementary
tissues.

CHAPTER VL
BLOOD-CORPUSCLES.

TaE blood consists of corpuscles in a fluid—the plasma, or liquor san-
guinis. 'The corpuscles are chiefly of two sorts, colonred and colourless ;
and in addition to these there are some minute particles, the so-called
“granules of the blood.”

The colourless corpuscles are found in the blood of all animals, In
the invertebrata and in the lowest vertebrate (Amphiozus lanceolatus) the
corpuscles are all colourless. In all other vertebrates two kinds of
corpuscles occur, and the coloured are more numerous than the colour-
less corpuscles.
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The colourless having a simpler structure than the coloured corpuscle,
and, preceding it in the order of development, will be studied first.

WHITE EBELOOD-CORPUSCLES.

In all animals the colourless blood-corpuscles are nucleated masses of
amceboid protoplasm.

Warre CorPUSCLES OF NEWT'S BLooD.—Amphibians having larger
blood-corpuseles than other animals, their blood is particularly suited for

Fig. 18, Colourless corpnscles of newt’s blood. a, Large finely-granular corpuscle. o, The same
corpugcle half an hour later. b, Coarsely-granular corpuscle: u, nuglei; », vacunole ; ¢, d, g, small
white corpuscles. All the above corpusclesare contractile. e, f, Motionless corpuscles, probably old
nuelei of coloured corpuseles. 3 450,

microscopical study, and the blood of the newt is preferable to that of
the frog, on account of the larger size of its corpuscles, and also because
of other points of difference. If a drop of blood be drawn from the tail
of the newt, placed on a glass slip, and covered, before it coagulates, with
a thin glass, and then magnified about 300 diam., the corpuscles may be
readily seen, but a magnifying power of 1000 diam, is more advantageous.
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In the newt's blood the white corpuscles may be divided into three
varieties: 1. The large finely-granular corpuscle (Fig. 13, a, a'). 2. The
coarsely-granular corpuscle (b). 3. The small white corpuscles (¢, d. g).

1. The large finely-granular corpuscle is the most common variety, Itis
about 62 u (;3¢ inch) in diam., and is a mass of finely-granular protoplasm,
with two or three nuclei, but without any evident envelope (periplast).
The corpuscle is inelastic, and decidedly viscous. In consequence of its
viscosity it tends to cling to the lining membrane of the blood-vessels, as
may be witnessed in the tadpole’s tail or frog's web.

The corpuscle is contractile, and exhibits amceboid movements, by
which it can migrate from place to place,
It can even emigrate from the blood
through the walls of the capillaries and
smaller veins into the surrounding tissues.
This emigration (diapedesis), first demon-
strated by Augustus Waller (Op. 36,
year 1846), and re-discovered by Cohn-
heim (Op. 19, vol. xL, year 1867), may
be observed at any time in the tadpole’s
tail (Fig. 14), but it occurs more especially
during the process of inflammation. The
emigration is very tardy, and that of a
single corpuscle may occupy from one to
three hours.

The pseudopodia of the corpuscle may

Fig. 14. Diapedesis of white blood-cor-
: % puscles through the wall of a eapillary in
fus!a together at their apices, and the iye tail of a tadpole. 1, White corpuscle
facility with which they do this seems clinging to the wall of the vessel ; w’ w",

. . white corpuseles emigrating ; w™, emigrated
to preclude t.llt’.h idea of the existence of white corpuscle ; o ¢, connective tissue cor-

an envelope. Sometimes they enclose a puscies; r, coloured blood corpuseles,

drop of fluid, and thus a vacuole (v) is X 800,

formed in the protoplasm., Vacuoles, however, usually arise—not in this
manner— but by some internal centrifugal movement of the protoplasm,
whereby it leaves a space in its midst filled with fluid. Semetimes the
corpuscle becomes elongated, its extremities move in opposite directions,
while the intervening portion becomes more and more attenuated (u/,
Fig. 13) and may finally give way. Ocecasionally the extremity of a
protoplasmic process becomes detached in this manner. _

2. The coarsely-granular corpuscle (b, Fig. 13) is not nearly so numerous
as the first variety. It is a nucleated mass of coarsely-granular protoplasm.
It usually exhibits active amweboid movement. The protoplasm streams
out into pseudopodia, that are usually at first perfectly elear and homeo-
geneous, until the granules suddenly start off and run into them. When
there is a general excitement of the mass one may often see a set of
granules moving in one direction, while a neighbouring set moves the
opposite way :—as in the protoplasm of the Tradescantia cell (Fig. 6).

3. The small white corpuscles present various appearances. In one sort (¢) there are
one or two nuclei in a considerable mass of finely-granular protoplasm. In another (g)
the nuclei are more numerons, and the protoplasm more transparent. In a thind ()

there is a large nuclens snrrounded by a relatively small quantity of protoplasm. All of
themn exhibit ameeboid motion.
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There are other corpuscles (g, ) which, though colourless, are of a different nature
from the white corpnscles proper. They refract light strongly, and have no ameehoid
movements. They are probably the free nuclei of broken down coloured corpuscles? (com-
pare d, Fig. 18).

ENTANGLEMENT OF SoLID PARTICLES.—Like the amaeha, the proto-
plasm of the white corpuscles can entangle and envelope solid particles.
Thus, if carmine, vermilion, indigo, or aniline-blue be reduced to a state
of very fine division, mixed with serum or dilute albumin, and added to
a drop of newt’s blood—gently heated (30° C.) to hasten amaboid move-
ment—the coloured particles are, as it were, eaten by the corpuscles.
The importance of this observation—first made by Schultze (Op. 18, i.
p. 1)—has been shown by Cohnheim, who injected finely divided aniline-
blue into a subeutaneous lymph sac of the frog. The lymph corpuscles
(young white blood-corpuscles) enveloped the pigment granules, and entered
the circulation. After some days, inflammation of the cornea was arti-
ficially induced, Pus-corpuscles appear in the cornea, and in many other
parts when inflamed. Virchow taught that all the pus corpuscles in this
case arise from proliferation of the connective tissue corpuscles of the
cornea. Probably some of them do arise in this way, but Cohnheim
proved that, at all events, many of them are white blood-corpuscles that
have emigrated from the vessels at the margin of the cornea; for he
found that when he irritated the cornem of frogs having their blood-cor-
puscles artificially pigmented, many of the pus cells in the cornea contained
blue pigment granules. The structural characters of pus cells are identical
with those of white blood-corpuscles.

Errecrs oF ReEAGENTS.—Muagenta, carmine, and some other dyes bril-
liantly stain the nuclei, and to a less extent the surrounding protoplasm.

Dilute acetic acid, or dilute solutions of caustic alkali, arrest the amce-
boid motion, by paralysing the protoplasm, which they render extremely

transparent, and thus reveal the nuclei, on which, however, they appear

to have little effect (Fig. 20, b).

Water, when added in sufficient quantity, paralyses the protoplasm,
which swells up from endosmose.

Electricity and heat produce effects similar to those already described
in the case of the ameeba (p. 24).

Waite CorpuscLes oF HuMAN Broon.—When a drop of human
blood is placed under the microscope, it is at first somewhat difficult to
detect the white corpuscles, owing to their relatively small number. Ere
long, however, the coloured corpuscles run into rouleaux (Fig. 15, o),
leaving the white corpuscles (w, w') more or less isolated in the meshwork.
The ordinary white corpuscle of human blood (Fig. 16, ¢, d) resembles
the common white corpuscle of newt's blood in every respect save size.
It is a mass of nucleated ammboid protoplasm, without any apparent
envelope. The nuclei vary from one to five ; usually there are three. The
corpuscles vary from 8 w to 16 u (374 t0 y3%55 inch) in diameter, that is,
from about the same size to twice the size of the coloured corpuscle.

1 When a drop of newt's blood has been kept for some time between two slips of glass,
the coloured corpuscles become decidedly altered : amongst other things, their nuclei

become extravasated. The forms e and f in Fig. 13 may, however, be seen in per-
fectly fresh blood.

R
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Sometimes one may find in a drop of human blood a coarsely-granular
corpuscle resembling that of the newt’s blood (Fig. 13, §), and in every

Fig 15. Human blood. ¢, Coloured Fig. 16, Human blood corpuscles,
corpuscles in rouleaux; w, ', white Coloured corpuscle lying (o) on its
corpuscles.  x 800, broad surface (§) on edge; ¢ rouleanx

of coloured corpuscles ; white cor-
puseles nueleated (d, &) ; without nnelei
() = 1000

drop of blood one may with a very high power (1000 diam.) see here
and there, as Beale was the first to show, extremely minute non-nucleated
particles of protoplasm, some of which are probably detached from the
pseudopodia of the larger corpuscles.

As regards amceboid movements and the effects of re-agents, the state-
ments already made regarding the newt's corpuscles are applicable here,
with this difference, however, that as the human corpuscles are normally
at a temperature of 38° C. (100° F.), they require to be kept at that tem-
perature to show their ameboid movements perfectly.

The term leucocyte is applied by some to lymph-cells and white blood-
cells, the wandering cells of connective tissue, and pus-cells. All these
corpuscles have a similar structure, and most of them a similar origin.

CHEMICAL CoMPOSITION.—Owing to the impossibility of isolating the
white corpuseles in numbers sufficient for analysis, their chemical compo-
sition cannot be directly ascertained. Doubtless they have a composition
similar to that of undifferentiated protoplasm generally. As pus-corpuscles,
however, are optically identical with, and in many cases are emigrated
white blood-corpuscles (p. 54), their ecomposition is probably similar to
that of the blood-corpuscles.

Pus-corpuscles contain several proteids—one closely allied to myosin, and another to
alkali-albumin. There is also arelatively large proportion of a carbohydrate—glycogen,
and an azotised fat—Ilecithin. The uhiuiysn]t'is potassium-phosphate. The nuclei con-
tain nuclein (p. 37).—Miescher, Op. 21, Heft 4, p. 441.

COLOURED BLOOD-CORPUSCLES.

CoLour AND SHAPE—In all animals the coloured corpuseles are red
when seen in mass, but pale yellow when viewed singly. Their pigment
is h@moglobin (p. 37). They have no amceboid or other contractile
motion, and although very extensible they are perfectly elastic, and there-
fore have shapes that are definite, unless when distorted by pressure.
Possessing a smooth and non-viscous surface, they readily glide past each
other within the blood-vessels. They present two types as regards shape,
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and two as regards sfrucfure, Thus, with regard to shape, they are—1.
Cireular biconcave dises in all mammals excepting the camel tribe, and in
some cyclostomatous fishes; 2. They are oval and biconver in all other
vertebrates, viz. in fishes, amphibians, reptiles, birds, and in the camels,
In point of structure—1. They are non-nucleated in all mammals ; 2. they
are nueleated in all other vertebrates.

Size.—As regards size, they vary greatly in different animals, being
largest in amphibians, and smallest in mammals. A conception of their
relative sizes throughout the vertebrata generally may be obtained from
Fig. 17.
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The relative size of the coloured corpuscles being important from a medico-legal
point of view, the following measurements in fractions of an inch are given by Gulliver
(Op. 87, x1i. p. 474).

Diamaeter,

Man . . . . . 'u'ﬁru'
Chimpanzee - . T
Cat . 3 : : . P
Dog . : ; : ; TE4T
Horse e : : ; e 1
Elephant . . : . Ty
P'lg . . B v . TD]]"I:I'
Musk-deer . : . . ToTT
Sheep : . : P ]
Ox . . TTAT
Rat . 2 vET
Mouse : - ! . a T
Rabbit - : - - sanT

Lon Bhort

Diameter, Diameter.

Unm_el . . . 3TTE TETT
Ostrich . . RS o3 4 10T
Duck . : . . TOST PR
Fowl . : : . TTeT sirg
Green Lizard ; av'ia
Snake ' - . "IH]TT n"ﬁﬁ
Frog . ; . . 1w TEST
Proteus . - . o iy
A;-ilphiumu g 2 . 3kw iz
C A ; & . gigw IFEE
Salmon . ; . TEET 7150
Herring . . .+ e IEEE

CoLOURED BLOOD-CORPUSCLES 0F THE NEWT.—The coloured blood-
corpuscle of the newt is a convenient example of the nucleated red

Fig. 15. Coloured bleod-corpuscles of newt. a, Corpuscle on ita broad
side ; b, on edge; c, altered by exposure ; d, corpuscle with vacuolated
nuclens and no pigment. X 4560,

corpuscle. It is oval (Fig. 18, a), and when viewed in profile flattened
and biconvex (b). It is transparent and pale yellow. Immediately
after withdrawal from the circulation it appears to be homogeneous, but
ere long a nucleus becomes evident as a light spot in the centre (c).
In perfectly fresh blood one may sometimes find a corpuscle of the same
size and shape as the normal coloured corpuscle, but devoid of colour,
and with a very evident vacuolated nucleus (d). In others vacuoles
may be sometimes seen in the perinuclear substance. Such appearances
probably indicate regressive metamorphosis.
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CoLoURED BLoop-CoRPUSCLES OF MaN.—The human coloured cor-
puscle is a convenient example of the non-nucleated red corpuscle,
Viewed edgewise, it is flattened and biconcave (Fig. 16, ). When
lying on its broad surface it has a cireular shape (), and, being bicon-
cave, it has a shadowed centre surrounded by a light ring, or the
reverse, according as the concave centre or the convex margin is brought
into focus, It has a smooth surface, is transparent, and of a pale yellow
colour. When withdrawn from the circulation the corpuscles usually
run together into piles (rouleaux) (c).

Tue EFFEcTS OF REAGENTS ON COLOURED BLOOD-CORPUSCLES OF
NEwWT AND MAN are important because of the indications they give of the
structure and chemical composition of the corpuscles, Their effects will
be better understood if it be previously stated that the coloured corpuscle
has a thin, clear, soft, extensible, but perfectly elastic envelope, as indi-
cated by Schwann, though many have erroneously disputed his statement.
The pigment lies outside the nucleus, in the nucleated corpuscles,—and it
1s very generally believed that it fills the meshwork of a colourless, soft,
elastic, thread-like (Hensen, Op. 38, vol. i. 409), or sponge-like (Briicke,
Rollett, Op. 38, i. 410) stroma, that stretches from the envelope through-
ont the interior of the corpuscle. The existence of the stroma can
scarcely be held as definitely proved, but it seems necessary to explain the
persistent maintenance of a definite shape by the non-nucleated corpuscle,

Magenta solution reddens the nucleus of the newf's corpuscle, and also
reddens one—rarely two minute swellings in the wall of the corpuscle.
In the hwman corpuscle the latter is the only part that is stained (Fig. 22,
f). The significance of this coloured macula in the envelope, discovered

by Roberts (Op. 4, vol. xii. 481), is altogether obscure. The fact that it,

oceurs in the nucleated, as well as in the non-nucleated corpuscle, prevents
the supposition that in the latter it is to be regarded as a shrivelled nucleus.

Water.—When water is added to the newt's corpuscles, they lose,

their flattened shape, and become ovoid and sometimes spherical. This
seems to be due to softening of
the stroma and envelope, and to
imbibition, The pigment may
ther around the nucleus, but
usually it diffuses into the sur-
rounding fluid, leaving the cor-
puscle colourless. The nucleus
may also swell up: sometimes it
Fig. 10. Red blood - corpuseles of newt altered by remains within the Eﬂl‘Pllﬁﬂ]E [Fig+
water. a, Corpuscle with retained, b, with discharged, 19, ﬂ'} or moves to the side, and
ot becomes partially or completely
discharged. In the latter case no rent remains in the envelope, probably
because it is a colloid membrane,somewhat like that of a soap-bubble. Event-
ually the envelope may dissolve and disappear. When the /iuman corpuscle
is acted on by water it becomes spherical. The shadowed spot is therefore
lost. The colour vanishes, and the corpuscle may eventually disappear.
Dilute Aleohol (rectified spirit one part, water two parts, Ranvier) causes
the newt’s corpuscle to swell and lose colour. The nucleus also becomes
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enlarged, and a nueleolus is revealed. After this re-agent the envelope of
the corpuscle—defined by a double contour—may be clearly seen with a
high magnifying power, and it becomes specially evident after the addition
of magenta. The human corpuscle when thus treated becomes spherical,
colourless, and its envelope may then be clearly seen, especially if magenta
be added (Ranvier, Op. 39, p. 187).

Dilute acelic acid causes the newt's corpuscle to suddenly distend, but its
oval form is mostly retained. The pig-
ment diffuses into the surrounding fluid,
or, as Henle long ago observed, it may
penetrate the nucleus and stain it yellow.
Probably the acid softens the stroma
and the envelope, and the sudden en-
largement oceurs when the endosmotic
current is thus enabled to overcome the
resistance to distension, If the cor-
puscles have been for some time re-
moved from the body previous to the
addition of the acid, the perinuclear
portion may be seen to shiver into irre-
gular masses, as if some coagulated
substance had been ruptured (Fig.
20, a). When acetic acid is added to the
fuman corpusecle it becomes spherical,
and its pigment diffuses into the surrounding fluid. No nucleus appears.

Tannic acid (Roberts, Op. 4, year 1863) in dilute aqueous solution (4
per cent) if added to the newt's corpuscles lbefore their substance becomes set,
by what appears to be a process
of internal coagulation, produces
a remarkable series of changes.
Imbibition takes place, and soon
thereafter the heemoglobin may be
seen to withdraw itself from the
interior of the envelope. It may
gather as a stellate mass around
the nucleus (Fig. 21, ¢), but usnally
it becomes partially or completely
extravasated in the form of a bud
(@, b), mostly single, but sometimes
there are two, rarely three. The
envelope of the corpusele is rup-

Fig. 20. Blood-corpuscles of newt after the
action of dilute acetic acid. a, Coloured, b,
colourless corpuscle. A single nueleus seen
in the former, four in the latter. 3¢ 450,

Fig. 21. Newt's eoloured blood-corpuscles altered

Ly tannie acid. a, b, Hemoglobin extravasated in the
form of a bud surrounded by a faint envelope in a.
Ind and e the surronnded pigment is extravasated in
a diffuse form. In e it is gathered round the nuclens,

tured, and its margin may some-
times be clearly seen constricting
the bud (z). In some cases, how-
ever, no bud is formed, but the

X 400. (Reduced.) pigment particles spring out of the

corpuscle in a diffuse fashion (4, ¢). In this case it is very evident that the
extravasated substance at once coagulates and is precipitated, doubtless
by the tannin, the moment it reaches the exterior of the corpuscle.
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Previous to the pigment extravasation, the nucleus often swells (d), but
in other cases it undergoes no change in size.

This singular reaction may also be well seen in the human corpuscles
(Fig. 22, d), where it often happens that each bud is enclosed in a delicate
vesicular envelope that rapidly emlarges and may finally rupture from
endosmosis, This hood to the bud is sometimes also seen in the newt's
corpuscle (Fig. 21, ¢). A somewhat similar reaction is produced by a
two per cent solution of boracic acid (Briicke, Op. 40, vol. Ixvi, p. 79).

When magenta solution is added to the newt's corpuscles, after these buds have
appeared under the influence of tannin, the buds become brilliantly stained. The same
thing happens to the buds of the non-nucleated human corpusele, and the change is very
singular ; for previous to the addition of tannin, the perinuclear substance of the newt's
corpuscles is not stained by magenta. Dr. Roberts (Up. cif.) suggests that possibly the
red blood-corpuscle has a double envelope, and that its contents may rupture only the
inner one, while the outer of the two swells up and forms the hood over the bud. That
a membrane is ruptured cannot be doubted, but whether the hood of the bud is a part of
an outer membrane must be regarded as extremely doubtful, for it remains so adherent
to the periphery of the bud.

A saturated solution of common salt or sugar caunses the red corpuscles of
both newt and man to become puckered from
exosmose. Desiceation has a similar effect. When
thus influenced, the corpuscles become crenated
(Fig. 22, ¢), or spinous, like a horse-chestnut (b).
Seen endwise, the spinous projections have the

% P." I:.{_c

.
i\ f/ appearance of granules. In some cases, how-
#Q—// p ever, erenation cannot be so easily explained,

for it is regularly produced in some animals,
Fig. 22. Human red blood-cor- ¢, in the dog, in poisoning by Calabar bean

puscles varlonsly altered : o, by g . s s e 7
et e 6 T alintt el to (Fraser) ; and in this case it seems difficult, if

the air; d, &, by tannic acid; £, by not impossible, to aseribe it to a change of
ARG o specific gravity, either outside or inside the
corpuscles. Shocks of induced electricity may also render them spinous.

Mechanical pressure can greatly distort and even rupture the corpuscles.
The fact that no shreds of their envelopes are afterwards discernible has
heen adduced as an argument against the existence of such a membrane.
But if, as already stated, the membrane be of a colloid nature, this cir-
cumstance would be explained. The completeness with which the cor-
puscles recover their shape, when relieved from the distorting influence
of pressure, not too severe, seems only explicable by supposing not merely
that the envelope is elastic, but also that there is an elastic stroma
stretching from its interior throughout the corpuscle. It is particularly
necessary to entertain this idea in ‘the case of the non-nucleated red
corpuscle, because of the persistence with which it recovers its shape after
distortion.

These various reactions clearly show that the mammalian corpuscle
behaves like the perinuclear part, and not like the nucleus of the nucleated
corpuscle.

Aetions of other Reagents.—Bile and salts of the bile acids (Kiihne), ether (Wittich),
chloroform (Bittcher), and alkalies dissolve the red corpuscles and liberate their pigment.

Stricker (Op. 38, 1. 1. 404) has shown that when the newt’s corpuscles have been ightly
affected lr:yiwa.tu:-, nI;atrean:: of CO, oceasions a precipitate within them which disappears

g
ol
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on exposure to a stream of oxygen. He agrees with Sechmidt in supposing that the
recipituble substance is lmmginhulin (p. 36). Electrical discharges from a Leyden
jar, or induction shocks, render the human eorpuscles successively crenate, spinous,
globular, and colourless, These effects are as yet unexplained. Electrolysis might be
assigned as their cause ; but the constant current, though much more electrolytic, does
not produce the same effects (Rollett, Op. 38, vol. i. 390).

ForaaTioN oF RovLEAUX.—In a normal state of the blood, the red
corpuscles exhibit no tendency to run into groups within the blood-vessels,
but when the blood is shed, the red corpuscles, after the lapse of ten
seconds or so, run together, and if they be the circular concave dises of
mammalian blood, their clusters resemble piles of coin (rouleaus) (Fig. 15).
The mutunal cohesion of the corpuscles is not great, for they may be de-
tached by even slight mechanical force. The following experiments
devised by Norris (Op. 4, year 1869, p. 429) can be readily performed,
and throw light on the question, why it is, that under one condition
the corpuscles do not, while under another they do, run together.

(1.) Thin dises of cork ave so poised with shotted pins, that when placed in water they
float in a vertical position, and are only partially submerged. When a number of these
are thrown into water, they—if the distances between them be not too great—quickly
form rouleaux exactly like the blood-corpuscles. Their running together 1s due to capil-
larity—the result of their Eur'tiﬁ.l submersion, and their runping into rouleaus results
from their shape ; for if spherical corks be employed, they form Irregular clusters. (2.)
When the corks are so we1fht&d that they are totally submerged, they no longer run to-

ether ; for capillarity iz no longer in action, and gravity, operating between masses so small,
is too feeble to produce any notable result. This second case is similar to the blood-
eorpuscles in their normal state within the blood-vesels. (3.) Butif the cork discs wetted
with water be submerged in pefroleum (or conversely) they form rouleaus ; apparently be-
cause there is cohesive attraction between the molecules of water on the neighbouring ;ﬂms,
and repulsion between the water and the petrolenm. The formation of rouleaux by the
red corpuscles of shed blood may be due to a change in the corpuscles, or in the plasma,
whereby their physical relations become analogous to those between the wetted corks in
petrolenm.

It is certain that some important change oceurs in the eoloured corpuscles within a few
seconds after their removal from the blood-vessels. They seem to coagulate (p. 59).
Their elasticity after a time diminishes, and they become somewhat viscous, It may
therefore be, ‘rj‘;at owing to some change in the surfaces of the corpuscles they cease to
attract, or it may be they even tend to repel the surrounding fluid—while they attract
one another. It may be, however, that the phenomenon results from some change in the
Ligaeor Sanguinis.

Ronleaux are not formed by red corpuscles that are nucleated, for although they run
together under the conditions detailed above, their shape allows of adhesion in irregular

clusters only.

CueMIsTRY 0F THE RED Broop-Corpuscres.—The red blood-cor-
puscles contain water, solids, and gases. There is rather more water than
solids. The solids—almost entirely organic—are chiefly haemoglobin and
paraglobulin.  Lecithin and cholesterin also occur in small amount.
Hemoglobin is an albuminoid matter (p. 37) that forms a loose compound
with oxygen in the lungs, which it yields up at the systemic capillaries, and
thus acts as the chief carrier of oxygen from the lungs to the tissues, In
virtue of this property of hzmoglobin, the coloured blood-corpuscles are
agents essential for the maintenance of the respiration of the tissues.
The stroma of the corpuscles is believed to consist of proteid matters of
which but little is known. They belong to the globulin group. Para-
globulin, a substance that can be precipitated by carbonic acid, and
redissolved by oxygen, is one of them. The salts of the corpuscles are
principally potassium chloride and potassium phosphate, The salts of
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the red corpuscles and of muscle notably differ from those of other tissues
in the fact that sodium salts are almost entirely replaced by those of
potassium. The principal gas of the corpuscles is oxygen, but they also
contain a trace of carbonic acid.

The quantities of the chief constituents are as follows:—Water, 565 per cent. Solids,
435, 100 parts of the dried organic muttter of the corpuscles of dog's blood (Jiidell, Gp.
21, Heft ii SSEE contain hemoglobin, 86'5. Other albuminoid matters, 12:55,
Lecithin, 0:59. Cholesterin, 0°36.

DEVELOPMENT OF BLOOD-CORPUSCLES.—IN THE EMBRYO the blood-
corpuscles are developed exclusively in the middle layer of the germinal
membrane.

In the chick, according to Klein (0p. 40, year 1871), the blood-cor-
puscles are developed from the nucleated protoplasts of the mesoblast in
two ways—(1) The nuclei of certain protoplasts multiply, and the poly-
nucleated mass differentiates into
a central mass of nucleated pro-
toplasts—young blood - corpus-
cles (d in large central mother-
cell of Fig. 23); while the
outer part becomes an envelope
—the wall of a future capillary
—consisting of a nucleated layer
of protoplasm (b in same cell),
The protoplasmic wall of the
capillary grows outwards at
various points (B5)), and joins
processes ( f) from neighbouring
cells. The processes, at first
2 Bt t B s ) v 0l ecome hlow,tho oot

plasma appears between the
blood-corpuscles, and thus a system of capillaries and vaseular contents arise.
(2) Another and perhaps more frequent mode of formation consists in an
early vacuolation of the polynucleated protoplasmic mass (B). The vacuole
(a) is the interior of a future vessel, and is filled with blood-plasma. The
nuclei in the vascular wall proliferate, and with some of the protoplasm
grow as buds towards the interior of the vessel, drop off, and become
blood-corpuscles (d). While this is going on, the protoplasmic wall of the
mother-cell buds outwards, branches, joins with the processes of its neigh-
bours, and forms a system of capillaries in the way already deseribed, its
polynueleated protoplasm becoming a series of epithelial plates, that con-
stitute the wall of the capillaries.

Klein asserts that the blood-pigment appears in the protoplasm around
the nuclei of the coloured corpuscles ; but Balfour (Op. 8, xiii p. 280)
maintains that the perinuclear pigmented parts of the blood-corpuscle are
formed from the nueclei of the parent cell, while the nucleoli of the latter
become the nuclei of the blood-corpuscles.

Blood-vessels and also blood-corpuscles may originate in a manner
similar to the above in inflamed tissues (Stricker, Op. 38, iii. p. 542).

After the development of blood-corpuscles and blood-vessels the former
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multiply during a considerable period of early embryonic life by fissipa-
rous division, as Remak first pointed out.

In mammals the blood-corpuscles probably arise in a manner analogous
to that observed in the chick. Precise information, however, is wanting,
But, at all events, the primitive red blood-corpuscles are nucleated in all
mammals as they are in other vertebrates. All the corpuscles are at first
colourless, nucleated, granular protoplasts, but
ere long many of them lose their granules and
become coloured by pigment that appears in
the perinuculear portion (Kélliker).  Balfonr
(lib. cit.) is, however, inclined to suppose that
the nucleus of the mammalian corpusele is an
endarged nucleolus, while the nucleus becomes pig-
mented and forms the outer part of the corpuscle,
as Wharton Jones, Busk and Huxley long ago
maintained (compare p. 60). - The nucleated red
corpuscles are spherical, relatively large, and mul-
tiply by fission (Fig. 234) occurring throughout
tuhﬂ Entire ass Df tuh{"l blﬂﬂd l.ll’lt.il t-hﬂ-t- l]ﬁl'iﬂd Df Fig. 254. Coloured blood cor-
development at which the liver appears, when the puscles of embryo sheep 8} lines
formation of the coloured corpuscles by fission %::"fﬁrp::Q-f::'liﬁcﬁgdi;tliﬁ.:
comes to an end. Up to this point the coloured of nucleolus, and incipient divi-
corpuscles are therefore produced in two ways— sion of nucleus; e, a small cor-

; i puscle.  [Kalliker.)
(1) from white blood-corpuscles, (2) by fissiparous
division of themselves.

Great obscurity hangs over the development of the coloured corpuscles
after the appearance of the liver and blood-glands. All are agreed that
the young colourless blood-corpuscles (lymph-corpuscles) are developed
throughout life in the spleen, lymphatic, and other blood-glands; and
probably no one doubts that throughout life, as in the early embryo, the
coloured corpuscles are derived from the colourless ones. It is supposed
that the transition of the one into the other takes place in the spleen, in
the lymphatic glands or lymph, and in the embryonic liver ; but although
Paget, Kélliker, and others maintain that the white corpuscle becomes
flattened, loses its nuclei, and acquires colour, while Wharton Jones,
Busk, Huxley, Gulliver, and Balfour assert that the nucleus is the portion
which becomes pigmented and forms the red corpuscle, it must be
admitted that the whole question is still obscure, and it may be doubted
if the transition has ever been fairly observed in mammals at a period
later than early embryonic life. Kolliker (Op. 45, p. 534) suggests that
the difficulty in the case may possibly be owing to the transition taking
place rapidly. Further details regarding the development of blood-cor-
puscles must be postponed until the subject of blood-forming glands is
under consideration ; but before leaving the subject it may be well to
return to the cellular morphology of the blood-corpuscles, and now, since
their development has been described, to repeat that while the white cor-
puscle is a nucleated protoplast, the red corpuscle of the fish, amphibian,
and bird, is a nucleated periplast. The mammalian corpuscle, whether
developed from the perinuclear protoplasm or the nucleus, is a periplast
devoid of all the properties of protoplasm and of nuclei.
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NuMBER oF CorPUsCLES.—In relafive number the red are much more
numerous than the white corpuscles. In the blood generally, the colour-
less are in the proportion of 1 to 500 of the coloured (Malassez, Op, 13,
year 1872), whilst in the blood of the splenic vein the proportion is
stated by Hirt to be 1 to 70. In ordinary conditions only three or four
colourless corpuscles are to be detected in the field of the microscope, but
in certain pathological states, such as leucocythaemia—dependent on enlarge-
ment of the spleen or lymphatic glands—the colourless corpuscles are
greatly increased in number,

The absolute number of the coloured corpuscles has been estimated hy
Welcker, and more recently by Malassez (Op. 11, year 1877, p. 634).
A cubic millimeter of blood contains 5,000,000 coloured corpuscles, In
certain diseases the corpuscles undergo a marked variation in number ;
thus in ansemia, the number may fall to 800,000 per cubic millimeter.
Malassez has shown that the administration of iron has a marked effect
on the number ; within a few days after the administration of the iron
there is usually a great increase in the number of the coloured corpuseles.’

Foncrions oF THE CorPUSCLES.—The 7¢d blood corpuscles are
chiefly concerned in carrying oxygen from the lungs to the tissues. The
oxygen is loosely combined with their colouring matter—the hamo-
globin. The relations of this substance will, however, be studied after-
wards. The fact that all the red corpuscles are not affected to the same
degree by some re-agents—e.g. by water, tannin, etc.—shows that they
in some respects differ from one another in physical, and perhaps in
chemical, composition. Probably the difference is due to age, for it cannot
be doubted that the red are produced from white corpuscles in the spleen
and elsewhere, and that, after existing for a time in the blood, they break
up and disappear in the pulp of the spleen, and possibly in other parts.
This subject will be elsewhere discussed in detail, but it may be added
here that very possibly some of the substances resulting from their dis-
integration are used as nutritive elements throughout the economy, This
point, however, is still very obscure. The white produce the coloured
corpuscles. In the embryo, and in certain pathological conditions, they
can emigrate from the vessels and take part in the formation of various
tissues.-

The Granular Elements of the Blood.

The so-called granules of the blood are (a) minute particles of proto-
plasm (Fig. 16), first detected by Beale. Their origin is obscure, but
some of them, at all events, are probably fragments of protoplasm detached
from the white corpuscles. (h) Fatty particles are always detectable in
the blood during digestion. In sucking infants they are always present
in such numbers that the serum 1s milky.

LYMPH CORPUSCLES.

As already stated, these are young white blood-corpuscles, and they
will be specially alluded to under Blood-Glands and Lymphatics.

1 A description of Malassez's method of enumerating the blood-corpuscles is given in
the author's Practical Histology, 21 edition, p. 62.



PHYSIOLOGY OF THE TISSUES. G

CHAPTER VIL
EPITHELIUM.

EprrHELIUM consists of cellular units of great importance in the economy.
It constitutes a protective covering for the skin and mucous membranes. In
synovial and serous membranes it forms a smooth polished surface, whereby
the friction of solids and fluids 1s reduced to a minimum. It is the
secreting element of all the glands of the body, save blood-glands; and
in the nose, mouth, and ear it is modified into special terminal organs for
the nerves of sense. A tissue formed of elements that are comparatively
simple and often similar, but with functions so varied, constitutes a singn-
larly interesting subject for physiological study.

Mucous mnembrancs line the alimentary and respiratory canals, genito-urinary passages,
lachrymal apparatus, middle ear, and Eustachian tube. These cavities all directly or
indirectly open externally, and their lining membrane secretes a viseid fluid termed
"m?;‘;.;mum{ membranes are fonnd in joints, burse-mucose, and around some tendons,
and are lubricated by a viscid fluid termed synovia.

The prineipal serows membranes are the peritoneum, pericardinm, pleura, and the
arachnoid. They contain some serous fluid that permits of ﬂlb)ml.ﬂf movement of their
apposed surfaces—a matter of much importance in the thorax and abdomen,

Epithelinm is developed from cells in all three layers of the blastoderm.
The epithelium of the skin, mouth, nose, and pharynx, cavities of the
brain and spinal cord, is derived from the epillast ; that of the alimentary
canal and its glands below the pharynx, the lungs, and the urinary bladder,
is derived from the hypoblast ; while the mesoblast gives rise to the epithe-
linm of blood-vessels, lymph-vessels, serous and synovial membranes, kid-
neys, ureters, testes and their ducts, ovaries, Fallopian tubes, and uterns.

EprrHELIAL CELLS vary in size from 25 to 83 p (4% to 344 inch).
They are mostly colourless, but in certain regions, such as the deeper layers
of the epidermis, that is, the epitheliumn covering the skin, they contain
pigment. Their shapes are mostly polygonal, rarely spheroidal, because the
cells as they grow press one against another. The full-grown cells may be
scales, cylinders, cubes, or their forms may be indefinite. They have usually
one, but sometimes they have two nuclei. In many situations the cells
appear to be cemented together by a small quantity of a colourless inter-
stitial substance, and they are disposed either in one or in several layers,
.the former arrangement being termed simple, the latter sirafified or
laminated.

Epithelial cells have been classified according to their shapes, but as
these are so varied, it is impracticable to adopt this as the sole basis of
classification. It is, therefore, advantageous to have regard to their fumnc-
tion as well as to their form, and on this ground five chief varieties may
be recognised—1. Squamous ; 2. Columnar ; 3. Transitional ; 4. Ciliated ;
5. Glandular. Although it must be admitted that these divisions are
somewhat arbitrary, they are nevertheless convenient. ]

o
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SQUAMOUS EPITHELITM.

