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PREFACE.

Ix this little book an attempt has been made to
determine and explain the nature of some of the
mosb impdrta-nt changes which are characteristic
of and peculiar to living beings. Technical terms
have been as far as possible avoided. Many of the
matters I have thonght it desirable to consider are,
however, complicated and intricate, indeed of a
character not generally discussed in text books, and
I fear that, in some 1instances, I have failed to
render what I have tried to convey as clear and as
intelligible as I desired. Most of the inferences I
. have drawn concerning very difficult questions rest
upon actual facts of minute research, but I have
ventured to speculate upon some matters which
- are at present beyond the sphere of observation.

The reader will probably admit that the first part
of his task is not a difficult one, but as he progresses
I fear he will find the book becomes more difficult to
read. In the last four lectures some rather abstruse
points in physiology have been brought under the
student’s notice, but the facts upon which the con-

clusions so far deduced have been based are recorded
and explained.



Vi PREFACE,

Some of the in%estigatiuns have been published
in detail in memoirs that will be found in the Phil.
Trans. of the Royal Society, the Trams. of the
Microscopical Society, and elsewhere, The very last
observations upon which I have been engaged have
been included in Lecture XII, and four of the
drawings in Plates XV ICVIL S and XX have
been prepared to illustrate them,

How far the experiment of introducing the results
of recent investigations into a little text book has
been successful I must leave others to judge. My aim
i this and other works has been not only to
‘teach facts, but to encourage students to eduecate
themselves for original enquiry in order that they
may add new facts to those already known, and thus
advance the department of natural knowledge they
have selected for their life’s work.

61, GrosveNoRr STREET,
September, 1872,
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AN INTRODUCTION TO
PHYSIOLOGY AND MEDICINE.

BIOPLASM.

LECTURE LI

Introductory—Of very Minute Living Particles—The
First Stage of Being of every Living Thing—Iorm,
Structure, Colowr, Mechawism—Formation of the

* living from the Non-living—Of Living, Forming,
Growing Matter, or Bioplasm—Protoplasm—Death
of Bioplasm—The Crystal, the Magnet, and the
Living Thing—Different kinds of Bioplasm—Origun
of Bioplasm—Changes in Bioplasm, and of its” Con-
version into Tissue—Tissues at all Ages, in health
and " in  disease, contain DBioplasm—Difference wn
structure not due merely to variation of condition.

1. Uninterrupted progress of Physiology.— No
branch of natural knowledge exhibits such wonderful
.and nninterrupted progress as physiology. Not only
i8 the superstructure being constantly added to and
altered at the same time, but the very foundations
are for ever being extended, improved, and renovated.
No wonder, then, that, in our anxiety to add to exist-
g knowledge, we sometimes misjudge facts and
misinterpret phenomena. No wonder that observa-
tions regarded as very accurate at the time they were
made, afterwards prove to have been erroneous, or that

B



2 IMPORTANCE OF GOOD SPECIMENS.

the conclusions of one observer should be strangely at
variance with those of another. Like the living
things of which it treats, physiology is incessantly
changing, and the true physiologist endeavonrs not
only to add to existing knowledge, but so to add that
further changes, which he knows are inevitable, may
be made with the least possible derangement. In
progressing, he desires to provide for further, and he
hopes unceasing, progress.

2. Importance of good specimens.—Few things ave
more difficult than to observe and interpret correctly
the mere structure of the tissnes of man and animals.
It is, therefore, all-important to obtain specimens
which shall demonstrate clearly any new facts we
think we have proved. Every effort has been made
to 1llustrate by specimens the views I shall advance
in these lectures; but the difficulties in the way of
obtaining and preserving good preparations, which
positively demonstrate at one view the facts upon
which conclusions concerning structure and growth
have been based, are so great that I scarcely think
my efforts can be attended with complete success.

. 3. Magnifying powers employed.—The specimens
which I shall have to describe have all been prepared
upon the same definite plan, and have been preserved
in the same medinm. They have been examined under
objectives magnifying from 50 to nearly 3,000 diame-
ters.* TIn order that some idea may be formed of the
degree of amplification of the one-fiftieth object-glass
made for me by Messrs. Powell and Lealand in 1864,
I may be permitted to mention that if 1t were possible
to see a hair in its entire width under this power it
would appear to be nearly one foot in diameter, and
an object an inch in height would be made to appear
asif it was 250 feet high.

4, Living and nen.living.—I shall have to direct

* Proceedings of the Royal Society, January 19, 1865. ““ How
to work with the Microscope,” 4th edition, p. 286.

— -



CHANGES OCCURRING DURING LIFE. 3

attention to some facts which have led me to conclude
that certain phenomena manifested by part of the
material substance of which all living things are
composed, are peculiar to the living world ; that be-
tween the living state of matter and 1ts 7.0n- living state
there is an absolute and irreconcilable difference ; that,
so far from our being able to demonstrate that the
non-living passes by gradations into, or gradunally
assumes the state or condition of, the living, the tran-
sition is sudden and abrupt; and that matter alveady
in the living state may pass into the non-living con-
dition in the same sudden and complete manner; that,
while in all living things chemical and physical actions
occur, there are other actions, as essential as they are
peculiar to life, which, so far from being of this nature,
are opposed to, and are capable of overcoming, phy-
_sical and chemical attractions. And I think the
evidence which I shall adduce will prove conclusively
that the non-living matter is the seat of the physical
and chemical phenomena occurring in living beings,
but that the wvital actions occur in the living matter
only. Moreover, we shall see that this living matter,
which exists in every living thing in nature, can be
easily distinguished from all matter in the non-living
state.

5. Changes occurring during life.—I shall not con-
fine myself to the demonstration of the structure of tis-
sues which have been removed from the dead body, but
shall endeavour to describe what probably takes place
during life while these tissues are being developed,
are growing, and are acting each in its own peculiar
way. And if I fail in my attempt to give, as 1t were,
an account of the life-history of a tissue, I trust I shall
at least be able to assign a more definite meaning to
the words “}if'e,” “living,” “vital,” &c., than has
been done hitherto. It would be presumptuous in
me to hope to place on a more sure foundation the
science of the living, but I shall do my utmost to

B 2



4 LIVING PARTICLES.

rescue physiology, for a time at least, from being con-
sidered a mere subsection of physies.

6. Living particles.—It is difficult for the mind to
realise the wonderful minuteness, the extraordinary
number, and the almost universal distribution of par-
ticles of living matter. Not only are they found in
and upon the earth and water, but the air teems with
them, and is, as is well known, the medinm by which
some particles of comparatively large size and even of
complex organisation are carried from the place of
their formation to the seat of their development and
growth. But of microscopic germs the air contains
vast quantities differing entirely in their nature, their
mode of crigin, and in the results of their develop-
ment. Living particles giving rise to various forms
of microscopic fungi are wafted by currents of air
into situations favourable for their development, and .
may become the active agents in every kind of fer-
mentation and putrefaction, as has been proved by
Pasteur. In the same way there is reason to thini
particles of living matter capable of giving rise to the
most serious and fatal diseases of which man is the
subject are carried to an organism which is in a state
favourable for their reception and germination. No
doubt millions of such living particles perish for every

one that germinﬂtes. Some are much more easily .

destroyed than others. Certain kinds retain their
vitality for a comparatively long time in a moist warm
atmosphere, and it is not improbable that they may
even grow and multiply, and perhaps produce particles
differing from them in properties or powers. Some
of these particles possess inherent motion, and it is
probable that they climb, as it were, throu gh still and
moist air, just as ameebze and certain other living par-
ticles are capable of climbing in any direction through
water which is in a state of perfect rest. Minute par-
ticles possessing these inherent powers of active move-
ment can insinuate themselves into the slight chinks

i



OF OBTAINING LIVING PARTICLES FROM AIR. 5

in fully formed tissues in every part of the body, and
may easily make their way along the crevices between
protective epithelial cells into the tissues beneath, and
then through the thin walls of the smallest vessels
into the blood.

=. Of obtaining living particles from air.—Very
minute living particles may be obtained from the air
in many ways. Perhaps the simplest process 1s to
allow the vapour of the atmosphere to condense on
the sides of a perfectly clean glass vessel filled with
ice. The drops of water as they trickle down the
sides are to be received into a conical glass, and any
living particles entangled in the fluid can be detected
upon microscopical examination with a sufficiently
high power. Inmany instances two kinds of particles
will be found—one soft, exhibiting movements in the
fluid in which it is suspended; the other spherical or
oval in form, comparatively firm, and possessing con-
siderable resisting power. The first are often ex-
tremely minute, and so very transparent that they can
only be distinguished from the medium in which they
are suspended by very high magnifying powers, used
with the greatest care and under the most favourable
circuiastances.

%. Two kinds of matter in a living particle.—lur-
ther examination enables us to demonstrate that the
particles last spoken of are composed of matter in
two different states: 1, a firm envelope closed at all
points; and 2, a little delicate transparent matter
within this, and resembling the material of which the
first kind of particles seems to be entirely composed.
I shall presently endeavour to show that these cap-
suled particles of living matter were not always so
inclosed, and that the capsule was, in fact, formed in
consequence of changes taking place upon the surface
of a particle of living matter like the particles first
referred to.

9. Two Kinds of living particles.—Living things
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in water, and Living things on or in the ground, may
in like manner be divided into (1) those which con-
sist of living matter capable of moving in every direc-
ion, of dividing and subdividing, and invested only
with a very thin layer of fluid or semiflnid matter,
and (2) those which are covered with a layer of a
more or less resisting material, which interferes with
or entirely prevents such movements of the living
matter as have been referred to above.

10. An elementary part.—So also the elementary
parts of which all the tissues and organs of man and
all the higher animals are composed ave found to con-
sist of these two classes of particles—the first exhibit-
ing the general characters already described, the last
manifesting a great variety of form, structure, and
properties, according to the arrangement, character,
and composition of the external or enveloping matter.

The great difference between particles of apparently
naked matter and particles enclosed in a thick en-
velope or capsule is but a difference of degree. The
first, or apparently naked particles, are perhaps in-
vested with so very thin a layer of soft and perhaps
fluid formed substance that it follows the movements
of the living matter, and is almost invisible ; while
in the last this formed matter has increased in thick-
ness, and has undergone condensation, so as to inter-
fere with the free motion of the living matter within,
or, at most, to permit it only to move round and
round within its prison wall. Our investigation is
therefore narrowed to the study of the changes taking
place in the transparent living matter itself, and the
production of the material upon its surface.

11. First stage of being of every living thing.—
Even man and the higher animals, as well as every
other living thing, begins its life as a minute sphe:rical
particle, hardly to be distingunished from those minute
particles of simple living matter suspended in the
air (§ 6). The particle consists of colourless trans-
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parent semi-fluid matter capable of moving in every
part and in all directions. Man and animals, plants,
fangi, monads, thus exhibit the same appearances,
and the matter of which they consist exhibits similar
characters. Hach primitive particle was derived from
matter like it which existed before it. It was simply
detached from a parent mass.

12. Form, structure, colour, mechanism.—1 hope to
convince you that all form, colour, structure, me-
chanism, observed at a later period in the life-history
of living things, result from changes in this primary
structureless, colourless material.  This primary
matter of living beings which looks like mere jelly or
a little clear gum or syrup, exhibits actions and un-
dergoes changes unlike those oceurring in every other
kind of matter known to us. Although we can make
many different substances exhibiting very remarkable
properties, and machines capable of doing many kinds
of work, and constructing wonderful things; no one
has ever been able to obtain any chemical compound
having the properties of this living speck, or any
mechanism which acts as this wonderful transparent
matter acts. The colourless, structureless matter,
characteristic of and peculiar to all life on the earth,
and in air and in water, is capable of moving in every
part and in every direction. The movements are not
such as are produced by vibrations communicated to
the fluid or semi-fluid substance from matter in vibra-
tion in its meighbourhood, but the impulse proceeds
from within the matter itself. The cause of the move-
ment has not been ascertained. The facts will be
more particularly described in Lecture IV,

13. Conversion of the non-living into the living.—
Every kind of transparent colourless living matter
takes up lifeless material which it changes. Certain
elements of this are assimilated and converted into
matter ‘l.ike that of which the living matter consists.
After a time the matter which has become living under-
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goes further chan ge. It, or part of it, ceases to mani-
fest its remarkable properties, and becomes resolved
again into non-living substances, which are sometimes
gaseous, sometimes fluid, sometimes solid. And very
often the same hving matter is resolved into sub.
stances in these three physical states. The solid
matter that is formed may exhibit structure, or it may
be structureless. Tt may be passive, or it may possess
very active non-vital properties, as will be particu-
larly discussed further on.