. The fully:formed cells of squamous (scaly, pavement or tesselated
epithelium are thin more or less polygonal plates (Fig. 24, a). Their

the skin, aliment-
ary canal above the
stomach, the ante-
rior surface of cor-
nea,the conjunctiva,
the vagina, and the
e lowerhalfof the cer-

Fig, 24, @, Bauamous epithelinl vix uteri. The life-
cells from interior of mouth ; b, sali- hiﬂt{.‘rr'}" of the cells
vary corpuscle,  x $00. may be traced in
a thin vertical section of the human epidermis,
after hardening in dilute chromic acid (Fig. 25),
The cuticle consists of two principal layers of
cells—the horny layer (A) placed externally,
and beneath this a soft layer, the refe mucosum
(B). The cells proliferate in the deeper layers
of the rete mucosum (¢). Evidence of this
proliferation is to be found in the fact that
the nuelei nsually contain two or more nucleoli,
and may themselves be found constricted and

evidently about to undergo division (@), The

division of the general cell-substance, however,
is much more difficult to detect, for a reason
afterwards to be explained, while the cells are
being pushed outwards by the multiplication
of those below as they grow larger. The pro-
toplasm becomes converted into a dense horny
periplast (). The nucleus may remain or
may disappear. The superficial horny scales
are gradually detached by frietion ; hence the
necessity for the production of new cells in the
deeper layers to replace them. Stratified
squamous epithelium is found on all surfaces
that are much exposed to friction.

Spinous or Prickle Cells.—In the lower layers
of stratified squamous epithelium the cells have
a denticulate appearance(Fig. 25, a, and Fig. 26).

shapes are usually irregular, but on the outer
aspect of the retina they are hexagonal.
STRATIFIED SQUAMOUS EPITHELIUM covers

Fig. 26, Vertical section of cuticla
of finger. A, Horny layer; B, Refe
wueosum. o, Youngest colls; a', a
nuclens dividing ; b, uppermost cells
of rete mucosum; d, old seales of
horny lnyer. x 300, (From a pre-
paration hardened in chromio acid
and stained with plerocarmine.)

The apparent spines of neighbouring cells are not interlocked, as Max
Schultze maintained, but are continuous at their apices as Martyn (Op. 9,
xvi. p. 59) pointed out. This may be seen in a vertical section of epi-
dermis, after hardening in osmic acid by the method deseribed by Ranvier
Op. 39, p. 261). The acid darkens the cell-substance and thus reveals the

P S -
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contour of the cell marked by a line of rounded spaces (Fig. 26), between
which the so-called “prickles” stretch as bridges hetween the cells.
The prickles seen on detached cells apparently
result from the rupture of these bridges by me-
chanical methods employed for isolating the cells.
The spaces between the bridges are probably
channels through which the lymph permeates from
the subjacent capillaries to nourish the growing
cells of the refe mucosum. There is, however, no
escape of lymph through the epidermis, owing pro-
bably to the cells of the upper layers being horny
and closely matted together. The division of the
cells in the lower layers appears to be indicated by
nothing more than the formation of vacuoles along
certain lines, Hence the difficulty in detecting the s R
cells in the act of dividing. ol o e gl
- SmMpLE SQuAMoUSs EPITHELIUM OR  ENDO- staining with osmic acid.
THELIUM ' lines serous and synovial membranes, E]T:Ei“:*:f'r‘““"“qipp'"gi"m
. 2 % 2 i yvar of skin. ¢ 1000,
blood and lymph wvessels, air vesicles, posterior
surface of cornea, and outer surface of retina. In the last situation the
cells are hexagonal, but elsewhere they are irregular in shape. In lymph-
atics their outlines are remarkably sinuous. It is always diflicult to see
their outlines unless they are darkened by the silver process, in which the
fresh epithelial surface is treated for two or three minutes with a dilute

Fig. 27. Simple squamons epithelium or Fig. 28. Endothelial lining of A, artery;
endothelinm of frog's mesentery. Silvered, 7, vein: O, capillary. Silvered. X 300
> 800,

solution of silver nitrate. After exposure to light, dark lines appear
mapping out the margins of the cells. These silver lines, as they are termed,

1 The term endotheliuvm was applied by His to the epithelium derived from the
mesoblast, but only confusion resulted from the use of a term that thus included the
simple squamous epithelium of the vascular system, the secreting epithelium of the
kiduey and testis, the ciliated epithelium of the uterus, and the irregular transitional
epithelium of the ureters, The term is, however, a convenient one if it be merely used
as synonymous with simple squamous epithelivom, and applied to that drrespective of its
embryonic origin.  In this sense only it will be employed throughout this work.
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are due to a reduction of the silver salt in what appears to be an inter-
stitial or cementing substance. Prolonged action of the silver solution,
however, is followed by darkening of the general cell-substance as well
as of the cement, We owe to His and Recklinghausen this method
which has already proved of great value in the study of blood-capillaries
and the lymphatie system. :
Endothelial plates are probably all nucleated at an early period of
development, and the nucleus is often per-
manent, but 1t disappears from many cells as
they grow old (Fig. 29, ¢). The duration of
endothelial scales and the mode in which they
are replaced are points of much obseurity.
In the air-vesicles small nucleated finely-
granular cells (Fig. 29, b), apparently of a
germinal character, may be seen at intervals
amidst the large clear plates, and though
division of the small cells may sometimes
be seen (D), it is doubtful whether or not
they expand and replace the large ones. In
PRI e L blood-vessels, ll:-‘.}".‘li"E‘L’er, these Efninute germinal
vesicles of lung of cat. a, Outline of C€11S are wanting, and nothing ecan be seen
mir-vesicle ; e, old endothelial seale; but a layer of clear plates similar to the
b, nucleated finely ‘Eu"“"“l"”“'l“- larger scales in the air vesicles, but mostly
b nucleated.

COLUMNAR EPITHELIUM.

Columnar epithelium lines the alimentary canal below the cesophagus,
and the greater part of the ducts opening into the camal, including

Fig. 80. Columnar epithelium from small Fig. 81. Fresh epi- Fig. 83. Buorfaca

intesting of eat. @, Striated lorder at free thelinm from cat's large view of free ends of
end of cell. b, Chalice eell, x 600 intestine, after magenia eolumnar  epithelinm

gtaining. @, Ordinary from villns of frog's
columnar cell with border intestine, silvered. @,
split up by artificial Opening of chalice
pressure. B, Chalicecell. cell. b, Periphery of
¥ 600, (The two cells the broader subjacent
are in exnct relative pro- part of the cell
portion.) = 400,

the gall-bladder. It is also found in the olfactory region of the nose, in
the urethra, and vas deferens. It exists everywhere as a single layer,
L]

il
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except in the urethra, where it is stratified. The cells are set endwise
on the membrane which they cover. They may be of tolerably uniform
calibre, but usually they taper towards their attached extremities, which
may be single (Fig. 31) or branched. The cells are laterally compressed,
so that a superficial view of their free ends resembles a mosaic (Fig. 32).
The cells are mainly composed of granular protoplasm, usually with a
single nucleus, In the intestine there is a clear band at the free end of
the cell (Fig. 30, a). This clear hem is traversed by fine vertical striz,
Whether these are fine pores or the outlines of minute rods it is difficult
to determine. When the cells are subjected to pressure during prepara-
tion, the striated border sometimes splits up and becomes serrated (Fig.
31, a). Magenta stains the general cell-substance but not the hem, which,
together with a delicate cell-membrane, seen at all events in the chalice
cell (Fig. 31), may be vegarded as the periplast. When fresh columnar
epithelial cells are placed in water, clear blebs speedily appear at the
broad ends of the cells, consisting of mucin swollen up by endosmose.
Muein is therefore produced in the ordinary columnar cells.

CHALICE (GOBLET or cuUP) CkLLS are found on mucous membranes
amidst columnar and ciliated epithelial cells, They are numerous in the
small, but particularly so in the large intestine. They may be easily
obtained from the fresh large intestine of the cat, by simply scraping the
epithelial surface and staining with magenta, which reddens the nucleus,
and the small quantity of protoplasm usually found near the attached end
of the cell. At the free extremity there is an open mouth that communi-
cates with a large cavity in the interior. These chalice cells may be about
the same size, but usually they are larger than the columnar cells (Fig. 31).

There has been considerable discussion regarding the precise nature of these cells, it
being maintained, on the one hand, that they are merely old cells undergoing mucin
transformation and breaking down ; aud on the other, that they are unicellular glands
for the secretion of mucin. The former idea receives sup-
port from the fact that when a piece of intestine is macer-
ated for some weeks in a dilute solution of chromic agid,
the strinted hem falls away from many of the cells, the
]u-::l:u lasm becomes vacuolated, and the cells are not un-
ike the normal chalice cell. On the other hand, the latter

As usually larger than the columnar cell. It almost always
has a nuclens with some protoplasm, and after careful stain-
ing with logwood a plug of mutin may often be seen pro-
Jecting from the mouth of the cell. It seems difficult to
explain these facts, especially the larger size, on the
theory that they are old cells breaking down. It is more
likely that they are unicellular muein-forming glands,
as F. E. Schultze suggested (Op. 18, iii, p. 137).

TRANSITIONAL EPITHELIUM.

This term was applied by Henle to the epi-
thelium of the urinary bladder, ureter, and * .. oy sitionar epithe.
PE-]".FIB of the kI{]HE}f. The cells are Etl‘ﬂtlfled, limm from urinary bladder. 1, Cells
and of various shapes. They may be squamous, atfreesurface; 3, cells in middle ;

= . f 3, cells in deepest layers. (Ober-
columnar, cubical, or altogether indefinite. On ..
the whole, however, they are a sort of fransition
between the squamous and columnar form,

L
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CILIATED EPITHELIUM.

Ciliated epithelium lines the respiratory passages,—wviz. the lower
part of the nose, the upper part of the pharynx, the larynx, trachea, and

bronchi.

Fig. 34. Cilimbed
epithelinl cell from
trachea, X GOO.

It is also found in the cavities of the brain and spinal cord, in

the tympanum, Eustachian tube, Fallopian tube, and uterus
above the middle of the cervix. In the respiratory pass-
ages, excepting the finest bronchi, the cells are stratified.
In other situations there is only a single layer. The cells
are mostly columnar. Their attached ends are more or
less pointed, and at their free extremities there is a brush
of fine cilia planted on a clear band. The general body of
the cell is composed of a nucleated finely-granular proto-
plasm. In the stratified arrangement of this epithelium
only the upper layer of cells is ciliated. The cells pro-
liferate in the deepest layers, gradually elongate, reach the
free surface, and become ciliated. Regarding the develop-
ment of the cilia, however, definite information is still

wanting,

The cilia are flattened filaments tapering towards their free ends, and
about 8 p (3¢'5y inch) in length (Fig. 35). They consist of a colourless

and oplically homogeneous material, that appears
to be continuous with the substance of the eclear
band. If, however, the cells be placed for twenty-

MU

four hours or so in one-fifth per cent solution 'E;qU|-F_1!1_;]!r||mli|;ra§r{ "FF’
of osmie aeid, it may be seen that the cilia pass LL,;;-%{.}@LQ"@_N
through the clear band and are continued for a :.;,; Sty
very short distance into the protoplasm. The cilia [+7R tﬁ'f ;

cannot be regarded as consisting of ordinary pro-
toplasm, for they are elastie, they preserve a de-
finite shape, and contract in a definite way, and

further, they are not stained by earmine or magenta. g
Yet, like protoplasm, they chiefly econsist of proteid ﬁﬁ?
material, like many forms of protoplasm they arve sl
contractile,—although in this more highly organised %'fé

structure the contractions differ from those of un-

. differentiated protoplasm,—and they are continuous h:ﬁ_
with the cell protoplasm. Their very close alliance '

to ordinary protoplasm may therefore be indicated
by describing them as consisting of modified
protoplasm.

CiiAry MoTioN may be readily studied in
the gill of the salt-water mussel, for there the cilia
are much larger than in the vertebrata, and the

Fig. &5, Stratified cilinted
epithelium from tachea of
cat, after treatment with osmie
acid. > 1200

- ciliary motion continues for a considerable period after a portion of the
gill has been detached. The cilia must be moistened with sea water, for
fresh water quickly paralyses them. The living cilia have a rapid lashing
movement by which the surrounding fluid is thrown into a stream. . When
their movement slackens in speed previous to death, it may be observed—
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in the large cilia on the mussel's gill—that each ecilium simply bends
during contraction and then straightens itself, and as they die, they tend
more and more to remain erect. The act of bending is therefore a vital
phenomenon, and is ascribed to contractility.

As the cilinm does not shorten like a muscular fibre, but merely bends, we are obliged
to eonclude that one or more bands of contractile substance run along one side of the
mesial plane, and it is probable that there is an elastic band on the other side, whereby
the eilium is brought back to its erect position. This inference as to structure, deduced
from the manner in which they move, receives support from the fact that the hrﬂe cilia
of bivalves may—by pressure—be spllt up lungltu[lnmlly into two, or sometimes Indeed
into a bundle of fibrils.

The fluid around the cilia is moved in the direction in which they bend, and the
definite direction of the current may be explained by supposing that their confraction
takes place with greater velocify than their relawation. It has been supposed that the
cilinm when it relaxes partially rotates, and so moves back edgewise through the water,
after the fashion of a Fantlmn,tl oar. But as no such tl::mrr can be seen, the former
explanation, being in accordance with the visible event, is preferable,

A ciliated cell in the vertebrata, and at all events in most of the
invertebrata, is an aufomatic snotor apparatus (see p. 25). That it is inde-
pendent of nerves is shown by the fact that detachment of the cell from
its surroundings does not affect the ciliary motion. All the cilia on the
same cell move simultaneously ; from which it may be inferred that the
impulse to movement springs up, not in the cilia individually, but in the
cell. The nucleus of the cell is not essential for the movement, for the
cell may be torn across between the cilia and the nucleus, and yet their
movement continues, but if the cilia be detached from the end of the cell
they are paralysed. This may be due to laceration of their contractile
bands, or to their detachment from the cell protoplasm, in which the
excitement probably originates. The movement travels in quick rhyth-
mical order from one cell to another, but the manner in which the cells
are co-ordinated so that a physiological continuity exists between them,
permitting of the extension of excitement from cell to cell, is unknown,
Ciliary movement is so rapid that its rate has not been precisely ascer-
tained. In the frog,—when the cilia are in full activity the rate is at
least twelve contractions per second (Engelmann, Op. 1, iii. 424). Gentle
heat accelerates the movement : doubtless by accelerating chemical change.
The effect of heat may be readily demonstrated on the mussel’s gill after
the speed of the ciliary motion bas slackened somewhat. Elevation of
the temperature to 45° C.(113° F.), in cold-blooded animals occasions
rigidity with acidification, as happens in muscle under like circumstances.
Chloroform vapour retards and then arrests ciliary movement (Lister, Op. 3,
year 1858). On exposing the cilia to the air after their arrest by chloro-
form, their movement is resumed, if the chloroform has not acted too long.
This may be explained by supposing that the molecules of chloroform
diffuse into the contractile matter, and inhibit or restrain the chemical
changes that produce mechanical movement ; but the moment the tension
of the chloroform outside the cilia is diminished by exposing them to pure air,
the chloroform molecules escape by diffusion, leaving their material free
to move as before. But after the prolonged action of chloroform the
motion is not resumed, probably owing to some fatal chemical change in
the protoplasmic machinery. The important bearing of this experiment,
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on the effect of anwsthetics on nerve cells is obvious. Oxygen is con-
sumed by confracting cilia. Kiihne proved this by placing living ciliated
epithelium in a solution of oxyh®moglobin, and finding that after some
time the heemoglobin was reduced, owing to removal of its loosely com-
bined oxygen. Oxygen is indispensable for the maintenance of the
movement, for although the cilia may continue to contract for a consider-
able time in its absence, they certainly become paralysed unless it is
supplied.

Carbonic acid first accelerates, and then arrests, the movement. The acceleration is
probably owing to its exciting the cell, while the arrest is doubtless owing to a poisonous
effect. A very dilute solution of caustic potash accelerates the motion when the cilia
are becoming sluggish, and it may even recall the movement after it has ceased (Virchow).
Dilute acids, and dilute alcohol, have also a reviving power. Observations on the
effects of induced and of galvanic electricity have led to no perfectly clear results.

Funcrions oF Cinia.—In the respiratory passages cilia discharge the
important function of moving mucus out of the lungs into the pharynx,
where it is swallowed.- Cilia also remove mucus from the tympanum,
and impel it into the pharynx; whilst in the Fallopian tube they aid in
the downward passage of the ovum towards the uterus.

The Energy of Ciliary Motion is, as Wyman first showed, by no means inconsiderable,
Elaborate experiments have been made by Bowditch (Op. 47, August 10, 1876) on this
subject. His experiments were performed by removing the ciliated membrane of the frog's
mouth, and fixing it on a plate of glass, with the ciliated surface free. The prepara-
tion was then placed on an inclined plane, different weights were applied to the ciliated
surface, and the extent to which in a given time the cilia carried a given weight up the
inclined plane was observed. He in this way ascertained that the cilia on 1 square
centimeter of mucous membrane can perform in one minute 6°8 grammillimeters of work ;
that is, they can do work equivalent to raising 6°8 grammes to the height of 1
millimeter in one minute, He caleulates that in one minute they could lift their own
weight to.the height of 4'25 meters, When unm}mrml with the work of a musele, this is
a 111?:1!;'11.'131:,' small amount of work for a contractile tissue to perform. It is little more
than 4% of the working power of the heart, which in one minute does work equal to
lifting its own weight to the height of 150 meters (Schiff, Op, 48, i. p. 24).

L

GLANDULAR EPITHELIUAL

Epithelium is the secreting element in all glands save blood-glands,
The term spheroidal has been applied to glandular epitheliom, but the
cells are usually polygonal-—rarely spheroidal. They are nucleated
protoplasts, usually without an envelope, so that the products of seeretion
readily escape. If chalice cells are to be regarded as umnicellular glands
(p. 68), they have an envelope, but there is a free opening at one end of
the cell to allow the secretion to escape. Many of the substances found
in secretions arve produced within the gland cells ; thus pepsin is formed by
the gastric glands ; the bile acids produced by the liver are not found in
the blood, but are elaborated from the proteids of the blood by the glands.
On the other hand, in such a gland as the kidney, the great function of the
cells appears to be to withdraw from the blood matters already formed,—
urea, ete.

Modifications of Epithelium.

Epithelial cells may be variously arranged and variously modified, to
constitute hair, nail, hoof, horn, feather, fibres of the crystalline lens, enamel
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fibres of the teeth, and special cells forming the peripheral terminal organs
of the nerves of smell, taste, and hearing.

CHEMISTRY OF EPITHELIUM.

The chemistry of epithelium is very imperfectly known. The young
cells chemically resemble protoplasm in general, and contain glycogen (p.
40)—a starch-like substance—whose presence is revealed by iodine, which
strikes an acacia-brown colour when glycogen is present. The old horny
calls of squamous epithelium consist of keratin or horny stuff (p. 37), an
albuminoid substance. They swell up in cold and dissolve in hot solu-
tions of caustic alkalies. The soft feeling of the skin, after contact with
alkalies, is due to this change,

The epithelial cells covering the retina, those of the hair, and those
of the lower layers of the epidermis, contain a dark-brown pigment—
melanin (p. 39).

Fat occurs in the epithelial cells of the sebaceous glands, and in those
of the mammary glands during the secretion of milk. In the latter it
appears from experimental data, afterwards to be detailed, that the fat is
not simply withdrawn from the blood but is produced from proteids by
the protoplasm. The fat flows away from the cell, and does not appear to
encumber it. But in the cells of the sebaceous glands fat appears, aceu-
mulates in the cell, and becomes substituted for the protoplasm which
vanishes. This substitution of fat for tissue elements is termed faffy
degeneration, a common pathological change chiefly observed in protoplasm
and its near modifications.

MUCUS.

Mucus is the colourless viscons fluid that moistens mucous membranes.
It contains the débris of shed epithelium, muecus corpuscles, and muein.

Mucus CorruscrLes (IMig. 36) are nucleated masses of protoplasm,
similar in size to white blood corpuscles (125 p), (syi5y inch). Unlike
the majority of white blood corpuscles, they gener- —
ally possess a single globular nucleus, sometimes, ,f:@ @ @
however, there are two or three. In the normal @
mucus corpusele taken, eg., from the human
pharynx, or from the fresh trachea of a rabbit, the & @ ?
protoplasm exhibits even at the ordinary tempera- (-<
= —ture amaeboid movement, that becomes stﬂl mMore  Fig. 96. Mucus tmpusue
activewhen the cor pusdes are kept at 38° C. (100° i‘:‘“i]“l“““’;}""}{'!f“:x- “ﬂ"li“'m
F.) Often the psendopodia consist of hyaline proto- . ;ﬁn:::;m:l R
plasm (Fig."36). In the urine, mucus corpuscles are successively assumed in the
motionless, probably because their protoplasm is courseof ten minutes. X 300,
paralysed by the urinary constituents. Mucus cells are probably modified
epithelial cells. Probably they are principally produced in mucous glands.
The salivary corpuscles (Fig. 24, b) resemble them in size and in general
appearance, and also in their usually containing a single nucleus. But
they have no amceboid movement. There appears to be a thin enve-
lope to the salivary corpuscle, between which and the nucleus there is a
fluid in which granules exhibit Brownian motion. The origin of the
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salivary corpuscles has not been fully ascertained, but the evidence is in
favour of their origin from certain cells in the salivary glands.

Muelx is an albuminoid substance (p. 37) that occasions the viscosity
of mucous fluids. It is not coagulated by heat, but is precipitated by
aleohiol and by acetic acid, and the precipitate is not soluble in excess of the
acid. .The precipitate swells up in water, but does not dissolve in it ; 1t is, .
however, readily soluble in alkalies. Mucin is largely produced in mucous
glands. - It is also formed in the ordinary secreting cells of the salivary
glands, especially in the submaxillary and sublingual. That it is produced

“in the cells of ordinary columnar epithelinm has been already stated.

The production of mucin in chalice cells has been already referred to.
Mucin is useful because of its viscosity. It thereby facilitates the passage
of matters such as the food over mucous surfaces. It 1s, however, an
entirely excrementitious substance, and is therefore thrown out of the
economy.

RELATIONS OF EPITHELIUM TO SUBJACENT STRUCTURES.

BASEMENT MEMBRANE. — It was formerly supposed that on every
epitheliated surface a homogeneous membrane, termed
a basement membrane or membrana propria (Bowman),
lies immediately beneath the epithelium. Such a
membrane certainly exists in the kidney, alimentary
canal, respiratory passages, bladder, and sweat glands.
In the tubules of the kidney it appears to be homo-
geneous, but in the alimentary canal it can, by the
silver process, be shown to consist of nucleated
endothelial  plates '
(Fig. 37) as pointed
Fig. 37. Membrana pro- out b]r Dehove (QP*

pria from villus of cat's in- ;
testine, Bilvered. X800, 11y YeAT 1874, p.

(The nuelel are not shown 19} It lies imme-
by the sflver process.) diately under the
columnar epithelium, and may be revealed
by brushing away the columnar cells
and silvering the subjacent structures.
NERVES,—Ia the refe mucosum of the
skin,on the anterior surfaceof the cornea,
and on the tongue, nerves have been
traced to epithelial cells, amidst which
the merve fibrils form plexuses. A
structural continuity between nerve fib-
rils and ordinary epithelial cells has,
however, not yet heen satisfactorily de-

3 Fig. 88. Vertical section of a ehild’s gnm,
monstrated. Inthe case of the so-called S s ol oy

“ auditory " cells found in the ampull® [, with its blood-vessels. The connective
of the ear, Max Schultze demonstrated tissue betwu: t’:l:f vemﬂimgrti:i emﬂqejl;::

i 1 1 . (Todd an A
that the nerve fibrils are continous with 1rs heen om! s

B § -)
the cells, an observation which has been i
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confirmed. Such a connection, no doubt, also exists in the case of the
olfactory and taste cells.

BLooD-VESSELS,—There are no blood-vessels in contact with the epithe-
lial cells on the skin and mucous membranes. The epithelium must derive
its nourishing particles immediately from the lymph ; and it has already
been stated that between the cells in the lower layers of stratified squamous
epithelium there are spaces (Fig. 26) that are probably lymph channels.
In glands, however, especially in the liver, the blood-vessels come into very
near relation to the epithelial cells, doubtless for the purpose of readily
permitting of an interchange of material between them.

CHAPTER VIIIL
THE CONNECTIVE TISSUES,

THE group of connective tissues embraces cartilage, mucous tissue, reti-
form tissue, ordinary connective tissue, and bone. Their functions are in
all cases purely mechanical, and depend on the nature of the periplast, as
will be explained in detail. All the connective tissues have so close a
genetical relationship, that it is advantageous, as Reichert proposed, to
group them together.

CARTILAGE.

Cartilage is a solid texture composed of cells imbedded in a strong
firm periplast that forms a continuous fibrillated or homogeneous matrix.
The cells merely discharge the function of secreting the periplast (inter-
cellular substance or matrix) upon whose passive mechanical properties
the functions of the tissue depend. Cartilage is of much service in the
bodily economy : thus, at an early period of embryonie life, it constitutes
a temporary skeleton that eventually gives place to bone in many situa-
tions where a less yielding framework becomes necessary, but it remains
permanent at the articular ends of the bones, between the ribs and
sternum, in the ear, larynx, and other situations where a tissne more
yielding than bone, but still of decided firmness, is required. There are
three varieties in the human subject—(1) Hyaline cartiluge. (2) White
Jibro-cartilage. (3) Yellow fibro-cartilage.

Hyaline Cartilage,

Hyaline cartilage occurs at the articular ends of the bones, between
the ribs and sternum, in the walls of the trachea and bronchi, and in the
larynx ; where the thyroid, cricoid, and arytenoid cartilages consist of it.
In the mass it is opaque and pearly ; in thin plates, translucent. It is
elastic, pliable, and tough, so that it is difficult to break it,

A horizontal slice from the cartilage at the end of the frog's femur,
examined in a serous fluid such as aqueous humour, or in a dilute watery
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solution of alum (1 : 200), shows that the tissue consists of nucleated
cells imbedded in a hyaline matrix (Fig, 39),

Tue CeLrs are more or less rounded,

and often somewhat angular,

Each eell (a) is a mass of finely-granular protoplasm with a well-defined

] b w Ll
&ty sl

Fig. 80. Articular cartilage from head of frog's
femur, Examined fnalum solution (1 ; 200). e Typi-
eal cell with clear capsule; b, cell with divided
nuclens ; ¢, cell with divided nucleus and proto-
plasm ; d, two cells within a primary capsule, each
with a secondary eapsule ; e, cell with protoplasm
shirivelled around the nucleus,  x 800, (The proto-
plasm in e is too Mmint. It ought to have been
deawn davker than in the other cells, somewhat
like b and ¢ in Fig. 21.)

spherical nucleus, and often two or
or three nueleoli. The protoplasm -
entirely fills the cell space, but if
water and various other re-agents be
added, it shrinks (¢), and, gathering
around the nucleus, leaves a clear
space in the periphery of the cell
cavity : proving that protoplasm is a
sponge-like substance with inter-
stices full of fluid. When the pro-
toplasm shrinks from the capsule
there is no evidence of a laceration
of the protoplasm, as must have

“ocemrred, were the capsule a mere

hardening or other transformation
of the outer part of the protoplasm,
as some have imagined, The cells
may be stained by various agents, of
which gold-chloride is perhaps the
best. It dyes the cells violet, with-
out causing them to shrink. Jodine
solution stains the cell substance pale

yellow, and reveals the presence of purticles of glycogen by rendering them
brown. Osmic acid slightly darkens the general cell substance, and renders
black any fatty particles that may be present.

The transmission of electrical shocks through a thin plate of liﬁn% cartilage, e.g. the
ensiform cartilage of the newt, occasions a sudden shrinking of the eells, such as happens
when a white blood-cor e is thus excited. By Rollett (Op. 38, 1. p. 98) the shrinking
is aseribed to contraction ; but Heidenbain (Op. 49, Heft 2, p. 1), who discovered this
fact, maintains that as the protoplasm never relaxes and refills the cell-space, the electricity,
like water and other re-agents, simply occasions coagulation of Eu proteids in the
protoplasm,

Toe MaTrIX (infercellular substance or periplasi) has the appearance
of ground glass. It is hyaline, faintly granular, and without special
methods of preparation appears homogeneous. It is secreted by the cells,
around each one of which the newest part of the matrix constitutes a
clear homogeneous capsule, at first distinet, but becoming after a time so
fused with the surrounding matrix as to be undistinguishable from it.
The matrix may be stained of a brown colour by the silver proeess, and
by this means the capsule around each cell is often very clearly defined.

Outside the cell-capsule the matrix appears homogeneous, but is in
reality fibrillated, as was first pointed out by Leidy, an American histologist.
The fibrillation may become very evident in some pathological states of
cartilage, as Redfern was the first to show (Op. 7, August 1849).
Recently this point has been reinvestigated by Tillmanns (Op. 18, x. p.
401; (Op. 16, Anat. Abtheil., year 1877, p. 9) and Baber (Op. 1, x. p. 113),
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who show that the matrix consists of fine fibrils held together by a clear
homogeneous cement-substance, that may be dissolved or softened by
certain re-agents, after which the fibrils become visible. The fibrils
may be seen without much difficulty by placing a thin slice of articular
cartilage of a frog for three days in a 10 per cent solution of sodium
chloride, as Tillmanns recommends, Pressure on the cover-glass is
sometimes required to bring them into view. Tillmanns also recom-
mends (Op. cif. 16) digestion with trypsin (the proteolytic ferment of the
pancreas) as a means of demonstrating them. The tryptic digestion dis-
solves the cement-substance and leaves the fibrils. The fibrils are clear
and homogeneous, and run in branching bundles. In some places they
are at a distance from the cells with an intervening homogeneous matrix,
in other situations they run in bundles towards the cell-capsules and seem
to end abruptly there. d

Production of the Matriz—One point of importance in the histology of
cartilage is the clearness with which the production of the periplast by
the cells may be traced. The nucleus and then the protoplasm divide
into two (Fig. 39, b ¢). The cell capsule does not grow
inwards between them, but each protoplast secretes around
it a new ecapsular periplast, that may by very careful illu-
mination be seen within and quite distinet from the cap-
sules previously formed (d). The latter after a time be-
comes indistinguishable from the surrounding periplast,
and probably undergoes a molecular transformation into the
fibrils and cement-substance already mentioned. Al-
though the growth of the capsule in some way depends
on the protoplasm, there is no evidence of any direct
transformation of the one into the other; the two—-
though in apposition—seem to be as structurally distinct
as the protoplasm freely moving inside the periplast of the
cells of Tradescantia (Fig, 6). Yet in that case as in this
the periplast is produced by the protoplasm,

CHEMISTRY OF CARTILAGE.—The matrix yields chon-
drin by prolonged boiling. Chondrin is an albuminoid
matter allied to gelatine (p. 37), the substance obtained by
boiling white fibrous tissue. As chondrin, unlike the
cartilage matrix, is readily soluble in hot water, it is sup-
posed to be derived from a hypothetical substance termed

chondrogen. That chondrogen is derived from proteids
under the influence of the cartilage cells eannot be doubted,
but there is no evidence of any actual transformation of
the peripheral part of the protoplasm into the matrix as
some have supposed,

The general composition of hyaline cartilage (articular) is water
78°69, organic matter 24:87, inorganic solids 154 per cent.

In A VERTICAL SECTION OF ARTICULAR CARTILAGE
(Fig. -40) the cells are flattened near the articular surface,

Fig. 40. Vertical
section, head of
radins of full-grown
cat. @, Articnlar
cartilage ; b, zona
of caleified carti-
lage; ¢ bone; d,
cartilage cell pass-
ing into o bone-cor-
puscle ; f, Haver-
sinn canal,  x 300
(reduced).

where the cartilage is gradually worn away by the movement of the
joint. Cell-proliferation oceurs throughout the whole substance of the
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cartilage ; hence the irregular grouping of the cells. But it probably takes
place most rapidly near to the bone, where the cells are in rows, owing
to the cell-cleavage in this situation always taking place at right angles
to the axis of each row.

Near to the hone (b) there is a zone where the matrix of the cartilage
is very evidently fibrillated and impregnated with caleareous matter.

CostAL CARTILAGE from an adult shows the fibrillation of the matrix
far more distinetly (Fig. 41 ). Here and
_there throughout the cartilage the cells pro-
liferate and form irregular groups or rows (¢),
in the neighbourhood of which fibrillation of
the matrix becomes very evident. The fibrils
are of a yellowish colour, run parallel one
with another, and unlike those of white
fibrous tissue do not swell up in acetic acid.
The fibrils appear to be caleified. The relation
between these caleified fibrils and the original
and far less evident fibrils of the matrix
1s not as yet determined, but it is perfectly
clear that the cartilage periplast may become

_ the seat of important structural and chemical

Fig. 41. Cosial cartilage of adult.

¢, Cells; f, fibrillated matrix. x changes. :
800. (Drawn after staining with As cartilage grows old, fatty transforma-

pierie acid, which reveals the cap- tion of the cells and calcification of the matrix ~

gules of the cells clearly, .
4 are very apt to occur. DBoth may be seen in

the costal, laryngeal, and tracheal cartilages of old persons. Fatty par-
ticles appear amidst the protoplasm, and may become so numerous that
they almost entirely take its place (fatty degeneration). When the matrix
becomes caleified, the mineral particles may appear irregularly scattered
around the cells in the matrix, which otherwise appears unchanged, or the
matrix may become obviously fibrillated.

DuveELOPMENT.—Cartilage is developed from the mesoblast. Nucleated
protoplasts secrete around them a hyaline capsule. The capsules of neigh-
houring cells are, as it were, pressed together to form the matrix, which
is at first in small amount relatively to the cells. This relatively small
production of the periplast is a permanent characteristic of the so-called
parenchymatous or cellular cartilage of the ear of the mouse, bat, and some
other animals; but usually this condition is transient. The cells produce a
relatively large quantity of matrix, and ordinary hyaline cartilage is the
result. The growth of the matrix has already been deseribed.

PERICHONDRIUM.— Excepting the case of articular cartilage, all the
other hyaline cartilages ave enveloped in a vascular fibrous membrane—
the perichondrium. It chiefly consists of white fibrous tissue, and it is
instructive to observe the gradual transition between the hyaline, ap-
parently homogeneous, periplast of the cartilage, and the obviously
fibrillated periplast of the fibrous tissue, and between the cells of car-
tilage and those of the fibrous tissue. There is no abrupt line of demar-
cation between the two tissues. But the fibrous tissue periplast decidedly
differs, chemically, from that of the cartilage, for while acetic acid causes

A0 e e W
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the former to swell and become very transpavent, it does not affect the
latter. Moreover, boiling extracts gela-
tin from the former but chondrin from
the latter,—both albuminoid substances
however.

As already stated, the surface of
articular cartilage tlmt is exposed to
friction is barve. This, however, is true
only after the joint has been used, for
previous to that time, as shown by
Henle, the free surface is covered by a
layer of endothelium continued from the
synovial membrane. At all ages, how-
ever, the peripheral part of the artieular
surface that is not exposed to friction
i3 covered by a very vascular layer of
“the synovial membrane,

VESsELS AND NERVES.— Articular
cartilage, being non-vascular, depends wii-n“n”r nT:: I:mpllemlmrtof a transverse

achealring.. o, perichondrium ;
for its nutrlent Eupply on the blood- 3, cartilage. x 600,
vessels of adjacent bone and synovial
membrane, Thick pieces of cartilage, such as those of the ribs,
have vascular canals containing blood-vessels and connective tissue that
penetrate from the perichondrium. These vascular canals, however, are
‘not found in the embryonic state, and only appear as a preliminary to
ossification (Ranvier, Op. 39, p. 290).