14. Living matter, or Bioplasm.—This wonderful
matter to which I shall have frequently to refer in
every part of this volume, moves and grows. Every-
thing else in nature may be moved and caused to
mcerease by aggregation—by particles being added to
those already collected; but this alone of all matter
in the world moves towards lifeless matter, incor-
porates it with itself, and communicates to it in some
way we do not in the least understand, its own tran-
scendantly wonderful properties. The matter in ques-
tion 1s living matter.  This matter, then, which is
found in all living things, and in these only, is
peculiar, and is to be distinguished from matter in
every other state, be it gaseous, fluid, solid, crystalline,
or colloid, structureless or having structure. This is
the matter which lives. Tt may be correctly called
living or forming matter, for by its agency every kind
of living thing is made, and without it, as far as is
known, no living thing ever has been made, or can
be made at this time, or ever will be made. As the
germ of every living thing consists of matter having
the wonderful properties already mentioned, T have
called it germinal matter ; but the most convenient and
least objectionable name for it is living plasma or
bioplasin (Bros life, ™\ aoua plasm, that wl}inh 18 capable
of bemng fashioned). Bioplasm is found in every tissue
in every part of the living body as long as life lasts.

15. Protoplasm.—The matter which I have termed
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forming, living or germinal matter, tO which I have
more recently given the mname bioplasm, has been
lately spoken of by others as protoplasm. And 1t
has been hinted, though not definitely stated in print,
that in my memoirs I had simply altered the name of
matter which had been previously described by others.
But such is not the fact as the most influential of my
opponents well know. The word protoplasm would
have been used by me had the term been restricted
+o the matter of the tissues, which I termed living or
erminal matter, and which I showed, m my lectures
at the College of Physicians in 1861, underwent con-
version into formed matters, and was concerned 1n
forming all tissue. But under the term protoplasm
has been included, the contractile tissue of muscle,
the axis cylinder of the mnerve fibres, processes of
nerve cells, and many other textures which un-
doubtedly consist of formed material, and are entirely
destitute of the properties which invariably belong to
my * germinal matter,” or bioplasm.* Moreover, the
nucleus and nucleolus were by many writers considered
to be distinct from the protoplasm. On the other
hand I showed that the nucleus and nucleolus were
living. My bioplasm, germinal, or living matter
therefore includes both nucleus and nucleolus as well
as some forms of the protoplasmic matter of authors.
Moreover, my paper on germinal matter had been
written before the subject had been at all discussed,
either on the continent or in this country, from the
point of view I had taken up. Max. Schultze, who
wrote after me, concerning the nature of the cell-wall,
I'qma,rﬁ_ked that this structure had for me “only-an
historical interest,” and objected to my conclusions.
16. Death of Bioplasm.—All bioplasm must die.

* But Prof. Huxley has given a yet wider signification to the
word protoplasm, and makes it stand for almost anything orgamic.
is new ““ protoplasm” may be dead or living, may exhibit struc-
ture or be perfectly struclureless ; nay, it may be even boiled or
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By its death marvellous things are produced, and
wonderful acts are performed. Every form in
nature—leaves, flowers, trees, shells; every tissue—
hair, skin, bone, nerve, muscle—results from the death
of bioplasm. Every action in every animal from
the first instant of its existence to the last, marks the
death of bioplasm, and is g consequenceof it. Every
work performed by man, every thought expressed by
him is a consequence of bioplasm passing from the
state of hfe,—ceasing in fact to be bioplasm, and
becoming non-living matter with totally different
properties. To produce these results the death of the
bioplasm must occur in a particular way, under par-
ticular circumstances, or conditions. These are often
very complex, and as yet very imperfectly under-
stood ; but it will be my business to endeavour to
elucidate them, as far as T am able, in this volume.
17. Products of the death of Bioplasm.— When the
life of a mass of bioplasm of any kind is suddenly
cut short, lifeless substances having very similar

roasted without ceasing to be protoplasm! The protoplasm of
Huxley includes both my bioplasm and formed material, and
although these things are to be distinguished from one another
by so many essential characteristies, Mr. Huxley continues to
affirm that both are protoplasm, though he is obliged to admit
that one is “ modified” protoplasm. More than twenty years ago,
Huxley added to the confusion at that time existing on the cell
theory, by affirming that the endoplast (my germinal matter)
was unimportant, and but an accidental modification of the
nucleus, which was sometimes altogether absent. He wrongly
attributed formative properties to the Jormed lifeless periplastic
substance, which is perfectly passive. But his new proto-
plasm” is a compound to which it would be difficult to find any-
thing analogous even in the annals of conjectural science. In
that substance he has re-united the very matters he had before
“differentiated,” and has given rise fo a further confusion
of ideas by calling such things as white of egg protoplasm.
Until, therefore, the term * protoplasm is by common consent
restricted to matter while it is living and growing, I must
employ for the latter some other word which more accurately
defines it, and “bioplasm” seems upon the whole the most
convenient, as well as the shortest word that can be selected.

- =
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properties result. These substances belong to four
different classes of bodies. One separates spon-
taneously soon after death. Another is a transparent
fluid, which 1s coagulated by heat and nitric acid.
The third consists of fatty matter; and, the fourth,
comprises certain saline substances. When a mass
of bioplasm dies it is in fact resolved into—1, fibrin ;
9, albumen; 3, fatty matter; and 4, salts. These
things do not exist in the matter when it is bioplasm,
but as the latter dies it splits up into these four
classes of compounds.

18S. Biopiasm having died cannot live again.—
Once dead, bioplasm ceases to be bioplasm, and 18
esolved into other things ; but these things that are
formed cannot be pub together again to reform the
bioplasm. They may be taken up by new bioplasm,
and so converted into living matter ; but the bioplasm
that existed once can never exist again. All bio-
plasm must die, but re-living is, as far as we know,
impossible, and scientifically 18 inconceivable.

19. A crystal may be re-errstmllsed.-—ﬂ Grystﬂl
may be dissolved in water and new crystals formed,
but a particle of bioplasm can no more be dissolved and
. reformed than a man can be dissolved and re-crystal-
lised. The difference between living matter and life-
less matter—between bioplasm and the things which
result from its death, is absolute. The change from
one state to another is sudden and complete.

20. A magnet may be re-magnetized.— The steel
of which a magnet is composed can undoubtedly be
unmagnetized and re-magnetized as often as we will ;
but the analogy which Prof. Owen has sought to
establish between the magnetized steel, and the living
organism is surely most fanciful. What two things
are more unlike than a piece of steel and a dead
organism, and what phenomena that we know of have

less in common than magnetic phenomena and vital
phenomena, ?
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21. A dead thing cannot be re-vitalized.— Prof.
Owen has remarked that “there are organisms
(Vibrio, Rotifer, Macrobiotus, &e.), which we can de-
vitalize and revitalize, devive, and revive many
times!”  But, the Professor in this sentence uses
two words having different significations, as if they
had the same meaning. To revive and revitalize are
two very different things. That which is not dead
may be revived, but a thing that is dead cannot be
revitalized. The animaleule that can be revived has
never been dead. The half.drowned man who revives
has never died. The difference between the living
state and the dead state is absolute, not relative.
The matter from which life has once departed cannot
be made to live again.

2ZZ. Rifferent kinds of Bioplasm.—Since all bio-
plasm possesses certain common characters, and the
bioplasm of one plant or animal produces formed
matter of a very different kind from that resulting
from amother portion of bioplasm, we must admit
that in nature there are different kinds of bioplasm
indistinguishable hy physics and chemistry, but en-
dowed with different powers, flourishing under differ-
ent circumstances, consuming  different kinds of
pabulum, growing at a different rate and under very
different conditions as regards temperature, moisture,
light, and atmosphere, possessing different degrees of
resisting power, and dying under very different cir-
cumstances, having varying powers of resisting
alterations in external conditions,

23. Origin of Bioplasm.—Concerning the origin
of bioplasm, we have no knowledge or experience.
Lucretius fancied that atoms came together under
certain circumstances, and that thus living things or
their seeds were produced. Some of the most ad.
vanced minds of the present day entertain a somewhat
similar opinion. But both ancients and moderns base
their doctrine on conjectures and their own peculiar
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interpretation of facts. When these fail, th_ey resort to
dogma. The idea of spontaneous generation is being
continnally revived. New facts are advanced in 1ts
favour, but examination proves that the supposed
new facts are not facts at all. Whether one primi-
tive mass of bioplasm was caused to be, in the first
creation, or five, or fifty, or whether thousands or mil-
lions rushed simultaneously or successively into being,
is open to discussion, but the arguments in favour of
the view that a minute mass of structureless bioplasm
was the first form of living thing, are so overwhelm-
ing that they must carry conviction. The formation
of tissues, organs, limbs, must have been a subsequent
and very gradual operation, proceeding slowly by
gradational changes according to certain laws. All
evidence teaches us that from the first beginning of
life, bioplasm has proceeded from bioplasm, and the
formation of bioplasm direct from mnon-living matter
is impossible even in thought, except to one who sets
absolutely at nought the facts of physics and chemistry,
and is perfectly blind as regards the ordinary phe-
nomena of the living world continually succeeding
one another before his eyes.

24. The changes of bioplasm and its conversion
into tissue.—A mass of bioplasm exposed to certain
special conditions which differ as regards heat, mois-
ture, pabulum, and which vary with every kind of
bioplasm, grows, divides, and subdivides into multi-
tudes of masses. Each of these grows and sub-
divides in the same manmer until vast numlers
result. By these apparently similar masses of bio-
plasm, different tissues, organs, and members are
formed. Some give rise to tubes which carry the
nutrient fluid to all parts of the body. Some are
. concerned in taking oxygen from the atmosphere

and giving up carbonic acid to it. Others separate
materials resulting from decay, and convert these into
substances which can be easily removed altogether
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from the body. Other collections of bioplasm give
rise to bone, to nerve, to muscle, and other tissues,
while from others, organs so delicate as the eye and
the ear proceed by gradual process of development,
and convince us of the marvellous and mexplicable
powers possessed by the formless bioplasm by which
alone any of them could be formed. At length all
the complex and elaborate forms of apparatus which
make up the body of a living creature result. These
excite our wonder the more thoroughly we study
them, whether in what we ecall the lower or the
higher creatures. These organs and structures per-
form their appointed work for the appointed time,
decay, and are resolved into formless matters of
interest to the chemist as well as to the anatomist
and physiologist.

25. Different tissues in the body.—The body of a
living animal is composed of many different tissues
performing very different acts, and designed from
the first to fulfil different purposes as proved by the
fact that each working tissue has to pass through
several stages of formation, during none of which
does it work or serve any useful purpose. But these
stages of inaction were necessary for its construction ;
and the ultimate form it was to take, and the duty
1t was to discharge, must have been defermined from
the first, when 1t was without form, and when no
one could have premised either the form it was to
assume, the work it was to do, or say why it existed
at all.

Bone and flesh or muscle, and cartilage or gristle,
cuticle, nail, and hair, nerve, fibrous tissue, are ex-
amples of different tissues. The tissues of the body
change with age. The muscles of a young man are,
weight for weight, more powerful than those of an old
person or a young child. The tissues vary ander dif-
ferent conditions. In health the same muscles and
nerves will do far more work without fatigue than they
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can perform at all when the person is out of health.
The tissues of the aged are dryer than those of the
adult, and the tissues of the infant are very soft and
succulent. The tissues lose water and become
firmer, tougher, and some of them more brittle as
age advances, and the rate of nutrition and growth
are modified accordingly

26. Young growing tissues contain much water.—
The succulent tissues of the young grow fast, but
the dry textures of the aged shrink and waste
instead of growing. The rate at which a tissue
grows varies greatly at the different periods of life.
All the different tissues are formed at a very early
period of life—long before birth, at which time all
the tissues exist though in a very soft and succulent
state, and are easily injured, owing to their delicacy
and want of firmness. This difference in the rate
of growth at different ages is due entirely to the more
ready access of pabulum at the early stage, as will be
more fully explained in another lecture.