As no capillaries at any time penetrate the gﬂneml cmtliage matrix,
it must be sufficiently porous to allow of the penetration of lymph frﬂm
the neighbouring capillaries ; and proof of this porosity is furnished by
the readiness with which a staining agent diffuses into the tissue. Car-
tilage, probably, does not require a very abundant supply of pabulum, for
its metabolism is doubtless tardy, becanse it is a tissue, where only a
slow growth occurs, and thus very different from a musele, where energy
is rapidly evolved ; or a gland, where substances for secretion are quickly
required, and where, therefore, the vessels are brought, it may be, into
actual contact with each cell. Neither lymphatics nor nerves have been
found in cartilage, and it is devoid of sensibility.

TRRITATION OF CARTILAGE—Goodsir (Op. 50, ii. p. 408) first pointed
out that when articular cartilage ulcerates, its cells proliferate, and a brood
of them fills each cell-space which thus becomes enlarged. At the joint
the cell-capsules are opened by absorption, and the young cells are dis-
clarged. Redfern (Op. 7, year 1849) confirmed Goodsir's observation,
and further showed (Op. cif., year 1850) that when articular cartilage is
irritated by the introduction of a foreign body, such as a seton, cell
multiplication oceurs, When the irritation is not excessive, each young
cell produces a cartilage capsule. But with excessive irritation the vital
action of the protoplasts becomes seriously altered ; they do nothing but
multiply, and cease to produce a periplast; and instead of an inereased
mroduction of cartilage, its destruction in the manner described by Goodsir
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is the finul event. The degenerated descendants of the irritated car-
tilage-cells closely resemble pus-corpuscles. Upon Goodsir and Red-
fern’s observations Virchow founded his Cellular Pathology (Op. 32), and
their great and fundamental importance consists in this, that they afford
a clear and unequivocal demonstration of the germinal activity inducible
in cells by appropriate irritation. A mild excitement increases germinal
activity without altering the physiological characteristics of the particular
cells concerned, but powerful irritation profoundly alters them.

In many situations pus corpuscles, to some extent at all events, are certainly emi-
grated white blood-corpuscles ; but in articular cartilage we have a texture whose matrix
prevents the entrance of blood corpuscles; and therefore, although it may be doubted
that the cell-broods of the ilTitﬂ.t&E cartilage are identical with pus cells, they are, at
all events, not unlike them, and arve formed in sita.

White Fibvo-Cartilage.

The intervertebral dises, sacro-iliac synchondrosis, symphysis pubis,
inter-articular cartilages, glenoid and cotyloid ligaments, and the cartilages
that deepen the grooves for tendons—all consist of white fibro-cartilage.
It consists of a matrix of very fine colourless fibrils (Fig. 4@ ) similar to
those of white fibrous tissue (Fig. 51), surrounding cells resembling those of
hyaline cartilage. Each cellis a
nucleated protoplast with aclear
homogeneous capsule. The cell
may be single («), but many in-
stances of proliferation may be
found where a single capsule
encloses two cells (b, ¢). There
is, therefore, in this tissue, as
in hyaline cartilage, a twofold
periplast — the clear homoge-
neous cell eapsule and the
fibrillated substance, But here,
unlike hyaline cartilage, the
fibrils are obvious without spe-
cial preparation, owing to the
small amount of cement sub-
stance. Whether or not the
fibrillated matrix is here, as in

Fig. 43. White fibro-cartilage from periphery of inter- hyaliua ea.rtilage, a transforma-
vertebral disc of 0x, @, b, ¢, Cells ; d, matrix. x 860. tion of the cell ﬂa.psul e, remains
to be shown. Chemically, this tissue is more closely a.li;eﬂd gt:l white fibrous
tissue than to cartilage, inasmuch as, on boiling, it yie atine.

In the centre ofagh; intervertebral disc the cartilage has no fibrillated
matrix, Many of the cells are similar to those of white fibro-cartilage,
but often a single capsule encloses a brood of young cells, This central part
of the dise is probably directly descended from the cells of the chorda

dorsalis of the embryo.
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Yellow Filvo-Curtilage.

Yellow fibro-cartilage (reticular, spongy, or elastic cartilage) oceurs in
the epiglottis, cornicule laryngis, in the outer ear, and in the Eustachian
tube. It is more flexible than hyaline cartilage, has a yellow colour, and
its cut surface has a spongy appearance.

The structure of this tissue may be best comprehended by tracing
the transition between it and hyaline cartilage, as it may
be found at the root of the epiglottis, or at the apex of
the arytenoid, where its hyaline cartilage gradually merges
into the elastic cartilage of the cornicula laryngis. A
network of fibres identical with those of elastic tissue
(Fig. 49) appears in the hyaline matrix (Fig. 44, 2). These
inerease in number, until they almost entirely replace the
_ hyaline matrix, and thus the hyaline becomes, as it were,
yellow fibro-cartilage (¢). Cartilage cells are found amidst
the feltwork of elastic fibres, and immediately round
them there 1s usually a layer of hyaline matrix in which  Fig 44 Transition
elastic fibres have not yet appeared. In the epiglottis, ::ﬁ:'iwa;:at:?—ﬂ?;l:m
the elastic reticulum is so close (Fig. 45, a) that it ve- ;) prom Iwc,'l,frz
sembles a sponge rather than a feltwork of fibres, althongh of epigtottis or sheep.
here and there the meshwork is so open that the bridges 2
appear as fibres, Hyaline matrix (c), not yet differentiated into the elastic
reticulum, surrounds the cells (0), and to some extent fills the interstices
of the sponge-like reticulum.

The transition of hyaline into elas-

e Srtea _rafiens ok s,

Rty i
ﬁi‘r oy .‘." LB .‘I;-:?-;:‘M-J,_ - a -
;ﬁm& tic cartilage, above traced, is a perma-
S50 2 %

nent picture of the embryonic de-
velopment of the latter. In the em-
bryo it is preceded by hyaline carti-
lage, in whose matrix the elastic mate-
rial makes ifts appearance. Some
maintain that the elastic substance is
a direct transformation of the pro-
toplasm of the cells, but of this we
have failed to find the least evidence.
It may be clearly seen, in the case of
the elastic fibres at all .events, that,
as H. Miiller (Op. 51, x. p. 132)
stated, they are produced within the
matrix often-at a distance from the

Fig, 45. - Spongy cartilage from epiglotuis of CEHS, apparently by the coalescence
sheep. D, Cell; ¢, hyaline matrix around it; o, Of fine granules of elastic material
;‘“‘;ﬁ network, x 800. (Hertwig, Op. 18, ix. ghat probably result from a metabolism
e of chondrogen.

Elastic tissue consists of elastin, a substance that resembles chondrin—only in its
albuminoid composition.  Unlike chondrin and g{::in!,iu, it is qﬁuitu insoluble in hot
water ; and, unlike gelatigenous tissue, it is unaffected by acetic acid. But though
exceedingly insoluble, the elastic material may be dissolved by prolonged maceration i a

G
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otash, in which it breaks down into granules fhnt dissolve on
astic cartilage when boiled yields a small quantity of chondrin,

strong solution of caustic
the addition of water. EP

Mucous TISSUE,

Mucous, or jelly-like connective tissue, is the permanent connective
tissue of the cephalopoda and many other invertebrates, In the human
embryo it is the predecessor of other forms of connective tissue, viz
retiform and ordinary connective tissue. In the adult it occurs only in
the vitreous humour, but in pathological states it sometimes reappears
and constitutes myxomatous tumours,

The typical structure of this tissue is found in cephalopods, in the
early embryo, and in the oufer part of the vitreons humour. It consists
of cells in a clear, homogeneous, jelly-like matrix or periplast (Fig. 46, m).

o The cells are nucleated protoplasts of two
sorts—1. Stationary cells with delicate pro-
cesses anastomosing with those of their
neighbours (¢). These are the connective
tissue corpuseles proper. 2. Amaboid or
wandering cells, more or less rounded in
shape, and apparently identical with white
blood-corpuscles. The branched corpuscles
are generally the more numerous of the
two, but throughout the greater part of
the vitreous humour of the adult they
are absent, and only the ameeboid cells
are found.

In the other parts of the body, where
the preliminary mucous tissue gives place

Fig 46. Mucous tissue from the peri- o, bisaues thay H-I‘E PBI'IH.EI.IIED’I:-, e diﬂ‘e:l'-
ohery of the vitreous humaur, ¢, Corpus. €Mt transformations occur. The matrix
cles. m, jelly-like matrix. X500. Thelines may disappear, while the processes of the
i the matric are merely for shading. corpuscles become thicker and stronger,
and constitute refiform tissue (Fig. 47). Or the fibrils of white fibrous
tissue may appear in the matrix, altogether independent of the cells
(just as fibrils make their appearance in the hyaline matrix of cartilage,
p. 41), and the tissue thus tend towards ordinary connective tissue.
This is its condition in the so-called Wharton's jelly of the umbilical
cord. The continuation of this transformation that occurs when the
tissue gives rise to ordinary connective or fibrous tissue will be described
later.

The cartilage of cephalopods closely resembles mucous tissue in structure. Its cells
form a network, but the jelly-like matrix is replaced by the firm matrix of cartilage. This
cartilage, with ramified cells, sometimes appears with micous lissue in mayromalons (Emonrs.

Mucous tissue yields mucin and albumin. The latter is probably
derived from the lymph with which the tissue is bathed, but the mucin

is doubtless produced by the agency of the cells.

RETirorM TISSUE, :
Retiform or adenoid (His) connective tissue oceurs in the spleen and
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lymph glands, in the alimentary mucous membrane, and especially in the
intestine, and in the bronchial mucous membrane. It consists of ramified
connective tissue corpuscles, whose branches form an
anastomosing reticulum (Fig. 47). The intervening
spaces, which in the mucous stage of this tissue
were filled with a jelly-like matrix, now contain
lymph, and it may be lymph-corpuscles. The pro-
toplasm of the corpuscles have hecome transformed
into a periplast, consisting of a firm and tolerably
resistent material. The nuclei may remain, but
from many corpuscles they disappear. This tissue
may therefore be regarded as mucous tissue, whose  Fig. 47. Retiform tissua
periplast has given place to cavities filled with lymph o™ ® vmeh gland. X 500
and its corpuscles, and whose cells have been transformed into a new
periplast that forms a fibrous reticulum. In this instance the periplast
appears to be really a transformation of the protoplasm.

ORDINARY CoNNECTIVE TISSUE

Ordinary connective tissue binds the bones one to another, and to
their muscles ; it forms sheaths and capsules for cartilage, bone, muscle,
and various organs, such as the eye, liver, spleen, etc. ; and serves as a
connective substance throughout the body generally. In the skin and
many other parts it is arranged in the form of an open network ; while
in tendon, ligament, and aponeurosis it is arranged in a compact form.
It consists of nucleated protoplasts, with a periplast that is for the most
part fibrous : the fibres being of two sorts—the white or gelatigenous,
and the yellow or elastic. Sometimes, however, the periplast is in the
form of a membrane, as is the case in the elastic membrane of blood-
vessels. It is convenient to study separately—1, The structural elements of
ordinary connective tissue, viz. (a) an elastic element, () a gelatigenous
element, (c) cellular elements ; 2, Their arrangements.

1. Elements of Ordinary Connective Tissue,

@. THE Epastic EnemeNt ofF ORDINARY CoNNECTIVE TISSUE
(ELasTic TissuEk) is of much service in various parts of the economy
because of its extensibility and elasticity. Thus, in the lungs it readily
allows of their distension during inspiration ; and by its power of recoil
it is an important agent in the production of the act of expiration. It
gives to arteries and veins the properties of elastic as contrasted with
rigid tubes. By giving elasticity to the vocal cords it is of service in the
production of voice. It also gives elasticity to the skin and various other
parts. It is composed of elastin, an albuminoid substance already referred
to (p. 37), but whose insolubility in acetic acid may be again specially
mentioned. Elastic tissue is mostly jfilrous, but in some situations
membranous.  Both varieties usually occur amidst or in contact with
white fibrous tissue.

The fibrous variety of elastic tissue (yellow or elastic fibrous tissue)
oceurs in the ligamentum nucha and ligamenta subflava, in the true vocal
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cords, stylohyoid ligament—the thyrohyoid and ericothyroid membranes,
I:‘: is also found jn the lung, skin, and generally wherever white fibrous
tissue occurs, some elastic tissue is intermingled with it,

Elastic fibres are of a pale yellow colour. In the vertebral ligaments
they are coarse—being about 8 u (545 inch) in diameter (Fig, 48). In
other situations they are much finer (about 1 p, or g4y inch). They are
of indefinite length, are branched, often curl up at the ends, refract the
light strongly, and have therefore a sharply defined outline. They are
unaffected by acetic acid. Sometimes there are rounded holes or fissures
in t-lht_a fibres, but usually they are homogeneous and solid. They have no
nuclei.

Fig. 48, Coarae elastic fibrous Fig. 40. Fing elastic fibrons tlssue
tissue from lignmentum nnche of ox. from peritoneum of ehild, 2 350

X 250. o (Killiker.)

The membranous variely of elastic tissue occurs principally in arteries
and veins. The membrane may be of uniform
extension, or it may be pierced with holes (fenes-
trated) of varions sizes (Fig. 50), sometimes in-
deed so large that the membrane becomes virtually
a network of elastie fibres.

b. THE GELATIGENOUS ELEMENT 0F ORDINARY
CoxxecTive TissUE is so called because on boiling
it yields gelatine. ' It is nearly always in the form
of fibrils, which are usually gathered into bundles—

Fig. 50, Elstic membrane b€ gelatigenous or white fibres (white fibrous tissue).
from carotid artery of horse. In some situations, however, e.g. in the delicate sheath
%800, «(Eiiliker;) of Sehwann that envelopes nerve fibres, it constitutes
a homogeneous memlrane. The white or gelatigenous element is nsually
much more abundant than the elastic element in ordinary connective
tissue, except in the elastic ligaments already mentioned, where the elastic
element greatly preponderates. The gelatigenous element is almost
devoid of extensibility, and is therefore fitted to constitute tendons,
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aponeuroses, and those ligaments in which stretching is undesirable. 1In
these cases the elastic tissue element is alinost entirely absent.

The difference between the elastic and white connective tissue fibres, as regards
extensibility and elasticity, may be readily apprehended by comparing a strip of liga-
mentum nuchz with a tendon, The ligament 18 very extensilie, and w]]gu relieved from
the stretching force recoils to its original length, Expressed in the precise terms of the
physicist, the elasticity of the ligament is small in amount but perfect in quality. Un
the other hand, the tendon, though extremely supple and pliable, is almost dnextensible,
and when it does yield to a powerful force it fails to regain its original length when the
stretching is discontinued. It has therefore a large amount of elasticity, but of an dmperfect
qitality. It thus resembles a flaxen cord, while the ligament is like an imlm-ru.b]:ner
band. For convenience, the term elastic is in ordinary phraseology commonly applied
to those bodies whose elasticity is perfect in quality though small in amnount.

The structure of white connective tissue fibres may be readily studied in
the deep layer of the skin. Each fibre is a round or flattened filament' of
indefinite length (Fig. 51, b), and usually about 8 4 (3% inch) in breadth.
It is colourless, transparent, and,
owing to its feeble refractive power,
15 bounded by a faint outline: in
this respect, therefore, strongly con-
trasting with elastic fibres (z). When
unstretched it assumes a wavy form.
The fibre may appear homogeneous,
but by teasing with needles it readily
splits into a bundle of fine fibrils,
They resemble threads of spun glass,
are homogeneous, unbranched, and
only about half a mico (s53vo
inch) in diameter. The circumstance
that cleavage of the fibre into fibrils
is very readily effected after macer-
ation in lime or baryta water, in a
ten per cent solution of sodinm
chloride (compare hyaline cartilage, : \ XK oy
p. 77), or in solutions of potassium " E;f;t?;' ,i.ELETz.Tr:b:fl::ﬁl:;111:.1:?;“;“;;;;;2:&
bichromate or permanganate, has tissue cells; ¢, profile view of the same; ¢, wander-
led to the belief that the fibrils are ing cell. (From subcutaneous tissue of young
united by an interstitial cementing ALY
substance. The matter dissolved by the lime-water agrees in its reactions
with mucin (Rollett, Op. 88, i. 72). The fibres are sometimes encircled
by fibrous or membranous rings (). These are very common in the
fibrous tissue of the subarachnoid space, where the fibres are often
encircled not by rings but by networks (Key and Retzius, Op. 52, vol. 1
Plate 14, Fig. 9). These rings and networks resemble elastic tissue
inasmuch as they are not affected by acetic acid, but they cannot be regarded
as identical ; for, as Ranvier (Op. 39, p. 338) has shown, they, like the
white fibres, are coloured red by picrocarmine, while the elastic fibres
remain ‘colourless, When dilute acetic acid is added to the white fibres,
their fibrillar structure disappears, they become exceedingly transparent,
and swell. Tf constricting rings are present (¥) the fibre swells between
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them, and assumes a beaded appearance. The white fibres consist of a
gelatigenous substance termed collagen, which by boiling is converted into
gelatine, whose properties have been already alluded to (p. 37).

¢. THE CELLULAR ELEMENTS OF ORDINARY CONNECTIVE TISSUE are—
1. The erdinary or finely-granular cells. 2, The wandering cells. 3. The
coarsely-granular cells.

1. The ordinary connective fissue corpuscles are fived, and usually some-
what flattened cells. The nucleus is usually more or less oval, and mostly
surrounded by some undifferentiated protoplasm. The whole corpuscle
in its young state is simply a nucleated protoplast; but in the fully-
formed condition, the outer part of the protoplasm is sometimes transformed
into a thin transpavent homogeneous plate, with or without fine processes
of a similar nature. The cell may be a simple epithelioid plate without
marginal processes, but usually its margins are prolonged into delicate pro-
cesses (Fig. 51, ¢). The corpuscle may oceur singly, or its processes may
anastomose with those of neighbouring cells, and form a network, as may
be well seen in the cornea (Fig, 52). Viewed edgewise, the flattened cell
resembles a spindle (Fig. 51, ¢), the central
bulging being due to the nucleus. But
sometimes the branched connective tissue cor-
puscle is a compound plate ; either a series—
from four to six—projecting from a central
nucleated mass, like the spokes of a wheel, or
a principal plate containing the nuclens and
giving off at various angles a few smaller
plates from its surface ; all the plates usunally
ending in fine processes (Waldeyer, Op. 18,

Fig. 62 Branched connective XI, ITG) The cells are motionless, and tl]'lE}"
tissme cells of cornea of frog.  £300. ape nsually colourless, but in the choroid coat
of the eye (Fig 53) they are loaded with dark brown granules of melanin
(p. ). The contractile pigment cells of the frog will be afterwards
alluded to. The appearance of fat within the con-
tive tissue cells will also be specially described.

2. The wandering or ameeboid connective tissue cor-
puseles (or leucocytes) are nucleated cells resembling
Iymph or white blood-corpuscles (Fig. 51, ¢). They
aré chiefly found in loose connective tissue, and
migrate from one place to another through its lymph
spaces. Some of them certainly are, and it may be
that all of them are, white blood-corpuscles that
have emigrated from the vessels. Probably some
of them find their way into the lymphatics, and
thus leave the tissue ; but in the tadpole’s tail they

s Fig. 53. Connective tissue
shoot out processes, and become branched connective o000 " oo of
tissue corpuscles (Fig. 14). The wandering cells human choroid. @, Cells
not so numerous as the ordinary fixed connective Zﬂﬁiﬂiﬂmﬁ ?i;ﬁ'ifﬁ::.‘;m
tissue corpuscles.

8. The coarsely-granular corpuscles are, in most situations, few in number compared
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with the other cells of connective tissue. They (Fig. 51, d) consist of a nucleated mass
of coarsely-granular protoplasm, three or four times the size of o
the wandering cells; usually, however, there is no amaboid X
movement ; but in the delicate intermuscular fascia of the frog's
leg they may be seen to slowly change their form (Kithne).
They have no distinct processes, and are usually more or less
rounded in shape. In ordinary areolar tissne they may be found :
in small number, usnally in groups around the blood-vessels. (LS
Fat sometimes appears within them, and they become trans- el
formed into fat cells. Waldeyer (Op. 18, xi. p. 190) proposes to :
designate these cells the Elﬂ{ll‘jl'mlil.l cells of connective tissue,”
or ‘‘plasma cells;” but both terms are objectionable, because,
as he himself points out, they may be ,developed from ordinary |'
connective tissue cells; and certainly the term *‘ plasma ™ is too
ambiguous. Boll (Op. 18, vii. p. 322) pointed out the similarity /(@)
between these cells and the so-called **interstitial” cells of the  ||\@[gs
testis; and Waldeyer (Op. cit.) refers to the same category other ““ ;
g-cmﬂinr Emulm of cells, whose histological significance has |
itherto been obscure — viz. the cells of the coceygeal body
(Fig. 54), corpus lutenm, suprarenal capsule, and the serotinal
cells of the placenta. Waldeyer states that in all these situa-
tions the !:ellls are developed from ordinary connective tissue
corpuscles, and always envelope the blood-vessels (Fig. 54). The
functions, if any, of the cells in these organs are unknown,

e

Fig. 54. Part of the
coecygeal body.l e Capil-
lary ; o, connective tissue
gheath ; b, coarsely-gran-
ular cells, (Eberth.)

2. Arrangement of the Elements of ordinary Connective Tissue,

The fibres of ordinary connective tissue may be arranged loosely,
as in areolar tissue; or compactly, as in tendon, aponeurosis, cornea,
ete.

¢. THE AREOLAR Form or Fierous TissuE—The areolar is the
most common form of connective tissue, and occurs in the deep layer
of the skin, and in many other parts. The fibres are arranged in
an irregular open network, the white being much more numerous than
the elastic fibres, Sometimes an elastic fibre appears to lie within
a white fibre (Key and Retzius, Op. 52, i plate 14, fig. 12), but this
is rare. Almost always they run irregularly in the spaces between
the white fibres. The irregular spaces between the fibres are filled with
lymph (lymph spaces), and by a free intercommunication allow of a ready
percolation of the lymph from one part to another. The effect of this is
seen in dropsy, where the lymph drains through the areolar tissue to the
most dependent part ; and also in cutaneous emphysema, when the lymph
spaces become distended with air, which freely moves from one part to
another. Normally, the lymph spaces are in a collapsed state. The
amceboid cells wander about in them. The ordinary connective tissue
corpuscles are also within them, but not lying loose as they appear after
dislocation by artificial means, but in contact with and clasping the white
fibres as shown by Ranvier (Op. 39, p. 342). They may clasp and partly
or completely surround a single fibre, or a bundle of fibres. In some
situations, eg. in the omentum and in the subarachnoid space, they ave
epithelioid in shape, and by the apposition of their margins form a com-
plete envelope to a single fibre, as seen in the tissue of the subarachnoid
space (Key and Retzius, Op. cit.), or to bundles of fibres, as occurs in the

1 A deseription of the coccygeal body by Eberth may be found in Op. 88, i. p. 205.
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omentum (Fig. 55), but in ordinary aveolar tissue the cells are detached,
and as simple plates with processes clasp the fibres, or as compound plates
are in contact with a number of fibres. This arrangement, however, is
most common in compact fibrous tissue, where the fibres are, as it were,
pressed against the cells.  As the lymph spaces between the fibres contain
the cells, they are sometimes spoken of as cell-spaces. The coarsely-
granular cells occur here and there in areolar tissue, sometimes singly, but
mostly in groups around blood-vessels.

The omentum cousists of areolar tissue, and is of special interest on
account of its cells. In a full-grown
amimal the membrane is cribriform
(Fig. 55), and the spaces are filled
with lymph contained within the
cavity of the peritoneum, of which
the omentum is an extension. Its
trabecul®e are bundles of connective
tissue fibres, mostly white, and are
enveloped in endothelial plates, whose
outlines may be rendered evident by
the silver process. The larger plates
are nucleated. Amidst the fibrous
bundles there lie ordinary branched
connective tissue corpuscles (c), that
are spindle-shaped when seen in pro-
file, but are in reality Jamelliform.

Fig. 55, Omenton of cat, drawn alter staining
with silver nitrate and logwood, Jf, Trabeeula of
fibrous tissue; o, ondinary connective tissue cor
puscle ; e, profile ; ¢, superficial view of nucled of

A serous membrane everywhere
consists of fibrous connective tissue,
covered with a layer of endothelial
cells.

But these, as their develop-
ment shows, are only modified con-
nective tissne corpuscles. The lymph
spaces in ordinary areolar tissue are serous cavities in miniature; the con-
nective tissue corpuscles, thongh clasping the fibres, not however, in general, .
forming a continuous covering.

b. THe Compact Form oF FiBrous Tissue.—Tendon chiefly consists
of white fibrous tissue, with some elastic tissue intermingled. The fibrous
bundles mostly run longitudinally, closely packed together with small
intervening cell spaces. After the action of a ten per cent solution of
NaCl, the fibrils and cells may be isolated by teasing with needles. The
cells are mostly fusiform, but in reality all of them are flat ; if unstained
they are difficult to detect except when seen edgewise, when they appear
fusiform owing to the bulging nucleus.

In a vertical section of tendon hardened in alcohol or picric acid, and
stained with carmine, rows of spindle-shaped cells are seen placed longi-
tudinally (A, Fig. 57). The arrangement of the cells may be, however,
most easily studied in the fine tendons in the tail of a rat (Ranvier). The
tendons are stained with gold chloride, and rendered transparent by acetic
acid, The gold salt stains the cells of a violet colour, whilst the acetic

endothelial cells ; ¢, silvered outlines of the cells,
x 300,
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acid, in addition to facilitating the reduction of the gold salt, renders the
fibres so transparent that the stained cells can be seen (B). On separat-

Fig. 56. Human tendon teased with needles, showing fibrils and cells.  (Raollett,)

ing the fibres with needles, the cells are seen to be somewhat quadrangular
plates (a'), clasping the fibrous bundles (as Griinhagen first indicated, Op. 18,
ix. p. 282), and extending about half-way round them (Boll). The mar-
gins of the cells are said by Griinhagen to be continued into very slender
filamentous processes. The cells are mostly in pairs, the naclei of each

Fig. 57. A, Vertical section of tendon of rabbit, hardened in eliromic acid and examined in glycerin,
B, Tendon from tail of rat stained with gold chlorvide. o, Row of cells showing siripe; a', & fibrons
bundle fsolated by teasing, showing the cells elasping the bundle. €, Endothelial covering of tendon

silvered, X 300.

pair being close to the contiguous borders of the cells, as if the pair Lad
resulted from cleavage. A bright stripe, termed by Boll (Op. 18, vii. p.
276) the “elastic stripe,” from its resemblance to an elastic fibre, may
sometimes be seen running lengthwise in a row of cells (@) ; sometimes
there is more than one stripe. According to Ranvier (Op. 39, p. 352),
Boll's stripes are ridges due to creases in the cells. Externally the tendon
is enveloped by a layer of endothelium (C),
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In a transverse section of tendon (A, Fig. 58), the longitudinal bun-
dles () are seen to be enclosed in a
fibrous sheath (a), that sends in
branching trabecule (f), which divide
the tendon into a number of com-
partments each filled with the longi-
tudinal bundles. These may be termed
the secondary longitudinal bundles.
They in turn consist of primary bun-
dles of fibres, more or less rounded
Fig. 68. Transverse section of sheep's tendon. Elllll :[31"1‘.55&*.1] t[:lf__‘l'E!th';-‘l', :Wlthr ]Jl‘-‘.lll{:]lil_[g
A. % 50. . Fibrons sheath: t trabeenlm: interspaces (b), some of which contain
B, longitudinal bundles, with '|.rl';!tlurhi!|:|g I:'1!'=| the tendon cells {B, ].'1i:J|'. 53’ c), while
spaces. B, X 600. ¢, Cell; ¢ divided longltu- 44,000 appear to contain nothing but
dinal bundle ; o, elastic fibres, =
lymph.

Waldeyer (Op, 18, xi. 176) maintains that the usual form of the tendon cell is that
of a compound plate, with one prineipal plate holding the nuclens, and small secondary
plates attached to this at various angles, and extending between the fibres. The ap-
pearances of a transverse section favour this idea, but one must goard against the
fallacious appearance due to the branching lymph space in which the cells lie.

The central fendon of the diaphragm is another example of compact
fibrous tissue in which the relation of the cells to the fibrous bundles
and to the cell spaces may be conveniently studied. If the endothelium

i

A | l.'ﬂ i
Fra o

Fir. 59, Central tendon of diaplragm Fig. 60. Superficial -';'il."-l' -il'r cornen n:l: frog, silvened
nf r;m].u_ gilvared nfter temoval of alter removal ||.I' anterior l"]l|_L|IL‘]IHII|. The cell H]Prll'l.':i-
f Fibres; ¢, cell and cell nuelel are seen in the darkened fibrous

2005 cOVaring.
ke matrix, X 30,

spaces with corpuscles ; I, lymphatic,
with silversd outlings of its endothelial
wall. x S00.
covering the membrane be brushed away, and the subjacent tissue silvered,
the fibres (Fig. 59, f) and interstitial cement-substance are darkened,
while the cell spaces remain clear, with the connective tissue corpuscles
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(¢) within them slightly darkened by the silver. The cell spaces are
sometimes quadrangular, but usually they are irregular and hmpulw:.::l,
anastomosing one with another, and also opening into the lymph capillaries
(1), so that the lymph can readily percolate through the lymph spaces and
flow away by the lymphatics. The cells are flattened, and, after treat-
ment with silver at any rate, rarely fill the whole cell-space.
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Fig. 61. Fixed corneal eorpuscles of frog after stainiog with gold chloride. a, Scen from the sarface ;
b, seen in verticul section ab right angles to the surface. (Rollett.)

+ The cornea consists of compact fibrous tissue, and has points of special
interest. The fibres resemble those of white fibrous tissue, but instead of
being pearly and opaque in mass they are perfectly transparent. They
differ also in chemical composition, for on boiling they yield chondrin
instead of gelatin. The fibres are mostly arranged in layers placed one
in front of the other, with flattened, branching cell spaces and cells
between them. The cell spaces are sharply defined by the silver nitrate
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after removal of the epithelium from the corneal surface (Fig. 60). They
are branched, and freely anastomose. The nuclei of the cells may be seen
after silvering, The method, however, is not suitable for revealing the proto-
plasm. But the method of staining with chloride of gold brings the branching
network of cells, with their relatively large nuclei, completely into view

(Fig. 61, @). When the cornea thus stained is sliced vertically at right
angles to its surface, it is seen that the cells are flattened between the fibrous
bundles (b). In addition to these, the fixed or proper corneal corpuscles,
wandering cells occur here and there in the cell spaces. They probably
come from the blood-vessels at the margin of the cornea ; at all events it
is certain that when the cornea is irritated white blood-corpuscles do migrate
from the blood-vessels at the periphery into the interior of the cornea.

DeverorMesT oF WHITE Frorous Axp Krastic Tissve.—All the forms of connect-
ive tissue are developed from the mesoblast, and, as already stated, mucous tissue is
the predecessor of ordinary connective tissue. The first indication of its transformation
into ordinary connective tissue is indicated by the appearance of white fibres in the jelly-
like matrix, distinet from the cells (Ranvier), but often lying very close to them. As
advances the cells multiply in number, in a manner not fully ascertained ; judging from
what may be seen in the tail of the tadpole (Fig. 14), very many of the cells are emi-
grated white blood-corpuseles.  Schwann stated that the connective tissue cells are at
first rounded (Fig. 62, a). They become elon-
Eutml (' a"), and the cell envelope splits into a

undle of fibrils (@”). Beale showed that there
is no envelope, and maintained that the outer
part of the protoplasm is changed into a * formed
material,” which becomes a bundle of white fibrils.
But without denying the possibility of this, we
must admit, wil‘-ﬁ Ranvier (Op. 39, p. 410), that
we have entirely failed to find any certain evi-
Fig. 62, an’a"”, Blongating eells (Schwamn).  dence of it. But it is very easy to find appear-
', Cell with a white libre; b, cell with elas- anees that at first sight seem to support Deale's
tie fitwe (Beale). X 400. view. The real mode of development appears to
be thus : A periplast is produced by the cell mostly on only one of its flattened surfaces.
The periplast elongates, Hrnbnbly by an interstitial growth, like the periplast of a Trades-
cantin cell (Fig. 5), and eventually becomes a white fibre ; but the flattened cell,
although it may aqpum‘ continuous with the substance of the fibre, is in reality separable
(Fig. 63, ¢), and when isolated it is easy to see how its thin wings are invisible on the
fibre, which therefore looks as if it were a continuation of the body of the cell. Accord-
ing to this view, therefore, the white fibres are just as little a direct transformation of
the cell substance here as in white fibro-cartilage and hyaline cartilage. The cell remains
’ as a bmnche';e, or as an epithelioid connective

tissue corpuscle. -

With regard to the development of the elastic
fibres, there has been much difference of opinion.
According to Donders (Op. 53, iii. p. 354),
Virchow, and Beale (Op. 54, E 202), elastic
fibres are transformations of the processes of
connective tissue corpuscles (Fig. 62, ). But
although these corpuscles may sometimes be
seen in contact with the fibres, we have failed
to trace any continuity between them, and
therefore agree with Miiller (Op. 51, x. p. 132)
in believing that, as in h!{lulina cartilage _{F ig.
45), they are produced in the hyaline matrix in-
dependently of cells, so here they resnlt from the
coalescence of particles of elastin between the

Fig. 63. Young white filbrous tissue from white fibres, pl‘n-l‘ﬂlb]}' in the jelly-like PE“_P]W'IJ
amnion of chick. @, Fibres, with numer- of the original mucons tissue. Sometimes,
ous cells in close apposition ; b, fibre With ¢, 5y,0h rc;rrﬁl , elastic fibres are produced in the
eell, ¢, isolated by tensing. X 400, substance of a white fibre. he white fibres
and the clastic fibres and membranes are, therefore, to be regarded as periplasts.
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VessELs AND NERVES oF CoNNECTIVE TissuE—The cornea is devoid
of blood-vessels, save its very margin. In tendon and ligament they
are few in number. Areolar tissue contains a considerable number in the
neighbourhood of fat-cells, or passing through it on their way to adjacent
parts, but there are only a few capillaries for the tissue itself. Nor need
this be wondered at, considering that the function of the tissue immediately
depends on its passive mechanical properties. The great mass of con-
nective tissue is nourished not by pabulum obtained directly from the
blood, but from the lymph,—which, as it percolates through the lymph-
spaces, bathes the tissue-elements and flows away by the lymphatics.

In the cornea, lymphatic vessels occur in considerable number, and
they are numerous in tendon and aponeurosis (Ludwig and Schweigger-
Seidel, Op. 55). In the central tendon of the diaphragm it can be clearly
seen that they open into the lymph-spaces (cell-spaces) of the tissue (Fig.
59), and it is probable that such a communication exists generally through-
out connective tissue, so that the lymph-spaces are, as it were, lymph-
sinuses between the blood-vessels and the lymphatics. The great serous
cavities, e.g. the pleura and peritoneum, are, as it were, merely some of the
lymph-spaces of connective tissue enlarged for special purposes, and lined
by a nearly continuous layer of endothelial plates, that are merely modified
connective tissue corpuscles. There is a direct communication between
these cavities and lymphatic vessels. It 1s difficult to know whether the
connective tissue cells partially or completely fill the lymph spaces. Pro-
bably, in areolar tissue at all events, the spaces are only partly filled by
the cells, so that the spaces are easily capable of distension, as in cedema
and emphysema.

Tendon and ligament are in their normal states devoid of sensibility,
but become extremely painful when inflamed. No nerves have, however,
been traced into them. In the cornea there are numerous plexuses of
nerve-fibres throughout its substance, Many of the nerves are destined
for the highly sensitive anterior corneal surface, but whether or not all
are so destined is unknown, but from the richness of the plexuses between
the layers of connective tissue it is difficult to believe that some of the
nerves are not intended for the connective tissue itself. Nerve-fibres are
found in areolar tissue and in aponeuroses, but whether they are intended
for the connective tissue itself or for adjacent structures is doubtful,

IrrrraTION OF CONNECTIVE TISSUE.—Although it is not the province
of this work to teach pathology, nevertheless a passing allusion sometimes
requires to be made to pathological events. The account already given
(p. 79) of the multiplication of cells consequent upon the irritation of
cartilage naturally leads one to expect that the cells of ordinary connective
tissue behave similarly when irritated. But the case of ordinary con-
nective tissue is complicated by the fact that, during irritation, blood-
lencocytes emigrate from the vessels, gather in numbers amidst the con-
nective tissue corpuscles, and obscure the changes which the latter under-
go. Even in the non-vascular cornea this holds true. But although
Cohnheim’s discoveries regarding the production of pus-corpuscles by the
immigration of blood-leucoeytes into inflamed parts seemed for a time to
upset Virchow’s doctrine of their development from connective tissue
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corpuseles, the truth probably lies between the two—the pus-corpuscles
originating in hoth ways. When the cornea of the frog is irritated with
caustic, the nuclei of its fixed cells proliferate and give rise to groups of
corpuscles that seem to be those of pus (Hoffmann, Op. 19, xlii. p. 204 ;
Norris and Stricker, Op. 56, year 1870, p. 1). Also in areolar tissue,
when irritated by the injection of silver nitrate solution (1: 300), its flat
cells become in a few hours swollen, and their nuclei proliferate (Ranvier,
Op. 39, p. 427). The same thing happens in tendon, and it should not be
doubted that pus-cells result from the proliferation. But the point we
are aiming at is not the origin of pus-corpuscles, but this, that e fired
conmective tissue corpuscle, after it has become flattened like an endothelial
scale, and after its periphery has become, as often happens, a transparent,
plate, and the whole corpuscle betrays no evidence of germinal power, it,
under peculiar conditions, swells, acquires a germinal character, and multi-
plies. The endothelial scales of serous membranes can behave in a similar
manner when irritated. Connective tissue plays a prominent part in many
pathological conditions.
Boxe.

The most striking feature of bone is its hardness. This property
renders it serviceable for protecting delicate organs, such as those in the
cranial and spinal cavities, for supporting the limbs and trunk, and for
acting as levers for muscular movements. On examining a long bone,
such as a rib, it is easy to convinee oneself that, although hard, it is not
brittle, but tough and elastic. Its hardness is due to calcareous matter,
its tonghness to fibrous tissue, with which the caleareous matter is inti-
mately united. If the fibrous tissue be destroyed by ignition, the bone
preserves its shape unchanged ; its hardness remains, but instead of being
tough the bone becomes brittle and friable, so that under pressure it
crumbles to powder. On the other hand, if the calcareous matter be
removed by maceration in dilute hydrochloric or nitrie acid, the bone
retains its general configuration unaltered, but it becomes so pliable that
it may be bent in any direction, sliced with a knife, or torn into shreds.

Structure.

When such a bone as a rib is sawn across, it is seen that towards the
surface the hone is dense or compact, while in the centre it is spongy or
cancellated. The dense merges gradually into the spongy bone, and the
spaces in the latter are filled with marrow. Towards the interior of all
bones the osseous texture is cancellated. Externally it s compact, except
at the joints, where the spongy bone merges into an encrusting layer of
cartilage, which, as it were, takes the place of dense bone. In the long
bones of the limbs there is in the shaft a large irregular space in the can-
cellated bone termed the medullary canal. In a vertical section of such a
bone as the femur it may be observed that in the shaft, where the
leverage strain is greatest, the compact bone forms a much thicker layer
than at the extremities, where it becomes gradually thinner, until it ceases
at the margin of the encrusting cartilage. Towards the articular ends the
bone is therefore almost entirely spongy. The general arrangement of the
compact and the spongy osseous texture is calculated to combine strength
with lightness. The tubular character of the shaft of a long bone enables
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it to resist a greater lateral strain than could be borne by the same
quantity of osseous matter arranged as a solid rod.

EssENTIAL ELEMENTS OF Ossrous Tissur.—Osseous tissue essentially
consists of nucleated protoplasts imbedded in a periplast chiefly composed
of a calcified fibrous tissue. The cell-spaces in which the protoplasts are

lodged are termed lacune, To
ascertain the nature and the
relations of these elements, it
is necessary to study sections
of unsoftened bone, made with
a saw, and then ground suffici-
ently thin upon a stone,—and
of bone decalcified, e.g. by a
dilute solution of chromie and
nitric acids.

The lacune may be most
readily seen in thin dried sections
of unsoftened bone, e.g.1n a trans-
verse section of the compact
osseous tissue of a long hone
(Fig. 64). In dried bone they
have a black appearance, and
are on that account readily re-
cognisable. Like the cell-spaces
of the cornea, they are flattened.

Fig. 64. Transverse section of the compact tissue of a
lomg bone, unsaftenad. [, lacuns ; o, canaliculi; &, Haver
sion canal ; &, Haversian canal cot obliquely. X 60,

When seen in section, they are ellipti-

cal (¢), and the length of their greatest diameter is about 14 p (1555 inch).

e e
¥ ge

Fig, 656. Lacunsse and canaliculi of unsoftened bone. X 800. (Rollett.)

Neighbouring lacunz are connected by a system of fine, somewhat tortuous,
branching canals (Fig. 65)—the canaliculi—that penetrate the caleified
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fibrous matrix, and probably serve as lymph channels for the irrigation of
the nucleated protoplasts in the lacunes, and the osseous matrix (Virchow),

The Bone Corpuscles ave nucleated
protoplasts, and are most readily
seen in softened hone (Fig. 66, a),
They have no processes extending
into the canaliculi, but are confined
to the lacunze (Beale); in this respect,
: . therefore, they notably differ from
Fig. 06. Transverse Fig. 67. Bone cor- the fixed corpuscles of the corneal

section of eomnpact bone puacle with its branch- . : E
f fomur, decaleified, «a, img onvelope partinlly connective tissue (Flg* Gl}'

Bone-corpnsele ; I, ln-  isolated from the sur- The Bone Periplast appears to be
melle. X 400. rounding matrix. (Frey.) of a twofold nature. 1. A thin mem-
brane lines the lacun® and canaliculi, and may be isolated from the sur-
rounding fibrous periplast by dissecting a slice of decalcified bone with
needles (Donders, Virchow, Op. 51, year 1850, p. 193). The appearances of
unsoftened bone suggest that this membrane is calcified. 2. The great
mass of the osseous periplast or matrix is a calcified fibrous tissue arranged
in lamellse superimposed like the leaves of a book (Fig. 66, 7). They are
most readily seen in softened, but are also disecernible in unsoftened bone,
The lamellee can be readily torn from the surface of a softened long hone.
Sharpey, who discovered them, describes a lamella (Op. 57, 8th ed. p. 86)
as consisting of a fine reticulum of transpavent fibres. “ The fibres inter-
sect obliquely, and they seem to coalesce at the points of
intersection, for they cannot be teased out from one -
another ; but at the torn edge of the lamella they may
often be seen to separate for a little way, standing out like
the threads of a fringe” (Fig. 68). In some places the
fibro-reticular structure is less decidedly marked, as if the
fibrillations were incompletely developed. Minute aper-
tures, apparently canaliculi torn across, oceur at short inter-
vals in the lamelle (¢), and in some there are aper-
tures of considerable size, which constitute the sockets of
Fig. 68. Lamella the perforating fibres of Sharpey (s). The lamellee consist
s from a decalel o p oolatigenous tissue ; the fibres swelling up in acetic acid
od hone, o, Canal- 4 ; i s
fouli torn across ; s, and yielding gelatine on boiling.
socket of a perforat- When the lamelle are cut transversely, e.¢. in a trans-
ing fibre. X 400. oo e section of a long bone, they may be readily recognised
with a power of 300 diam., whether the bone be softened or unsoftened.
In the unsoftened bone they have the appearance of thin homogeneous
clear bands alternating with layers of a granular-looking substance. The
granular appearance of the latter is due to fine bridges of clear tissue that
connect adjacent lamellm. The spaces between these bridges are filled
with an interstitial substance, whose contours, mapped by the lamellz and
their connecting bridges, give rise to the granular appearance. In decal-
cified bone the lamelle and their connecting bridges stand out more
clearly from the interstitial substance (Fig. 66). The interstitial substance,
and probably also the lamelle, are impregnated with calcareous matter.
After partial decalcification it may be seen in the form of granules, in the
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clearly from the interstitial substance (Fig. 66). The interstitial substance,
and probably also the lamelle, is impregnated with calcareous matter.
After partial decalcification it may be seen in the form of granules, in the
interstitial matter at all events. The lacunm occur between the lamelle
at varying intervals ; from two to five lamellee usually intervening
between neighbouring lacunes.

The above are the essential structural elements of fully-formed osseous
tissue. Canals for blood-vessels are only found in thick layers of the
tissue, and Sharpey’s fibres, that perforate the lamellze in many situations,
are not found everywhere. A description of them is therefore postponed.

ARRANGEMENTS OF TISSUES FOUND IN AN Apurr Bone.—Fig. 69
represents a transverse section through one side of a long bone deprived
of its periosteum, marrow, and mineral matter. In the compact bone (A)
there are sections of canals for blood-vessels, termed Hazersian canals (c),
after their discoverer Havers. There are also sections of cavities larger
than the Haversian canals, named Haversian spaces (¢). These spaces are
most numerous when the bone
1s young and rapidly growing,
but even in adult bone they
oceur here and there (Tomes
and De Morgan, Op. 3, year
1853). Both the Haversian
canals and spaces contain
blood-vessels, connective and
other fissues, prolonged in-
wards from the periostenm.
Around each Haversian canal
the lamelle and lacuna are
arranged concentrically : the
whole being the transverse sec-
tion of an osseous ecylinder
termed a Haversian system ().
The concentriec arrangement of
the lacun and lamelle in this
system is due to the fact that
they are successively deposited

g : - Fig. 69. Transverse section of decaleified femur of caf,
from without, ln"-‘i"ﬂ-l",dﬁ; in the A, dense, B, spongy bone; ¢, Haversian canal; a, peri-

Haversian: spaces, which thus pheric, b, Haversian, d, intermediate lamelle., The can-

cellons lamellw are seen around the cancelli, ¢, Haversian

become narrowed into canals. ioios. w0

The Haversian systems are of
various shapes, according to the outline of the Haversian spaces in
which they are formed. The canaliculi of a Haversian system form a
freely anastomosing network of lymph channels within the system.
Internally, they open into the Haversian canal, and at the periphery of
the system some of them anastomose with those of neighbouring systems,
but most of them bend back within their own system. These are the
recurrent canaliculi of Ranvier, The osseous rods constituted by the
Haversian systems mostly run in the direction of greatest strain; thus in
long bones they are usually vertical, while in flat bones their direction
H
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varies according to the requirements. In the spongy bone (B) there are
large spaces that contain marrow—the cancellous or medullary spaces.
These communicate on the one hand with the medullary canal, when it
exists, and on the other with the Haversian canals,

The lamelle may be divided into four groups—the Haversian (b),
arranged concentrically around the Haversian canals; the eancellous,
similarly grouped around the medullary spaces; the peripheric (a),
running parallel with the periosteum ; and the intermediafe (d), forming
irregular groups between the Haversian systems. Most of the inter-
mediate lamelle are segments of larger cireles than those in the Haversian
systems, a circumstance which is explained by the fact that most of the
intermediate are remmants of peripheric lamelle which were produced
under the periosteum at an early period in the development of the bone,
and which have been encroached on by a process of absorption leading
to the formation of Haversian spaces in which the lamellee of a Haver-
gian system are afterwards deposited. As will afterwards be explained,
however, some of the intermediate lamelle are really remnants of
Haversian systems which have been only partially absorbed previous to
the formation of the permanent Haversian systems. The Haversian and
cancellous lamelle are both of secondary formation, and are concentrically
produced at the periphery of the Haversian and medullary spaces.

Fig. 70. &, Sharpey’s fibres tom from
their sockets by separating the peri-
pheric lamelliz of a softened femur,
x 260,

Sharpey's Fibres.— The peripheric
and intermediate lamelle are pierced
by fibres termed perforafing or
Sharpey's fibres. They may be recog-
nised with a power of 200 diam. in
such a section as that under con-
sideration (Fig. 69), but they become
most evident when the peripherie : :
lamelle are torn asunder with the Fig. 71.  Vertieal section of compact tissne of &
aid of needles, for then the fibres jong vone. o, Haversian canals; 8, lacune; e
are pulled out of their sockets (Fig. eanaliculi, X 100. (Kolliker.)

70). Usually, however, this cannot
be accomplished to any gréat extent, for the fibres often form networks
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within the bone. Most of them are of the nature of white fibrous
tissue, whilst some arve elastic (H. Miiller). The latter may be distin-
guished by the circumstance that magenta stains them of a dark red
colour, whilst the white fibres are unaffected (Schifer, Op. 8, xviii. 136).
Many of the fibres, but not all, are calcified. Sharpey states that they are
rarely found within a Haversian system : but according to Ranvier (Op.
39, p. 308) they are never found there, and occur only in the peripheric
and intermediate lamellee—these being formed directly from the perios-
teum. In the opinion of Sharpey, these fibres are merely a modification
of the mechanieal structure of the tissue, and seem to have no physiological
significance. They are best seen where a tendon is attached to the bone,
and 1t may be fairly assumed that they strengthen the attachment.

The appearance of a longitudinal section of the compact tissue of a long
bone (Fig. 71) differs widely from one that is transverse. The Haversian
canals are seen running longitudinally and anastomosing one with another.
On the one hand these
~canals open more or less
obliquely under the peri-
osteum, from which their
blood-vessels arederived,
and on the other they
communicate with the
medullary spaces in the
spongy bone.

THE PERIOSTEUM is
a fibrous membrane (Fig.
72), forming an external
covering to the hones. It
may for convenience be
divided into two layers,
although there is mno
sharp line of demarca-
tion between them: an
outer layer (@) composed
of numerons elastic and
white fibres, mostly run-
ning longitudinally ; and
an inner layer (b) that is
structurally different in
the young as compared
with the adult state. In
the young growing bone

Fig, 78, Transverse gection of decaleified femur of kitten fotr

g : : duys old ; drawn after staining with pierocarmine, a, Outer layer
it consists of a delicate of periostenm with connective tissue bundles cut transversely and
fibrons tissue, with nu- lomgitudinally ; b, inner layer with proliferating connective tissne
L eorpuseles : ¢, osteoblnsts; d, longitudingl, ¢, transverse section of

merous cells imbedded Haversian eanals ; f, osseous tissue ; g, osteoblasts lining cancelli :

in the mesh-work and # medullary cells, Blood-vessels eut longitudinally and transversely

fﬂl'[l'lil'lg a distinet la.y ar are geen in the Haversian canals and periostenm. X 400, (Reduced.)

npon the surface of the hone (¢). Those in eontact with the osseous tissue,
being immediately concerned in its growth, were named by Gegeubn.ur
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osteoblasts.  As age advances the inner layer of the periosteum becomes
more fibrous, and the osteoblasts fewer in number (Fig. 73). White
and elastic fibres pass from the periostenm into the bone, and constitute
the perforating fibres. The periosteum is an exceed-
~ ingly vascular membrane, most of its blood-vessels
&7 being destined for the bone. It also contains
4 mumerous lymphatics and nerves, many of which
accompany the blood-vessels into the bone.

i Tt The deeper layer of the periosteum is prolonged
periostenm. of femur of into all the Haversian canals. In a vertical section
adult cat ; b, osseons tissne, of one of these in a softened bone, the vessels, con-
e nective tissue, and osteoblasts, may be readily seen if
the bone be young (Fig. 72, d) ; but in adult bone the osteoblasts are few
in number, A Haversian canal therefore contains blood-vessels, fine con-
nective tissue, osteoblasts, together with lymphatics and nerves, On the
inner aspect of the bone the canals open into the medullary spaces of the
spongy bone, and the osteoblasts and vascular connective tissue are pro-
longed through the canals into the cancelli. Everywhere in the interior of
the cancelli of spongy bone, and the medullary canal of a long bone, there
is a layer of cells, mostly osteoblasts (Fig. 72, g), but in spongy bone,
particularly in that which is young, these are here and there replaced by
large multinucleated giant cells, which, according to Kélliker, are con-
cerned, not in the formation, but in the absorption of bone, hence he
has named them osteoclasts (Fig. 79, e¢).  In the medullary canal of a long
bone the vaseular fibrous tissue in contact with the bone forms a sort of
membrane, that has received the special name of endosteum.

Tug MArrow of bone is either yellow or vred. Yellow marrow occurs
in the medullary canal, and larger cancelli of long bones. It chiefly con-
sists of fat-cells and blood-vessels, with some .
connective tissue. Jfed marrow occurs in the
spongy tissue at the ends of the long bones of
the limbs, in the clavicle, ribs, and in all the flat
and short bones. It consists-of a delicate con-
nective tissue, with many blood-vessels and a
great number of cells, most of which are the
medullary cells or proper marrow cells of Kol-
liker. They are all nucleated protoplasts, many
of them exactly resembling lymph-corpuscles
(Fig. 74, g, d), while others have a single large
nucleus, with a nucleolus (¢). Others closely
resemble these, but contain fatty particles, and
appear to be young fat cells (¢) ; red marrow,  Tie T4 tfﬂ“‘?ﬁgjﬁfgg“d =
however, contains very few fat cells. There are it sos; b, coloured el
many red blood-corpuseles (), but they probably corpuscle; ¢ d, ¢ / g, medullary

LA P cells, % 300, (The nuelei of the cells
belong to the blood within the vessels of Ahe e e et T Aot

mAarrow. aleohol.)

Neumann and Bizzozero (Op. 23, year 1868, pp. 689, 885) state that in red marrow
there are nucleated red blood-corpuscles similar to those found in the embryo (Fig. 234).
From this they conclude that in red marrow, white corpuscles develop into coloured
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‘blood-corpuscles, and that, in short, it is to be regarded as a blood gland. Ranvier
(Op. 39, p. 324) has failed to find these corpuscles, and has cast doubt on Neumann's
obhservations : but, on the other hand, their accuracy is supported by Epdﬂmsch in a
recent memoir (OJp. 18, vol. xvii. p. 1). One must be careful not to mistake for such
corpuscles the nucleated cells with yellow granules (¢), which are blackened with osmic
nea‘, and are therefore fat. Further investigation, however, is needed ere definite con-
clusions can be arrived at regarding the significance of the medullary cells,

Osteoclasts are large multinucleated masses of protoplasm (Fig. 74, a).
In the bone of a young subject they may be found in considerable num-
bers, but scarcely at all in that of an adult. They, together with osteo-
blasts, lie in contact with the bone in the cancelli (Fig. 79, oc, ob), and can
scarcely be regarded as constituents of the marrow proper.

NutrITION OF BoNE.—The blood-vessels of the Haversian canals enter
from the periosteum at all parts of the surface of the bone. Some of them
pass through the compact bone into the cancelli, and thus supply blood to
the medulla. In the long bones these medullary vessels are numerous near
the articular extremities ; and in the shaft there is a canal that transmits
an artery of considerable size into the medullary cavity. This, the so-
called “ nutrient artery,” gives only a few branches to Haversian canals
in its passage through the bone, and chiefly ends in the medulla. Since
the osseous tissue is nourished by vessels that enter everywhere from
the periostenm, it is apt to die if this membrane be stripped off. This
always takes place if the denudation he extensive, In the adult, even a
very partial denudation is apt to be followed by superficial necrosis ;
in the young subject this result is less frequent, probably because of
the greater relative size of the Haversian canals, and therefore, it may
be, freer collateral circulation within the bone. The veins of bone have
a distribution similar to that of the arteries. In the cancelli they are
numerous and much dilated. In compact bone they have pouch-like
dilatations, and sometimes occupy canals distinet from those containing
the arteries (Todd and Bowman). Often, however, both occur in the
same canal (Budge, Op. 24, v., Abtheil. 1, p. 99). The tolerably large open-
ings near the ends of the bone are mostly venous canals. There are
valves in the veins where they leave the bone (Langer, Op. 24, v., Abtheil.
1, p. 97). Within the marrow, the blood-vessels form a closed system
(Langer, op. cit.). Most of the vessels have few or no muscular fibres. In
the Haversian canals their walls are so thin that they may be supposed to
readily permit of the transudation of lymph.

Lymphatics accompany the blood-vessels from the periosteum through the Haversian
canals into the medullary spaces and medullary canal. They may be injected by the
neture method, either from the periosteum (Budge, Op. 24. v., .elhthaﬂ. 1, p. 99) or
rom the medullary canal (Schwalbe, ¢bid. p. 101). In the Haversian canals and cancelli
the lymphatics surround the blood-vessels and constitute a space that is lined by a layer
of endothelium. According to Budge's observations (op. cit.), the lymphatics are in
direct communication with the lymph spaces in the connective tissue of the marrow, and
with the canaliculi of the bone.

The nerves of bone accompany the blood-vessels (Kdlliker), but nothing has been
ascertained with regard to their ultimate distribution. The general absence of muscular
fibres from the walls of the vessels must be borne in mind in this connection, for on that
acconnt the nerves are probably to a very small extent to be regarded as motor for the
blood-vessels, In its normal state, bone is very slightly sensitive, but it becomes ex-
tremely so when inflamed. Violent irritation of the medullary tissue produces pain,
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Chemistry of Bone.

Bone contains an extremely small quantity of water. The solids
consist of about one-third organie, and two-thirds earthy matter. The

composition of dried compact bone is stated by Berzelius to be as
follows :—

Organic matter . ; ; : . . 4 3330
Caleium phosphate. : . ; ; 5104
Nl »  carbonate . . J : : 11-30
i w  fuoride . : ; . : 2:00
Magnesium phosphate . ; - ; 1-16
Sodium salts . - : . : , 1-20

The composition varies somewhat in different bones s thus, in the
tempcral there is more earthy matter than in other bones ; hence, its
extreme hardness. There is also more in the bones of the extremities
than in those of the trunk ; more in the humerus and femur than in
the h;:-nes of the forearm and leg ; more in the ilium than in the scapula
(Rees).

The following analyses by Fremy of the compact substance of the
femur show that at various ages the organic matter remains almost
exactly the same, except in the feetus, where its amount is somewhat

greater,

Organic matter,
Female feetus . : ] ] 37°0 per cent.
»  newly-born . § . o245
»w 22 years of age . : ; 354
she Bl e ) - L 34
it Bk % ‘ . - SO0/
T i : : : R
n 97 1 ' : . 39°1 ”

With advancing age, bone becomes more brittle. This is possibly the
result of a molecular change in its fibrons tissue.

The organic substance of osseous tissue consists of the nucleated
corpuscles and fibrous tissue. The chief organic element is of the nature
of white fibrous tissue, from which gelatin "can be extracted by boiling.
This result is most striking when decalcified bone is boiled ; although
decalcification is not necessary as a preliminary step to obtaining the
gelatin. Unsoftened bone also yields it to boiling water. The organic
matrix has been named ossein, a term that is entirely superfluons. The
chief mineral constituent of hone is calcium phosphate, having the formula
Ca,(PO,),, Tt has been surmised that the earthy salts are not marFly
infiltrated in the organic matter, but are in a state of chemical union
with it (Zalesky). The separability of the organic part by boiling water,
however, seems to be opposed to this idea.
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Development of Bone.

In most situations, bone is preceded by hyaline cartilage ; but the
clavicle, facial bones, and Hat bones of the skull are preceded by fibrous
membrane. Accordingly two modes of bone-development are recognised
—the intracartilaginous and the inframembranous. In all bones preceded
by cartilage, one portion is produced in the cartilage and the other in
fibrous membrane. The formation of the bony skeleton begins with the
clavicle, about the seventh week of feetal life,

FormaTioN OoF A LoNG BoNE—Any growing long bone may be
taken as an example of ossification where the bone is preceded by carti-
lage, and it is convenient that we study first the intracartilaginous part of
the process.

Intracartilaginous Ossification.—Previous to the appearance of the
osseous tissue in such a bone as a phalanx (Fig. 75), its place is occupied
by a rod of hyaline cartilage, shaped like the future bone, and enclosed
in perichondrium. The perichondrium in time becomes the periosteum ;
the hyaline matrix of the cartilage disappears everywhere, save at the
articular ends of the bone. What becomes of the cartilage cells will
presently be considered.

The ossification begins in the middle of the shaft of the phalanx,
about the fourth month of feetal life, and extends towards the extremities.
The first step towards ossification consists in proliferation of the cartilage
cells and infiltration of the cartilage matrix with lime salts, The cells
enlarge and repeatedly divide more or less
transversely to the long axis of the phalanx,
and thus give rise to longitudinal rows (c).
At first the cells, after division, secrete a cap-
sule, that becomes fused with the surround-
ing matrix ; but after a time the cell-division
takes place so rapidly, that groups of cells are
formed within a single capsule. The cavities
confaining them grow larger by absorption
(Fig. 76, @, b), and eventually become the
medullary spaces of the embryonic bone. At
the same time the character of the cells
undergoes an important change, for they
cease to produce capsules, and become not  Fig 75 Ossification in phalanx of

unlike the medullary cells of bone. While human foetusatabout fourth month.
p, Perichondrinm ; e, cartilage cells

the cells are multiplying, lime salts are de- inrows; b, young bone; h, Ha-
posited in the matrix, apparently for the versian canal; m, medullary spaces.
purpose of enabling it to resist the effects ** (Bedgged)
of external pressure, notwithstanding the relative inerease of its soft
cellular elements. The calcified matrix does not, however, become the
matrix of the future bone, but entirely disappears, as Sharpey first
pointed out.

Blood-vessels, accompanied by processes of perichondrial connective
tissue, now penetrate the cartilage. They appear, by their growth, to
cause absorption of the matrix, and thus find their way into the spaces
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containing the proliferated cartilage cells. The blood-vessels then grow

towards the ends of the phalanx, causing
absorption of its matrix, and finding their way
into more and more of the cell-spaces. It
cannot be said that the absorption of the carti-
lage matrix is entirely owing to the blood-
vessels. It is in large measure due to the
proliferation of the cartilage cells, Indeed a
coalescence of cell cavities may sometimes be
seen (Fig. 76, ¢), when no blood-vessels can be
discerned within them. The coalesced cell-cavi-
ties of the cartilage constitute the primary
medullary spaces of the future bone. They
contain blood-vessels, a very delicate connective

Fig. 78. Cartilage of phalanx of
fztus mt, four months, near point
of ossifieation in contre of shaft. a,
b, o, Bncoersive stages in the for-
mation of primary medullary spaces,
X 800,

tissue, and many cells,
some of which are liber-
ated cartilage-cells, others
are probably white blood-
corpuseles that have emi-
grated from the vessels
(Frey), while some may be descendants of corpuscles
in the perivascular processes of conmective tissue
that grow inwards from the perichondrium (Lovén).
As we have not found it possible to trace the ossi-
fying process farther in the specimens of human
bone at present in our possession, we must turn to a
vertical section of the head and shaft of a long
bone, e.g. the humerus of a rabbit, kitten, or pig,
made when the ossifying process has advanced to-
wards the articular ends of the ecartilaginous rod.
As the changes in the cartilage here slightly differ
from those observable at the centre of the human
phalanx, it will be necessary to recapitulate some
part of what has been said, and to study in their
order of succession all the stages of the ossifying
process observable in such a section (Fig. 76 A).

In the part of the cartilaginous extremity near the
bone the cells grow somewhat larger, actively divide,
and form longitudinal rows (z). Each cell continues
to secrete matrix, and this becomes calcified.

Still deeper (b), the cells become three or four
times larger than in the preceding zone, and on
that account the matrix is partly absorbed. But
here, unlike the central part of the human phalanx,
the proliferated cells do not form groups inside a
common capsule, nor do the cells occasion a coales-
cence of cell-cavities,

Below the zone of enlarged cells a series of

Fig. 76a. Vertical section
af the end and shalt of a
growing long bone of a
rabbit. @, Zone of proli-
ferating eartilage cells; b,
zome of enlarged cells; o,
primary medullary spaces ;
d, enlargement of medul-
lary spaces by absorption ;
¢, medullary canal; 4, the
part of the bone formed
in cartilage; p, the part
formed in periostenm; =,
noteh where the periostenm

grows in length. Pardly
schematic. Low maguifying
power,

primary medullary spaces (c), containing capillaries and many cells (Fig,
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77, m’), occupy the sites of the rows of cartilage cells, the transverse septa
of which have been absorbed, apparently by
the growth of the capillaries (v) in the me-
dullary spaces (Ranvier, Op. 39, p. 438). The
cartilage cells thus liberated seem fo break down
(¢, ¢") ; at all events, their appearance here is
very different from that in the human phalanx,
where there 15 no evidence of their degenera-
tion. The cells in the medullary spaces in this
situation are therefore to be regarded as either
emigrated white blood-corpuseles (Frey), or
connective tissue corpuscles (Lovén). Some of
the medullary cells become giant cells, which
apply themselves here and there to the trabe-
cule of calcified matrix by which the spaces are
laterally bounded. These play the part of
chondroclasts, causing absorption of the cartilage
with which theyare in contact,so that the spaces
are enlarged and their intercommunication
increased. The trabecul® of calcified cartilage
constitute a framework that enables the carti-
laginous rod to resist external pressure and
retain its shape while it is being excavated
and replaced by bone. o . : 3
_ The trabecul® ere long become encrusted wa’ﬁét:éc:i‘;i“fp?;f;:i’; it
with a thin layer of osseous tissue (B), and shattofagrowinglongboneof rabbit.
primary cancellated bone results. The osseous ¢ " '3“’;:};45'3 “‘-:”*L;;’fr mm.;a
texture is produced by osteoblasts—nucleated [ i1 voung bone. X 500, (Drawn
protoplasts that are either transformed connec- after softening with dilute chromic
tive tissue corpuscles, or white blood-corpuscles,® and nitric acid, and staining with
They assume a somewhat elongated and SO
branched shape when about to become bone-cells, Their processes usually
first appear on the side where the osseous matrix is first produced, but
sometimes the whole cell becomes branched ere it is embedded (Fig. T8).
The bone matrix is a periplast produced by the osteoblasts. Unlike
the periplast of cartilage, it does not make its appearance simultaneously
all around the cell, but is first seen between the osteoblast and the
cartilage-trabecula (Fig. 77, 3), and from thence grows up around the
osteoblast, and envelopes it, so that the osteoblast becomes a bone-
corpuscle. In due time fresh osteoblasts at the surface of the young bone
produce osseous matrix, and in turn become enveloped. It is maintained
by Beale (Op. 54, p. 255) that the osteoblasts do not become branched,
and that the canaliculi are merely spaces left in the growing bone. That
spaces in the periplast ave left for the canaliculi seems perfectly correct,

! H. Miiller's opinion that cartilage cells become osteoblasts receives some measure
of support from the appearances of the liberated cartilage cells in the human phalanx
(Fig. 76}, while, on the other hand, Lovén’s denial of this origin is supported by the
appearances which the liberated cartilage cells present in the rabbit (Fig. 77, ¢). Lovén
maintains that they spring from connective tissue corpuscles.
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yet we have a difficulty in accepting this view of the development of the
canaliculi, for Fig. 78 is a cor-
rect copy of a preparation, and
it shows osteoblasts with pro-
cesses before they are enveloped
in the bone, The theory readily
suggests itself, that these pro-
cesses become canaliculi ; that
the caleified envelope of the
lacuna and canaliculi is either
a transformation of the outer
part of the protoplasm, or a
- secretion from it, and that the
protoplast eventually retires
into the central part of its
branched envelope. It is pro-
bable that some canaliculi are
formed by absorption after the
bone-cells are embedded. It
cannot, however, be maintained

Fig. 78. Oblique section of decalcified cancollated bone 95 yet that the dE‘FElD]}mﬂl]ﬁ of
of cat, showing osteoblasts on the free surface of the bone the canaliculi is sufficiently
(above). The 'Imna-mryl..mclms are geen in the bone below. understund. ﬂs the Ia.}rer of
s young hone thickens on the
trabecul® of cartilage, the latter to a large extent disappear by absorption.

For a time, the trabecul® of the primary spongy bone grow thicker
by the superposition of new layers of osseous tissue. Were this to con-
tinue indefinitely, the primary medullary spaces would be in danger of
occlusion, but this is prevented by the production of giant cells, which
enlarge the spaces (Fig. 764, d) by here and there absorbing portions
of the intervening trabeculw ; and in bones where a medullary canal is
formed, these cells completely remove the primary osseous texture in
the middle of the shaft (e).

After the diaphysis (shaft) is ossified, one or more independent
centres of ossification are formed in its cartilaginous extremities. The
appearance of these is heralded by the inward growth of vascular
periosteal processes, just as at the centre of the shaft. The elongation
of the hone then continues in the cartilaginons plate between the
epiphysis and the diaphysis. The cartilage grows with such rapidity
that, notwithstanding its incessant partial disappearance in the ossify-
ing process, a layer of it persists in that situation until the bone has
grown to its full length, when it disappears everywhere save at the
articular extremities. That the elongation of the long bones of the
limbs takes place at the ends, and not interstitially, was proved by
Hales, and also by Hunter and others, who bored holes and inserted
shot or ivory pegs at a measured distance apart in the shaft of a
long bone of a young animal, and found after a time that, although
the bone had grown longer, the interval between the pegs had not
increased. :
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It is instructive to compare the behaviour of the cartilage above the epiphysis with
that of the cartilage below it. As previously described (p. 78), the cells in the carti-
lage near the bone form by division linear series, and the matrix becomes calcified.
Probably this is the extent of the change ; but here and there near the bone, cells
may be seen (Fig. 40, d) enveloped in a thin layer of osseous matrix continuous with
the bone, suggesting that the cartilage cell had ceased to secrete the periplast of carti-
" lage and llﬂﬁu_l]l’ﬁdllﬂﬂtl the periplast of bone. This appearance, however, is probably
in reality due to an invasion of the cartilage matrix here and there by bone-corpuscles
produced in medullary spaces in the manner already described.

Inframembranous Ossification.— While the above changes are taking
place in connection with the cartilage of the growing bone, the peri-
chondrium becomes periosteum, and largely participates in the ossifying
process ; indeed the thickening of the bone is due to its influence. The
earliest change in the perichondrium consists in the direct transformation
of its inner part into bone.' Its fibrous matrix becomes calcified, and
its corpuscles transformed into bone-cells. After a time, however, the
connective tissue corpuscles proliferate rapidly, and thus the inner or
osteogenic part of the periosteum, with its layer of osteoblasts on the
bone, comes about (Fig. 72, b, ¢). The bone grows outwards in the
fibrous membrane by the superposition of osseous lamellee with their
included bone-corpuscles. The osseous matrix is produced by the osteo-
blasts in the form of clear fibres, which by their interlacement produce the
lamellze.  These fibres appear to be identical with the osteogenic fibres
first described by Sharpey in intramembranous ossification as exemplified
in the parietal bone (Schiifer, Op. 8, xviii. p. 141). They appear to be a
periplast specially formed by the osteoblasts, and not a transformation
of the fibrous matrix of the periostenum. At the same time, however,
periosteal fibres do become included in the
bony matrix, and constitute Sharpey’s fibres,
most of which become calcified. Near to
the ends of the diaphysis a thin layer of [
cartilage separates the endochondral from §
the periosteal bone, but after a time this dis-
appears, so that the latter lies in contact
with the bone formed in cartilage, and it is
scarcely possible to distinguish the one from
the other. The crust of periosteal bone
strengthens the shaft, while the excavations
for the medullary canal and permanent can-
celli are proceeding within. Around the Fig 7s.. Transverse section near
neck of the articular cartilage there is a thesurface of the diaphysis of the meta-
shallow cireular furrow or notch (Fig. 764, get e 00 % €% 4 & outer wnd
n), in which an active proliferation of the spongy bone; b, traveculw ; a, Haver-
periosteal cells oceurs, whereby the elonga- sian spaces; D, dense bone with Haver-
tion of the periosteum :a;ppea.rs t}n; be eﬂ'ectgd. T PR 8 e

The young periosteal hone has a spongy character, owing to the
growth of the osseous texture in the form of trabeculw® (¢, Fig. 784).
As these extend outwards they include processes of the deeper periosteal
layer, with its vessels, connective tissue, and osteoblasts. The cavities
in the osseous areola are Haversian spaces (a), which become narrowed

! From an unpublished thesis by Dr. De Burgh Birch,
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into Haversian canals () by the deposition of bone in their interior. On
the inner aspect of the periosteal bone, however, these canals are widened
into the permanent medullary spaces of cancellous bone by a process of
absorption,

Duhamel (1738), a French naturalist, first conceived the idea that bone grows from

the periosteum, as an exogenous stem %mws from the inner layer of its bark. It had

been previously discovered accidentally by Belchier that when madder is mixed with the
food of young pigs, the parts of their bones produced during its administration acquire
a red colour. Duhamel repeated the observations, and fnunﬁ that in young animals fed
on madder a coloured ring of bone appeared under the periosteum. Numerous observa-
tions made since his time show that the madder eve ﬁra stains the growing bone, so
that the ends of the shaft under the epiphysis, and a layer of Lone under the periostenm
and around each Haversian space aus canal, is reddened by the dye, that attaches
itself to the calcium phosphate, for which it has a marked affinity. Syme (Op. b, year

1840, xiv. 162), however, appears to have been the first to give practical effect to
Duhamel’s discovery, by showing that if a silver plate be inserted E::tmmn the periostenm
and the bone of the radius of a dog, the periostenm produces a layer of bone ountside the
plate ; and he further proved that bone may be regenerated after its removal, provided
the periostenm be left. Ollier (1867) (Op. 60) also showed that the periostenm produces
bone even when it is excised and planted beneath the skin.