2=, All organs come frem bioplasm.—All the dis-
similar tissues of a man are represented by the soft
transparent bioplasm which is of the same consistence
throughout and possesses the same characterin every
part. At the first the guantity of this bioplasm is
so very small that it can only be seen through a micro-
scope. It looks perfectly clear, and there is no indi-
cation of structure in any part. Yet the skin and
bones and muscles and all the other organs ulti-
mately come from it. It takes up food and increases.
Gradually certain portions begin to form one tissue,
and other portions another, and so oun, until indica-
tions of all the different textures are to he made out,
but being so soft and delicate their examination re-
quires the greatest care.

Z8. Bioplasm in health and disease and at all ages.
—The bioplasm in all living things undergoes change.
The lifeless food we take becomes converted into bio-
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plasm, and then this latter is changed into the lifeless
nutrient materials which are taken up by the several
forms of bioplasm which are concerned in the forma-
tion of the tissnes. But bioplasm exists at all ages.
It 1s to be detected in every tissue, be it healthy or
diseased, simple or complex. Without it the tissue
could not grow, and could not be repaired if it was
mjured. Without this it could not be said to live. In
fact, the tissue that is formed is not living. The bio-
plasm only is alive, and the proportion of bioplasm
decreases as the tissue grows old. At first the little
speck of matter out of which the man or animal op
plant is to be formed consists entirely of bioplasm,
then soft temporary tissue appears, but the propor-
tion of bioplasm to tissue remains very considerable
for some time. Grvadually, however, the tissue in-
creases, and the proportion of living matter decreases,
at last becoming so small that in many textures it does
not amount to the tg5th part of the whole. In many
cases this small particle of living matter dies, and
then the tissue is incapable of further change. Tt is
all dead. If injured it cannot be repaired. It is no
longer nourished. It no longer performs its function.
It may yet remain connected with the living body, but
1t1s as dead as the lifeless dried up leaf that still clings
to the living stem, though every vital connection has
long since been severed.

29. Of difference in structure.—0On taking a gene-
ral survey of living things, the untrained stqdent 18
impressed by the very wide and apparently irrecon-
cilable differences in appearance and general charac-
ters exhibited by the multitudes of living forms familiar
to him. A star-fish and an ox, a butterfly and a fish,
an oak and a medusa, seem to differ from one another
at least in as great a degree as any one of them dif-
fers from a stone, from water, or from air. But, on
the other hand, after careful and prolonged study,
the student becomes so familiar with the many points

i



OF DIFFERENCE IN STRUCTURE. 17

in which these things resemble one another thzrht s00m
it becomes difficult for him to believe that, different
as all are from stones and inanimate objects of every
kind, they are not very closely related to one another ;
and belief in this view may be strengthened by de-
tailed research with the aid of very refined methods of
mvestigation. The student will undoubtedly discover
certain essential points in which all agree, and although
the living things referred to differ from one another
so enormously in dimensions, he soon finds out that
the elementary parts of which the textures of all
are composed differ comparatively slightly from one
another even in size, while in general structure and
. appearance they are really much alike. Nor is
any great difference in chemical composition to be
demonstrated by chemical analysis. Moreover it can
be shown that certain phenomena connected with the
increase of tissues are common to them all, and when
each is examined at a very early period of its forma-
tion, the resemblance between many dissimilar tissues
1s found to be so close that it might be inferred that all
‘were identical at first, and that the ultimate divergence
was due rather to the different circumstances under
which each was evolved from the homogeneous than to
any inherent peculiarities, properties, or powers of
the bioplasm that evolved them. There is, mmdeed, a
period in the development of every tissue and every
living thing known to us when there are actually no
structural peculiarities whatever—when the whole or-
ganism consists of transparent, structureless, semi-
fluid living bioplasm—when it would not be possible
to distinguish the growing moving matter which was
to evolve the oak from that which was the germ of a
vertebrate animal. Nor can any difference be dis-
cerned between the bioplasm matter of the lowest,
simplest, epithelial scale of man’s organism and that
from which the nerve-cells of his brain are to be
evolved. Neither by studying bioplasm under the
pl_ |

e, -
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:!nicrnscapa nor by any kind of physical or chemical
mvestigation known, can we form any notion of the
nature of the substance which is to be formed by the
bioplasm, or what will be the ordinary results of its
living.

30. Variation in structure not due only to varying
conditions.—And yet it would be childish trifling and
mere playing with the facts of nature to assert, as
some have done, that the character of the material
produced and the properties not only of the tissue but
of the bioplasm that produced 1t, depend in all cascs
upon the conditions under which life is carried on,
merely because it has been found that alteration in
the conditions under which life is carried on in some
cases determines slight alterations in the results.

To deny inherent power in the original bioplasm is
to deny without reason—to deny as a dogmatist or a
bigot might deny; for the production of any formed
material without bioplasm is impossible. Why or
how bioplasm produces formed material we know not,
but I have shown that the bioplasm dies—ceases to
be bioplasm, whenever formation occurs—whenever
structure is produced. And what are we to under-
stand by the nature, or power, or property of living
bioplasm ? With what is it comparable? With the
properties of non-living matter ?  Clearly not, for do
not these belong to the matter itself, whether 1t be
living or dead ? Living properties are transferred
from one particle to others with the ntmost rapidity,
but the very same matter may exist with or without
its vital properties. By mo alteration of conditions of
which we have any conception can a given portion of
matter which has once passed from the living to the
dead state be restored to the living condition, and
it is intolerable that we should be expected to receive
the dictum that the form, properties, and action of
living things ave to be fully accounted for by the pro-
perties of the mere matter which enter into the com-
position of their bodies.
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LECTURE II.
BEramples of Bioplasm in Tissue—A young Leaf

and its Bioplasm—Cuartilage and its Bivplasm—
Epitheliwm and its Bioplasm—Mucus and its Bio-
plasm—Movements of DBioplasm—Origin of new
Centres—Dioplasm wust be nowrished—-How Pabu-
lum may be brought near to the Bioplosm—Organs
for Introducing Iood— Distribution of Nowrishment
—Rapid Growth of Bioplasm in the Adult and in
Old Age—Rapid Growth of Bioplasin in Disease.

Ix the present lecture I propose to allude to the
characters of bioplasm as far as they can be ascer-
tained by low magnifying powers, and I shall allude to
several points generally, which will be more particu-
larly described in Lecture IV. It will be more con-
venient to postpone the consideration in detail of the
wonderful phenomena of the bioplasm, until the
student is acquainted with general facts more easily
understood. Nevertheless those phenomena may be
observed by any one well acquainted with the use of
the higher powers of the microscope. They are of
surpassing interest, although not to be explained b
science, or accounted for by philosophy. I shall
refer to a few simple textures containing bioplasm.
If the student will place the structures alluded to
under his microscope, he will be able to vez:ify the
few remarks that will be made in this place.

1. Examples of bioplasm in tissue. A young leaf
and its bioplasm.—If a leaf bud be examined before
any of the green colouring matter has been formed, the
colourless bioplasm will be found occupying the
cavities or little spaces in the tissue of which the

o2
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embryo leaf consists. The bioplasm is perfectly
transparent and looks like pure water. The cavity in
which it lies has been termed a space or vacuole which
was supposed to be occupied by mere passive fluid.
But the colourless material is living bioplasm, and so
important that the walls of the spaces (cellar walls)
could not have been formed except by its agency.

32. Cartilage and its bioplasm.— In a piece of
cartilage or gristle it is easy to see the little masses
of transparent structureless bioplasm, and distinguish
these from the firm cartilage material which inter-
venes, and whiech has been formed by them. The
structure of cartilage will be again referred to.

33. Epithelium and its bioplasm.—If a little of
the soft matter be removed from the inside of the
cheek, and examined under a magmfying power of
two hundred diameters, it will be found to consist of
numerous little particles (elementary parts or cells),
every one of which contains in the central part an
oval mass of living matter, around which is a firmer
material that has been formed by the bioplasm,
and was deposited layer within layer. Often very
distinct concentric rings may be seen, owing to this
mode of deposition. The younger the particles of
epithelium* the larger is the mass of soft colourless
living bioplasm in proportion to the formed material
of which the outer part consists, and which has
ceased to manifest vital properties or powers.

34. Mucus and its bioplasm—If a little viscid
mucus be coughed up and examined under the mi-
croscope 1t will be found to be very transparent, and to
exhibit streaky lines here and there. At short dis-
tances will be observed oval particles of transparent

* Epithelium, from éx{ upon, and 8al\w to sprout, for it
used to be supposed that epithelium grew or sprouted from
membrane. Epithelium really is fm'mvfﬂ by bmp!usm which
sprang from preexisting bioplasm ; the bioplasm existed before
the membrane and therefore ecould not have sprung from it.
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living matter or bioplasm, from which the mucus has
been formed. These correspond with the masses of
bioplasm of the cartilage and the epithelium, and the
mucus with the formed material of these textures only.
(See also §§ 79, 80, Lec. IV.)

35. Movements of bioplasm.—The oval masses of
bioplasm in the mucus, like those in the tissues before
referred to are alive, but the bioplasm being free to
move in a soft medium, the remarkable movements
can be actually observed, and may be studied without
difficulty with the aid of a {;th of an inch object
glass, magnifying from six to seven hundred diameters
as will be explained in Lecture IV. No material
can be made artificially, in which such movements as
these can be produnced. This power of movement is
invariably possessed by bioplasm. The rootlets of the
plant extend themselves into the soil, because the
living matter at their extremities moves onwards
from the point already reached. The tree grows
upwards against gravity by virtue of the same living
power of bioplasm., In every bud, portions of this
living matter tend to move away from the spot where
they were produced, and stretch upwards or onwards
i advance. No tissue of any living animal could be
formed unless the portions of bioplasm moved away
from one another. Portions of the bioplasm move and
place themselves beyond the point already gained.
The above are vital movements. (See § 80.)

36. Origin of new centres.—But besides these
movements another phenomenon still more remarkable
occurs in connection with bioplasm. In the very
substance of the living matter itself, one or more
Spots make their appearance, arising as it were from
within. They spring up and grow within the living
matter. Absorbing nutrient material they grow and
push outwards the bioplasm already existing. Again,
new points of bioplasm may arise within these last.
So that we may have two or three different centres of
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growth, one within the other. The inmost of all is
the last produced, and this is often found to be
endowed with powers or properties different from
those manifested by the bioplasm which preceded it,
in which it was devoloped, which it is to replace, and
which perhaps is to be entirely destroyed in order
that the last, the newly developed bioplasm, may
flourish for a time, and then give place to new centres
which in their turn will appear within it. These
little spots are known as “nuclei.”” The spot within
the nucleus is the “ nucleolus.” (See § 85.)

3%. Bioplasm must be nourished.—Every kind of
living matter when it increases is said to be nourished.
In order that the act of nutrition may oceur it is
necessary that the material constituling the pabulum
or nutrient matter should be brought very close to the
living matter. A part of the latter then moves
towards the non-living pabulum. Bioplasm through-
out its life tends to move away from its centre. TIts
particles seem to e impelled centrifugally towards
any nutrient matter that may be near to it. Whether
or not the non-living pabulum 1is taken up and con-
verted into the living depends unpon a number of
circnmstances which the living is utterly powerless
to occasion, influence, control, or modify. But these
external conditions being favourable and the pabulum
being very mear to the living matter, some of the
latter is taken up by the living bioplasm, which com-
municates to certain of the non-living constituents its
own particular properties or powers. Such essentially
is the phenomenon of nufrition, which is universal in
the living world, and which in fact consists of the
taking up of the non-living matter by living matter
and its incorporation with it. The m;m-hvmg 13.111'&&&
to live by the agency of that which is already living.
The process of nutrition of an elementary part is
more particularly deseribed in Lecture V.

38. How pabulum may be brought near to the bio-
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plasm.—he manner in which the pabulum *is brought
into very close proximity to the biﬂplgsm, or into actual
contact with it is very different in different cases. In
man and the higher animals this operation is provided
for by a highly complex apparatus deserving the
most attentive study. So important is this to the
well-being of the individual that, should any part of
its intricate structure be impaired or its action modi-
fied in any great degree, serious derangement of the
nutritive process results, and structural change of the
most important kind in ergans of the highest import-
ance to the life of the complex being is ocecasioned.
In the case of the simpler forms of life the pabulum
is brought into the immediate vicinity of the bioplasm,
so to say by accident. A breath of air, a drop of
rain, may contain the pabulum which will provide for
the free growth of some of the simplest organisms,
which increase and multiply in so short a time.