ForMATION OF THE MEDULLARY CANAL, PERMANENT CANCELLI AND
Marrow.—In a long bone, such as the femur, all the osseous tissue first
produced is afterwards removed by absorption ; the site of the embryonic
femur being the medullary canal of the adult bone. All the shaft of the
permanent bone is therefore produced by the periosteum, while only its
extremities are developed in cartilage.

While the production of tolerably compact bone is going on under the
periosteum, so that a strong supporting shell of bone is always main-
tained, excavation takes place in the interior, and leads to the formation
of the medullary canal and permanent medullary spaces. Howship was
the first to observe the presence of minute pits on the fangs of the milk-
teeth during their absorption, and also on the surface and in the in-
terior of bone wherever absorption may be taking place. These pits
were consequently named Howship's lacunm by Lieberkiihn, but the
term Howship's foveole is less ambiguous, and therefore preferable. Tomes
and De Morgan (Op. 3, year 1853) discovered cells in these foveol®, and
advanced the theory that the excavation of the adjacent bone is due to
its absorption by the cells, The cells in question are those more
recently named myeloplaxes by Robin, and osteoclasts by Kolliker (Op.
62)., They are multinucleated protoplasts (Fig. T4, a) devoid of con-
tractility (Bizzozero, quoted in Op. 62, p. 22). They have no envelope,
and rarely any processes. In some instances a part of their periphery
resembles the striated border of intestinal epithelial cells. They lie
in contact with, and are usually somewhat flattened against, the bone
(Fig. 79, oc), which is mostly pitted as if excavated by them. The
manner in which they induce absorption of the bone is unknown, but
very possibly it is by a process analogous to digestion. Osteoblasts
and osteoclasts may, in a young bone, often be seen in relation fo
adjacent parts of bone in the same medullary space (Fig. 79).  After
feeding with madder, a layer of reddened bone is seen under the osteo-
Blasts, but not under the osteoclasts, showing that the former, and not the latter,
are concerned in the production of bone.

A

l
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Nearly the whole of the endochondral—and much of the periosteal
—part of a long bone is removed
by osteoclasts, to make room for
the medullary canal and permanent
cancelli, In the young periosteal

bone they may enlarge the Haver- 'f' o ‘x\'.:
sian spaces, or reconvert Haversian (ol 3 \@
canals into wide spaces, by eating \fﬁg‘i‘%\@\\\ tq:
away the Haversian lamelle par- \%‘\H @‘W&‘ﬁ \ B
tially or completely, and they may @ & \{:\ :‘ru

also partially or completely remove 2
the intermediate lamell® in the bone  \\ ;) #0550
that is to be permanently compact, &
as well as in that which is to remain  Fig. 7% Section of cancellated hone of lower jaw

. of call—decaleifled, and drawn after earmine-stain-
permanently spongy. After a time, ie 7 Orlacblants o eiotact witha rdeiar

however, the process of absorption young bone, shaded to indicate that it was stained ;
 ceases, osteoblasts reappear, Haver- v osteoclasts in Howship's foveole. (Kdlliker.)
sian and cancellous lamellz are again produced, and the compact and spongy
bone assume their permanent characters. In the outer periosteal bone,
which is to be permanently compact, many of the Haversian systems first
produced are excavated by absorption, and new systems laid down in
enlarged cavities (Fig. 69, ¢), probably for the purpose of replacing the
intermediate lamell®e to a large extent by rods of concentric lamells
running in the direction of greatest pressure.

5y .-_;"ﬂ_}‘%a N

As regards the origin of osteoclasts, Kélliker (Op. 62, p. 26) maintains that they are
developed from osteoblasts, the nuclei of the latter proliferating, and the l[lh}rsiolugiml
character of the protoplasm undergoing a profound alteration. Rindfleisch (Op. 63, ii.
288) and Bredichin (Op. 23, Ci,'em' 1867, p. 563) are of opinion that they may arise from
bone-corpusecles, the surrounding bone becoming absorbed, and the osteoclasts liberated
into the medullary spaces. Regarding the fate of the osteoclasts, Killiker believes that
they divide into osteoblasts and megullury cells.  Frey (Op. 64) is disposed to doubt
that bone-absorption is effected by cells, but as he gives no adequate reason for his
doubts, and advances no better theory, we prefer to support the view suggested by Tomes
and De Morgan, and elaborated by Kolliker.

It has been already stated that the cells in the primary medullary spaces may be
emigrated white blood-corpuscles, connective tissue corpusecles, or liberated cartilage cells.
The medullary cells of the permanent spaces are doubtless in large measure descendants
of those of the primary spaces. Some of them, however, are possibly bone-corpuscles
liberated by the process of absorption, and it has been already stated that some of
them may result from the division of osteoclasts (Kolliker). The fat cells of marrow
appear to be developed from the medullary cells (p. 100).

ForMATION OF THE PARIETAL BoNE.—The parietal bone may be
taken as an example of those bones—viz. the flat bones of the skull, the
bones of the face, and the clavicle—which are entirely formed in fibrous
membrane. The absence of any pre-existing cartilage in these cases
was first pointed out by Nesbitt (Op. 61); but the process of ossification
in these parts was first described by Sharpey. The first stage of
the process is somewhat obscure, but it seems to consist in the mul-
tiplication of connective tissue corpuscles, and the conversion of these
into osteoblasts, as happens under the periosteum, The osteoblasts
become bone-corpuscles, and secrete the substance of the osteogenic fibres
which become lamellze, and in their growth include pre-existing fibres of
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the connective tissue as Sharpey’s fibres. The surface of the young bone
is covered with osteoblasts, and the mode of its formation is similar to
that already described in the periosteum of along bone. The edge of the
growing bone is jagged, owing to the pointed bony processes that grow
into the surrounding membrane ; vaseular processes of the periosteum are
included ; Haversian spaces are thus formed, and the subsequent trans-
formation of these into Haversian canals and cancelli comes about in
the same way as under the periosteum of a long bone.

It is evident that the development of bone is altogether a very singu-
lar process. The manner in which the cartilage grows, and yet dis-
appears,—the device by which it is strengthened during its excavation,—
the formation of a bony scaffolding around the cartilaginous framework,
and the subsequent removal of both,—the formation of a periosteal bony
shell around the endochondral bone,—its manner of increasing externally
while its excavation proceeds within,—the construction, resolution, and
reconstruction which enable a bone to grow in length and thickness,
while with increasing size it preserves a comparatively light and spongy
core with a firm resisting exterior,—all constitute a very remarkable
series of developmental changes that are of great significance in assisting
us to form just conceptions of the physiological powers of cells.

CHAPTER IX.

ADIPOSE TISSUE.

ADIPosE tissue is found in all vertebrates, and consists of cells whose
function is the secretion of fat. The fat accumulates in their interior,
and eonstitutes a store that is drawn upon as the needs of the economy
require. It is developed amidst areolar tissue, and is widely distributed
throughout the organism. It principally occurs in the deeper layer of
the skin, around the synovial membrane of the joints, in the mesentery
and omentum, underneath the pericardium, in the orbit, and in the bones.
It is not, however, found within the eranium, or between the bladder and
rectum, or in the subeutaneous tissue of the eyelids.

STRUCTURE AND CHEMISTRY.—Fat cells, when free, are more or less
spherical (Fig. 80), when pressed together they are polyhedral. They
vary in size from 40 to 80 p, and consist of a thin colourless envelope,
enclosing a mass of yellow fat, which, in the fully formed cell, usually con-
stitutes the chief part of its bull. There is always a nucleus placed eccen-
trically between the oil and the envelope, and in the younger cells the
envelope is lined by a layer of protoplasm. The envelope, indeed, 1s a
periplast that is either secreted by the protoplasm, or is a transformation
of it, When the cell becomes fully formed, the protoplasm may in some
cases entirely disappear, but most commonly a portion of it remains, and
extends like a ring from the nucleus a:?nund the cell (Fig. 80). The
nucleus and protoplasm may be stained with carmine. The envelope may
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be seen as a thin clear band after the fat has been blackened with osmic
acid (Fig. 81, ¢). It is, however, more apparent after the fat has been
abstracted from the cells by washing them with ether ; but it is ren-
dered most evident by injecting a dilute solution of silver nitrate
(1:1000) into the subcutaneous tissue of such an
animal as a rabbit immediately after death.
Shortly after the injection it is found that the
envelope is separated from the fat by a con-
siderable interval filled with a colourless fluid
(Ranvier, Op. 39, p. 344).

The fat chiefly consists of palmitin and olein,
with stearin in much smaller amount. When
the body cools at death, the palmitin and stearin
often form colourless acicular crystals, that have

Fig. 80. Fat cells drawn after
i@© T carmine-staining. A nneleated
been termed * margarin” ery stals, from an erro- yand or protoplasm is seen super-

neous idea as to their nature. These crystals ficiollyin a, and in profile in b,

In ¢ thers i3 o mmeleus without

nearly always appear in fat cells when preserved SrotoplAnE. L B0C.

in glycerin. The pale yellow colour of a fat

cell is due to a peculiar pigment, which is soluble in the fat. It remains
behind in the form of yellowish granules, when the fat dlsn.ppems in ema-
ciation (Toldt, Op. 65, p. T4).

In ordinary areolar tissue, fat cells are commonly armnged in clusters
in the form of islands or ﬂnrds, that are mostly surrounded by a sheath
of connective tissue, which may send in fine processes here and there
between the cells ; usually, however, the cells have scarcely anything
save capillaries between them. The capillaries form a close network with
the fat cells in the intervals, so that the interchange of material between
the blood and the cells may be facilitated.

Toldt (Op. 65, E 180) states that he has found lymphatics and nerves amidst fat
]

cells. Flemming, however (Op. 18, xii. p. 500), denies the existence of lymphatics, and
maintains that there is no evidence tha,t. the nerves are distributed to anything more

than the blood-vessels.

EFFECT OF STARVATION.—In emaciation, the fat entirely disappears
from adipose tissue in most situations, leaving the envelopes of the cells
somewhat collapsed. The nucleus and protoplasm remain, while the fat
is to some extent replaced by a clear fluid. Such cells have consequently
been termed serous fat cells. The fluid, however, differs from serum,
inasmuch . as acetic acid occasions a precipitate— probably of mucin
(Toldt, Op. 65, p. 72). As already stated, the pigment of the fat does
not appear to be absorbed from the cells. In cases of prolonged emacia-
tion, Flemming (Op. cit. p. 501) has pointed out that many of the capil-
lavies of the adipose tissue become atrophied and disappear,

ErrectT oF IRRITATION.—In emaciation, the nucleus of the fat cell
sometimes proliferates, so that a group of young cells appears within the
envelope of the parent. When fat cells are irritated by the injection of
such a snbstance as a solution of iodine into the subcutaneous tissue of a
living animal, the nucleated protoplast of the cell multiplies, and a brood
of young cells thus appears between the fat and the envelope (Czajewicz,
Op. 15, year 1866, p. 289).



112

TEXT-BOOK OF PHYSIOLOGY,

_ DEveELoPMENT—In skin, intermuscular fascia, and loose connective
tissue generally, fat cells are, as Rollett (Op. 38, i 95) and Toldt (Op.
65, p. 71) correctly maintain, mostly developed from rounded finely

Fig. 81. Development of
fat cells in omentom of
guinea pig. a, Young fat
cell; e, with divided nmo-
leus; &, fat appearing in
tha call; o, fully formed fat
cell; o, connective tissue
corpuscle becoming a fat
cell. Btained with osmic
acid, X 850,

granular cells (Fig. 81, a). These fat-forming cells
are usually numerous at the spot where the formation
of adipose tissue is taking place. They multiply by
cleavage (Fig. 81, «'), and appear in the first instance
to be the descendants of connective tissue cells. In
marrow, fat cells are developed from the medullary
cells (Fig. 74, ¢). The fat appears at first as fine glob-
ules amidst the protoplasm that eventually coalesce
and cause the protoplasm and nucleus to oceupy an
eccentric position, as already stated. The proto-
plasm at first forms a continuous layer around the
fat, but it in time largely disappears. TFlemming
(Op. 18, xii. p. H00) states that fat cells arise
directly from branched connective tissue corpuscles,
but although such a mode of development doubtless
oceurs (Fig. 81, d), it is to be regarded as exceptional.

Adipose tissue is mostly developed in the vicinity of
blood-vessels, and its remarkable vascularity is due to growth of new
. vessels, either as buds from those already existing, or from the trans-
formation of connective tissue corpuscles in the manner already indi-
cated (p. 62).

Funcrions.—Adipose tissue discharges several important functions.
1. It forms a soft but elastic cushion in the orbit, on which the eyeball
rotates. In the skin it gives softness and diffuses pressure, hence it is
largely developed in the sole of the foot, in the gluteal region, and in
some other parts. 2. It retards the radiation of heat from the cuta-
neous surface. On this account it is developed to a very remarkable
extent in the skin of the whale. 3. It discharges an important fune-
tion in nutrition, inasmuch as it secretes fat, and stores it up for the
needs of the economy. The question as to the source of the fat in
adipose tissue must be considered under the subject of Nufrition, of
which it is an important problem. It may, however, be briefly stated
here that there is sufficient reason for supposing that, just as the cells of
the liver have the power of producing glyecogen from sugar and proteids,
and of storing it up within them for a time, in like manner the protoplasm
of fat cells seems to have the power of producing faf from amyloids, and
also from proteids, and the secretion is stored up in the cells until required.
It may, however, also be that when an excess of fat is introduced into
the blood from the food, a part of it is abstracted and accumulated in
the fat cells. But experimental evidence will afterwards be adduced to
show that this probably takes place to a less extent than is commonly
supposed. When the fat is absorbed from the fat cells into the blood, it
is not known whether it passes from the cell unchanged, or is converted
into soluble soaps to facilitate its removal. The circumstance—already
mentioned—that the yellow pigment of the fat is left behind favours the

latter idea (Toldt, Op. 65, p. T4).

o
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CHAPTER X,
THE TEETH.

GENERAL CHARACTERS.—In the human subject there are two sets of
teeth :—1, The temporary, deciduous, or milk teeth. 2. The permanent
teeth. Their several numbers and names are indicated in the following -
formule :—

Molar. Canina, Inecisor, Canine, Molar,
e
- Upper, o 1 2 2 1 3 [
Temporary }Lower, 5 1 2 l 2 1 EE = 20
Molar. Bicuspid. Canine, Ineisor, Canine. DBicuspid. Molar,
—— e —
Upper, 3 2 1 2 2 1 2 A
Pamenent {700 30 5 1 2] a1 5 . if=a

The teeth are fixed in sockets (alveoli) in the maxillary bones. The
imbedded part of a tooth is termed the fang, its free portion—the
crown, and the somewhat constricted line of junction between the two
—the neck. The general characters of the permanent teeth are' as
follows :—The chisel-shaped crown of the incisors and the pointed crown
of the canine teeth are both of them adapted for cutting and tearing the
food ; but in carnivorous animals the crown of the canine teeth is
greatly elongated, and serves as a weapon. The crowns of the bicuspids
and molars are comparatively broad and adapted for grinding. There is .
a single fang in the incisors and canines, The fang of the bicuspids is
sometimes single, sometimes double. The molars of the lower jaw have
two, those of the upper jaw have three fangs; but in the wisdom teeth
the fangs are usually more or less compressed together. The presence of _
more than one fang in the molar teeth is probably of service in keep-
ing them steady dunng lateral strain to which their ecrowns are sub-
Jected in the act of grinding the food.

Structure of the Teeth.

All the teeth, whother temporary or permanent, have essentially the
same struocture, eauh tooth consisting of four parts: the pulp, filling a
central space—thc pulp cavity (Fig. 82, p); the dentine (d), surrounding
the pulp cavity ; the enamel (¢), covering the dentine in the crown ; and
the cement (c), covering it in the fang. Excepting the pulp, all these parts
are exceedingly hard. Blood-vessels and nerves enter the pulp through
an aperture at the point of the fang.

Tue CemeNnt, or CRUSTA PETROSA, is a thin plate of bone enclosing
the dentine of the fang. It (c) consists of bone-corpuscles i lacuna, .
with canaliculi embedded in a matrix composed of ecalcified fibrous tissuﬁ
arranged in lamelle. Many fibres of Sharpey pierce the lamelle from
the surrounding periosteum — or, as it is here named, periodontal mem-
brane—and are probably of service in fixing the tooth in the alveolus.

I
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Tae ENAMEL covers the dentine in the crown of the tooth, Tt is
thickest over the upper part of the crown, and gradually thins off towards
the neck, where it is overlapped to a slight extent
by the cement. The outer surface of the enamel is
finely striated transversely to the long axis of the
tooth. Sometimes there are a few deep grooves, due
to imperfect development of the tooth. Enamel is
the hardest tissue in the body, and consists almost
entirely of earthy salts, chiefly caleium phosphate,
with only from 3 to 5 per cent of organic matter.
On this account it is almost entirely dissolved by
dilute mineral acids. It is composed of solid prisms
or fibres, from 3 to 4 p in breadth. The prisms are
set endwise on the dentine (Fig. 83), and are in close
apposition, there being
searcely any interstitial
matter between them.
Sometimes, however, there
are irregular fissures be-
tween their inner ends
(f). The fibres run in  X§%
bundles, which often de- ,{i&%
cussate at their inner ex- !
tremities. In transverse

3 : section the fibres may be
- F‘“ﬂ; ;;:[;’f::ﬁ“;ﬂ: hexagonal, but often they
of the alveolus and lower are pnlygnnal (T)- The
.l?wdmﬁ:im{h :"lggm‘;;'ff!;i prisms may be isolated
u;lumﬂl; tl.T m::luumd s.t.'rin;-. b}r Plﬂ.ﬂlllg a thin vertical 4 -!'-..

"L (1l
in enamel; 1, incremental section of enamel—par- ‘&
o lines in dentine; B, epi- g]lg] with the fibres—for

thelium of gum ; n, nerve ; - 4 . Fig. 88. V¥, Vertical, T, trans-
v,blood-vessel cut acrossin & short time in dilute vorge soction of enamel fibrea (&) ;

the dental canal. (Semidic- hydrochloric acid,andthen f fissure between the fibres ; d, den-
gpgion dissecting it with needles, tne X%

and subjecting the fragments to pressure. Each fibre has a somewhat
wavy outline, and is marked at tolerably regular intervals by fine clear
transverse lines. Hertz ascribes these to intermittent calcification of the
fibres, an explanation that receives support from the circumstance that the
lines become more evident after the action of dilute mineral acid, and
also from the fact that transverse cleavage of the fibre through these clear
lines may be effected by mechanical pressure after the acid has acted for
some time.

n, ¥

.
o
.,.._- SR
@L

In a vertical section of a tooth, coloured lines, the Irown lines of Refzius, may be
seen crossing the enamel fibres and forming a series of arches more or less complete
(Fig. 82, ). They are in much smaller number than the fine colourless lines just
described. Von Bibra has chemically examined the pigment in the beaver and squirrel,
and finds it to be oxide of iron. Kolliker. ascribes the concentric arrangement of the
coloured lines to a laminated mode of formation of the enamel. -

Nasmyth's membrane, or the cuticle of the enamel, is a thin caleified membrane
covering the enamel in the young subject. It is but little affected by hydrochloric




PHYSIOLOGY OF THE TISSUES. 115

acid. It swells up in caustic potash, and when burned emits an odour of burning
horn. Waldeyer therefore supposes it to be of a horny nature, and to consist of calcified
epithelial cells (Op. 38, i. 474), and he states that their outlines may be revealed by the
351'1:1' process. According to J. Tomes, however, Nasmyth's membrane is a thin layer
of crusta petrosa withﬂut%-nclmm (see p. 119). Nasmyth's membrane is soon worn away
by friction, and eventually, as age advances, the enamel fibres are themselves worn away,
and the dentine exposed.

Tur DENTINE OR IVORY constitutes the greater part of the tooth.
It consists of tubules imbedded in a calcified matrix,
chemically like that of bone, but structurally different,
inasmuch as the organic part is not fibrous, but homo-
geneous. The dentinal tubules open into the pulp-cavity,
radiate through the dentine, and end near its periphery.
Sometimes, however, they open into the fissures in the
enamel, or run hetween its fibres for a short distance ;
or they may communicate with the canaliculi in the
cement (Tomes). In their course through the dentine
they are wavy, having two or three primary, and a
large number of secondary curvatures (Fig. 84, d).
They divide once or twice dichotomously, and each
primary branch gives off a large number of minute
secondary branches, many of which form loop-like
anastomoses with those of neighbouring tubules. The
cavity of the tubules is largest (5 to 6 p) near the
pulp-cavity, and diminishes outwards. The walls of
the tubules, the denfinal sheaths, consist of a homo-
geneous yellowish membrane, that probably consists
of elastin, seeing that it is scarcely
affected by boiling in strong mineral
acids or caustic alkali. As the inter-
tubular matrix is entirely destroyed
by such treatment, the dentinal tu-
bules may be isolated thereby.

Dentinal Fibres—Each tubule  ¥ie. 8. Transverse

; : section of fang of human
contains a fine fibre—the dentinal {04, d, Dentinal i

fibre, or fibre of Tomes (Fig. 85, f). tules; 4, interglobular
In a thin transverse section of the *Tpsiances o cement.
tubules of decaleified dentine, the JCAR Tl
fibre appears as a minute dark spot enclosed by a thin
o yellowish ring—the dentinal sheath. The dentinal
forn across, showing the 11DT€S are processes of cells—the odonloblasts that lie in
dentinal tubules and the pulp-cavity close to the dentine. Sometimes, in
g‘::: il‘:;“:i:“:fmfﬂ% sections of softened teeth, the odontoblasts are par
rabbit, after maceration 1ially dislocated, and the dentinal fibres may be seen
ﬁsr s.er?.rul weeks i“ Et!‘&tﬂhiﬂg like ha,rp-strings between them and the
m:fl?i’:'f {E':_:f;'““ il dentine. Also, when unsoftened sections of recent
dentine are broken across, the fibres may be seen ex-
tending between the fragments. When over-stretched they break, and a
sort of bead often forms at the broken end (J. Tomes), indicating that
the fibres are in their normal condition soft and colloid. They may be

i
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stained with carmine, though with difficulty (C. S. Tomes). They prob-
ably traverse the whole extent of the dentinal tubules and their divi-
sions, but, owing to the difficulty of the case, they have not been traced
into the finest branches. In old age they atrophy or become calcified.

Inderglobular substance.—The outer part of the dentine, especially in the fang,
presents & granular appearance when an unsoftened section of tooth is examined wit
a low magnifying power. This—the granular layer of J. Tomes—is, when highly mag-
nified, seen to consist of ‘‘interglobular spaces,” so called because in sections of dried
tooth they appear as cavities with the calcified dentine projecting into them in a globular
form. ormally, however, they are not spaces (Waldeyer), but are filled with a soft
matter, apparently dentine that has escaped calcification (C. 8. Tomes, Op. 59, p. 64).

Curved lines in the denfine.—The matrix of the dentine is laminated. The ontlines
of the lamine run at right angles to the dentinal tubules, and are concentric with the
pulp-cavity qsharpegj. They may be readily seen in a transverse section of the fang of
an unsoftened tooth, which, after decalcification, splits into concentric rings (Salter).
As they indicate a laminated formation of the dentine during its growth at the surface of
the pulp-cavity, they are termed incremental lines. They are also visible in a vertical
section of a tooth, and it occasionally happens that some of these incremental lines are
in the ecrown of the tooth—rendered more conspicuous by imperfect caleification of the
dentine. These are the *° contour lines” of Owen (Fig. 82, ¢). When highly magnified
they are seen to be due to lines of interglobular substance.

Schreger pointed ont that in a vertical section of unsoftened tooth the primary curva-
tures of the dentinal tubules give rise to two or three faint lines concentric with the
pulp-cavity. These have consequently been named ** Schreger’s lines,”

TuE PULP consists of a delicate connective tissue containing numerous
cells, vessels, and nerves, Close to the dentine there is a layer of relatively
large nucleated cells, the odontoblasts (Fig. 89, o), that are to be regarded as
modified connective tissue corpuscles. These cells have fine processes that
may be grouped in three sets,—external, lateral, and central (Waldeyer,
Op. ¢it) The exfernal processes are the dentinal fibres, of which one, two,
or three may spring from a single odontoblast. The laferal processes
connect neighbouring odontoblasts, while the cenfral ones join them to
connective tissue corpuscles situated more centrally in the pulp. The
nerves of the teeth are derived from the fifth cranial nerve. They form
a rich plexus in the pulp. Boll (Op. 18, year 1868, p. 75) has traced the
nerve fibrils to the dentinal tubules, but whether they enter the tubules
and traverse them along with the dentinal fibres, or join the dentinal
fibres, is unknown. It cannot be doubted that a sensitive tissue of some
sort extends thronghout the dentine, for when caries attacks its outer part
it becomes exceedingly sensitive, and on the removal of the carious portion,
it is found that the normal dentine, although nearer the pulp-cavity, is far
less sensitive (C. S. Tomes, Op. 59, p. 72).

THE ALVEOLO-DENTAL MEMBRANE (periodontal membrane) is the peri-
osteum intervening between the fang and the alveolar wall. It contains
numerous blood-vessels and nerves. Many perforating fibres pass from it
into the crusta petrosa. : Vi

The enamel of the teeth is gradually worn away by friction, and it 1s
liable to suffer disintegration from other causes, chief among which are
probably the micrococei and bacteria that nestle in the sordes. Heuc_a t.ha
importance of their daily removal. Wood charcoal is the best denfifrice
(Christison).




PHYSIOLOGY OF THE TISSURES. 1L

Development of the Teeth.

DEVELOPMENT OF THE TEMPORARY TEETH.—The teeth are developed
in the mucous membrane of the maxillary ridges, the enamel being formed
from its epithelium and the remaining dental tissues from the sub-
epithelial connective tissue. The portions of the epitheliated surface and
the subjacent conmnective tissue concerned in the development of a tooth
together constitute the dental germ.

About the seventh week of feetal life, the epithelium covering the
border of the maxillary ridge grows thicker, and forms two slight longi-
tudinal ridges—the dental ridges—with a shallow groove between them,
which may be termed the superficial dental groove. A transverse section
of the maxillary ridge shows that this
groove is merely a depression on the sur-
face of the oral epithelium, due to an
active growth of the cells at its margins.
It, however, broadly marks the position
of what may be termed the deep dental
groove® (Fig. 86, d), formed by a downward
growth of the deeper portion of the epi-
thelium into the soft mucous connective
tissue. The deep dental groove extends
throughout the whole length of the jaw,
and the epithelium with which it is filled g 86 Traverse section of the maxil-
15 termed the common enamel gerni. lary ridge of a ruminant, showing the early

Flask-like dilatations make their appear- foisi o anes tover o ooal opithelnmi s
ance at intervals in the deep dental deep dental groove; d, dilated portion
groove, owing to rapid epithelial prolifera- {*’I‘]’{’i';“;“‘ﬂﬂ His pacialienanel geltes (RUk
tion at certain points. Each dilatation '

marks the site of a future temporary tooth, and the epithelium which fills
it is termed the special enamel germ, or enamel organ.

A papilla—the denfine germ—grows upwards at the base of the enamel
organ, and indents it (Fig. 87, ¢). Consisting of mucous connective tissue
in which blood-vessels soon appear, it eventually becomes the dentine and
the tooth pulp. Inferiorly, it is continuous with the vascular connective
tissue that envelops the enamel organ, and which becomes the dental
sac (s), in whose interior the tooth is developed. The terms follicular
and saccular were applied by Goodsir to the stages of tooth-development
before and after the formation of the dental sac.

Owing to the secondary dental groove in most cases bending inwards
as it deepens, the narrow fissure (€), by which the enamel organ communi-
cates with the oral epithelium usually acquires a lateral position with
reference to the tooth sac. It eventually becomes obliterated (Waldeyer,

1 Goodsir (Op. 7, year 1838, and Op. 50, ii.), to whom we owe many important facts
regarding the development of the teeth, designated the superjficial and deep dental grooves
‘¢ primitive " and ** secondary ;"' but as the imperfeet histological methods at his disposal
in 1838 led him into error regarding the development and significance of these grooves
(which were first indicated by Kolliker, Op. 53, year 1868), it is thought advisable
to adopt the nomenclature of the text.
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Op. 38, i. 483), so that, even when it happens to be placed over the
centre of the tooth sac, the growing tooth emerges from

the dental sac by pressing against the superjacent tissues
of the gum, until they are absorbed.

Formation of the Enamel—The enamel organ forms a
cap-like covering to the dentine germ. It at first consists
of tolerably uniform epithelial cells, but ere long it differ-
entiates into
four layers :
the external
epithelinm
(Fig. 88, o) ;
the  enamel
pulp (b); the

stratum inter-

a4

mediuma’;and

the internal

epithelinm (@). /B

1. The exter- gl

nal epithelivm  Fig. 88, Vertical
section of enamel

consists nf: & organ and dental sac
row of cubical of child, at birth
or lnw ﬂnlum- (Kalliker), o, Inner

115 3ini lnyer with stratum
narcels ning ....o.c.dium  exter-

Fig. 87. A more advanced stage in the development of
the tooth of o ruminant. o, Superficial ; b, deop layors of
oral epithelinm ; ¢, neck of the desp dental groove; d, o, [,
outer, middle, and inner layers of cells of enamel organ :
g, dentine germ ; & the commencement of the dental sac ;
A, formation of a special enamel germ for a permanent

the dental sac.
These are con-
tinued intothe
cells of the
inner layer at
the base of

nnl to it ; b, gelatin-
oug layer; ¢, outer
layer of cnamel or-
gan ; o, loose fibro-
vaseular (inner) loy-
er; ¢, dense fibrous
{outer) layer of den-
tal sac. x 260; re-

tooth, (Kidlliker.) duced one half.

the dental pa-
pilla. 2. The enamel pulp resembles mucous tissue, in so far as it is a mesh-
work of stellate cells with anastomosing processes, and a jelly-like fluid
filling their interstices. The fluid is of an albuminous nature, and the cells
are undoubtedly of epithelial origin. 3. The sfratum infermedium is com-
posed of two or three layers of somewhat rounded cells that appear o be
undifferentiated cells of the enamel germ. 4. The infernal epithelium
consists of a single layer of hexagonal columnar cells—the enamel cells—
that become transformed into the enamel prisms. Each cell has a nucleus
near its outer extremity. Calcification begins at its inner end, and first
involves the periphery of the prism, so that, if the enamel cells be forcibly
detached, a pointed prolongation of the axial part of the cell (“ Tomes'
process ') may be pulled from the centre of each prism (Fig. 89, g). The
nucleus of the cell disappears, and the enamel prism is therefore to be
regarded simply as a periplast.

Waldeyer states that many of the cells of the stratum intermedium become transformed
into enamel cells, The enamel pulp takes no part in the formation of the tooth ; as
development proceeds it entirely disappears, so that the external epithelium comes to be

in contact with what remains of the stratum intermedinm (Fig. 89, ¢, ¢"). The latter
disappears, and, according to Waldeyer (Op. 38, i. 485) and Hertz (quoted by Waldeyer,
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Op. eit.), the external epithelial cells become cornified, and constitute Nasmyth's
membrane. But, on the other hand, C. 8. Tomes (Op. 59, p. 94) adduces evidence in
support of the view originally advanced by J. Tomes, that Nasmyth's membrane is a
thin layer of coronal cement, strictly homologous with the thick coronal cement of
herbivora. It is continuous with the outer part of the cement in the fang, and, like it, is
developed from osteoblasts derived from the dental sac. On this view he explains the
occasional presence of bone-corpuscles in Nasmyth's membrane, esimeia.]l}' in fissures in
the enamel. He supposes that in most instances the bone-corpuscles entirely disappear
in the process of caleification, and that the silver ontlines seen by Waldeyerin Nasmyth's
membrane (p. 115) are the outlines, not of the epithelial cells, but of cell-territories of the
}wevinus]j existing bone-corpuscles. 'With reference to the general absence of lacunm
rom the membrane, he states that the thinnest layers of unquestionable cement are
also without lacune, Further, in this connection, Mﬂﬁitﬂt (quoted by Tomes, Op. cit.)
is of opinion that the external epithelium of the emamel organ entirely disappears before
the development of the enamel prisms is completed.

Formation of the Dentine and Pulp.—The dentine germ at first consists
of mucous tissue, with numerous capillaries. Its
outer cells become transformed into a layer of
odontoblasts, whose peripheral processes become
the dentinal fibres, and the dentinal matrix is
formed between them immediately external to
the odontoblasts. As the dentine grows thicker,
the dentinal fibres elongate, and the odontoblasts
recede from the periphery.

¢

Whether or not the dentinal matrix is a secretion from
or a direct conversion of the odontoblasts, is a disputed
point. Waldeyer (Op. 38, i. 489) holds that the dentine
1s formed by the direct conversion of several successive
layers of odontoblasts, their central parts remaining as
the dentinal fibres, while their peripheral parts are
transformed into the demtinal sheaths and matrix. But
although the formation of enamel prisms tempts the mind
to entertain the conversion theory, we have failed to see any
evidence of it in the dentine, and eannot but think it Fig. 80. Vertical section of
highly probable that the dentinal matrix, at all events, is growing enameland dentine from
not formed in this manner, but—like the matrix of cartilage young decalcified tooth of rabbit.
(p. 77), and doubtless also that of bone—it is probably a ¢ Enamel prisms; ¢, enamel

secretion from the odontoblasts. cells in situ, but detached at g,
and showing Tomes' processes ;

The matrix (Fig. 89, d) is collagenous like ¢'» cells of external layer and
that of bone, and is at first uncalcified, but after Eﬂml':iﬁﬁixﬁ?ﬂﬁf
a time calcification oceurs at the periphery and nal fibres; d, matrix. x 1200,
extends inwards. The calcification begins at
separate points that assume a globular shape, and, as they grow larger,
coalesce. -But if the calcification is arrested before coalescence ensues,
inferglobular spaces are the result. It would be difficult to say whether
the dentinal sheaths are a transformation of the matrix or a conversion
of the periphery of the dentinal fibres. The central part of the dentine
germ remains as the tooth pulp.

The cement is formed by ossification of the inner and lower part of the
fibrous tissue of the dental sac, the outer part of which becomes the
alveolo-dental membrane. It has been already stated that, in the opinion of
Tomes, the inner part of the dental sac that covers the enamel is converted
into Nasymth's membrane. The bone of the jaw grows in the connective

tissue at the periphery of the dental sacs, and in this manner the alveoli
are formed,
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ErvprioN oF THE TEMPORARY TEETH.—The eruption of a tooth is
due to the elongation of its fang, which raises the crown above the level
of the jaw and gum, and causes it to cut its way by absorption through
the latter. The local irritation set up by the process is occasionally the
cause of a general systemic disturbance, so serious that it is sometimes
necessary to facilitate the process of eruption by incising the gum over
the emerging tooth. It is, therefore, particularly important in practical
medicine to remember the periods at which the temporary teeth severally
emerge. Their eruption begins at the age of seven months, and the teeth
that appear first are the central incisors of the lower jaw. These are
quickly followed by the central incisors of the upper jaw ; and, in like
manner, the rest of the upper teeth emerge immediately after the corre-
sponding teeth of the lower jaw, and the teeth on both sides of the jaw

appear simultaneously. The following table indicates the monfhs at which
the temporary teeth emerge :(—

Ineisors. Canines,

7,9 |8 ietia huia]

Molars.
12, 24

DEVELOPMENT AND ERUPTION OF THE PERMANENT TEETH.—Although
the first tooth of the permanent set (the front molar of lower jaw) does not
emerge until the sixth year, the development of all the permanent teeth,
excepting the two last molars, begins at an early period of embryonie life.
The incisors, canines, and bicuspids of the permanent set are severally
developed behind the corresponding milk-teeth,
in follicles—termed by Goodsir cavities of reserve
—that are developed from an involution of the
common enamel germ at the neck of the follicles
of the milk-teeth (Fig. 87, ). This secondary
follicle becomes pear-shaped, and a solid pedicle
unites it to the gum at the neck of the milk-
tooth (Fig. 90,¢). The permanent tooth grows
inside its follicle in a manner precisely similar
to that of the milk-tooth. Its sac becomes
separated from the socket of the latter by the
growth of the bony wall of the alveolus (Fig.

Fig. 00. A, Milk-tooth (m), with
sac (p) and pedicle (¢) of permanent
tooth detached from their bony
recesses (m' and p7)in a traneverse
section of the lower jaw at an early
period after the eruption of the
milk-teeth, B, Section of the jaw
shortly before the eruption of the
permanent tooth (k). B is of the
natural size ; 4 is somewhat en-
larged (Blake.)

90); but as the permanent tooth elongates and
presses upwards, it causes absorption of the

intervening part of the alveolar wall, and

grows into the socket of the milk-tooth. The
process is facilitated by the absorption of the
fangs of the milk-teeth, through the agency of
cells, as J. Tomes first pointed out. The cells
are osteoclasts, or, as they may be termed in
this connection, odontoclasts, that make their

appearance on the surface of the fang in the alve?lu-dental membrane.
The first (anterior) molar of the permanent set begins to grow from the
deep dental groove—in the same manner as a milk-tooth—about the
sixteenth week of embryo-ife. According to Magitot and Legros (Op. 12,
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year 1873), the second permanent molar begins to grow about the third
month after birth, in a cavity developed from the neck of the follicle
of the first permanent molar ; and the wisdom tooth, in like manner,
grows in a cavity developed from the follicle of the second molar, wh’mh
does not appear, however, until so late as the third year. The following
table indicates the years at which the permanent teeth emerge :—"

Incisors. Canines. Bicuspids. Molars.

7,8 | 11t0l2 | 9,10 | 6,12 ¢o 13, 17 to 20

CHAPTER XI.
CONTRACTILE TISSUES.

THE contractile tissues are those which give rise to ordinary mechanical
motion by undergoing forcible changes of shape. The direction of their
movement may be indefinite or definife. Motion in an indefinife direction
is produced by the amceboid cells already studied, viz. blood and lymph
leucocytes, mueus corpuscles, and the wandering cells of connective tissue.
Muscle, cilia, and certain pigment cells, give rise to motion in a definife
direction. As ciliary movement has been already studied (p. 71), this
chapter will be devoted to contractile pigment cells and muscle.

CONTRACTILE PIGMENT CELLS.

Although contractile pigment cells are foreign to human physiology,
they are of such physiological interest that they must be considered here.
They occur largely in the skin, around the visceral blood-vessels of the
frog, cameleon, and some other allied vertebrates, and they may be
readily studied in the frog’s web. They are modified connective tissue
corpuscles, which they resemble in their flattened shape and branched
appearance ; their processes anastomose with one another, and with those
of neighbouring cells (Fig. 91). Each cell is nucleated, and the cell sub-
stance contains granules of pigment of a dark brown colour in the frog,
which is apparently melanin. The cells are under the influence of motor
. nerves, which, when excited, induce their contraction. In what may be
termed the relaxed state of the cell, the pigment granules are diffused
throughout the cell generally, while in the state of contraction they are
partially or completely concentrated in its central part (Fig. 92), the
general configuration of the cell-space remaining unchanged (Lister, Op. 3,
year 1858). The skin of the frog is pale when the pigment is concen-
trated, dark when diffused. In the tree-frog (Hyla arborea) Wittich (Op.
14, year 1854) found that the cells contract when the skin is irritated

! For a more detailed account of the teeth, the excellent work by C. 8. Tomes (Op. 59)
and the chapter on the Teeth by Waldeyer in Op. 88, may be consulted with advantage,
In both, the literature of the subject is fully given,
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mechanically by turpentine, or by electricity ; when the nerves of the
part or the spinal cord are excited by electricity ; and when the animal is
exposed to light. On removal of the stimulus, diffusion of the pigment

Fig. 01. Pigment cell relaxed. From frog's web.  Fig. 02, Pigment cell partially contracted.
X 500. (Lister.) x 260. (Lister.)

ensues. He ascertained that the esculent frog (Rana esculenta) is far less
sensitive to local irritation ; and Lister (Op. cit.) found that, in the ordi-
nary English frog (Rana temporaria) the cells are little influenced by local
irritation, while they are readily affected by direct irritation of their
nerves, or by the influence of light. When the nerves of a frog's leg
are divided its pigment cells relax, and remain in this condition as long
as the circulation continues, but on its cessation they become contracted ;
a condition that is probably analogous to the rigor mortis of muscle. On
exposing a frog, with one’sciatic nerve divided, to a bright light, the
paralysed limb remains dark while the rest of the body becomes pale ;
showing that the cells are excited by light—not directly, but through
their nerves. Lister found that after removal of the frog’s eyeballs a
bright light was no longer able to render the skin pale ; showing that
the light excites the pigment cells through an indirect (reflex) nervous
wechanism consisting of a peripheral nerve termination—the retina—
stimulated by the light ; an efferent nerve—the optic—to convey the
excitement to a nerve-centre in the brain; and efferent nerve-fibres—
contained in the medulla, spinal cord, and cerebrospinal nerves—to con-
vey it to the pigment cells, The cells often contract when the animal
moves ; probably in that case their movement is due to emotional
excitement. '

The concentration of the pigment granules was ascribed by Wittich (Op. eit.) and
others to contraction of the processes of the cell protoplasm, but Lister (Op. cif.) opposes
this idea because there is nn%u]ging in the centre of the contracted cell, and also because
a clear fluid is left in the branches of the cell space. It is to be remembered, however,
that when the protoplast of a cartilage cell shrinks and gathers around its nucleus (Fig.
39, ¢) fluid is expressed from the interstices of the protoplasm, and fills the periphery of
the cell space. To refer the movements of the pigment granules to their carriage to and
fro in hyaline protoplasm after the fashion of granules in the pseudopodia of an amaeba
is most in harmony with our knowledge of other contractile movements, and it is difficult
to believe with Lister that the pigment granules alone move to and fro. The point,
however, requires further investigation, and the anatomical relations of the nerves to
the cells also require elucidation.
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MUSCULAR TISSUE,

Muscular tissue is the mainspring of most of the mechanical work of
the organism. It consists of cells that are nearly always in the form of
fibres. The protoplasm of each cell is differentiated into fine fibrils that
arve contractile and elastic. Their contraction consists in a forcible shorten-
ing, accompanied by an increase of thickness. The work they perform
is, however, always immediately referable to their shorfening and not to
their thickening. There are two varieties of muscular fibres, the striped
and the unstriped, The latter being the simpler of the two will be
studied first,

UNSTRIPED MUSCLE.

Unstriped, non-striated, or organic muscular fibre, is found in the
alimentary canal below the middle of the cesophagus; in the trachea and
bronchi; in arteries, veins, and lymphatics ; in the bladder, ureters,
urethra, and in the male and female genital organs. It is also found in
the skin, iris, ciliary muscle, and in some other parts. In the pharynx,
upper half of the gullet, and heart, the muscular fibre is striped ; appa-
rently because more rapid contr action is needed in these parts of the hol-
low wviscera: the contraction of striped muscle being more rapid than that
of unstriped. As the action of non-striped musele is, in most instances,
involuntary, it is sometimes so designated. DBut the term involuntary is
misleading, for while the heart—an involuntary muscle—is composed of
striped fibres, the urinary bladder, which mostly acts under the influence of
volition, consists of fibres that are unstriped.

Structure and Arrangement of the Filres.

The fibres, though sometimes oceurring singly, are for the most part
arranged in groups, constituting lamine—as in the blood-vessels ; or dis-
tinet fasciculi—as in the bladder. The fibres overlap at their ends, and
are within a fasciculus held together by a connective substance named
the perimysium internwm or endomysium, consisting of a homogeneous albu-
minous matrix containing branched cells (Fig. 93, p). The fasciculi are
enveloped in ordinary connective tissue (the perimysium externum).

The fibres of unstriped musele may be readily examined in certain
thin membranes, such as the bladder of the frog and salamander, the
mesentery of the newt, and in small blood-vessels. The fibres are mostly
fusiform, with their ends undivided and tapering to slender points (Fig,
93, a, «') ; but sometimes, especially in the urinary bladder and blood-
vessels, their ends are branched. In the frog’s bladder the fibres are
often triradiate, and in that of the salamander they may have as many
as five or six processes, Their transverse sections are mostly elliptical,
sometimes cylindrical, but—in unhardened fibres—rarely polygonal. In
breadth they vary from 4 to 10 g (3ol t0 w55w inch) in length—from
40 to 200 p (g7 to t1g inch), but in the pregnant uterus they are con-
siderably longer (g% inch). They are colourless and transparent, and
their general substance has for the most part a homogeneous aspect, unless
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after treatment with certain reagents, when it exhibits a longitudinal
fibrillation. This, however,as Wagener (quoted by Arnold, Op. 38, i. 191)
first pointed out, is sometimes dimly visible near the ends of the fibres
in their fresh condition. But the fibrillation becomes evident throughout
the whole length of the fibres when they are placed for twenty-four hours
in a solution of ammonium chro-
mate (five per cent), and after-
wards stained with logwood or
picrocarmine.  The fibres of
the bladder of the Salamandra
maculata, as recommended by
Flemming (Op. 18, xiii. 693), are
especially suited for the demon-
stration of the fibrils. The me-
sentery of the mewt is also avail-
able, and has enabled Klein (Op.
8, xviii. 328) to give an excel-
lent description of the fibres. A
fibre thus treated is seen to con-
sist of an axial band of sarcous
matter, composed of a bundle of
excessively fine and apparently
homogeneous fibrils (Fig. 94, f), en-
veloped in a sarcolemma (m). The
sarcolemma of non-striped muscle
(discovered by W. Kraunse, Op. 72,
p- 99) is an extremely thin elastic
membrane, with fine annular
thickenings (Klein, Op. cit)
There is generally a single nu-
cleus placed about the middle of
the fibre. It is of oblong shape,
has a membrane, and includes a

Fig. ™. Un-

Fig. 93. Fibres of unstriped : . :
musolt. (A), Tsolated after har. delicate reticulum (Flemming, Op. striped muscular

dening in Miiller's fluid ; a, broad, mﬂ) Acmrding to Klein the :::;}wfrzl;n n;n:;
o, narrow fibre from wall of intes- fihrils are continuous with e

treated as stated
. g triradiate fibre from frog's . z
E{Lu?ih;’t%ma ;uniuulua of ﬂhfaa intranuclear reticulum at the intext. n, Nue
L3 ]

cut transversely after hardeningin poles of the nucleus. Hach fibre %! el
chromicacid ; f, fibre ; m, nuclens; of pon.gtriped muscle is therefore « aso. (Kiein.)
p, endomysium, % 300. g : 3 L
- a cell, having a periplast (the sar- :

colemma) enclosing a nucleus, and protoplasm modified into contractile
fibrils.

The power of double refraction which the fibres possess will be alluded to under
Striped Muscle.

STRIPED MUSCLE.
Striped, striated, or, as they are sometimes though improperly termed,

voluntary muscular fibres, are the contractile elements in all the muscles
of the trunk, diaphragm, heart, pharynx, and upper half of the cesophagus,
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in the sphineter of the bladder and external sphincter of the anus, and
in the muscles of the outer and middle ear. The cardiac fibres, being in
some respects peculiar, will be described separately.

Structure and Arrangement of the Fibres of Ordinary Striped Muscle,

The fibres of ordinary striped muscle are cylindrical, and taper to
ends that are mostly undivided, but in the tongue, in the straight and
oblique muscles of the eyeball, and in the facial muscles that are con-
nected with the skin, the fibres are branched. The breadth of the fibres
is least in the face, greatest in the limbs, and varies from 10 to 60 L
(sx'5o to w3 inch). Their length varies from an inch and a half down-
wards.

STRUCTURE.—Each fibre is a modified cell having an envelope—the
sarcolemma, enclosing several nuclei—the muscle-corpuscles, and a mass of
soft contractile matter—the sarcous substance. The latter is a modifica-
tion of the protoplasm of the embryonic cell, from which each fibre is
developed.

THE SARCOLEMMA is a colourless, transparent, homogeneous, elastic
membrane, chemically resembling elastic tissue. Although exceedingly
thin, it is tough, and much less easily torn than the relatively thick
cylinder of sarcous matter which it encloses (Fig. 95). It is connected
by annular attachments with the sarcous substance at short intervals
throughout the length of the fibre (Fig. 100, s).

Tue NuCLEI or muscle-corpuscles are found immediately below the
sarcolemma in mammals,
but in the frog, water-
beetle, and many other
animals, they also occur

e

1:“:-?":'\_—

D)

. . o
in spaces amidst the sar- - NS ey, s

- s = -~ L e - 3 . o '.-_‘+. -.-__ i o _.’,{: 7
cous substance (Fig. 101, - T SN G
n'). Those under the sar- —GuiSS=" SN A
colemma are flattened and . =—E= St
o\ra,]_, and oceur irregular]}r Fig. 95. Fragment of striped muscular fibve of skate, showing

the lemma (o) between the ends of the torn sarcous matter.

throughout the len p Hie gLa0lamms.(g) 2 BETCOUR MRS

(Bowman.)

the fibre (Fig. 101, n).
Their presence is obscured by their being enveloped in a small quantity
of undifferentiated protoplasm. But when this is rendered transparent
by acetic acid, or when some staining agent is added, they are rendered
evident.

THE SARCOUS SUBSTANCE has a somewhat complicated structure,
which has been and is now the subject of no little controversy. The
following account is therefore mainly confined to facts which we know to
be capable of demonstration. The sarcous matter is ecrossed by a series
of alternately dim and clear stripes or bands, which give a characteristic
appearance to the fibres (Fig. 96). The stripes, although evident enough
in vertebrate muscle, may be most advantageously studied in that of some
invertébrates, because of the larger size of the morphological elements of
which they are composed. The muscle of the common water-beetle
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(Dytiscus marginalis) is specially suitable, because of the apparently close
similarity in essential details between its structure (Fig. 96) and that of
vertebrate muscle (Fig. 98). The
muscle of another water-beetle—
the Hydrophilus piceus, and that of
the bee (Fig. 97), are also suitable. _

Living fibres excised from the - MSuHUIILE
leg or wing muscles of the dytis-  (HiEEIE
cus, dissociated with needles, and (e o
examined at once, in their own
: juice, or in an aqueous solution of i
Vi, 80, et o2 el godium salicylate (one per cent),  Fig or. Part of a

striped musenlar fibre from ™, 3 3
the common water-beetle With a power of 300 diam., readily Striped muscular fibre

tﬂh‘ﬁﬂﬂlﬂ'mgiimiﬂ. l'L Dim Ehﬂw the ﬂ]tﬂrnﬂtﬂ ,d'im_ End clEﬂI’ ?fu:l.ﬂ bee after harden-
stripe; ¢ clear stripe. X . e e e U RARERRE i v
B transverse stripes. A fine dim line stripe; ¢, clear stripe;
crosses the fibre in the middle of ¢+ Dobies stripe; 7,

1 ; d ith . B a fibril of the same

the clear stripe, and may with propriety be named muscie. At the upper
Dobie’s stripe after its discoverer (Fig. 97, d). Itis pazs the flize s oyt
s . = ransversely  between

searcely visible with a power of 300 diam., and can ;" jon and  dim

only be fairly studied with a power of at least 1200 stripes, and longitudi-

" " W = "
141, 1, I nally between the sar-
diam. (Fig. 100, d). The stripes are in no way due BAlY between il

to the sarcolemma, but are confined to the sarcous
substance, in which they are not superficial markings, but result from
a special arrangement of its morphological elements throughout its
whole thickness. :
At first the fibre shows no longitudinal striation. In a short time,
however, a change takes place in the excised yet living muscle, whereby
a regular system of thin, dark, longitudinal lines makes its appearance.
They are most evident in the dim stripe (Fig. 97)—its substance being
more refractile and less transparent than that of the clear stripe—but
they are certainly continued through the clear stripe (Fig. 100). The
longitudinal strize are at regular intervals, and are the outlines of fibrils,
of which the sarcous substance appears essentially to consist. Each fibril
consists of segments of the dim, of the clear, and of Dobie’s stripes (Fig.
97, f), and it is by the lateral apposition of the corresponding segments of
neighbouring fibrils that the stripes of the fibre are composed. The seg-
ments which compose the dim stripe are the sarcous elements of Bowman,
and these—as we shall see—constitute the contractile part of the fibre.
The spontaneous revelation of the fibrillar outlines in the excised yet
living and contraetile fibre, is a phenomenon as difficult to explain as the
spontaneous revelation of the nucleus in a newt’s blood-corpuscle shortly
after its withdrawal from the circulation (p. 57). The fibrils are envel-
oped and united by a small amount of interstitial substance, and it has
been alleged that their revelation is due to an increase of this by the
separation of fluid from the fibrils. In the frog and many other verte-
brates the outlines of the fibrils do not become revealed so readily as in
the dytiseus, but by prolonged maceration in dilute solution of chromic
acid (4 per cent), or in weak alcohol, the interfibrillar substance is soft-
ened while the fibrils are hardened, so that, when the fibres are torn with
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needles, or subjected to pressure, they readily split into fibrils (Fig. 98).
On the other hand, digestion for a short time in gastric juice, or macera-
tion for some days in dilute hydrochloric acid (2 per cent), renders the

sarcous matter prone to cleave trans-
versely into a series of dises (Fig.
99), The transverse cleavage takes
place between the dim and the clear
stripes (Fig. 97). In the opinion of
Bowman (Op. 534, 1 152), “it is
as proper to say that the fibre is a
pile of discs, as that it is a bundle of
fibrils ; but, in fact, it is neither
the one or the other, but a mass in
whose structure there is an intima-
tion of the existence of both, and a
tendency to cleave in two directions,”
With Kélliker (Op. 45, p. 143), we
dissent from this opinion, because
cleavage into discs only takes place
in macerated muscle, and even then
it is rare ; while the fibrils make
their appearance in the yetfresh and
living muscles—of the dytiscus and
allied animals at all events. The

{eross,

Fig. 08. Btriped mus-
cular fibre of frog, par-
tinlly split into fibrils
(f) after maceration in
dilute ehromie acid and
dizsection with needles.
Barcolemma
» 800,

Fig. 99. TFibre o
striped musele par-
tially split into discs.

(Bowman.)

torn

dim and clear stripes are often spoken of as the dim and clear dises, but
although such nomenclature is convenient when speaking of the fibre,

it must be borne in mind that the discs of
the filre are mere optical expressions of certain
regular arrangements of the dim and clear
prismatic segments of the fibrils. In striped as in
unstriped muscle, the essential morphological
elements appear to be contractile fibrils.

In the uncontracted musele of the dytiseus,
the dim stripe is three or four times the breadth
of the clear stripe. Its aspect is homogeneous
until the outlines of the dim fibrillar segments—
the sarcous elements—become revealed. It is
more refractile than the substance of the clear
stripe, and has a somewhat pearly shimmer,
The sarcous elements are prisms slightly rounded
at the ends, and have—in their fresh state at
all events—an apparently uniform calibre (Fig.
100, A), but in muscle which has been forty-
eight hours or so in  per cent solution of osmic
acid they appear thinner in the middle than at
the extremities of their shafts (B). Their trans-
verse sections are somewhat angular (Fig.
101, b).

The sarcolemma is attached to Dobie's stripe (Fig. 100, B).

Fig. 100. A, Portion of a fresh
striped musenlar fibre of dytiscus
after the revelation of the fibrillar
outlines. d, Dim stripe: ¢, clear
stripe ; &', Dobies stripe. B, The
sama after forty-eight hours in }
per cent solution of osmic acid, s,
Barcolemma attached to Doble's
stripe, and swollen up by imbibi-
tion in the intervals, 3 1200,

The
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attachment, however, is not very intimate, for it may be ruptured by the
imbibition of water. According to Krause (Op. 72, i. 83) Dohie's stripe
is due to a thin membrane (“ Krause’s membrane ") which traverses the
whole thickness of the fibre, and is attached to the sarcolemma at its
periphery. After much searching for this membrane we have failed to
find it, but we have succeeded in seeing clearly a single row of highly
refracting globules which appear to be the cause of Dobie’s stripe (Fig.
100, A, d). These globules were first indicated by Wagener (Op. 24, i.
p. 118). There is one globule in the course of each fibril. It is difficult to
say whether the globule is imbedded in the clear segment of the fibril,
or forms a distinct partition in the middle of it. When thrown slightly out
of focus a bright line crosses the centres of the globules, and there is then
the appearance of a “double row of dots,” in which manner they have
been figured by several observers, and by myself (Fig. 96) before I had a
lens capable of resolving the structure. These globules resemble a row
of fine beads when the surface of the fibre is focussed and very carefully
illuminated. Each globule has a light centre with a dark outline. In

the fibre, and also in the isolated fibril, there is a slight bulging of the .

clear stripe opposite the globules of Dobie’s line. The dip of the clear
stripe on either side of them becomes more marked when the fibre or
fibril is stretched. I have not been able to see any evidence of a lateral
attachment between the fibrils in the position of Dobie's stripe such as
exists between it and the sarcolemma.

The portion of the clear stripe on either side of Dobie's line consists
of a feebly refractile soft substance. By some it is regarded as a fluid,
but one might just aswell, and with equal impropriety, regard protoplasm
as a fluid. It has normally a homogeneous appearance, but often it is
somewhat granular. The granules are fatty, and mostly lie between the
fibrils. Unlike the substance of the sarcous elements, that of the clear
stripe does not appear to be contractile. ~ Both of them, however, are
soft, extensible, and elastic. The general substance of the clear stripe is
stained much less deeply by logwood and picrocarmine than the sarcous
elements and the globules of Dobie’s line,

For convenience I have spoken of the whole of the space between the ends of the

sarcous elements as the elear stripe, regarding it as divided into two parts by the globules

of Dobie's line. By those who believe in Krause's membrane, however, the clear stripe
is deseribed as intervening between it and the sarcous elements.

The appearance known as Hensen's stripe may be readily seen crossing the middle of
the sarcous elements after they have been stained with logwood, each sarcons element
being somewhat lighter in its centre than at its extremities. It may also be very clearly
seen after the fibres have been macerated in 4 per cent osmie acid for forty-eight hours.

Hensen's stripe is an optical effect for which it is diffieult to account, but we are unable to

find sufficient evidence of its bcingh due to a less refractile segment in the middle of
each sarcous element, as maintained by Hensen (Op. 23, 1868, p. 853).

The striped muscle of vertebrates differs, but only in details, from that
of the dytiscus. The fibres and fibrils of the latter are broader, and
their sarcous elements longer. In the uncontracted frog’s muscle the dim
stripe is rather less than twice the breadth of the clear stripe.

In a transverse section of striped muscle, frozen while living, and
placed in contact with no fluid save blood-serum, the contents of the sar-
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cous elements appear as dim, somewhat angular, areas, bounded by clear
outlines (Fig. 101, b). According to Krause (Up. 72, p. 87) this appear-
ance results from the separation of fluid
from the sarcous elements, for when per-
fectly unchanged their transverse sections
are bounded by thin dark lines, and their
appearance therefore corresponds to the
longitudinal view in Fig, 100, A. The
fibrils are grouped into bundles, between
which there i1s a ramifying system of
lymph spaces. In the frog’s muscle, but
not in that of the rabbit or man, a
nucleus occurs here and there between
the fibrillar bundles (Fig. 101, »"), and in
a similar situation there are highly refrac-
tile particles whose nature and signifi-
cance are as yet doubtful (a).
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Cohnheim (Op. 19, xxxiv. 606) was the first
to deseribe the appearance of a transverse section
of frozen striped muscle, but his drawings do
not indicate the fascicular arrangement of the
fibrils. The dim parts of such a section—which
we believe to be the transverse sections of the
sarcous elements—are often spoken of as ‘' Cohn-
heim’s areas."”

Fig. 101, Part of a transverse section
of striped muscle of frog frozen whila liv-
ing. s, Barcolemma ; n, nueleus; b, ends
of Abrils ; #', nuelens between the bundles
of fibrila; a, clear particles in lymph

.It will be evident from the pre- O e arm;:“;ém

ceding that the view we hold regard- ;

ing the structure of the striped muscle of the dytiscus, and which
seems applicable to that of vertebrates, is that the sarcous substance
in each fibre consists of bundles of fibrils with intervening lymph
spaces, that ‘the fibrils are surrounded by a small amount of clear in-
terstitial matter, and that each fibril consists of alternate dim segments
— the sarcous elements and clear segments — the latter containing in
their middle part a bright refracting globule. The sarcolemma is
attached to Dobie’s stripe, but there is no sufficient evidence of a mem-
brane crossing the fibre in the position of that stripe. Other views
have, however, been advanced regarding this difficult subject, and it is

proper that some of them should be stated.

It has been already indicated that, in the opinion of Krause, the fibre of striped
muscle is divided transversely into a number of compartments by a series of membranes,
which severally occupy the position of Dabie's lines, and are attached to the sarcolemma
at their periphery. Merkel (Op. 65, p. 83), indeed, regards each transverse membrane
of Krause as being in reality double. Krause further believes that a series of thin
membranes are attached vertically to the transverse partitions dividing the sarcous
matter into minute compartments or ‘* caskets” (Muskelkistchen), each containing a
“* muscle element ' consisting of a sarcous element, and at both ends of it a clear fluid
representing one-half of a segment of the clear dise. He compares his ‘‘caskets" to
the cells of a honeycomb, He regards the fibrils as entirely artificial, and consisting of
a linear series of *‘ caskets.” Wagener (Op. 24, 1. 118)—although he denies the exist-
ence of Krause's transverse membranes—believes in the vertical membranes, and sup-
voses that the fibrils are severally enveloped by them. But, like Engelmann (Op. 24,

- 124), we are not convinced of their existence. I feel obliged to entirely dissent from
the opinion expressed regarding the structure of the striped musecle of the dytiscus held

K
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by Mr. Schiifer, and detailed by him in Op.
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57. Ihave taken the muscle of the dytisens

as typical, because the structure of its fibrils appears to be essentially similar to that of

vertebrate muscle.
fully-formed striped

But it ought to be mentioned that in some other invertebrates the
muscle somewhat differs from that of the dytiscus. Thus Engel-

mann (Op. 17, xviil. 1) describes in the fibres of Telephorus melan t
of rounded pn:-tir:laa on both sides of the globules of %uhia's line. Bt e

APPEARANCE OF THE CONTRACTED FIBRE.—The striped muscle of the

Fig. 102. Btriped musonlar fibre of dytiscus,
relaxed at r, partially contracted at ¢ and ¢, com-
pletely contracted at ¢".  x 800. The figure shows
the relative shortening of the dim and clear stripes
in the contracted part. To avold confusion the
clear stripe has been kept light in the contracted
part, although it really becomes darker than the
dim stripe when viewed with direct light (see

Fig. 103).

Fig. 108. Part of a striped fibre of dytisous,
showing one side contracted (c), and the other
ralaxed (rk s Barcolemma. x 1600, Drawn after
fixation by osmie acid. The last three particles
vigible in Dobia’s line to the right are representad

as too oval, and the fully contracted sarcous ele-

ments are & little too narrow, and their dark out-
lines not quita broad enough,

dytiscus is suitable for the study of
contraction, because of the large size
of its sarcous elements. If some fibres
of the living muscle be dissociated
with needles in sodium salicylate
solution (ene per cent) and examined
immediately, one may see contrac-
tions of the fibres induced by the
mechanical irritation, but they are
too rapid and evanescent to allow of
their successful study. After a few
minutes, however, the fibres begin
slowly to pass into the condition of
rigor mortis. In dissociated fibres,
its supervention is indicated by a
slow and permanent contraction, that
mostly begins at the cut ends of the
fibres,—sometimes, however,-at their
sides. If a solution of osmic acid
(one per cent) be added before the
whole fibre is shortened, the con-
traction is arrested and the sarcous
matter is killed and fixed in the seve-
ral states of relaxation, of partial
and of complete contraction, Dur-
ing contraction the fibre shortens and
thickens, and it is not difficult to see
that the dim discis that in which the
shortening principally oceurs. In a
fibre that has been severed from its
detachments, and which is therefore
free to contract to its fullest extent,
the sarcous elements can be distinetly
seen—especially after slight stain-
ing with eosin subsequent to the os-
mic acid—shortened to about one-
third or even less of their original
length (Fig. 103, ¢). In the early stage

of contraction there is no perceptible change in the breadth of the clear
stripe, but when the detached fibre is fully contracted, the clear stripe is
only about two-thirds of its former breadth. This slight change in all
likelihood results from its extension laterally by the thickening of the
contracted sarcous elements. The sarcous elements therefore appear to be
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the contractile parts of the striped fibre, and the subdivision of the con-
tractile substance into minute masses is a point of interest.

During contraction the clear stripe grows dim, indeed dimmer than the sarcous
element stripe, and it becomes impossible—probably owing to the dimness—to recognise
the particles of Dobie’s line. This singular change may be well studied when there is a
unilateral contraction of the fibre (Fig. 103). The first indication of the change is a
thickening of the shadow at the ends of the sarcous elements, which during their con-
traction appear to become more refractile. The shadow deepens as they become more
fully contracted, and eventually the shadows of the ends of the opposite sarcous elements
appear to cross the clear stri]pe, and shade it eompletely, so that it becomes im]gassihle to
see the particles of Dobie's line (Fig. 108). Probably the thickening of the fibre is also
a cause of the darkening during contraction, for in the contracted state the sarcous
element stripe also becomes slightly dimmer. It is however possible, by a careful adjust-
ment of the illumination, to render the clear stripe of the contracted fibre again lighter
than the sarcous element stripe, which can always be recognised by its opalescent
shimmer. At the margin of the contracted fibre the sarcolemma may sometimes be
seen bulging slightly opposite the dim stripe, and dipping down to its attachment to

the clear stripe (Fig. 103, s), but often there is no bulging.

APPEARANCE OF THE FIBRES IN PoLARISED LIGHT. — When the
fibres of striped muscle are placed under the micro-polariscope and exa-
mined in a field darkened by crossing the planes of polarisation of both
Nicol's prisms at right angles to each other, those fibres which cut the
planes of both prisms at angles varying from 0° to 90° but especially at
45° show a gray band in the position of each dim stripe, and a dark
band in that of the clear stripe. Briicke (Op. 38, 1. 235), who was the
first to carefully investigate this subject, found that the sarcous elements
are doubly refractile (anisofropic, dv- wos unequal, tpory bending), while
the substance of the clear stripe is singly refractile (isofropic). The
elements of Dobie’s stripe also appear to be doubly refractile (Krause, Op.
72). DBriicke found that the sarcous elements are uniaxial—the axis being
longitudinal—and that their double refraction is positive like that of
quartz. Since they remain anisotropic during contraction notwithstanding
their change of shape, Briicke concluded that they contain minute
mobile, doubly refractile particles (disdiaclasts, StaxAdw to break), to which
the anisotropic property of the sarcous element is referable. Martyn
(Op. 73, iii. 233) has pointed out that a single fibril has no apparent
influence on the polarised ray. Several sarcous elements must be superim-
posed ere any perceptible effect is produced.

The effect on the polarised ray may be most delicately shown by
using, in addition to two Nicol's prisms, a mica or selenite plate below the
object. When a fibre is placed at an angle of 45° to the polarising prism,
and the analyser is slowly turned, the anisotropic parts pass through a
succession of colours differing from that of the general field, while the
isotropic parts—having no effect on the direction of the polarised ray—
remain of the same colour as the field. Rouget (Op. 70, v. 247), on
grounds that are altogether insufficient, maintains that the whole fibre
doubly refracts light.

‘When the fibres of non-striped muscle are examined as above stated,
they are found to be doubly refractile. Probably this property is pos-
sessed by the sarcous fibrils only.

Corour oF THE FiBrrs.—The red colour of striped muscle is due to
hemoglobin which exists in the sarcous matter apart from that in the
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blood, as may be proved by muscle retaining its colour when all the
blood is washed out of its capillaries. According to Ray Lankester (0p.
1,vi, 241), heemoglobin is found in the pharyngeal muscles of some Gas-
teropods which have no hemoglobin in their blood. Asin the case of the
blood-corpuscles, the fibres are red when seen in mass, but pale yellow
when viewed individually.

W. Krause (Op. 71, p. 24) first pointed ont that in the rabbit some muscles are red,
of firm consistence and high elasticity, while others are pale, soft, and flabby. Amongst
those that ave red are the muscles of mastication, most muscles of the fore-limb, and
several of those of the hind-limb, e.g. the semitendinosus and soleus. The adductor
magnus, and most other voluntary mmuscles, are pale. Ranvier (Op. 11, 1874, p. 1)
also finds that in the guinea-pig, skate, and torpedo there are similar differences.
He observed that in the red muscles of the rabbit there are fusiform dilatations on the
capillaries ; but he showed that the redness of the musele is assignable to the fibres
themselves, and not to a greater amount of blood in the muscle, for when he washed
the blood from the vessels of the red and pale muscles, the difference of tint remained.
On comparing the fibres of the red semitendinosus with those of the pale vastus internus
of the rabbit, Ranvier found that in the former the nuclei are more numerous, the trans-
verse striation less, and the longitudinal striation more marked than in the latter. E.
Meyer (Op. 24, iv. Ab. i. 110}, however, has shown that the semitendinosus is excep-
tional, and that there i8 no notable struetural difference between the other red and pale
muscles of the rabbit. Ranvier (Op. eit.) discovered that both in the rabbit and skate
the contraction of the red differs from that of the pale muscles in following the
stimulus less rapidly and in lasting a longer time. This point has also been investi-

ted by Kronecker and Stirling, and will be again alluded to in another place. Meyer
ng. ¢it. ) holds that the tint of & muscle is conditioned by its function,—the more the
muscle works the deeper does its colour become. This point, however, requires farther
research. (Consult also W. Krause, Op. 72, p. 90).

REevAaTIONs OF THE FiBRES.—a, To each other—The fibres of striped
muscle are gathered into fasciculi of various sizes. Each fasciculus is
enveloped in a sheath of ordinary fibrons tissue—the perimysium externum
—which sends delicate processes between
the fibres—the perimysium infernum or
endomysium. The processes of the inter-
nal perimysium do not form a continu-
ous covering to the individual fibres
(Fig. 104, p). In muscles that are more
than an inch and a half in length a
single fibre does not extend throughout
the whole length of a fasciculus, and
thus reach from one end of the muscle
: Fig. 104. Tﬂ'ﬂ““;ﬂ ﬂﬁi’t‘;“‘; t.:r ;;ﬁiﬁ; to the other, but ;:he fibres t-erminafle
) 0F, MriRes, RNCRSN : within the fasciculi in tapering ends
(injeded v, Mupihs SN INEY | Rblldtt), “Ahe endior Ehio Ble the

sarcolemma is intimately united with
the perimysium, and through this with the ends of the neighbouring fibres.
In addition to uniting the fibres throughout the length of a muscle, and
thus enabling the contraction of each fibre in a muscle, ]mwev_er lc_-ng,
to be effective in approximating the ends of the muscle, the perimysium
protects the fibres and also the blood-vessels and nerves from injury by
external pressure.

b. To Tendon.—The attachment of the filres of tendon to those of
muscle is so intimate that it is impossible to separate them by mechanical

ik
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means, and they sometimes have the superficial appearance of being con-
tinuous with the fibrille of the sarcous matter, But, according to Weis-
mann, Fredericq (Op. 24, iv. 109), Ranvier (Op. 39, p. 503), and
others, the sarcolemma always intervenes between the sarcous matter and
the tendinous fibres. Ranvier demonstrates this by plunging the living
muscle (of a decapitated frog) into water at 55° C. The sarcous matter
is coagulated and foreibly retracted from the ends of the fibres, leaving
the sacrolemma visible within the tendinous fibres,

Tt has not, however, been satisfactorily shown that there is not a union between the
sarcous fibrils and the sarcolemma at the ends of the fibre. The undoubted attachment
of the sarcolemma to Dobie's lines can be ruptured by means less violent than the irri-
tating effect of hot water (see p. 128). On 4 priori grounds one would expect to find
such a union, in order that the mechanical energy of the sarcous fibrils may be transmitted
in a direct line to the tendon, as well as indirectly throngh the attachment of the sarco-
lemma to Dobie's lines. Ranvier maintains that the sarcolemma does not become
fibrous at the ends of the fibre, as asserted by Wagener (Op. 24, iii. 100) ; but that it is
merely joined to the fibrous tissue, either by a cement, or simply by a molecular union
between the two. Wagener and Ranvier agree that it is impossible to dissolve the union
by caustic potash, as Welsmann asserted.