39. Organs for introducing food.—In man and
the higher animals most important organs minister
to the introduction of pabulum into the intestine
where multitudes of bioplasm particles are ever ready
to take it up and grow and multiply at its expense.
The introduction of aliment is not suffered to depend
mpon our reason and thoughtfulness. If the demand
for food be not duly satisfied, the sensation of hunger
1s experienced, and when this becomes intense, every
other desire, every other interest is in abeyance until
the demand for food has been satisfied.

4:[!. Distribution of nourishment.— ' he biﬁplaam
h_amng taken up the nutrient matter from the diges-
tive tube undergoes change; a part of it dies, and
some of 1ts constituents, dissolved in water, pass into
the blood which flows in channels close to it. The
apparatus concerned in the distribution of the nutrient
matter so dissolved to all parts of the body of man
and the higher animals and plants, consists of tubes
80 communicating that the contained fluid may tra-
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verse them freely and return to the same point. This
18 circulation. In the higher animals and man these
tubes and certain organs connected with them, con-
cerned in the propulsion of the fluid, are comprised
under the head of circulating organs, and the fluid which
continues to cireulate in the vessels as lon g as life lasts
1s called the nutrient circulating fluid, or the blood.
The Heart.—The most important of these organs 1is
the heart, which is a cavity, the walls of which are
entirely composed of muscle, alternately becoming,
contracted and relaxed sixty or seventy times in
a minute, as long as life lasts. When the musculap
tissue contracts, the cavity is much reduced in size,
and part of its contents are forced out into a vessel
continuous withit. The cavity enlarges again during
the relaxed state of the muscular walls, and then it
receives fluid instead of expelling it. This hollow
muscular heart is connected with different sets of
tubes or vessels. From omne set it receives blood
which it drives into the other set.of tubes. The part
of the heart which receives is called the auricle or
recewing cavity, and this opens into the wventricle
or propelling cavity. When the latter contracts, the
blood is not driven back into the auricle, because
some valves between the two cavities are instantly
closed, and the whole force of contraction is spent in
driving’ the fluid onwards into the large vessel or
artery. Now, in man’s heart, there are fwo auricles
and fwo wventricles. This double heart is necessary
for driving the blood through the vessels of the body
generally, and through those of the lungs. The
right auricle receives the dark blood from tln? vens ;
it then passes into the right ventricle, by which it is
driven to the lungs, where it loses its dark colour
from parting with carbnn:lc acid, and acquires a
bright red hue from gainlng.nxygerl. After tra-
versing the lungs, the blood is received by the left
anricle from which it passes to the left ventricle. By
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the contraction of this cavity, the blood is driven
through the arteries of the system, and having tra-
versed the minute ramifications or capillaries, it
reaches the veins, and is at length poured into the
right auricle, the point from which we first com-
menced to trace the course of the circulation.

But in all these highly complex operations a cardinal
fact must not be lost sight of, viz., that bioplasm takes
up the non-living pabulum and causes it to live, and
that portions of this bioplasm, from time to time,
undergo change and die, becoming resolved into
compounds which did not exist before. The food 1s not
simply dissolved and caused to pass into the blood as
would be inferred from the description usually given,
but millions of masses of bioplasm live and grow,
pass through certain stages, and die, yielding up the
products of their death, to be taken up by other
bioplasm-particles, situated in the walls of the vessels
and in the blood itself. _

41. Rapid growth of bioplasm in the adult and in
old age.—Although therefore for the most part the
bioplasm of the tissues of the adult changes very
slowly (§ 28), there are parts of the body in every
complex animal and in man which, even in extreme
old age, contain bioplasm, which grows and changes
as fast as it does in early life. In the absorption
of the nutritions matter vast multitudes of little
naked masses of bioplasm take up, appropriate, and
change the constituents of the food. Thus these
little masses grow. After having reached a certain
size little offsets project from different parts of them,
and from time to time become detached. It is in
this manner that the masses multiply.

_42. Rapid growth of bioplasm in disease.—In
disease the restrictions under which bioplasm grows
in the tissues are in part removed, and growth takes
: place as rapidly as, or even more rapidly than it

occurs 1n the case of the bioplasm of the embryo.
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This is essentially what takes place in inflammation.
The bioplasm takes up pabulum, and multiplies a
hundred-fold. In the case of cancer, tubercle, and
other “morbid growths,” the bioplasm grows much
faster than healthy bioplasm, and appropriates nu-
trient pabulum more readily.

43. Pus corpuscles.—It is through the increased
growth and multiplication of normal bioplasm masses
that the morbid “pus corpuscle” results. Pus is
hving bioplasm which grows and increases rapidly.
Pus may result from the rapid growth of one mass of
bioplasm, and in twenty-four hours, if nutrient matter
be freely supplied, from one mass of normal bioplasm
thousands of masses of morbid bioplasm or pus ma
result. Every one of these grows, gives off diverticula,
and so the process of multiplication proceeds. It is
also by very rapid growth and multiplication of
bioplasm that disease germs are produced. These
minute particles of bioplasm formed in one individual
may pass through the air and gain access to the blood
of another, grow, and multiply there, producing an-
other case of ““ disease.”

Mi1crosSCOPICAL PREPARATIONS ILLUSTRATING LECTURE II.

No. of dinmeters

magnified.
1. Cartilage, common frog or newt, showing bioplasm
and formed matter i 25 i oo 215
2. Bioplasm and formed material, vegetable tissue .. 215
3. Cells or elementary parts, cuticie, newt. Old cuticle
on surface. Young cuticle beneath .. .o 215
4. Cells or elementary parts of capsule of a seed .. 130
5. Cells or elementary parts of growing seed. . .. 215
6. Cuticle from the nose of the mole .. s e 215
7. Fat cells with small masses of bioplasm, newt .. 215
8. Bioplasm, growing fungus .. ‘s v ee 215
9. Bioplasm forming buds or offsets of growing tissne
at a very early period of development. Man .. 215
10. Bioplasm of fungus from a rotten apple .. .. 216
11. Large masses of bioplasm, newt .. va . 216
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LECTURE IIL

The Ovum or Bgg—Of Development—Interstitial Chan-
nels— Vessels—Structures and Organs— Alimentary
Canal—Glands for producing Solvent Fluids—The
Blood for Nutrition—The Lungs for Respiration—
The Liver for making Bile and Sugar, and altering
the Blood—The Kidneys for forming and separating
Eacrementitious Matter— Cutaneous Glands for Se-
creting—Temporary Structures for use while the Per-
mamnent Organs are being formed-—Skeleton—The
Nervous System — The Muscular System — The
Limbs—The Skin with Touch Organs—The Tongue
—The Nose—The Bar—The Eye.

44. The Ovum or Egg.—The contents of the bird’s
egg are not directly converted into the tissues of the
chick, but probably more than nine hundred and ninety-
nine thousandths of the egg of the bird consist of
pabulum upon which the developing embryo is to live.
These constituents of the yolk, as well as the albumen
or white of the egg, are taken up and changed by the
minute speck of bioplasm which is the germ of the
growing chick, just as food is taken up and appro-
priated by other forms of living bioplasm (§ 40).
As soon as vessels are developed, these substances
are taken up by bioplasm, just as pabulum from
the intestinal canal in after lile, and converted into
blood. From this blood the various substances out
of which the tissues are formed are taken. The won-
derful growing point or spot which though so minute
18 the most important part of the egg, can always be
seen if the egg be placed on its side and a portion of
the nuppermost part of the shell be carefully removed.
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There is a white circular area, a little more than the
eighth of an inch in diameter, which from being sur-
rounded by the lightest part of the yolk, is always
uppermost as the egg lies. In the centre of this is the
mmute mass of bioplasm which is the parent of all
those from which the tissues are subsequently formed.
Now in batrachia (frogs, newts, &c.) and fishes the
part of the ovum which corresponds to the great bulk
of the egg or the food yolk of the bird is very small,
because the pabulum required during development is
principally derived from the surrounding fluid, which
18 filtered by passing through a most delicate fibril.
lated tissue, which surrounds the ovom.* In mam-
malia the ovum is very minute, and consists almost
entirely of bioplasm, which takes part in the formation
of the germ. TIts nutrient matter is supplied from
a soft spongy tissue of the mother, specially formed
for it. In this it is embedded. It imbibes its pabu-
lum during the early period of its existence. As it
grows it derives the substances to nourish it from the
mother’s blood (§ 58). The germ is not in any
way dependent upon nutrient matter formed with it
or soon after it, and inclosed with it in a confined space,
as in the case of the eggs of birds, and also in those of
the snake, tortoise, and many other members of the
reptilia. The mammalian germ is in fact entirely and
solely dependent upon the maternal organism for its
nutrition. Moreover the eggs of most reptiles and
some birds are hatched altogether without the assist-
ance of the mother, and in few cases is this a necessary
condition of development. The developmental changes
proceed quite as regularly and as perfectly ’\\’1.1.31_1 the
egg 15 'EXPUSEE{ to artificial heat as when it is incu-

* This looks like the white or albumen of the bird’s egg, but
it 18 not albuminous, and consists of very t:lulicute tissue, the
meshes of which are occupied by water. It is a structure very
like the vitreous humour of the eye.

-—
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bated by the animal heat developed by the maternal
organism. .

45. Of development.—At first, however, in all
cases the minute particle of simple structureless bio-
plasm (§ 11), out of which a complex organism is
evolved, gets its nourishment direct from the matter
which surrounds it, whether this is enclosed with
it from the first in a firm shell or supplied to it as
required from the blood of the mother. ~The fit and
proper substances are selected by the living matter
which moves towards them (§ 87), takes them into
itself, and converts these into more living matter like
itself. Thus the primary living mass, from which
springs every succeeding bioplast that takes part in
the formation of the entire being, increases in size. It
divides into two or more, and these grow and divide
and subdivide until multitudes result. But as the
collection of bioplasts becomes larger by subdivision
and growth, it is obvious that the component bio-
plasts must be separated from the nutrient food by
very unequal distances. Without some special pro-
vision this would involve unequal nutrition, The
bioplasts apon the outer part or surface being in
actual confact with the food, would grow quickly,
whilst those towards the centre of the mass would
increase very slowly, and would cease to grow at all
n consequence of little or no nutrient material reach-
ing them. They would be starved and die. Such a
state of irregular growth does actually occur in the
case of certain morbid (cancerous) structures. Owin
to the circumstance of the rregular distribution of
nutriment, in one part growth is most rapid, while
m another situation the tissue actually dies from
starvation, and is often invaded and consumed by
1ew growth. In a very small space we may find in
such a texture, 1, young actively growing matter ;
2, fully formed tissue; 8, decaying texture; and,
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4, the products resulting from changes oceurring in
tissue long since dead. :

Interstitial Channels.—But in every embryo and
in every normal tissue the equable distribution of nu-
trient matter is provided for and the flow regulated.
As the growing embryo increases in size, intercom-
municating spaces (lacune) and channcls are formed
here and there, and along these the fluids adapted
for nutrition freely pass and meander in all direc-
tions, bathing, it may be, uniformly the growing
bioplasts in every part, or distributing amongst them
a gradually diminishing quantity of nutrient matter
according as the distance from the nutrient surface
increases. See Lect. V, § 117.

46. Vessels.—In the higher animals and in man
actual tubes (vessels) are, however, developed for the
purpose not only of conveying nutriment long distances
from the one part of the body where it is taken up,
and distributing it freely and equably to the several
tissues and organs, but for removing products re-
sulting from decay. Kvery part of the developing
mass receiving its proper supply, growth may be as
active or more active in those portions which are
sitnated at the greatest distance from the point of
supply than in those quite close to it. The vessels
form a system of closed tubes composed of deli-
cate membrane. These tubes are continually being
traversed as long as life lasts by fluids holding in so-
lution or in suspension every_thin g that is required by
the growing tissnes which d lﬂ'er_ SO remnrk{l-biy from
one another in structure, chemmal.{:nmpnmtiun, and
physical and physiological properties. Th'ese f—ub?ﬁ
are everywhere so arranged that the contained fluid
may circulate very rapidly a,_nd very f’re:aly_. In this
way every part of the growing mass is nrigated, but
the growing tissue is not in contact with the nutrient
fluid. The wall of the tube intervenes, but this is
usually so very thin that solutions will pass through
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it very quickly in both directions. And, indeed, a
solution of substances adapted for the nutrition of
the tissues is continually flowing through the wall of
the vessels towards the bioplasm of the several tissues,
while substances, resulting from the decay of tissues,
also dissolved, flow in an opposite direction from the
tissues through the vascular wall into the blood. The
blood is driven through the vessels by the pump-
like action of the heart into the interior of which
the vessels open. (Page 24.)

479. Structures and Organs.—As the embryo in-
creases in size and advances in development strik-
ing differences in character become manifest in diffe-
rent parts. Peculiarities of structure are observable,
and the different structures perform very different
offices. The vessels in which blood circulates are,
however, distributed to them all, but the composition
of the blood is altered both as regards what it gives
up and what it receives, as it traverses the vessels
distributed to the several parts.

48. Alimentary Canal.—In vertebrate animals an
important tube is developed which is set apart for the
reception and preparation of the food, and although
this is not required during embryonic life, it must be
Jormed so that it may be ready to do its work-—to
perform its highly important function when the newly
formed organism comes into the world. Its charac.
teristics in every stage through which it passes durin
1ts construction prove to us that the form it was ulti-
mately to assume and the work it was to perform
were, as it were, anticipated from the first. For
months during its gradual formation it fulfilled no
useful purpose whatever, and yet change succeeded
change in pre-arranged order, until at last highly com-
plex structures, adapted for certain definite purposes
only, were evolved.  The formation of these is com.
plete, and they are ready to discharge their function
at the time when their activity becomes necessary to
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the maintenance of the life of the new being under
the greatly altered conditions of existence.

49. Glands for producing solvent fluids.—In this
digestive tube or cavity the undissolved food must be
acted npon, so that it may be dissolved in water. The
solution thus prepared is to be taken up or absorbed
by the blood. Various secreting glands are therefore
developed in connection with the digestive tube.
These select certain materials from the blood com-
mon to the whole body, and convert them into
fluids having very special and peculiar properties
and endowments, which when fully formed pass
away from the gland, being conducted by a tube
or duct to different parts of the canal, where they
become mixed with the food and exert their peculiar
influence. Such are the salivary glands of the mouth,
the stomach glands, the intestinal glands, the liver, the
pancreas, and several others connected with the in-
testine which need not be particularised now—each
taking part in a particular but very different ope-
ration. The saliva has the property of changing
starch into sugar, and in a few seconds. The gastric
juice dissolves meat and all forms of fibrin and co-
agulated albumen. The pancreas and the liver have
to do with the digestion of fatty matter, and the
secretions of the intestinal glands exert yet different
actions. From the digestive tube nutrient matter is
taken up by masses of bioplasm, and by these passed
on, as it were, to blood-vessels, as has been already
stated in § 40. The newly introduced pabulum is
converted into blood by bioplasm, and this blood is
driven through the minute vessels (capillaries) in
every part of the body. Tllmug!l the walls of the
capillaries, flnid transudes, which 1s takm_] up by the
bioplasm of the several tissues lying outside the vas-
cular canals. In a similar manner it is probable that
the bioplasm in the walls of the vessels and the 1._1'10-
plasm 1n the blood take up the matters resulting

e
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from the disintegration of tissues and return them in
a modified form to the blood.

50. The Blood.—The blood is the fluid from which
the material constituting all the tissues of the body
is derived. It exists at a very early period of develop-
ment, before the tissues exhibit their structural
character or special properties. The food we take is
not directly converted into tissue, but into blood.
Neither ave the substances resulting from the breaking
down of tissues at once converted into the materials
which are excreted from the body by the lungs, liver,
kidneys, skin, and intestines, but into blood. The
order of change therefore may be represented thus
L food; 2. blood; 3. tissue; 4. products of decay ;
O. blood ; 6. excreted malter. But if we take more
food than our body requires, the excess, after having
been converted into blood, is excreted without being
first converted into tissue. This excess is not only
useless, but its excretion may overtax our organs and
damage them very seriousl ¥, particularly if they arve
not of large size and in thoroughly good order. Kx-
cess of food is not unfrequently in this way the cause
of derangement of certain important organs, particu-
larly the liver and kidneys, and may occasion early
death. The blood is being continually renovated by
the conversion of food into it. The food does not
pass directly into the blood-vessels, but certain of its
constituents are selected and absorbed by the living
matter of the walls of the blood-vessels, and by that
of the blood itself. Tn this way the food is changed
and converted before it becomes blood.

S1. Bioplasm of the Blood.—The blood is not g
mere solution of food matter, but contains many
living particles in suspension, which circulate with
1, and grow and multiply, and arrive at matu.
rity and die, becoming resolved into matters which
are dissolved in the liguid which permeates the walls
of the vessels, and is applied to the nutrition of the

D
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growing tissues. The living particles of the blood
vary _greatly in size and number, according to the
quantity and nature of the food, and a number of
circumstances. There exists suspended in the fluid
portion of the blood, multitudes of living particles, so
minute that they cannot be seen by ordinary magni-
fying powers. These play a highly important part in
the phenomena of the body. I described these minutfe
particles of bioplasm in 1863.%

52. Red Blood Corpuscles.— Besides the particles of
living matter, the blood of all vertebrate animals
contains multitudes of small, soft, semi-solid particles
of a red colour, which give to blood its characteristic
appearance. In health, in warm-blooded vertebrata,
these are very numerous, and are known as the red
blood corpuscles. The fluid in which these little cor-
puscles are suspended is by them as 1t were much
divided, a small portion being smeared over each indi-
vidual red blood corpuscle. As these are kept by the
propelling power of the heart in continual motion, the
equable composition of the blood is maintained, and
a small quantity of the fluid portion is smeared upon
the wall of the vessel, and upon the bioplasm of the
capillary which projects into the cavity, as the red
blood corpuscles one after the other are driven into
contact with it. So perfect are these arrangements
in their working, that irregularities in the distribu-
tion of the fluid are corrected or compensated while
there exists also provision for ensuring that the
general composition of the blood shall remain con-
stant, in spite of its undergoing most important
changes in every part of its course.

%3, Liver for making Bile and altering the Blood. |

—The liver, unlike the other important secreting
organs developed in the embryo, attains f unctional im-
portance at a very early period of life. Long before

# «On the Germinal or Living Matter of the Blood.” Trans.
Mie. Soc., Dec. 9, 1863.

—
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birth, and long before most of the important tissues
of the body exhibit their characteristic structure,
some time before the intestine into which the secre-
tion of the gland is poured, is fully formed, the liver
not only possesses the structure it exhibits perma-
nently, but it performs its work, and probably in
much the same way as during later periods, when the
conditions under which life is carried on are so very
different from what they are during development. In
short, the liver seems to be formed as a permanent
organ almost from the very first, and fulfils two very
important functions. By its agency, certain matters
are separated from the blood, and converted into
two distinct classes of substances, one of which is re-
turned to the blood soon after its production, while
the other is carried away from the gland and poured
nto the intestine. The material formed by the liver
and returned to the blood is sugar, and that which is
carried to the intestine is bile, of which part seems to
be effete, and at last escapes from the bowel, while
part is re-absorbed in an altered state by the intestinal
capillaries, and mixed with the blood.

* 54. Lungs for respiration.—In another part of the
developing being organs are formed which are des-
tined to effect, without a moment’s interruption,
most Important changes in the blood, from the
mstant after birth until death. These organs are
the lungs, and as the blood traverses the capillaries
It takes up oxygen and gives off carbonic aeid and
other constituents.

55. The Kidneys for secreting.—The kidneys con-
tain bioplasm which selects various matters from
the blood. It undergoes change, and becomes re.
solved into certain con stituents, which pass away from
the body altogether. These glands attain their perfect
form slowly, and are preceded by temporary organs.

56, Cutaneous glands.—Glands are also found in
onnection with the skin, whoge office it is to

D 2



ab TEMPORARY ORGANS.

remove from the blood certain deleterious matters,
and discharge them in the form of perspiration and
sebaceons oily matter.

5%. These organs for the most part inactive during
embryonic life.—DBut to the embryo, with the exception
of the liver, the above organs are comparatively useless.
They are being formed for work, but are as yet in-
capable of work. Nevertheless, the work that will in
the future be discharged by them must be performed
somehow. Food must be introduced though the
digestive organs ecannot be used, oxygen must pass
into, and earbonic acid ont of, the blood, though the
luongs cannot act; and various deleterious excre-
mentitions materials must be got rid of, though the
glands being formed for this special purpose are
1noperative.

58. Temporary organs.— | here is an arrangement
specially to fulfil these duties for the time. Various
temporary structures which are discarded at birth,
or are gradually destroyed and removed after birth,
perform, and in a most perfect manner, the highly
essential operations which are afterwards carried out
in a very different way. From the blood of the
mother is taken the nutrient matter from which the
blood found in the vessels of the growing embryo is
prepared, and into the maternal blood some of the
products of decay are discharged. It likewise gives
oxygen to the embryo’s nutrient fluid, and receives
from it carbonic acid, which i1s ultimately execreted
by the maternal respiratory apparatus.

" 59. The Skeleton.—The firm internal bony skeleton,
characteristic of all vertebrate animals, and which
supports all the other tissnes of the body, is developed
at a time when no such support i1s required. When
the skeleton is first formed, it is as soft as the soft
tissues, and it only gradually ncquit:es firmmess as the
form of the several bones manifests itself. In the spft
state it is quite useless for the purposes for which
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it is required, and a further impprtant change i
necessary. The soft transparent tissue, of which it
1S In great part composed, becomes infiltrated wﬂ;h_
earthy matter, consisting principally of phosphate of
lime and magnesia, and this process continues in
progress even until after the animal has attained its
perfect form. But the bone, which is first produced,
15 only a temporary structure, and far too weak and
brittle for the requirements for, besides hardness,
bone must possess elasticity in some degree, so that
it may stand a sudden blow without breaking. The
whole of the bone first formed is, in fact, removed,
and gradually replaced by a firmer, harder, much
stronger, and more elastic and more permanent
tissue, very different in siructure from that which
preceded it. But this more perfect type of bone
tissue could not have been developed at the first.
Its production involved a number of preliminary
changes useless to the economy until the whole series
was fully completed. Nor from the structural cha-
racters of the early tissue would it have been possible
to premise the structure assumed by the permanent
bone. Here, as in so many other cases, we see highly
elaborate and complex structure anticipated, as 1t
were, at a time when its actual produetion would
have been impossible. Tt ig therefore certain, that
the most thorough knowledge of the properties of the
matter of a living being would not enable us to form
any conception of the form the tissues were ultimately
to take, or the office they were to discharge,

60. Nervous tissues.—The nervous tissue is de-
veloped pari passu with many other textures of the
body. And of all the tissues it undergoes the mogst
remarkable progressive changes. The relation of
Some nf_ the most important parts of the nervous
System ig being continually altered, and yet without
any dEl:ﬂDgement of function in any portion of it,
Nerve tissue comes into very close relationship with
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many other textures, and reaches the utmost confines
of the system. TIts structure is elaborate, and its
work in some cases never ceases for a moment as
long as life lasts. Unlike every other tissue in the
body, the nervous tissue exhibits uninterrupted con-
tinuity of texture. There is not a thread in any part
of the nervous system the tissue of which is not con-
nected with the nerve tissue of other parts,—which is
quite disjoined from other threads and nerve matter.

61. The muscular tissue 1s to be detected at a ve
early period, and two different kinds of tissue having
contractile property can be distinguished in man and
the higher animals. The movements of one being
under control of the will, throngh the interven-
tion of merve tissue is termed woluntary muscle, the
other, althongh equally under nervous control, is not
directly influenced by the will, and indeed contracts
withont our being conscious. This is called organic
or involuntary muscle. Such a division is, however,
not strictly accurate, and it is better to speak of these
two kinds of muscular tissue respectively as the striped
or tramsversely striated muscle and the wnstriped
muscle. Although examples of the first are usunally
under voluntary control, and therefore properly termed
voluntary muscle, instances are not wanting of striped
or transversely striated muscle which is not under
the influence of the will. At an early period of de-
velopment the striped muscle resembles the mnon-
striated in general appearances as will be dftsarihed
when muscular tissue comes under consideration.