¢. To Blood-vessels.—As might be apticipated from the energetic nature
of the tissue, blood-vessels are numerous both in striped and unstriped

|
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|

ok
Fig. 105. Blood-vessels of muscle. ¢, Ca- Fig. 106. Blood-vessels of o red muscle
pillaries ; @, small artery; b, small yein, x (semitendinosus) of a rabbit, e, Capillarigs ;
250, (Killiker,) o, dilatation on transverse branch of ecapil-

lary : @, artery; m, position of a muscular
fibre. (Ranvier.)

- muscle, particularly so in the striped muscle of mammals and birds.
The veins and arteries usually lie together in the perimysium (Fig. 105,
@ b). The vessels within a fasciculus are capillaries (¢). Most of them
run parallel with the muscular fibres, and are united one with another by
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transverse branches, The capillaries all lie outside the sarcolemma (Fig.
104, v), so that the nutrition of the sarcous matter has to be carried on
by diffusion through that membrane.

In the red, as distinguished from the pale, muscles of the rabbit, Ranvier has
observed fusiform swellings on many of the transverse branches of the capillary network
(Fig. 106, ). He points out that these dilatations must constitute minute reservoirs for
blood, which are probably of service in giving an increased supply of oxygen and pabu-
lum to these hard-working muscles (see p. 132),

d. To Lymphatics.—The lymphatics of muscle have been as yet but little investigated.
Schweigger-Seidel (Op. 38, i. 255) found that the network of lymphatics under the peri-
cardium 1s continuous with numerous lymph spaces between the muscular fibres—in the

neral substance of the heart. By the silver process he found that the intermuscular
Fﬂ ph spaces are lined by a layer of endothelium. Probably in muscle generally, all
the spaces in the endomysium around the museular fibres and capillaries are lymph
spaces in which the lymphatics take origin, but although Loewe (Up. 72, p. 93) states

at the sarcolemma is covered by the endothelium of surruunﬂjngqumph spaces, the
subject has not as yet been sufficiently investigated.

e. To Nerves—The termination of nerves in striped and in unstriped
muscle will be deseribed with the nervous system.

The Muscular Fibres of the Heart,

The eardiac muscular fibres are striped, but they have certain pecu-
liarities, both structural and functional, which place them in a position
intermediate between the unstriped and the ordinary striped muscle.
There is mo sarcolemma, and each fibre has one, rarely two, nuclei

) Fig. 107, Network of muscular fibres from FEE‘I 103. 3, Fis e fom “#ﬂrall mt‘ha:‘.;;.ma
the gemeral substance of the mammalian JLtHps ety v;ar} rdIIJJ “:cf :l ;:1! -r?
heart. On the right, the limits of the sepa- sl et it
rate colls are somewhat diagrammatically re- * L 3

presented.  (Schweigger-Seidel.) general fibres. X 800.

placed in its central part. Throughout the general substance of the
heart, the muscle cells are short cylinders wlueh_a.nust.c:mus_e with neigh-
bouring cells, either by short branches or by their longitudinal surfaces ;
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they thus form retiform lamellz with narrow interspaces. The some-
what sinuous ends of the cellular segments abut one upon another, and
are united by a clear cementing substance which may be blackened by
silver mitrate, and dissolved by caustic potash. After treatment with
potash the cellular segments of the reticulum may be readily dissociated

(Eberth).

_In the frog’s heart the networks are composed of spindle-shaped fibres not unlike
those of unstriped muscle, but differing from them in being transversely striped

(Weismann).
Purkinge's Muscwlar Fibres—Immediately under the ventricular endocardium of

ruminants there is a gray gelatinous-looking network, first described by Purkinje. It
consists of bands of polyhedral cells, each having a cortex of striated sarcous substance
enclosing a core of undifferentiated protoplasm with one or two nuclei. There are tran-
sitional forms between these cells and the general cardiac fibres (¢), of which Purkinje's
cells appear to be an arrested development. (Consult Schweigger-Seidel, Op. 38, i. 244 ;

and Ranvier, Op. 39, 535.)

The functional characters of the cardiac muscle also place it inter-
mediate between unstriped and ordinary striped muscle, inasmuch as its
contraction takes place more slowly, and is more prolonged than that of
ordinary striped musele.

DEVELOPMENT, GROWTH, AND ATROPHY OF MUSCLE.

DEVELOPMENT AND GROWTH,—The fibres of unstriped and of striped
muscle are developed from the cells of the mesoblast. Each cell is at first
a nucleated particle of protoplasm without an envelope. The cells are at
first rounded, and become elongated into fibres as development proceeds.

When a cell becomes a non-striped fibre the nucleus usually remains
single in the centre of the fibre. The protoplasm becomes modified into
contractile fibrils, while the periplast (the sarcolemma) makes its appear-
ance around it. There is nothing to lead one to suppose that the
sarcolemma results from the transformation of a special set of cells.
Probably it is simply produced from the protoplast which it encloses, but
the precise mode of its formation has yet to be made out. Non-striped
musecle may also be developed from cells resembling connective tissue
corpuscles ; as may be seen in the bladder of the salamander (Flemming,
Op. 18, xiii,) In the uterus during pregnancy new muscular fibres are
developed from small round granular cells (Kolliker). The origin of the
latter has yet to be made out.

Each fibre of striped muscle is in the embryo developed from a single
mesoblastic cell (Remak). In producing a cardiac fitve the embryonic cell
enlarges, its protoplasm becomes transformed from without inwards into
striated sarcous matter, and the nucleus, either single or divided into
two, remains in the centre of the cell, enveloped in a small quantity of
undifferentiated protoplasm. The cells become elongated, branched, and
joined together. As already stated, Purkinje's cells are to be regarded
as the result of arrested development.

In producing a fibre of ordinary striped muscle the mesoblastic cell
enlarges and becomes fusiform, the nucleus repeatedly divides, and the
protoplasm is gradually transformed into striated sarcous substance from
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the periphery inwards. When this has proceeded to some extent a fibre
of mammalian striped muscle is a tube of fibrils enclosing a core of
undifferentiated protoplasm with many nuclei. But as development pro-
ceeds, the nuclei, with some protoplasm, leave the centre and appear at

the periphery of the fibre. Probably they move outwards in the spaces
between the fibrillar bundles. But in the striped muscle of the frog the
nuclei are at an early period of development all placed outside the
striated substance. Many of them continue there as the nuclei under
the sarcolemma, whilst some of them appear to move into the interior of

the fibre and remain permanent between the fibrillar bundles (Ranvier,
Op. 39, 515).

With regard to the origin of the sarcolemma of striped muscle, all are agreed that it

does not exist at an early stage in the development of the fibres, but its mode of forma-
tion is disputed. Kiolliker regards it as nothing but a cell-membrane produced around
the protoplasm. This idea i1s supported by the observations of Wilson Fox (Op. 3,
year 1866), and by Calberla (Op. 24, iv. 111). Wolfl (Op. 24, vi. 101), however, regards
it as a transformation of special cells which disappear in the process. It must not, how-
ever, be forgotten that the muscle-corpuscles may be readily mistaken for such cells,
and that in the case of non-striped muscle—where there are no peripherally placed
muscle-corpuscles, there is no evidence of the production of the sarcolemma from special
cells. Probably in both cases the sarcolemma is merely a cell-membrane.

The fibres of striped muscle are also developed after embryonic life
has ended. Much of the enlargement of growing muscles is due to an
increase in the number of the fibres, but the origin of the new fibres still
requires elucidation.

Their development is to be seen in the frog during the spring time, when those
stri fibres which have wasted during the winter ave replaced by new ones. Two
modes of development are described—1. Weismann and Kolliker state that new fibres
result from a longitudinal cleavage of the old ones. 2. According to Yon Wittich they
spring from connective tissue corpuscles. In the testis and ovary, where tumours of
striped muscle sometimes, though rarely, avise, connective tissue corpuscles, or at all
events blood-lencocytes, n]}Emr to be their source,

It is commonly stated that when striped muscle is destroyed it is not regenerated in
warm-blooded animals, and that when cut across or partly removed the breach is healed,
not by new muscle, but by fibrous tissue. In a recent research, Kraske (Op. 24, vii. Ab.
i. 75), working under the direction of Cohnheim, has shown that when the striped
muscle of the rabbit is cauterised by the interstitial injection of carbolic acid, no fibrous
cicatrix appears at the cauterised spot, but in the course of six weeks it is filled up with
newly developed muscle, He finds that the sarcous substance of the old fibres disappears,
the muscle-corpuscles proliferate and grow spindleshaped. The sarcolemma vanishes,
and the liberated muscle-corpuscles severally become striped fibres.

In a growing muscle there is not only an increase in the number of
the fibres, but the individual fibres grow larger; thus, the striped fibres of
the adult are longer and about five times broader than those of the newly-
born child, According to Frey, the enlargement is due to mt.e.rst:ltlal
growth. This theory seems to hold in the case of the growing non-striped
fibres of the pregnant uterus, and probably it also to some extent holds
as to those of striped muscle, but there is certainly another way in which
the latter grow. The nuclei under the sarcolemma muIt.ip]y:, the proto-
plasm around them increases in quantity, and is converted into sarcous
matter. This mode of growth may be seen in many of the fibres of the
diaphragm of young and also of adult mammals (Klein, Op. 69, . 80).
A similar change takes place in striped muscle elsewhere, when it is sub-
jected to prolonged and systematic exercise.
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Although it is true that exercise favours the growth of muscle—and
no bodily organs are so much affected by exercise as the muscles—it is
equally true that they grow without exercise ; thus, in the feetus, the
museles of respiration, those of the tongue, jaws, and other parts that are
not exercised, grow and are ready for work at birth. Their growth seems
only referable to the trophic and germinal energy of the tissue, possibly
aided by a trophic influence of the nerves. The growth of the muscular
fibres of the ‘pregnant uterus is probably in large measure due to the
increased supply of pabulum resulting from the marked dilatation of the
blood-vessels. This, however, is insnfficient to explain the development
of new fibres, and therefore it may be assumed that there is a trophic
and germinal excitement in the tissue elements of the uterine wall, to
which the vascular dilatation is only an adjuvant, Of the influence of
exercise upon the muscular growth, the marked development of the
muscles of the blacksmith’s arm, and the thickening of the wall of the
heart when in abnormal states of the circulation it is compelled to exert
itself more forcibly, are well-known illustrations. The explanation is
probably this: 1. The functional excitement of a muscle not only induces
a discharge of mechanical energy, but seems to excite the trophic and
also the germinal energy of the tissue, and thus leads to an increase of its
nutrition, and it may be to the production of new tissue. 2. When a
muscle is thrown into contraction, its blood-vessels at the same time
undergo a dilatation, whereby an increased supply of pabulum is brought
to the seat of labour, and the growth of the tissue thus favoured.
The muscular growth induced by exercise is not, however, capable of
indefinite extension; a maximum is attained which varies in different
cases.

ATROPHY.—When muscles whose growth has been favoured by
exercise are too little used, or allowed to remain completely at rest, they
undergo a partial atrophy, for reasons which may be inferred from the
foregoing. A familiar illustration of the fact is to be found in the
emaciated limbs and flabby muscles of one who has for a long time been
confined to the recumbent posture. In such cases, however, it is to be
observed that the muscles nearly always retain their contractility, if their
nerves be not paralysed, and if the circulation in them be maintained,

The atrophy of muscle is, however, most marked in cases of nervous
paralysis ; thus, when the nerves of a musecle are divided and their
reunion prevented, simple atrophy, and atrophy through fatty degeneration
supervenes, in the course of some months contractility is lost, and finally
the muscle becomes a band of little more than connective tissue. The
course of the degeneration in such a case may be retarded by systemati-
cally exercising the muscle by electrical stimulation (John Reid, Op. 80,
p- 1), but unless the nervous paralysis disappear, the muscle eventually
loses its contractility, although several months may elapse ere this ensue
(Op. 76, 1. 137). Nervous paralysis therefore produces an effect on the
nutrition of muscle which is not explicable on the theory that it is entirely
due to defective exercise, By some it is supposed that the nerves have
a direct frophic influence on the nutrient processes in the passive as well as

in the active muscle, but this question will be considered in another
chapter.
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Atrophy through fatty degeneration is apt to supervene in the inactive
muscle, and always does supervene in muscle whose nerves are per-
manently paralysed. The fat gradually appears in the sarcous matter,
and by taking the place of it, the fibre is rendered useless. It is probable
that in consequence of diminished trophic energy the molecular structure of
the tissue tumbles to pieces, and that the molecules of myosin—the chief
proteid of the muscle—disintegrate, and in so doing yield molecules of
fat, But fatty degeneration sometimes oceurs in a muscle which is not
inactive. Thus, in the heart, it is not an uncommon change in advanced
age. Probably it is here also the result of a diminution in the trophic
activity of the tissue. Its occurrence in the muscular fibres of the uterus
after parturition, and its leading to the disappearance of most of them, is
a physiological event assignable to the same canse. But the inactivity of
muscle is not necessarily followed by fatty disintegration ; it does not
appear in the uterine fibres previous to parturition, although they are
inactive, nor does it appear in the respiratory muscles of the feetus,
although they are for some months inactive. The probable explanation of
this apparent anomaly is, that the trophic energy of the growing fibres of the
uterus and of the child seems to be so great that exercise is not required
to prevent atrophy. The question of the atrophy of muscle, however,
chiefly belongs to pathology, and works on that subject must therefore be
consulted for further details.

As the chemical composition of muecle will be best understood after
that of the blood has been studied, and as the chemical changes oceurring
in the tissue involve questions relating to the food and excrementitious
matters of the body, they will be discussed in a future chapter.

Tue Erasticitry oF MuscLE

Seeing that muscles ave organs for the performance of mechanical
work, and since their manner of working consists in overcoming resistance
by a forcible diminution of the length of their fibres, it is important to
study their behaviour when subjected to a force of linear extension, and
when they are liberated from the influence of such a force.

When stretched lengthwise, a musele readily extends. When liberated
from the stretching power, it regains its former length, provided it has
not been overstretched. Its elasticity is therefore small in amount, but
perfect in quality. The energy of restitution, or, in other words, the
elastic enerqy of a body, cannot be greater than the energy used to displace
its particles ; therefore, since a small amount of energy is needed to
extend a muscle, its elasticity is small in amount, although its molecular
structure allows it to induce a recoil which under normal cireumstances
is perfect. There is, however, in the case of muscle, as in that of other
elastic solids, a limit of elasticity,—that is, a degree of extension beyond
which the muscle cannot be stretched without suffering a permanent
" change of form. Beyond this limit the elasticity becomes imperfect.

To some extent the elasticity of muscle resembles that of an india
rubber band. The latter being very extensible, its elasticity is small in
amount, but within a certain limit its quality is nearly perfect. The two
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bodies, however, differ remarkably in the ratio between the extending
force and the resulting extension, If a vulcanised india-rubber band
be suspended, its length measured, and weights successively applied, 1t is
found that the extension is proportional to the weight, that is, equal incre-
ments of weight are followed by equal increments of length ; thus, if
a weight of 10 grammes extend the band 4 millimeters, 20 grammes
will extend it 8 millimeters, and so on. This law holds for other inor-
eanic solids, but in those that are organic, with the exception of bone,
the extension is not proportional to the weight; the first weight has a greater
effect than the second, the second than the third, and so on.

Facts such as the above are most readily ascertained by the graphic
method of recording movement. The most accurate method is the fol-
lowing : An elastic band is suspended by a rigid support. Its lower end
is clamped to a rod bearing at right angles to it a writing style. The
rod and style glide between parallel bars, so that only a vertical motion
is allowed. The free end of the style is placed against a plate of smoked
glass, or a cylinder covered with smoked paper. A pan for weights is
hooked to the lower end of the style-bearing rod. The observation is
begun by drawing the plate across the style to obtain an abseissa (Fig. 109,
o z), indicating the position of the unstretched band. The plate is then
shifted until thestyle
is near one end of
the abscissa, and a
weight of say 10
grammes is applied
(). About 20 sec-
onds are allowed for
the completion of
the resulting exten-
$iﬂﬂ. ThE PlﬂEE iS Fig. 109. &, Line of elasticity Fig. 110. -5 Line of elasticity of
then drawn a little ©f an inorganic solid, sach as  an organic solid, such as 1 muscls,

. . India-rubber, indicating effects of indicating the effects of equal in-
to one Bldﬂs an addi- gqual inerements of 1..1.'ei|;f]1t ap- crements of weight applied at o, b, o,
tional Wﬁight of 10 p]i_.ﬂl at o, b, o, d, B f; o, ab- A6 [ 02, abscissn (see text).
grammes ﬁ,ppllﬂd {EJ}I, goissn (sea text), (Marey, slightly  (Marey, slightly altered.)

. altared. )
and so on. The

result is a figure like a stair descending from the abscissal line. The
steps are of equal depth, indicating equal increments of extension for
successively equal weights. If the glass plate were carefully drawn to
precisely the same extent after the application of each successive weight,
the geometrical expression of the figure would be exact; but as the ex-
perimental detail of this is often difficult, it is easier to be indefinite in
moving the plate, and then to construct a precise geometrical figure on a
separate paper, by drawing an abscissal line, dividing it into equal sections,
and projecting ordinates below each point of division to the same extent
as that of the tracing. A line is drawn to touch the lower end of each
ordinate and the point o of the abscissa. The line thus obtained (Fig,
109, 5) is the line of elasticity, a straight line in the case of elastic
inorganic solids (Wertheim), including india-rubber (Marey, Op. T4,
p- 301). If now the same experiment be repeated with the gastrocnemius,
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or, better still, because of its parallel fibres, with the sartorius muscle of a
i{'ug, the tracing obtained resembles Fig, 110, The increments of exten-
slon are not proportional to the increments of weight, but are in a
diminishing series. The curve of elasticity (s) is very nearly a hyperbola.

Plliiger's myograph (Fig. 111)
may also be used for such obser-
vations as the above. The band
or muscle is fixed in a rigid sup-
port and joined to a lever (), whose
moving end bears a style for re-
cording the movement on smoked
glass (g). The lever, however, is
in this case open to objection ;
for, by moving in an are, it does
not in any two positions move to
precisely the same extent, although
the elastic body to which it may
beattached suifers equal increments
of extension. 'The variation may,
however, be discarded when the
lever is horizontal, or nearly so.

Marey (Op. 74, p. 298)
has directly obtained the
curve of elasticity by attach-
ing a lever to the gastrocne-
mius of a frog, and causing

it to record its movement on

Fig, 111, Pliiger's myograph. [, Lever; w, counterpoise ; . .

iy smoked glass ; the muscle {8 placed in a moist chamber, i Slﬂ‘llr'i:,'-l'evﬂi\flllg IL'.}FIH”‘L‘M‘!

while the muscle is gradually
stretched by a vessel into which mercury is allowed to flow. When the
curve of extension (Fig. 112, s) indicated scarcely any further elongation
the muscle was allowed to slowly recoil by
letting the mercury gradually escape from
the vessel. The curve of recoil (r) is, like
that of extension, hyperboloid. The curves
of extension and recoil together constitute
the complete curve of elasticity, The ab-
scisse 0 @ and o' 2’ respectively indicate
the position of the point of the lever
before and after extension, and show
that the elastic recoil of the muscle Was  pig 112, Curve of elasticity produced
imperfect ; the limit of its elasticity hav- h;’ t':!ﬁh’rlmlhﬂﬂ T.Lf""“l”":':‘;};’:f :EE':IEEE:
ing been passed. Marey (Op. cit. p. 801) {or oG iner atretohing, (Marey)
finds that in frog's muscle the limit 1s
easily passed, for, while the gastrocnemius can lift a weight of 1200
grammes without rupture, it does not completely recoil after having been
stretched by a weight of 100 grammes. :

ELASTIC AFTER-ACTION.—When a weight is applied to a muscle, there
is a sudden, and then a more gradual elongation. When the weight is
removed, there is a sudden, and then a more gradual recoil. Thus Fig.
113 is a tracing taken from a fresh gastroecnemius of a frog, with a lever
similar to that of Pfliiger's myograph applied to a slowly revolving cylin-
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der, The abscissal line previous to stretching () has been prolonged as
a dotted line to indicate its relation to the elastic curve. A weight of
100 grammes was ap-
plied to the muscle at
b, and removed at o
after the lapse of a
minute. At b there is
a sudden extension,
followed by a slow
after-extension (¢). At
d there is a sudden Fig. 113. Elastic after-action of frog’s muscle (see text).

shortening, followed by

a slow after-shortening (¢), which does not, however, raise the abscissal
line (f) to the level of the first abscissa (#), because the muscle had been
over-stretched ; ¢ and e are the two phases of the elastic after-action.

MuscuLAr Tonicity.—Even in their relaxed condition the musecles
are in a state of slight tension, termed their fonicity, in consequence of
which they feel firm and not flabby. In virtue of this condition, a muscle
retracts when it or its tendon is divided, and the wound gapes, although
the muscle is in a state of relaxation. This muscular tone has been
ascribed to a slight contraction of the muscle, but there is no evidence
that it is due to anything more than its elasticity. Were it due to con-
traction it ought to disappear when the nerve of the muscle is divided ;
but section of the nerve is not immediately followed by the slightest
elongation of the muscle (Heidenhain, Op. 49, 1856), although in course
of time, apparently owing to impaired nutrition, the tonicity does dis-
appear. The so-called tone of the sphincters of the anus and bladder is
not an elastic effect, but a real contraction kept up by nervous impulses
passing from the spinal cord.

Observations by Donders and Mansvelt (Op. 78) on the human
biceps, and by Roy (Op 2,1 472) on the frog's heart, show that the
elasticity of muscle 1s diminished by fafigue. Roy's experiments also
prove that it is diminished by defective nutrition. Continued diminution
of the elasticity of the cardiac fibres ends in their permanent exten-
sion, and the: serious pathological condition of cardiac dilatation is
the result. The elasticity of muscle is also diminished in weak and
relazed conditions of the system. A flabby state of the tongue is a sign
of it. At death the elasticity increases in amount, but becomes less per-
fect ; the muscles are therefore less extensible, and, when stretched,
recoil less perfectly.

E. Weber (Op. 75) found that if the same weight be applied to a muscle during its
states of relaxation and contraction, it produces a relatively greater extension in the
contracted muscle ; from which he inferred that during contraction elasticity is dimin-
ished. He farther stated that, if a muscle be stretched by a weight so heavy that it
cannot contract, a slight elongation occurs when the muscle is stimulated ; from which
he inferred that the altered elasticity is due to a molecular change induced by stimula-
tion. Weber's method of experimenting was rough, and probably for that reason the
latter observation has been found by Wundt (Op. 77, p. 574) to be incorrect. There is
therefore no evidence of any change in the elasticity during the active condition of
muscle.: This conclusion is supported by Kronecker and by Donders. The greater
extension produced by a weight in a contracted as compared with a relaxed muscle,
appears to be owing to a diminished shortening of the muscle during contraction because
of the resistance offered by the weight.
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F'uxcrions oF THE Enasticity.—The elasticity of muscle discharges
important functions. In virtue of it, the musecles in their relaxed condi-
tion are in a state of slight tension, so that, at the instant of contrac-
tion, time is mot lost, nor is energy wasted, in bracing them wp. The small-
ness in the amount of the elasticity is of service in offering little resist-
ance to the contraction of antagonistic muscles.

Muscular elasticity is also of great service in lessening the shock of con-
traction, for, as the tendons are inextensible, a sudden and powerful con-
traction would readily tend to rupture the muscle, and would produce
a violent shock throughout the system if the muscles were not elastic.
The elasticity diminishes the abruptness of the movement, and—as will
afterwards be shown—it also fuses into a uniform steady pull the rapid
succession of short contractions of which any ordinary voluntary move-
ment consists, It also lessens the dissipation of energy, for, as shown by
Marey (Op. T4, p. 457), “ when a force of short duration is employed to

move a mass, a more useful effect is obtained when it acts through an
elastic medium.” *

TaE ExcrrasiniTy oF MUSCLE.

Living muscle possesses excitability (irritability), in virtue of which it
may be thrown into a state of excitement, and the potential energy of its
molecules liberated (p. 10). As the most important and obvious—although
not the only—sign of excitement is contraction, the term contractility is
sometimes for convenience substituted for excitability in speaking of a
contractile tissue, but, strictly speaking, the term contractility means the
working power of the muscle. That it is necessary to distinguish excita-
bility from contractility is shown by the fact that excifabilify is increased
while contractility is diminished by the presence in the muscle of an excess
of the effete substances creatin and lactic acid (Ranke).

Muscle may be thrown into contraction by stimuli of a nervous,
electrical, thermal, mechanical, and chemiecal nature.

1. NErvous STIMULATION.—In all the higher animals the stimulation
of muscle normally springs from its nerve. As the intra-muscular nerve
terminations will be described in the chapter on nerve tissue, it need
only now be stated that the nerve fibrils come into very close relation
with the sarcous substance, so that the nerve energy can readily affect it.

2. ELECTRICAL STIMULATION.—Of all the artificial stimuli of muscle
and nerve, electricity is that most commonly had recourse to, because of

the readiness with which it can be applied, the ease with which its inten-

sity may be graduated, and its non-injurious effects on the tissue when
carefully used. Both galvanic and faradie electricity are employed. The
tissue to be stimulated is made a part of the electrical circuit, and the
electrodes through which the stream passes between the wires of the
electromotor and the tissue are in ordinary physiological experiments a

! In harmony with these facts, Marey (Op. 79, p. 124) points out that if an elastic
medium be interposed between a motor power and a load, e.g. between a horse and a
vehicle, shocks are lessened and work economised.
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pair of insulated wires or plates of copper or platinum. But when it is
important to avoid the currents generated by the contact of moist tissues
with copper and even with platinum, non-polarisable electrodes are re-
quired.

The non-polarisable electrodes of Donders are often used. They consist of a pair of
glass tubes (Fig. 114, b &) closed
at their lower ends with plugs of
sculptor’s clay moistened with
water or very dilute solution of
sodium chloride. The contact of
nerve or muscle with clay so pre-
pared yields no electricity. The
tubes are partially filled with a
saturated solution of pure zinc
sulphate, into which there dips a
rod of pure amalgamated zine, to
which a wire of the cireuit is at-
tached. This arrangement is
needed, because the contact of a
copper wire with the moist clay
generates a current.  Unfortu-
nately thesolution diffuses throngh
the E%ﬂj", and renders it useless in Fig. 114. Moist chamber used in various experiments on
the course of a day. muscle and nerve, It consists of a voleanite table with a

The non-polarisable electrodes glass shade. The air is kept moist by wet blotting paper (a) ;
of Fleischl are preferable to the ¥, Non-polarisable electrodes fixed to flexible leaden rods;
above. They consist of a pair of ¢, paraflin block with & muscle on it.
small tubes eclosed at the lower
ends with plaster of Paris, in the centre of which a small camel-hair brush is included.
One half of the brush projects free from the plaster plug, and is the terminal to which
the tissue is applied. It is moistened with saliva, or dilute sodium chloride solution (1
per cent). The other arrangements in the tubes are the same as in Donders’ electrodes.

The electrical eirenit is closed and opened by various forms of elec-
trical keys. Those most convenient for experiments on stimulation of
the tissues are (1) a key with a platinum contact, such as the Morse
telegraph key; and (2) a mercurial key where the contact is made by
dipping a copper, or better, a platinum wire into mercury. The mercurial
key is to be preferred in all cases where successive shocks of uniform i in-
tensity are desirable. For this purpose the surface of the mercury must
be kept perfectly clean, and the production of sparks prevented. This
object is best attained by the mercurial key devised by Kronecker and
Stirling (Op. 1, ix. 318), in which the surface of the mercury is continu-
ally washed by a stream of dilute alcohol.

a. Stimulation by Galvanic Electricity.—In physiological experiments
the voltaic elements of Grove, Daniell, and Léclanché are commonly used.
Grove's elements of small dimensions are the most convenient,

When a galvanic stream of sufficient intensity is sent along the nerve
of a ph_}rsiulﬂgica.l limb (Fig. 1), the nerve is stimulated and the muscle
thrown into contraction at the closure or opening, or at both the closure
and tlie opening of the circuit. There is no stimulation of the nerve
during the interval of flow, provided the intensity of the current he
constant ; but if the intensity be varied suddenly and sufficiently, the
nerve is excited. Analogous results are obtained when the sensory fibres
of a nerve-trunk are made the subject of experiment. It may therefore
be formulated as a law that a galvanic stream stimulates a nerve-frunk only
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when it enters and when it leaves the nerve, but not during the period
of its flow unless it undergo variations of intensity (Du Bois Reymond).
It will be afterwards shown, however, that the vital properties of the nerve
are affected during the entire period of flow,

But when the peripheral terminations of sensory nerves—e.q. those of the
skin or tongue—are traversed by the stream, they are stimulated during
the entire period of flow as well as at the moments of entrance and
departure. The result is a constant pricking and burning sensation in
the case of the skin, and a metallic taste, with a burning and pricking
sensation, in that of the tongue. Muscular fibres are affected in the same
sense as the peripheral sensory nerve terminations. Thus, on stimulating
a muscle dirvectly with a galvanic stream just strong enough to give a re-
action, contraction occurs at the closure and opening of the cirenit ; but
on inereasing the strength of the current, a state of constant contraction
(tetanus) ensues. The reaction of the muscle is therefore for the most
part similar to that of peripheral sensory nerve terminations, and the
question arises, Is the muscular reaction due to a direct effect on the
muscular fibres, or on the terminations of the motor nerves, or on both 1
The question can be partially answered by physiologically eliminating the
nerve terminations through the paralysing influence of curara. That this
poison really does paralyse the nerve-ends must be assumed until the
proof is furnished and explained (p. 151). The curarised muscle requires
a somewhat stronger current, but the reactions given both by the weak
and stronger currents arve similar to those of the non-curarised muscle,
Therefore the effect of a galvanic current on muscular fibres differs from
its effect on nerve fibres, and resembles that on peripheral sensory nerve
terminations. Whether or not the motor nerve terminations are affected
in a manner similar to the sensory nerve terminations is as yet unknown.

In both nerve (Pfliger, Op. 81, p. 453) and muscle (Von Bezold, Op.
82, p. 266) stimulation occurs only at the — pole (cathode') when the
circuit is closed, and only at the + pole (anode) when it is opened. This
may be readily shown by laying a curarised frog's sartorius upon a pair of
non-polarisable electrodes, with a considerable length of fibres between
them. In a curarised muscle the transmission of excitement is delayed
because of the nervous paralysis, and it may be observed, especially when
the muscle is fatigued, that, on closing the circuit, a contraction wave
appears at the cathode and rapidly travels along the muscle, while at
opening the wave begins at the anmode. 'The use of a magnifying glass is
of service in this experiment. If the muscle be partially cut across
between the electrodes, the eut may be seen to gape towards the — pole
at closing, and towards the + pole at opening the circuit (Engelmann,
Op. 83, p. 340 ; Romanes, Op. 1, x. 730).

The effect of an electrical current on muscle is most powerful when it
is sent along the fibres,

b. Stimulation by Faradic Electricity is the most common method
of excitement in physiological experiments, because of the readiness

! Cathode, from xara and édés, a downward way. Anode, from dvd and 6d6ds, an
upward way. These terms, commonly applied respectively to the — and + poles of the
electrical circuit, indicate the direction of the + stream to and from the battery.
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with which currents of almost any desirable strength can be obtained
by induction from the galvanic stream of a single voltaic cell. The
faradic electromotor commonly used depends on the principle that if
two electrical ecircuits be placed in proximity but not in contact, and a

alvanic current sent through one of them, an insfaniancous current is
induced in the other at the moment when the galvanic stream enters and
when it leaves its circuit. = The inducing and induced currents are dis-
tinguished as primary and secondary. The secondary current, induced by
closing the primary cireuit, has a direction the reverse of that in the primary
cirenit, whilst that induced at opening has the same direction. There is
therefore a constant reversal in the direction of the induced currents, whilst
that of the inducing
currentsremainsun-
changed. Currents
may also be induced
in the secondary
circuit by merely
varying the inten-
sity of the primary
stream ; an increase
of intensity induces
a current in the
same direction as
the closing of the
primary circuit, and

conversely. Inthe e :
£ i 7 ig. 115, Du Bois Reymond's Electromotor,
induction machine fuor: (B texk)

(Fig. 115) the wires of the primary and secondary cirenits are coiled
into two spirals (R and R’), in order that the effect of the primary
circuit may be intensified. The primary wire is short and thick. to
offer as little resistance as possible to the galvanic stream, the tem‘;ian
of which is low. The secondary wire is much thinner, in order that many
coils may go into small space. The tension of the induced currents being
high, and the electrical resistance of any of the tissues so much greate?*
than that of the coil, a long wire in the secondary spiral has no disad-
vantage. The wires of both coils are insulated. A bundle of soft iron
wire is placed inside the primary spiral. The current in the latter mag-
netises the iron, and as the introduetion and withdrawal of a magnet from
within a coiled wire occasions induced currents, the magnetisation and
demagnetisation of the iron intensifies the effect of the primary upon the
secondary spiral. The strength of the induced currents may, for physio-
logical purposes, be conveniently varied by altering the distance bétween
the spirals, as in Du Bois Reymond’s electromotor (Fig. 115). The
secondary spiral is made to slide upon a grooved board, so that it can be
pushed around the primary spiral to obtain the strongest induction effect
and drawn from it to obtain currents of less intensity. The strength nE’
the induced currents is inversely as the square of the distance between
the gpirals. A millimeter scale is attached to the board, and an indicator
(I) to the secondary coil. The figures on the scale only serve to give a
L
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rough approximative indication of the relative strength of the induced
currents obtainable at different positions of the secondary coil, and that
only when the primary current is of constant strength. The strength of
the induced currents may, of course, also be varied by altering the strength
of the stream in the primary spiral. In faradic machines for therapentical
purposes, the strength of the induced currents is mostly varied by partially

or completely withdrawing the soft iron from the primary spiral, or by .

covering or uncovering it with a sheath, and thus diminishing or increasing
its inducing effect. -

In using the induction apparatus, the terminals of the secondary coil
are joined to wires to convey the electricity to the tissues, and if a slow
succession of induction shocks be desired, the wires of the voltaic cell are
attached to S"and S, two terminals of the primary spiral. A key is
interposed in the primary circuit, and an induction shock obtained
when it is closed and opened. But if a rapid succession of shocks be
required, an automatic key, termed a Neef's hammer (H) is employed.
The wires from the voltaic cell are in that case attached to P and P,
The - wire being attached to P, the current passes to the spring carrying
the hammer (H), from thence through S &', the primary coil (R), a pair of
coils (B), thence to the base of the pillar P’, and finally to the battery.
The two coils (B) enclose soft iron that is rendered magnetic by the
current ; the hammer (H) is attracted, the spring which bears it pulled
away from the point of S, and the current thereby broken ; the soft iron
in B loses its magnetism, and the hammer is raised by its spring; it
touches S, and so closes the circuit. These changes occur very quickly,
and this rapid succession of faradic shocks is commonly named the infer-
rupled current.