62. The skin.—As would be supposed, a texture
composed of so many different tissues as the skin
and performing so many important functions, acquires
its perfect development but slowly. Connected with
the cutaneous system are nails, hairs, and in many of
the lower animals horny structures. The glands for
the secretion of the sweat open upon t].m sm-fnce of the
skin, and the sebaceous glands secreting oily matter

-— -
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near the mouth of the follicle in which the hair is
lodged. Lastly, in some parts of the skin, par-
ticularly the tips of the fingers, the lips, and the tip of
the tongue, a beautifully delicate apparatus connected
with the sense of touch is formed.

63. Mucous membrane.—Closely allied to the skin
in structure, and indeed continuous with it, is a sort
of internal skin called mucous membrane, which lines
the digestive apparatus from one end to the other,
and also the respiratory organs. The mncous mem-
brane is modified in structure in every part of its
course according to the offices it has to discharge.
In some situations the surface is hard and even
horny, while in others it is soft like velvet. Almost
dry and rigid in some places, in others consisting of
glands packed closely together and constantly secret-
ing an enormous quantity of fluid. Again, instead
of being a secreting surface, a considerable extent

18 modified to form a highly efficient absorbing
apparatus,

Besides the many tissues and organs already
enumerated, several very highly elaborate structures
are gradually formed which cannot come into use at
all until after birth. The development of these con-
tinues to advance for some time, and not only 1s it
doubtful if they attain their most perfect condition
before the adult period of life is reached, but it is
certain that some of them continue to improve for
many years afterwards.

64. Organ of smell.— The organ of smell ig in its
structure much simpler than the other organs of
Special sense, but the arrangement of the nervous
apparatus is very beautiful. The nerves come quite
to the surface, and it is probable that odoriferous par-
ticles come into actual contact with nerve tissue. The
olfactory mucous membrane in very young animals
18 & tissue in which the ultimate ramifications of nerve
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fibres and their relation to other tissue elements may
be studied with success.

65. Orzan of taste.—The tongue is a highly com-
plex organ ; not only is it exceedingly sensitive as an
organ of touch and tuste, but the muscles, of which the
substance of the tongue is entirely composed, are re-
markable for the delicacy and perfection of their move-
ments, and for the wonderfully rapid and varied con-
tractions executed by them, which are purely volun-
tary. The movements of the tongue so immediately
respond to the will that they almost seem to represent
the undulations of the mind. By its changes in form, at
the same time that a current of air is made to traverse
the vocal organ, by the action of other muscles, whose
contractions are harmonised with the lingual move-
ments, not only may ideas be expressed in words and
rendered evident to others almost as fast as they are
formed, bhut the sounds may be so accentuated as to
‘convey to the understanding of others far more than
is indicated by the mere words themselves.

66. Organ of hearing.—The ear is developed at
the time of birth, but it continues to improve even for
many years afterwards. Its structure is most elabo-
rate, and the arrangement of every part is such that
it 1s not possible to explain its construction by any
known laws. To attribute the formation of so com-
plex an organ, consisting of so many elaborate, inter-
dependent, and mutunally adapted parts to evolution
is mere trifling with words. A few years ago it
would have been said that its development was due to
the gradumal differentiation of the originally homo-
geneous—but such phrases are sad examples of what
by worldly-minded persons would be termed 1mposi-
tion. Statements of this kind would certainly justify
the inference of clever, if ungenerous crities, that the
authorities who employ them must have a supreme
contempt for the people whom they profess to be
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very anxious to teach, but whom they are really
trying to astonish only.

67. Organ of sight.—The eye, the result of a long
series of the most marvellous developmental changes,
at last appears an organ, the mere structure of the
nervous part of which has not even yet been thoroun ghly
elucidated. There is not a portion of the eye that
will not excite admiration on the part of the student
who investigates it. The adaptation of every struc-
ture to the work it will have to perform is most
remarkable, and whenwe consider that this organ, use-
less without light and formed for light, was produced
n utter darkness, it is difficult indeed to understand
how anyone can venture to adopt the belief that the
various arrangements of tissues are due to the opera-
tion of external circumstances, and the properties of
the mere matter of the body. From the very first the
perfect form the organ was to assume must, as it were,
have been determined and foreseen. To say that the
fully formed eye existed potentially in the masses of
bioplasm, from which its tissues were formed, neither
mdicates scientific knowledge, nor alove of accuracy,
nor candour. The very matter was absent, out of
which these tissues were to be formed, and yet their
formation was prepared for, and, as it were, antici-
pated from the very first. All the early and most im-
portant changes in the development of an eye cannot
be attributed to the operation of any external condi-
tions whatever. Th ey must be due to forces or powers
acting from within, and influencing the matter con-
stituting the bioplasm &t the time, and these forces
and powers exhibit nothing whatever in common with
any known forces, properties, or powers of non-living
matter. A

Mr. Darwin remarks that the telescope “ has been
perfecfe'd by the long-continued etforts of the highest
human mtellect” ; and, he Says, we “naturally infer (1)
that the eye has been formegd by a somewhat anala-
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gous process.” But natural inferences and analogical
arguments of this kind do not forward natural know-
ledge. The perfection of an optical instrument b

experiments conducted by man in daylight surely
throws marvellously little light upon the question of

the formation of an eye in darkmess, altogether
without man’s agency.

We have seen that, as development proceeds, the
original mass of simple living matter gives rise, by
growth and subdivision, to multitudes of descendants,
which succeed one another in regular order until at
last a nmmber of bioplasts result, which take part in
the formation of tissues differing remarkably from
one another in properties, and organs which per-
form very different kinds of work, duty, or function.
But all the different tissues and organs are supplied
by vessels and all nourished by the same blood. By
the agency of bioplasm, however, very different sub-
stances are produced, although the elements of all are
derived from the same blood. Thus, saliva, gastric
Jwice, bile, and wrine have very few properties in

common ; they are secretions, having very different.

chemical composition and properties, and perform
very different offices. Yet they are all formed from
the blood by different kinds of living matter. It is
very remarkable that all these bioplasts which have
resulted by descent from the same original mass should
possess endowments as different from those of the
original parents of them all as they are from one
another.,

No adequate explanation has ever been given of
this fact. It will be found upon examination that all
the explanations that have been offered only amount
to statements of the fact itself in a somewhat round-
about way. Nor can the formation of tissue be ade-
quately accounted for. Form and structure result
from the formless and structureless, but to attribute

——
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such phenomena to what has been called ¢ diffe-
rentiation,” is simply degrading science. We are
quite ignorant of the exact nature of the changes that
occur, but we do know that the bioplasm lives, and that
the tissue formed by it does not live. We shall see that
the distinction between the matter which is actually
Living and that which is not living is a cardinal fact
of very great importance. This indeed appears to
me to form the very starting point of physiology.
Without recognising the distinction between the
living and the non-living, all discussion concernin

the phenomena of living beings will only lead to
vague and contradictory conclusions, and the use of

terms and phrases which perplex the student instead
of helping him to learn.



LECTURE 1V.

Process of Imvcsi—iyatiﬂn——ﬂﬂcrnscnpis Characters o
Bioplasm—Mode of Growth of Bioplasm of a simple
Vegetable Tissue— Sugar Lungus—Bioplasm  of
Animal Tissue— Batremity o Tuft of Placenta—
Bioplasm of Hair—Bioplasm’ of Ameeba— Bioplasm

of Mucus—Movement of Bioplasm—Irritability and

Contractility—* Molecular Machinery ” — Bioplasm

constituting new Centres, or Nuclei and Nucleoli—

Production of Formed Material— Structure of a

Spore of Mildew—Growth—How is the new Matler

added ?—Importance of the Changes.

6S. Process of Investigation.—In order to dis-
tinguish the invariably transparent living matter or
bioplasm from the frequently transparent formed
material, it is necessary to pursue a particular method
of investigation, which I have fully described else-
where.* The value of this process depends upon the
fact that all bioplasm is coloured red by an ammoniacal
solution of carmine, while all formed material, not-
withstanding vt has been traversed by the alkaline
colowred fluid, remains perfectly colourless. In prac-
tice, certain precautions are necessary, and the density
and composition of the colouring fluid must be
shghtly varied in special cases. But it is necessary
that I should state distinctly that, if the process be
properly conducted, every kind of living or ger-m-ii;ftl
matter or bioplasm receives and fiwes the colour, while
no kind of formed material known is stained under the
same circumstances. I shall have to direct attention

* « How to Work with the Microscope.” 4th edition.
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to the fact, that the proportion of bioplasm in the
same tissue varies at different ages, and that in many
different forms of disease the morbid change essen-
tially depends upon a considerable increase in the
amount of bioplasm. These facts are most positively
demonstrated in specimens prepared according to the
method described. Moreover, I shall, by the aid of
this mode of investigation, be able to show where the
bioplasm ceases and the formed material commences,
and in some instances, to distinguish which part of a
" mass of bioplasm was first and which last formed. The
action of the carmine fluid upon the bioplasm is well
illustrated by a well-prepared specimen of cartilage
of the frog or newt. The cartilage fissue, matriz, or
Jormed material is left perfectly colourless, and
although 1t consists of a firm, and not very per-
meable material, it has been freely traversed by
the carmine fluid. The rapidity with which a com-
paratively thick layer of the formed material may
be traversed by the dark red solution is very remark-
able. To illustrate this fact, a few cells may be
taken from the liver of a mouse recently killed. The
carmine fluid may be allowed Just to pass over the
cells, and the excess at once washed away with a
little weak glycerine. The whole operation can be
performed in less than half a minute, and yet the
bioplasm of every cell, in this case called the nucleus,
will be coloured bright red, while the outer formed part
will be left colourless and unchanged. The formed
material in this instance consists of a thick layer of soft
matter, which, however, has been freely traversed in
the course of a few seconds by a fluid which contains
glycerine, .and is of higher specific gravity than
blood-serum.* This enables us to form some idea of

* The fluid which I use in the preparation of my specimeng
has the following composition :—Carmine, 10 grains ; strong
liquor ammonia, § drachm ; rectified gpirit, 4 ounce ; Price's
glycerine, 2 ounces; distilled water, 2 ounces, The carmine
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the great rapidity with which nutrient fluid passes
throngh the tissue or formed material towards the
bioplasm or living matter of the cell or elementary
part during life. Even the firm and resisting matrix
of cartilage is readily permeated by the carmine
fluid without being stained in the slightest degree,
while the masses of bioplasm are deeply tinged.

69. Colour not due to mere tinting.—The effect
produced is very different from the mere tinting
which results from soaking tissues or other bodies in
coloured fluids. The staining of the bioplasm depends
upon altogether different circumstances, and from it
we learn highly important facts. Of course every
kind of matter may be tinted,—rag, paper, wood,
silk, bone, teeth, shell, and almost every formed
matter in nature may be coloured bright red by being
soaked in certain coloured fluids. As formed material
of any kind can thus be dyed, some observers with-
out paying the least attention to the observations
which have been made, and without even looking at
the specimens and drawings with which my investi-
gations have been illustrated, have hastily inferred
that by carelessly steeping tissues in various colour-
ing fluids, all the advantages afforded by the use of
an ammoniacal solution of carmine can be gained.
I cannot discuss the matter in this place, and shall
content myself with directing attention to the evi-
dence adduced. The ridiculous objections that have
been advanced even by persons in positions of autho-
rity may be replied to by specimens anyone can make
for himself with a little trouble, and by the confirma-
tory researches of observers who have not already com-
mitted themselves to doetrines concerning .the nature
of the phenomena of living beings which are incom-

may be increased to 15 grainsif it is desired to stain soft tissues
very quickly. In some cases it is necessary to add a little water,
and in others more aleohol must be added in order to make the
solution permeate the tissue freely.
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patible with well-authenticated facts of nature, and
calculated only to mislead.

70. Microscopic. characters of Bioplasm.—The
characters of bioplasm may be studied in the lowest
organisms in existence and in plants, as well as in
man and the higher animals. Being so very trans-
parent and often embedded in dark and more or less
opaque tissue, bioplasm has often been overlooked
and has been mistaken for mere passive fluid occupy-
Ing a space or vacuole in the tissue. We shall have
many opportunities of studying it, but it may be well
to repeat that bioplasm or living matter is, as far as
can be ascertained by examination with the highest
powers, perfectly structureless. It exhibits the same
characters at every period of existence, and in every
living organism.

%1. Bioplasm of sugar fungus.—The bioplasm of
the thallus of the growing sugar fangus exists in
considerable quantity, and is well adapted for exami-
nation. [t may be found in abundance in mould
Jam, and it may be stained without much difficulty.
The growing extremity of the branch is rounded, and
here the process of growth is going on with great
activity ; new living pabulum is being converted into
living bioplasm with great rapidity. When the ope-
ration of staining has been conducted successfully,
these growing extremities will be found to be much
more deeply stained than the rest of the bioplasm,

2. Bioplasm of tuft of placenta.—A correspond-
ing fact may be demonstrated if one of the little tufts
of the placenta (a temporary organ of the embryo by
which the nutrient matter is separated from the
maternal blood, and which also 'effects the necessa
changes as regards oxygen and carbonic acid) is sub-
mitted to examination. At the extreme end of each
tuft is a collection of bioplasts which is intensely
stained by the carmine flnid. Behind this, and
growing towards it, ig the vascular loop ; but as the
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tufts grow, the mass of formless, structureless bio-
plasm at the end of each moves onwards, the vessels
being developed in its rear. This formless living
matter moves forwards, burrowing, as it were, into
the nutrient pabulum, some of which it takes up as
1t moves on. It is not pushed from behind, but it
moves forwards of its own accord. In a similar man-
ner the advancing fungus bores its way into the
material upon which it feeds, and the root filament
insinuates itself into interstices between the particles
of the soil, where it finds the pabulum for its nutri-
tion.

=3, Bioplasm of the hair.—In the hair the bioplasm
grows and multiplies at the base or bulb, pushing the
firm and already formed tissme before it. The bio-
plasm of the root of a plant increases at the extremity
of a filament which it spins off, as it were, behind it;
in the case of the hair, on the other hand, the tissue
already formed is pushed on by the production of new
texture in its rear. The extremity of the hair is its
oldest part, and mearest to its root is the tissue
which was most recently formed from pabulum
absorbed from the blood.

%4. vital power.—But whether bioplasm moves on
in its entirety, or,advancing from a fixed point, forms
a filament, a tube, or other structure which accumu-
lates behind it, or remains stationary itself, while the
products of formation are forced onwards in one
direction, or outwards in all, the nature of the force
exerted is the same, and due to the marvellous power
which one part of a living mass possesses of moving in
advance of other portions of the same, as may be actually
seen to occur in the humble ameba, wn the mucus or in
the white blood-corpuscle from man’s organism, as well
as in the pus-corpuscle formed in disease. *

75. Ameba.—Among the simplest living things
known to us are the ameebee, which might be almost
described as animate masses of perfectly transparent



BIOPLASM IN DIFFERENT ORGANS AND TISSUES. 49

movirg matter. Amaba can be obtained for exami-
nation by placing a small fragment of animal or vege-
table matter in a little water in a wine-glass, and
leaving it in the light part of a warm room for a
few days. TIhave found it eonvenient to introduce
a few filaments of cotton wool into the water. The
ameebee collect amongst the fibres, which prevent them
from being crushed by the pressure of the thin glass
cover. The delicate material of which these simple
creatures are composed exhibits no indications of
actual structure, although it is darker and more
granular in some parts than in others.

76. Bioplasm in different organs and tissues.— The
bioplasm of all organisms, and of the tissues and
organs of each organism, exhibits precisely the same
charvacters. Tt lwes, and grows, and forms in the
same way, although the conditions under which the
phenomena of life, growth, and formation are carried
on differ very mueh in respect of different kinds of
living matter. A temperature at which one kind will
live and grow actively will be fatal to many other
kinds. So, too, as regards pabulum—substances
which are appropriated by one form of bioplasm will
act as a poison to another. But the way in which
the bioplasm moves, divides and subdivides, grows,
and undergoes conversion into tissue, is the same in
all. Many remarkable differences i the structure,
properties, action, and character of the things that
are formed are associated with close similarity, if not
actual identity, of composition of the matter that
forms them. These differences cannot, therefore, be
attributed to the properties of the elements, to physieal
forces, chemical affinities, or to characters which we
¢an ascertain or estimate by physieal examination, but
they must be referred to a difference in power which ig
mherited from pre-existing bioplasm, which we can.

not isolate, but which it would be quite unreasonable
| to ignore,

E
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9'%. Movements of bioplasm.—One characteristie of
every kind of living matter is spontaneons movement.
This, unlike the movement of any kind of non-living
matter yet discovered, occurs in all directions, and
seems to depend upon changes in the matter itself,
rather than upon impulses communicated to the par-
ticles from without. I have been able to watch the
movements of small ameebee, which multiplied freely
without first reaching the size of the ordinary indi-
viduals. I have represented the appearance under a
magnifying power of 5,000 diameters of some of the
most minute amecebae I have been able to discover.
Several of these were less than +5%555th of an inch
in diameter, and yet were in a state of most active
movement. The alteration in form was very rapid,
and the different tints in the different parts of the
moving mass, resulting from alterations in thickness,
were most distinctly observed. In these movements
one part seemed, as it were, to pass through other
parts, while the whole mass moved now in one, now
in another direction, and movements in different
parts of the mass occurred in directions different
from that in which the whole was moving. What
movements in lifeless matter can be compared with
these ?

=&, Changes ending in formation of a capsule.—
The movements above described continue as long as
the external conditions remain favourable; but, if
these alter and the ameeba be exposed to the influence
of unfavourable circumstances—as altered pabulum,
cold, &c.—the movements become very slow, and
at last cease altogether. The organism becomes
spherical, and the trace of soft formed material upon
the surface increases until a firm protective covering,
envelope, or cell-wall, results. In this way, the life of
‘the bioplasm is preserved until the return of favour-
able conditions, when the living matter emerges from
its prison, grows, and soon gives rise to a colony of
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new amcebz, which exhibit the characteristic move-
ments.

79. Mucus Corpusele.—Every one knows that upon
the surface of the mucous membrane of the air-
passages, even in health, there is a small quantity of
a soft viscid matter generally termed mucus. This
mucus, said to be secrefed by the mucous membrane,
contains certain oval or spherical bodies or corpuscles,
which are transparent and granular. From the
changes of form which take place in them, it is cer-
tain that the matter of which they are composed is
almost diffluent. These corpuscles are mucus COTPU-
scles, but they have no cell-wall. They are separated
from each other by, and are embedded in, a more or
less transparent, viscid, tenacious substance formed
by the corpuscles themselves, and termed maucus.

80. Its vital movements.—No language could con-
vey a correct idea of the changes which may be seen
to take place in the form of a living mucus or pus
corpuscle or white blood-corpuscle; every part of the
substance of the body exhibits distinct alterations
within a few seconds. The material which was in
one part may move to another part. Not only does
the position of the component particles alter with
respect to one another, but it never remains the same.
There is no mere alternation of movements as in mus-
cular contraction. Were it possible to take hundreds
of photographs at the briefest intervals, no two would
be exactly alike, nor would they exhibit different
gradations of the same change ; nor is it possible to
represent the movements with any degree of accuracy
by drawings, because the outline is changing in many
parts at the same moment. I have seen an entire
corpuscle move onwards in one definite direction for
a distance equal to its own length or more. Pro-
trusions would occur principally at one end, and the
general mass would gradually follow. Again, pro-
trusions would take place in the same direction, and

E 2



E

5 OF THE MOLECULES OF BIOPLASM.

slowly the remainder of the corpuscle would be
dra.wn. onwards, until the whole had moved from the
place it originally occupied, and advanced onwards
for a short distance in the mucus in which it was
embedded. From the first protrusions smaller pro-
trusions very often occur, and these gradunally become
pear-shaped, remaining attached by a narrow stem,
and in a few seconds perhaps again become absorbed
into the general mass. From time to time, however,
some of the small spherical portions are detached
from the parent mass, and become independent
masses of bioplasm, which grow until they become
ordinary *mucus corpuscles.” Are these phenomena,
I would ask, at all like any known to occur in Lifeless
material ?

S1. Of the molecules.—The component molecnles
evidently alter their positions in a most remarkable
manner. One molecule may move in advance of
another, or round another. A portion may move
into another portion. A bulging may occur at one
point of the circumference, or at ten or twenty dif-
ferent points at the same moment. The moving
power evidently resides in every particle of the very
transparent, invariably colourless, and apparently
structureless matter. By the very highest powers
only an indication as if of minute spherical particles
can be discerned. Because ‘“molecules’ have been
seen in some of the masses of moving matter, the
motion has been attributed to these visible particles.
It is true the molecules do move, but the hiving trans-
parent material in which they are sitmated can be
seen to move away from the general mass, and into
this extended portion the molecules or granules then

ass. The perfectly transparent matter moves first,
and the molecules flow into it or are moved with it.
The movements cannot, therefore, be ordinary mole-
cular movements. It has been said that the move-
ments may result from diffusion, but what diffusion
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or other movements with which we are acquainted at
all resembles these? Observers have ascribed the
motion to a difference in density of different parts of
the mass, but who has been able to produce such
movements by preparing fluids of different density ?
But further, in the case of bioplasm or living matter,
these supposed fluids of different density in some un-
explained way make themselves and in some undis.
covered manner retain their differences in density !

S82. Irritability —Centractility,—Nor is it any ex-
planation of the movements to attribute them to
inherent “irritability,” unless we can show in what
this irritability essentially consists. Some authorities
- dismiss the matter by saying that the movements
- depend upon the property of “ contractility,” but the
movements of bioplasm are totally distinct from * con-
tractility,” such as is manifested by muscular tissue.
These remarkable movements take place in every
direction, and every movement differs from the rest,
while in muscular contraction there is a constant
repetition of changes occurring alternately in divec-
tions at right angles to one another. Hence, if the
movements in question be due to contractility, it is
Decessary to admit two very different kinds of con.
tractile property, which are not of the same natore
and not due to like circumstances.*

83. Movements in the bioplasm of plants.—The
movements in the mucus corpuscle and in the amaba,
are of the same nature as those which occur in the
bioplasm of many plants, as is easily observed in the
cells of the leaves of the vallisneria or the anacharis,
n the chara, and in the hairs of the flower of Tra.
descantia ; and the appearance of the living matter
~under very high powers is precisely the same in all

cases,

84. Movements in morbia bioplasm.—Similar

* See my paper “On Contractility as distinguished from
purely vital movements.” —¢ Tpung. Mie. Soe.,” 1866,
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movements certainly occur, in the white blood cor-
puscle and in the lymph corpuscle, as well as in pus,
and in cancer, and in every kind of living matter in
health and in disease, though the movement is not in
all cases sufficiently active to be easily detected. In
some instances the movements continue for many
hours after the living matter has been removed from
the surface upon which it grew. In other cases, and
we shall not be surprised that this should be so in
the higher animals, death occurs the instant the con-
ditions under which the living matter exists are but
slightly modified. In many instances no movements
can be seen, but the evidence of their occurrence is
almost as decided as if they were visible, for we
demonstrate certain results which cannot be explained
unless such movements as those referred to have
taken place.

I have often tried to persnade the physicist, who
has so long prophesied the existence of molecular
machinery in living beings, to seek for it in the
“ colourless, structureless,” bioplasm. But he con-
tents himself with asserting that such machinery
exists, although he cannot see it or make it evident
to himself or others.

83. Bioplasm constituting new centres.—Nuclei
and nucleoli.—In many masses of bioplasm a smaller
spherical portion, often appearing to be a mere point,
is observed. As already mentioned in 36 §, this is
known as the nucleus. In some cases this divides
before the division of the parent mass takes place.
The ‘division of the nucleus is not, however, necessary
to the division of the surrounding bioplasm, as was
formerly supposed, for division takes place in cases in
which no nuclei exist. Moreover it frequently hap-
pens that one or more of these smaller spots or
spherical masses (nuclei) may appear in the substance
of the bioplasm, after a portion has been detached
from the parent mass. These are new centres composed
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of living bioplasm. Within them a second series
(nucleoli) is sometimes produced. Marvellous powers
have been attributed to nuclei and nucleoli, and by
many they are supposed to be the agents alone con-
cerned in the processes of multiplication and reproduc-
tion. These bodies are always more intensely coloured
by alkaline colouring matters than the other parts of
the living matter or bioplasm, a fact which 1s alone
sufficient to show the difference between a true nucleus
or new centre, and an oil globule, which has often been
wrongly termed a nucleus or a nucleolus. In certain
cases 1t would appear that as the process of formation
of new centres, one within the other, proceeds, new
powers are acquired, or, if we suppose that all pos-
sessed the same powers, those masses only which were
last produced retain them, and manifest them when
placed under favourable conditions.