Difference between the Closing and Opening Shooks—If single induction
shocks be sent through a muscle or nerve, it is found that the opening
shock is the more powerful stimulus of the two. This may be readily
shown by withdrawing the secondary from the primary spiral until a
minimal stimulation is obtained. The difference is due to the retardation
and weakening of the closing induction shock by the exfra stream induced
in the primary coil itself by the action of every single coil upon all the
others. The induced extra stream is opposed in direction to the primary
stream, and so retards and weakens its effect on the secondary coil. On
the other hand, the intensity of the opening shock is greater and its
maximum intensity instantly attained, because in the opened primary
gpiral the development of an extra stream is impossible. Thus in Fig.
117, p and i vespectively represent the abscisse of the primary and
induced currents; pec is the curve of the primary, and ic that of the
induction current at closure ; po indicates the sudden disappearance of
the primary current at opening, and o the induction shock to which it
gives rise. (The height or depth of any poinis of the curves from the abscissal
lines indicates the intensity of the electrical stream, and the length of the abscissal
lines covered by the curves—its duration. The lines o are ordinates.) Con-
sequently when the interrupted current is employed, the effect of the
opening shocks predominates, and there is consequently a tendency to
unipolar action, although there is a continual reversal of the poles. This

TR T ——
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is, of no particular moment in electro-therapeutics, but in physiological
experiments it is sometimes necessary to prevent it.
The closing and opening shocks may be equalised by an arrangement devised by

Helmholtz (Fig. 116). A wire (V) is interposed between A and 8/, and 8’ is elevated until
the spring of Neef's hammer cannot touch it. The secrew S is elevated until the spring

Fig. 116.—Diagram to illustrate Helmholtz's modification of the Du
Bois Electromotor. (After Eckhard, slightly altered. Sec text.)

touches it at every vibration. The current enters the pillar P, and the whole of it at
first passes through Helmholtz's wire (V), the primary coil (R), and the electromagnet
(B) ; but the moment this is magnetised, the hammer (H) is attracted, and its spring
brought into contact with 8. The contact completes a shorter ecirenit than that of the
primary coil, and so most of the current immediately returns to the battery. The closure
of the shorter cirenit so weakens the stream in the electromagnet that the hammer flies
up and long-circuits the current, and so on. With this arrangement the current in the
primary coil (R) never ceases, The ‘f opening " induction shock now results merely from
weakening of the primary current. An extra stream is now developed in the primary coil
at *opening ” as well as at **closure,” so that the opening induction shock is retarded,
weakened, and assimilated to the closing induction shock, which is also weakened.
Thus in Fig. 117 the dotted lines in-
dicate the closure (pc) and opening
(po') of the primary current, and ic',
10, the closing and opening induction
shocks when Helmholtz's wite is used.
But with the arrangement indicated
in Fig. 116, the opening is still some-
what stronger than the closing indue-
tion shock ; they may, however, be
made exactly equal by placing a rheo-
stat in the short circuit to augment
its resistance to the electricity, and
thus to increase the stream flowing in
the primary spiral when the short cir-
cuit is closed. The extra stream in-
duced in the primary coil at opening
15 inereased, and the opening shock
in the secondary spiral still more re-
tarded, and its irritating effect there-
fore lessened.

The Lxtre Stream.—We have seen that on closing the primary circuit, and also on
opening it, when Helmholtz's wire is used, there is a eurrent, named the extra stream,
induced in the primary spiral. This current is sometimes used as a stimulus for thera-

Fig. 117. To illustrate the relation of closing and open-
ing induction shooks to primary eurrent ; o o are ordinates
piare abscissm. (Bee text, Aftor Helmholtz.)
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peutical purposes, Fig, 118 will serve to explain the manner in which it is transmitted
to the tissues, Let v be a voltaic cell ; p, the ]Ill"i]':]El!':_'!' spiral ; m, the electromagnet ;o

the point at which the circnit is closed
and opened by Neefs hammer ; and ¢ ¢,
clectrodes to be applied to the tissues,
The voltaic stream from v divides into
two branches, a long branch with high
resistance through the tissues from ¢ to ¢,
and a short one with low resistance through
the spring of Neef's hammer. When the
]mmll‘ml‘ opens the short cirenit at n, the
voltaic stream is entirely long-cirenited—

Fig. 113, Arrangement of thé primary cireuit when through e and ¢; but as it suddenly en-
the extra stream is used as a stimulus. (Briicke,)-  counters the comparatively high resistance

= _ : of the tissues (it is instantly so weakened
that an extra stream is induced in the primary spiral, just as happens when Helmholtz's
wire is used, as already described.

The extra stream may be derived from the Du Bois machine by attaching the wires
from the voltaic cell to P and I', and the wires for the extra stream to 8 and 8, In
therapeutics the extra stream is sometimes employed for the stimulation of paralysed
muscles.

The instantaneous currents of induced electricity have a more power-
fully s‘tlmulatmg c-.ﬁ"ec_t on nerve tissue than the comparatively sluggish
galvanic stream ;,but in a muscle whose nerves have been paralysed the
faradic current may entively fail as a stimulus, although the galvanic stream
remains ¢fficien. "When the motor nerves are paralysed by curara, faradic
electricity can still excite the muscular fibres ; but its intensity requires to
be increased (from T to 18 times, Briicke) to produce the same effect as
in a non-curarised muscle. But in cases of motor nervous paralysis of
considerable standing, faradic electricity may entirely fail to stimulate the
muscles, probably because the contractile substance has hecome more
sluggish in its response to stimuli, so that those of very short duration
fail to affect it. Non-striped muscle is more sluggish of movement than
the skeletal muscles, and probably on that account is more affected by the
galvanic than the faradic current.

3. CHEMICAL STIMULATION.—It 18 convenient here to compare the
chemical stimulation of nerve with that of muscle, The
physiological limb (Fig. 1) is suitable for the former, while
for the latter the sartorius of the frog should be carefully
isolated, divided, and suspended by a clamp, as recommended
by Kiihne (Fig. 119). The effects of fluids on the muscle
are tested by placing a drop on a slab with a greased surface
—to render the drop convex—and then bringing the cut ends
of the musecular fibres in contact with it. Substances which
really stimulate the muscle cause not merely a local con-
traction, but one or more contraction-waves throughout the
whole length of the muscle, Fig. 119, Bar-

There are fluids, such as blood, lymph, and serum, which torins muscte of
are entirely indifferent, that is, they neither excite nor injure E;g e

: * : g ronecker
the muscu_lar tissue. Tf_: t_hls_ category also belong fluids, gamp, forexperi-
such as quicksilver and oil (if its reaction be neuntral), which ments on chemi-
do not mix with the juice of the muscle, and which there- gL AHmTTRLR
fore have no chemical influence. A 0'6 per cent solution of sodium

chloride is of all artificial indifferent fluids the best (Nasse). But it is
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not perfectly indifferent, for although it does not excite the ftissue it
exerts a slow but certain deleterious influence. Nevertheless, it is of such
service in observations on the tissues generally, that it has been proposed
to name it *physiological wafer.” Distilled water is a powerful irritant
of muscle when injected into the vessels; the muscles pass into a state
of spasm ; but when applied to the surface, it has little effect.

If the nerve of the physiological limb be exposed to the vapour of
ammonia, it is quickly killed without being excited. On the other hand,
if the sartorius be exposed to the vapour, it contracts, showing that it is
possible to stimulate muscular fibres by an agent which does not excite
their nerves. The converse of this is also true; concentrated glycerin
and creosote stimulate nerve, while they fail to stimulate muscle whose
nerves have been paralysed by curara.

Many substances stimulate both muscle and nerve ; thus potassium
or sodium hydrate stimulates and kills both muscle and nerve even when
very dilute (1 per mille). Neutral alkaline salts are less injurious. In
somewhat concentrated solutions they stimulate both muscle and nerve,
but for the latter their solutions require to be stronger. Mineral acids
stimulate both muscle and nerve, but for nerve they require to be more
concenfrated ; thus muscle is excited by a 1 to 5 per mille dilution of
hydrochloric acid, while nerve requires a strength of 11 per cent. Nearly
all acids kill muscle unless they be excessively dilute. We are indebted
to Kiihne for most of the above facts regarding chemical stimuli (Op. 30).

4. THERMAL STIMULATION.—A heated wire applied to a muscle
excites it, unless the heat be so great that the muscle is instantly killed.
If a frog’s muscle be immersed in an indifferent fluid (0'6 per cent NaCl)
and heated, the muscle contracts when the temperature reaches 37° C.
(98:5° F.) If the muscle be quickly removed from the fluid it relaxes,
but if the heat be raised to 40° C. (104° F.), and the muscle exposed to
this temperature for about a minute, heat-stiffening ensues, and the muscle
dies, On the other hand, the sudden withdrawal of heat by the application
of a very cold body also excites muscle. But if the muscle be frozen, it
is nearly always killed,

5. MECHANICAL STIMULATION.—A muscle may be stimulated by a
cut or a blow, by sudden extension or torsion. These stimuli are
efficient although the motor nerves be curarised. A mechanical stimulus
powerful enough to stimulate a muscle usually kills the spot to which it
is immediately applied.

Tre DrEcr ExcrrEMENT OF MUSCLE BY NON-NERVOUS STIMULL—
That the contractile substance of musele is capable of excitement by non-
nervous stimuli might be anticipated from the effects of electricity and
heat on amceeboid protoplasm (p. 24). It is, however, directly proved by
the following facts:—1. As above stated, the vapour of ammonia
stimulates muscle, while it fails to excite a nerve trunk. 2. When the
nerves of a limb are paralysed, say by division, the peripheral part of the
nerve loses its excitability from the point of section outwards in about
four . days, and becomes degenerated. Although the muscles atrophy,
they can be stimulated to contraction by electricity for weeks after
the nmerve trunk has ceased to be excitable (Reid). 3. A muscle can
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be excited to contraction after its motor nerves have been paralysed
by curara.

The action of curara is so important, that the manner in which some
of its effects are ascertained must be considered in detail.  Curara,
woorara, urari, or the Indian arrow poison, are different names for a
powerful toxic agent obtained from South America. Although its exact
composition is unknown, it appears to be a mixture of various ingredients
of a vegetable nature. Its toxic power varies in different samples. An
active principle, curaria, has been isolated, but an aqueous solution of the
crude drug is commonly used.

When a solution of curara is injected under the skin, it either enters
the blood-vessels directly or through the lymphatics. It is quickly carried
by the circulation to every part of the body, and passes through the
capillary walls into all the tissues. On many of these it exerts no
appreciable influence, but certain parts of the nervous system are, how-
ever, powerfully affected.

If two or three milligrammes of the poison be injected under the
skin of a frog, paralysis of the skeletal muscles, first those of the limbs
then those of the trunk, quickly supervenes, in consequence of which the
animal soon lies flat on the table, and the respiratory movements of the
throat cease. If the animal be stunned, the skin removed, the sciatic
nerves isolated and faradised, no muscular move-
nent follows, but when the stimulus is applied to the
muscles they contract ; proving that the motor
paralysis is nol musculur but nervous. A dose
which is just sufficient to paralyse the voluntary
motor nerves, leaves the motor nerves of the
blood-vessels intact, but with large doses they
are also paralysed.

The peripheral terminations of the motor
nerves are the parts first affected. This is proved
as follows :—The sciatic artery of one leg (Fig.
120, A) of a frog is tied at the upper part of
the limb (a). The curara is then injected under
the skin of the trunk, and it is carried to every
part save leg (A) below the seat of ligature.

Fig. 120. Scheme of certain When the palsy has supervened, it is observed
tissues in the hind legs (A B) of 41,04 410 ﬂﬂPD'fSGH-Ed fﬁg‘ Za il up, while the
a frog, to explain the curara ex- . k 4 :
periment. sp, Spinal cord ; m Other is quite flaccid. The animal can move
m'p_mﬂt':;;czniﬁ'jﬂiﬂgfﬁa;iﬂ:‘:ﬂi= the wunpoisoned limb, although the poison has
eat of a lgature on scistic artery, J7€€ly circulated through the lumbar part of the

nerves of that limb, showing that the trunk
of the nerve is not paralysed.

If in the performance of experiments in the above manner with agents which paralyse
nerves, it be found that mofion does not follow direct excitement of the nerve in the
lumbar region, no conclusion must be arrived at regarding the seal of palsy until another
experiment has been performed. In this, after iying the sciatic artery, a ligature is
passed under the sciatic nerve and firmly tied round the limb. All the structures save
the nerve are thus constricted, so that the blood cannot find a ecollaleral path down the
ftmb. 1f after the poison has acted, stimulation of the nerve in the lumbar region give
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rise to no motion, while stimulation of the nerve beyond the seat of ligature does, it is
certain that the poison paralyses the nerve trunk. Care, however, must be taken that
the nerve is not dragged upon at the seat of ligature, otherwise it will be paralysed
(Bernard, Op. 85).

Since the poison does not paralyse the sciatic nerve in the lumbar
region, it might be safely inferred that the lower part of the nerve
trunk also escapes. Nevertheless, this may be proved as follows :—The
gastrocnemins of a frog (which may be pithed) is denuded, the tendo
achillis cut across, the muscle stripped from subjacent parts, and its upper
bony attachments divided, care being taken not to injure the nerve. A
ligature is passed under the nerve close to the gastrocnemius, and tied
firmly around all the structures of the limb save the nerve, to prevent
bleeding. The poison is then administered as before, and although it can
circulate in the sciatic nerve close to the gastrocnemius, it is not paralysed,
for when exposed and stimulated the gastrocnemius contracts. Therefore,
in the unligatured limb the palsy of the mofor nerves must be inframuscular.
If the fibres of the sciatic nerve are not paralysed, it is not likely that
similar nerve-fibres within the muscle are paralysed.

Reasons for believing that the ferminations of the motor nerves are
paralysed may be obtained as follows :—The sciatic artery of one limb of
a frog is ligatured, and the animal poisoned with curara as above
described. Both legs are then prepared as physiological limbs with the
nerves as long as possible. Both femora are fixed in a clamp (Fig, 121)
suitably supported, the legs being so placed
that the gastrocnemii are uppermost. The toes
are allowed to hang down, and straws are at-
tached to serve as delicate indices of move-
ment. The nerves (n) are laid on eleetrodes
connected with a commutator (C). Two very
thin wires are attached to C, and the free end
of each is thrust through the gastrocnemius
close to its tendon. The commutator is then
joined by a pair of long thin wires to the
secondary coil of the Du Bois electromotor
(Fig. 115). The bridge of the commutator
(Fig. 121, H) is arranged to send the current
through the nerve. The secondary coil of the
electromotor is pushed near to the primary, and
the nerves stimulated. Only the muscle of the
ligatured limb contracts. 'The bridge of the
commutator is then turned, and the current
sent through the muscles. Bofh muscles con-
trast. Both facts have been previously stated, b o
but they are here repeated because of the (g, tﬁ;“‘fl'ﬂ_ }?a:r::?}z’tﬁ::,ﬂ:’;r
clearness of the method of demonstration. The commutator(C); R, wites joined to
secondary is now pulled away from the primary fradic machine.
spiral, and as the current becomes weaker and weaker, a point is reached
where the poisoned muscle passes into a state of rest, while the unpoisoned
muscle remains confracted. When the current is still further weakened, of
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course the latter also ceases to be excited ; proving that in the poisoned
muscle the excitability to faradic electricity is diminished. As this result
cannot be attributed to a toxic effect on the muscular fibres, for curara
in however large a dose never paralyses them, it must be ascribed to a paralysis
of the very terminations of the molor nerves (Rosenthal),

It may be inferred from the above that nerve is more excitable by
faradic electricity than muscle (see p. 148); so that when a minimal but
efficient faradic stimulus is applied to a normal muscle it directly excites
its merves only, and the current requires to be stronger to directly stimu-
late the muscular fibres.

Curara paralysis is not, however, entively confined to molor nerves ; the
spinal cord is also affected. If a frog be pithed and its brain destroyed,
reflex actions of a definitely localised character may be readily induced
by applying a piece of bibulous paper dipped in vinegar to any part of
the cutaneous surface of the trunk or legs. The nervous impulse travels
from the skin (Fig. 120, ¢), through the sensory nerve (s), to the spinal
cord (sp), and is transmitted by its nerve cells in various directions
through motor nerves (m) to muscles. The action is reflex, and implies
neither sensation nor volition, yet the toes are exactly directed to the
seat of the irritation. Ligature of one sciatic artery does not for a very
considerable time affect the reflex manifestations even in the bloodless
leg. If the animal be now curarised by injecting the poison under the
skin of the trunk, it is found after leg B (Fig. 120) is paralysed, that
application of vinegar paper, say to the thigh of that leg, induces reflex
movements of leg A, proving that the semsory merves of B are not
paralysed. The reflex movements are at first normal, but when the
spinal cord becomes affected by the poison they lose their normal purpose-
like character, and become quite indefinite and disordered, showing that
the spinal cord is really affected. Eventually, no reflex action can be
induced, although the motor nerve trunk of leg A remains excitable above
the seat of ligature. The negative result is doubtless owing to paralysis
of the spinal cord, because of the change in the character of the reflex
action which precedes its total disappearance.

Cases of curara poisoning in the human subject have shown tha’tiif
artificial respiration be efficiently maintained the poison produces no pain-
ful sensations. On the contrary, it induces a state of sommnolence
(Voisin, Op. 84, x. 578). As the spinal cord of the frog is paralysed
by large doses of the poison, it is probable that the spinal cord of
mammals is similarly affected.

Tar CoNTRACTION OF MUSCLE.

For an accurate study of muscular contraction it is necessary to
register the movement with the aid of a myograph. The various forms
of this instrument consist of a lever moved by the shorfening or by the
thickening of the contracting muscle, The movement is recorded upon
smoked paper or glass. :

PFLUGER'S MYOGRAPH has been already referred to (Fig. 111). The
end of the lever bearing the writing style is placed ab right angles to the

- il U o
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smoked plate, and as the latter is motionless when the muscle contracts,
a vertical line—an ordinate—indicating the degree of contraction is traced
on the blackened surface (Fig. 111). If the plate be drawn across the
style during the contraction, a curve is obtained, indicating not merely
the degree but also the duration of the contraction. This instrument,
however, is not intended for observations on the time of contraction,
METHOD OF RECORDING TiMe OoN A MovING SURFACE.—For the
measurement of the duration of a muscular contraction, the rate at which
the recording surface moves during the contraction must be known. The
simplest and most accurate method is to synchronously register the
vibrations of a tuning fork immediately below the writing point of the

Fig. 122, The chronograph of Deprés (c) arranged to record the vibrations of a tuning fork (£). The
fork and chronograph are driven by electricity, The current enters—say at o, traverses the fork, a
platinnm wire (), an adjnstable platinum contact (s), and an electromagnet (m); it then passes to the
electromagnet of the chronograph (c), and back to the woltaic cell. By the magnetisation of m the
limbs of the fork are attracted, and the circuit thereby broken at the platinum contact (1), By this,
m is demagnetised, and the elasticity of the fork restoring its limbs to their former position, the
circuit is agein closed at w. The magnetic changes in the chronograph (¢) occasion vibrations of
its writing style synchronons with those of the fork. & is a style for directly recording the fork’s
vibrations when desirable,

myographic lever, The fork may be thrown into vibration by striking or
nipping it, but it is more convenient to keep its vibrations of uniform
amplitude by driving it with electricity (Fig. 122). Its vibrations may
be directly recorded on the blackened surface by a pointed strip of brass
or aluminium fixed to one of its limbs (b) ; but as it is often difficult to
support a tuning fork in suitable proximity to the recording surface, its
vibrations may be conveniently transferred to the chronograph of Deprés
(¢), and registered by it. This valuable instrument is a small electro-
magnet with an armature bearing a writing style, and capable of oscil-
lating synchronously with a tuning fork. The armature is held by a fine
elastic band at a little distance from the electromagnet, and the same
electrical stream which drives the tuning fork, and which is interrupted
at every vibration, also drives the chronograph by interruptedly mag-
netising its iron core, and thus causing an oscillating movement of its
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armature and style. The Deprés chronograph is capable of recording
vibrations at all speeds up to 700 or 800 per second, and is therefore of
ereat service.

Tae ConTrRACTION CURVE OF A Frog's MUSCLE may be obtained
with the myographs of Marey
and Fick. In Marey's myograph
a frog’s gastrocnemius is hooked
to a light lever (Fig. 123, I), with
aluminium foil, or a bristle for a
writing style. When desirable,
a pan for weights is hooked to
the lever. An electrical key
with a marking lever (k) is placed
below the myograph, and be-
neath this again thereis a chron-
ograph (c). The three writing
points are placed on the same
vertical line on the recording
surface. The electrical arrange-

TRt T e e, S IPIEIltS in Fl_?""’. 123 are intended
marking lever; s, ﬁLTi'IIEh[{'II.' I]]_'IL"IIi.IIgL!-{;lI'J.'; Ig_ 1;]:r91:ni fUI‘ St-l!'ﬂl.l]:Lt-l{JIl D-f the muscle
graph. The key is in the primary circnit of a faradic with smgle faradic 5110{11{5, b}f
machine, and wires from the secondary circuit pass to opening and clﬂsiug the key
the muscle, . . .

which, for that object, is placed
in the primary circuit. In Fig, 124 there are two curves (¢ ¢), respect-
ively produced by a weak opening and a weak closing faradic shock trans-
mitted through a curarised
musele ; ¢’ is lower than ¢ be-
cause the closing is a feebler
stimulus than the opening shock.
Fig. 125 shows two similar curves
obtained from fhe same muscle by
slightly increasing the strength
of the stimulus. In each case,
the curve is that of a single

- Fig. 124. ¢, Curve of a single contraction of a cor-
contraction. arised frog's gastrocnemiuslinduced by o weak opening
The m}r.}graph used in the shock directly applied at op; ¢, eurve of contraction
_ . v indueed by a closing shock applied at ol (one small
above G!‘L}'JEI‘I]II.EI‘I!J does ﬂPt EIVE Grove's cell; second coil of the Du Bois electromotor
the true curve of contraction, be- at 166 M.M. from first coil) ; &, marking lever line;
cause ‘t-hﬁ TEIEI-";'EOH Df thE— W'rlt-lng 120 o v, 12(}' (Ii.m'lrls! vibrations of di:?.]:laﬁnu per SI(:(L :. 1,
. . a o 8, and 4 indicate the events following the application
point to the cylinder is such that, ¢ iie stimulus,
with the cylinder af rest, the lever,
when lifted, describes an are (Fig. 125, ). This curve proper fo the lever 1s
added to the true curve of contraction, and requires to be eliminated from it.
This is done by projecting an ordinate (F'ig. 125, o) from the point where /
springs from the abscissa. A series of abscisse (a) are then drawn from
the ordinate through the lever curve and musele curve, and the points of
the latter are shifted to the left to the same distance as that between the

lever curve and ordinate on the corresponding abscisse.  The correction of
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such curves s always important when the duration of their constituent parts is
to be measured.

Four events follow the application of a stimulus to a muscle; 1, a
period of latent
stimulation ; 2, a
period of contrac-
tion ; 3, a period of
rapidrelaxation; 4,
a period of slow re-
laxation. The 2d,
3d, and 4th events
constitute the
muscle curve.

1. The Latent Per-
10, -—Th{} f‘:ll";‘l.{l-l{‘: Fig, 125. Two single contractions produced by a more powerfol stim-
shock is instantan- nulus thanin Fig. 194 (second coil at 160 M.M. from first coil) applied to the

1 z d same muscle. o, Ordinate ; [, curve traced by lever, with cylinder”at rest.
eous J transmitte The dotted curve under ¢ is the true curve of contraction obtained by

to the muscle when eliminating the lever curve ([) ; o, abscissm drawn to facilitate the elimi-
the mzu"king lE‘i-'El' ::11:]41”]1”::3‘ tII::!-IIhH.'L'I.'I:I.|:|'l.'E'_ The other letters and numbers indicate the same
key is opened or ez

closed. A brief interval—the period of lafent stimulation—elapses between
the application of the stimulus and the resulting contraction, The latent
period varies with the strength of the stimulus ; thus it is shorter after an
opening than after a closing induction shock (Fig. 124), and when both shocks
are intensified the latent period is shortened in both cases (Fig. 125). It
also varies with the excitability of the tissue, being lengthened when the
excitability is lowered. It is measured by intersecting the chronogram
with a pair of vertical lines, enclosing the interval between the applica-
tion of the stimulus and the beginning of the contraction. In ¢/, Fig.
124, its length is %% (/) sec. ; in ¢, Fig. 125, it is t3+ (%) sec. ; in ¢,
Fig. 124, it is 135 sec. ; while in ¢, Fig. 123, it is %% (;3v) sec. There-
fore, in the same curarised muscle the latent period may vary from about
zo %0 Jo of a second, according to the strength of the stimulus. With
very powerful stimuli it is almost instantaneous. In human voluntary
muscle its duration is ¢%; sec., with a moderate opening induction shock
directly applied. In measuring the latent period it is essential that the
lever be unloaded, otherwise it is not moved until a little time after the
discharge of mechanical energy has really begun, and has become suffi-
ciently intense to move the heavy lever ; the latent period would in such
case appear longer than it really is.

Although there is no visible motion during the latent period, it can
be proved with the differential rheotome and galvanometer, that the
molecules of the sarcous substance are thrown into a state of electrical
disturbance, commonly termed the negative variation of the muscle current.
This electrical disturbance in no way depends on the nature of the
stimulus. It occupies the latent period, and is over before the contraction
begins (Bernstein).

2. The confraction is the second event following the stimulation of the
muscle, and results from the transformation of chemical into mechanical
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energy. Its duration varies with the intensity of the stimulus, as may be
seen in Figs. 124 and 125, where, as shown in the following table, the
contractions produced by different stimuli vary from %, to % sec. in the
same frog’s muscle curarised. The duration of the contraction also varies
with the excitability of the muscle. In human voluntary muscle with a
moderate stimulus, its duration is about %+ sec.

Cloging Induction Bhaock. | Opening Induction Bhock.
{
{—

Contraction. |BRapid Relaxation. || Contraction. |HRapid Relaxation,

Weak Stimulus 45% =4z 8ee. | 3y=q% sec. | f3% = &' sec. ho =y sec.
(Fig. 124).

Rather Stronger

Stimulus rhr =i BRC, 3% =y sec. +iy= sec. ho =17 Sec.

(Fig, 125). |

3. The rapid relaxation of the musele which immediately follows its con-
traction is primarily due to the elastic recoil of the muscle. Its duration
varies considerably in the same muscle, as shown in the preceding table.
It varies with the intensity of the preceding contraction ; thus, with a
weak stimulus, it is shorfer than the contraction, but with a stimulus of
considerable strength it is longer (Fig. 125 ¢); the more intense the pre-
ceding contraction, the more slowly does the musele relax. The elastic
recoil is feeble, and may therefore be prevented by even slight resistance.
If a weight be applied to the muscle, the relaxation is hastened by the
stretching force. «

4, The slow relazation of the muscle has been named by Hermann the
residual contraction, or confraction remainder. It varies greatly,—being
longest when the contraction is most intense, and when the stretch-
ing force is feeblest. After a powerful stimulation of an excised muscle,
it may, owing to arrested nutrition, become permanent. The tardy return
of the muscle to its former length is by some ascribed to elastic afier-
action (see p. 141), but the fact that although a heavy lever may for a
moment at once stretch the muscle to its full length, it is drawn up agan
by the residual contraction (Fig. 128, n), throws doubt on this.

The curve of contraction with the Pendulum Myograph.—The pendulum
myograph was invented by Fick for measuring the velocity of nerve-
energy, and for the study of muscular contraction. It is a pendulum
(Fig. 126) with a pair of glass plates at its swinging end. One of theé
plates (A) is smoked, and serves to record the muscular contraction.
The other (A’) is merely a compensator ; thus when A is lowered by the
serew (S), A’ is elevated to the same extent, so that the period of the
pendulum’s oscillation is kept constant. The pendulum is drawn to one
side, and held there by a catch placed in suitable relation to a strong
projecting tooth (B). When the pendulum is liberated from the catch
it oscillates, and at the end of its swing is caught and held by another

o i .l
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catch suitably placed. It is convenient to have the pair of catches
screwed to an arc (Fig. 127), so that the interval between them
may be varied, and any desirable velocity of the recording surface

: (
LRk}

:.'I|"IL.I o
j"‘, |||r""

Fig. 126. The pendulum myograph. A A’ Glass plates clamped to the pendulum ; 8, screw for
elevating or lowering the plates ; M, muscle attached to lever; p, rod for moving the lever with the
hand in the experiment om the velocity of energy in human gensory nerves. The trough (f), with
double pair of wires, is used in the experiment on the velocity of energy in the motor nerve of the
frog. B, tooth by which the pendulum is canght and held before and after its swing; o, cord fo
depressing the catch., ¥, support for elactrical key (e).

obtained. The lever to which the frog’s muscle is hooked may he the
heavy German lever (Fig. 126) or the light lever of Marey. The latter
is preferable when the curve of contraction is desired, for although the
heavy lever be counterpoised, the momentum it acquires—being propor-
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tional to its mass—is so great that secondary oscillations are introduced,
and complicate the muscle curve ; thus the momentum acquired during
the descent of the lever carries it for a moment to the abscissa (Fig. 128),
or even below it, whereas a light lever does not in its descent reach the
abscissa until the residual contraction is over. But if Marey'’s lever be
weighted, secondary oscillations are thrown into the muscle curve.

Time is recorded on the plate by a Deprés chronograph (Fig. 127, ¢),
the writing point of which is placed exactly
below that of the myographic lever. A
pair of wires pass from the secondary coil (s)
of an induction machine to the muscle, and
a key (k) is placed in the primary circuit (p).
When the pendulum is allowed to swing, its
tooth opens the key, and the single contrac-
tion, induced by the induction shock, is
registered on the smoked plate before its
single oscillation is ended. The chrono-
graph is drawn aside, the key is left open,
and the pendulum is allowed to swing again
with the muscle at rest, to obtain an abscissa
(Fig. 127, ). The pendulum is then reset as
| Fig.127. Arrangement of the pendu- qf firgt, and after the key is closed the pen-
nm myograph for obtaining the ocurve i sy s .
of muscular contraction. m, Muscle : L]l.l]llIIl 15 very Eﬂl'ﬁf[lll]’ nlﬂ?ﬂd until it JI.lEtr
p and s, primary and secondary coils of opens the key, and no more. Being held
oo bl k3, vogt, whilo tho ey is just opend, tho

contraction of the muscle causes the lever
to trace a vertical line (s), indicating the point of the abscissa at which
the stimulus is applied to the musele. The latent period (between s and
s') is exaggerated in Fig. 128 by the circumstance that the lever used in
that experiment was heavy, and therefore not set in motion until some little
time after the contraction had begun. As the lever used in Fig, 128
moved at right angles to the recording surface (see Fig. 126), no cor-
rection of the curve is needed (see p. 154).

Fig. 128, m, Bingls contraction of frog’s gastrocneming traced on the pendulum myograph |
with a heavy lever ; s, point at which the stimulus was applied to the muscle; ', the com-
mencement, and o, the end of the act of shortening ; n, the slow relaxation.

Tie ContRACTION CURVE OF HUMAN MUSCLE may be obtained by
registering the thickening of the adductor muscle of the thumb with
Marey's myographic forceps (Fig. 129). Attached to one limb of the
forceps there is a tambour covered with vuleanised caoutchoue membrane
with an aluminium plate in its centre, against which the other limb of
the forceps presses. An elastic band around the forceps causes them to
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nip the muscle. When the muscle contracts and widens the forceps,
air is pressed from the tambour (m) into the second tambour (t), on the
membrane of which there rests a
lever for recording the muscular
movement. Single contractions are
obtained by transmitting single
induction shocks through the
muscle. Fig. 130 shows a curve
of a single contraction of the ad-
ductor of the thumb taken on the
pendulum myograph with the
above arrangement. The stimulus
was an opening induction shock
of moderate intensity sent through
the musele at s. The curve of
contraction is similar to that of
the frog's muscle when registered
by a light lever. In this experi-
ment the latent period was 5
sec., and the duration of the con-
traction (the second event) 'y
sec., but doubtless both I_":rim]g Fig. 120. Marey's myographic forceps applied to
. adductor of thumb ; m, tambour of the forceps ; 1,
vary with the strength of the [ -~ T
stimulus, as in the frog's muscle.
The duration of @ single contraction varies much in different muscles of

_Ih:l _},'_.'-. i .LI-—: O o e 0 A AR N nimratmy
- F20 .t i i el sl ol v ] i

Fig. 180.—Single contraction of human voluntary muscle indueed by an opening induction’shock
gent through the muscle at 5. 1, 2, 8, 4 are the events that follow the stimulation before referred
to : a, abacisaa,

the same animal, and in different animals; thus it is shortest in the
striped skeletal muscles (about ;% seec.), about eight times as long in the
striped muscle of the heart, and still longer in non-striped muscle. It is
nearly twice as long in the red as compared with the pale muscles of the
rabbit (see p. 132) (Ranvier, Op. 11, 1874, p. 5). It is about five times
longer in the hyoglossus than in the gastroecnemius of the frog (Marey,
Op. T4, p. 364). It is shortest in insects and longest in the tortoise
(Marey, Op. ¢it.) As regards rapidity of contraction, the ordinary striped
muscle of different animals may be arranged in the following order,
beginning with the slowest :—the tortoise and hybernating mammals,
the frog, mammals, fishes, birds, insects (Marey, Op. cit.)

The duration of contraction is lengthened by fatigue, and especially
by cold. The difficulty in executing delicate movements when the hands
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and arms are chilled is probably due to the direct influence of the cold on

the museles,

TerANUS,—Muscular contraction may be simple or compound ; a

(S W W P VAN TR

Fig, 131.
man muscle
single farndic shocks at the mate of about
10 per second. The g fall of the
lever betweeon @ and & is doe to a longer
interval botweon® the andl
gtimull than botween the others @ E,
traced by marking lever (Fig, 128, k).

Ingomplete tetanus of hn-
due to direct stimulation by

gecond
Jine

Hrsil

* Fig. 182, —Curve of complets tetanus
of hnman musele due to o very rapid suc-
cession of faradic shocks, beginning at &
and ending at o,

voluntary contraction is 39 vibrations per second (Helmholtz).

stmple is a single contraction, a compound
contractlon 1s a succession of single con-
tractions. When faradic shocks are ap-
plied to a muscle or its nerve in quick
succession, the relaxation of the muscle
becomes mmcomplete (Fig, 131), and if the
stimuli be sufficiently rapid the single con-
tractions become so completely fused to-
gether that the myograph traces a line as
if the contraction were simple. This ap-
parently simple, but in reality compound,
contractionisnamed Physiological Tetanus
(Fig. 132). The rapidity of stimulation
required to produce the continuous curve
of complete tetanus varies in different
muscles according to the duration of a
single contraction of the musele. Thus,
complete tetanus 1s produced in the slug-
gish musele of the tortoise by two stimuli
per second, 1n the hyoglossus of the frog
by 10 per second, while in the gastroc-
nemius of the same animal 27 stimuli per
second are required (Marey, Op. T4). The
sluggish red muscles of the rabbit require
10 stimuli per second, while the pale
muscles of the same animal require from
20 to 30 per second (Kronecker and Stir-
ling, Op. 2, 1. p. 395).

THE SOUND OF A TETANISED MUSCLE,
—When the ear is applied, with the aid
of a solid stethoscope, to the muscles of
a rabbit recently killed, and tetanised by
the interrupted current, a rumbling musi-
cal note—the muscular sound—is heard.
The pitch of the note varies with the
rapidity of succession of the stimuli ; each
stimulus produecing a vibration in the sar-
cous matter from thr_ rhythmical succession
of which the musical note results. The
muscular sound may be readily heard if
the jaws be clenched during the night
when all extraneous sounds are hushed.
The pitch of the note produced by a
By trans-

ferring the actual vibrations of the muscle by resonance to a strip of
fIE?~.111]+:=. metal, Helmholtz proved that the note actnally produced by the
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ERRATA IN PART 1.

Page 24, first line, for Fig. 8 read Fig. 7.

Page 42, line 16 from top, for H read H,.

Page 46, lines 27 and 29 from top, for sultilis read subfile.
Pa'ge 48’ a 1"? n 3E E »n I h ]

Page 49, line 31 5 5 5

APPENDIX TO PART I

Page 93, § 3, second line—Nerves have been recently discovered in tendon
by Rollett, :


