86G. Nuclei and nucleoli do not produce formed
material.—Although nuclei and nucleoli are bioplasm,
they do not undergo conversion into formed material.
Under certain conditions the nucleus may increase,
and exhibit all the phenomena of ordinary bioplasm— -
new nuclei may be developed within it, new nucleoli
within them; so that ordinary bioplasm may become
formed material, while its “nucleus” grows larger
and becomes ordinary bioplasm. The original nu-
cleolus then bécomes the nucleus, and new nucleoli
originate and make their appearance in what was the
original nucleolus. The whole process consists of
evolution from centres, and the production of new
centres within pre-existing centres. Zones of colour,
of different intensity, are often observed in a young
elementary part coloured by carmine ; the outérmost
or oldest, or that part which is losing its vital power,
and becoming converted into formed material, being
very slightly coloured,—the most central part, or the
nucleus, although furthest from the colowring solution
exhibiting the greatest intensity of colour, ;
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89. Biopiasm destitute of nuelei.—Bioplasm in a
comparatively quiescent state is mnot unfrequently
entirely destitute of nuclei, but these bodies some-
times make their appearance if the mass be more
freely supplied with nutrient matter. This fact may
be noticed in the case of the connective tissue cor-
puscles, and the masses of bioplasm connected with
the walls of vessels, nerves, muscular tissue, epithe-
lium, &c., which often exhibit no nuclei (or according
to some, nucleoli) ; but soon after these tissues have
been supplied with an increased quantity of pabulum,
as 1 have shown is the case in all fevers and in.
flammations, several small nuclei make their ap-
pearance in different parts of the bioplasm.

88. Mode of origin of nuciei.—So far from nuclei
being formed first and the other elements of the
elementary part afterwards, deposited around them, as
used to be taught, they make their appearance in the
substance of a pre-existing mass of bioplasm, as has
been already stated. The true nucleus and nucleolus
are not composed of special constituents differing
from the bioplasm in chemical composition, nor do
they perform any special operations, Small oil-glo-
bules, which invariably result from post-mortem
change in any forma of bioplasm matter, have often
been mistaken for nuclei and nucleoli, but these terms
if employed at all should be restricted to the new
centres of living matter referred to.

89. Production of formed material from bioplasm.
—We have now to concider the manner in which the
formed material is produced from the clear, trans-
parent structureless bioplasm,—and this is a most in-
teresting inquiry, involving questions of fundamental
importance. It has been shown that the ameeba may
become surrounded by a capsule (§ 78), and the
outer part of a mucus corpuscle become firmer than
bioplasm, so as to form a “ cell wall” to the oval mass
of living matter. This alteration is probably de-
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pendent in great measure upon change in the external
conditions. When these are favourable, the bioplasm
of the amceba and the mucus corpuscle grows very fast
and multiplies rapidly, but when the external condi-
tions are unfavourable, and the supply of pabulum
very limited, the bioplasm ceases to increase rapidly,
and becomes changed upon the surface; a firm mate-
rial being produced which protects the living matter
within from destruction, but which renders its free
movement impossible. Under such circumstances,
the so-called mucuns corpuscle may assume the cha-
racters of an epithelial cell.

But the growth of bioplasm and the production of
the formed material can be so well studied in the
lower fungi, that I shall venture to draw attention to
the phenomena as they occur in a specimen of this
lowly organism before alluding to the change as it
oceurs in man and animals.

90. Structure of a spore of mildew.—If one of the
simplest structures—the microscopic sporule, which is
so light that it may be wafted long distances by
currents of air—be examined, we shall find that it is
not the same in every part. It consists externally of
a delicate transparent, glass-like texture, and within
of a material having a very faintly granular . ap-
pearance. In order to demonstrate this fact, a little
ordinary mildew dust, which is one of the lowest
forms of existence, may be examined. The little
round bodies which compose it are comparatively
large, and well suited for investigation. They may
be studied in glycerine under a twelfth of an inch
object glass. Kach of these corresponds to a single
cell or elementary part of the more complex tissnes. It
has a tolerably thick well-defined outline, while the in-
terior I perfectly transparent. When this transparent
matter is expressed and placed under very hich magni-
fy_lng POWErs, numerous very minute particles like dots
will be observed. Here then are two kinds of ma.-
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terial, the one situated externally, firm, glass like,
and arranged so as to form an investing membrane
closed at all points ; the other lying within, soft, and
exhibiting no form or structure whatever.

91. Change in the spore.—If one of these spores
falls upon a moist surface where the conditions favour-
able for its development are present, it soon undergoes
remarkable changes, and abundant growth oceurs, so
that by the germination of this one minute particle
many hundred times its weight of material may result
in a very short time, and every portion of the newly
formed bioplasm is itself capable of further growth.
The changes which occur are of exceeding interest
and worthy of the most attentive study. The facts
which we shall learn cannot fail to influence our
general conclusions concerning the nature of the
process of growth as it occurs in all living things
in health and disease, while at the same time they
serve to impress upon us forcibly the amazing dif-
ference between growth, as it occurs even in this
simple organism, and the mere increase in size which
the crystal undergoes, and which has been very
wrongly termed growth.

92. Growth of the bioplasm.—Next a new change
is observed at ome point in the membrane. A small
orifice is seen, throngh which a little of the granular
contents of the capsule, covered by a thin layer of
the inner part of the membrane, makes its way, and
thus a small pear-shaped nodule is formed which
projects throngh the external membrane. This then
grows very quickly, and soon forms a sort of process
or outgrowth, still connected with the original mass
of bioplasm by a very thin pedicle. Growth continues
with considerable rapidity, and soon a new oval spore
like the original one results. These facts may be de-
monstrated in the rapid multiplication of the yeast-
cells in ordinary fermentation. The point of attach-
ment becomes less and less, until at last it is completely



ANOTHER KIND OF GROWTH. 59

separated, and the bud or offset becomes a free and in-
dependent particle, exactly resembling that from which
it sprung (except that it is smaller), and capable of
growing and giving rise to new individuals like itself,
by a repetition of the process by which it was formed.

93. Another kind of growth.—The above 1s one
way in which the particles may multiply, but there
are others. In one of these, too, an orifice forms n
the membrane of the particle of mildew, and a Little
of the soft transparent material escapes, but it does
not separate as in the first instance; 1t remains
in connexion with the mass, and grows out into a
narrow thread-like process. A long undulating stem
gradually results, from various parts of which new
buds proceed which grow, and branch like the original
one, and sometimes with astonishing rapidity. At
first the membrane or formed material of these
branches is extremely thin, but it gradually becomes
thickened by the deposition of new formed material
within, until it acquires considerable firmness, and
at the same time it increases in breadth. If the
conditions cease to be favourable to growth, the
branches. cease to extend, and the membranous
protective covering acquires increased thickness.
Within the sheath is found the transparent matter,
from which a number of little spherical bodies or very
minute growing particles like those observed within
the spherical spore may be obtained.

94. Increase of bioplasm and production of formed
material.—These two processes—the extension of
bioplasm and the production of formed material—
occur under different and often opposite conditions ;
the circumstances favourable to the rapid increase of
bioplasm being unfavourable to the production of
formed material, and wvice versd, so that an abundant
supply of pabulum is associated with rapid growth of
the bioplasm, a scanty supply with the production of
formed material. The former is a very rapid process,



60 DEATH OF THE MILDEW,

the latter a slow one. In 4 few hours bioplasm may
multiply itself a hundredfold, but days or weeks may
be required for the formed material to double in
amount. If, after rapid growth from exposure to
favourable conditions, the bioplasm be brought under
the influence of adverse circumstances, the formed
material gradually increases in thickness. At the
same time the amount of bioplasm becomes less and
less, for it undergoes conversion into the formed ma-
terial. The latter, therefore, becomes thickened by
deposition, layer within layer. At last a mere speck
of bioplasm may remain, surrounded by a very thick
investing membrane, which acts as a most efficient
protection to the trace of bioplasm that remains.
This being protected resists the influence of extreme
cold and retains its vitality until external conditions
become again favourable, ‘when the trace of living
bioplasm soon increases, pushes through spaces or
orifices in the thickened membrane, much of which it
eéven consumes as pabulum, and the rapid growth
already referred to is resumed.

95. Death of the mildew.—If such 3 living thing
be placed under certain unfavourable conditions, its
vital properties will be destroyed. The transparent
living matter in its interior will shrivel up and die,
but this will be attended by no obvious alteration in
the external membrane. "The part which exhibits
form (formed matter) remains ; that which is without
form (living matier) is alone killed or destroyed.

96. How is the new matter added produced >—In the
thickening of the outer formed matter then, how is
the new material produced ? Ts the thickening oc-
casioned by deposit upon the outer surface of the in.
vesting membrane, or is the new matter produced by
the soft, formless matter in the interior ? To put the
question still more simply, is the transparent capsule,
the so-called cell-wall, formed by deposition of matter
from the fluid surrounding it, as in the increase of a
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cerystal, or is it formed from within P Whic]il 18 the
oldest part of the capsule, its external or internal
surface ¥ If the new matter were deposited upon the
outside, we should expect to find that the membrane
would become thicker and thicker as the growth of the
organism advanced, while the centra] portion would
remain unaltered. This, however, is not the case,
On the contrary, we find that as growth proceeds, the
wall in most cases becomes considerably thinned, It
18 clear,} therefore, that any increase in size cannot
be due to deposition from without. The matter de-
posited upon the inner surface of the capsule is
always softer than its general substance, and the
external surface of old capsules is cracked and ragged.
This ragged portion is oldest. In many of the algzw
(sea-weeds) this external surface serves as a nidus for
the development and growth of smaller algee—a, fact
which clearly shows it has ceased to be active, is
undergoing disintegration, and becoming fitted for
the pabulum of other things, and no longer capable
of resisting the action of external conditions. This,
the oldest part of the capsule, is now undergoin
decay, and the small alge are living in part upon the
products thus produced. The new material is in.
variably added upon the innep surface of the capsule,
layer within layer. Ofthe several layers the innermost
1s the youngest, and the outermost the oldest portion
of the structure. From thig 1t follows that the jn.
animate material for the nourishment of these living
things must pass throu gh the outer mem brane, and be
taken up by the living matter within, which commny.
nicates to it the same properties and powers which
this living matter itself possesses, and which it hgg
inherited from pre-existing particles, At present we
cannot get further than thig. I am ignorant of the
cause of the changes which occur, but the facts ag I
have stated them are true.

9%7. Importance of these changes in bioplasm,—



62 MICROSCOPICAL PREPARATIONS.

This rapid increase of bioplasm under favourable
conditions 18 a fact of the greatest interest and im-
portance in reference to certain changes occurring in
disease of the higher tissues of plants, animals, and
man. For we shall find that just as the bioplasm of
the fungus may grow and live and give rise to new
bioplasm at the expense of the formed material already
roduced, so the bioplasm of an elementary part of
the highest organism may increase and consume its
formed material. In this way we shall see that firm
and scarcely changing tissue may become the seat of
active change, and ultimately be removed. Thus is
the fatty matter of adipose tissune removed, and the
hard, compact tissue of bone scooped out to make
room for new osseous texture. In this way the
abscess and the ulcer commence, and the “ softening ™
of cartilage and other hard textures is brought about.
The pathological process known as ‘ inflammation ™
is due to the increase of bioplasm. In certain forms
of cancer the process is seen in its most active, and
to us, most painful form ; for as the growth proceeds,
not only is the formed material of adjacent textures
rapidly consumed, but no sooner has the soft cancer-
tissue been produced, than itis consumed in its turn by
new cancer-tissue, and this by more, until an enormous
mass of soft, evanescent, spongy texture results,
which destroys the poor patient by its enormous exac-

tions upon his terribly exhausted system.

MICROSCOPICAL PREPARATIONS ILLUSTRATING LECTURE TV

No. of diameters

magnified.

12. Bioplasm in act of division, certilage, newt .. o i
13. Bioplasm from mucus from the throat i Sl |5
14. Spores, &e., sugar fungus o .4 55 o Eﬂ[}
15. Growing spores, penicillium .. = .. ota .. 700
16. Growing branches and fructification, spores, peni-

eillium . = .o .o aca .« 210
17. Budding and branching of sugar fungus .. 215

18. Masses of bioplasm at the extremity of radicle of

growing potato e . . . 130
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LECTURE V.

Of BElementary Organs and Tissues—Of the Functions
of Organs and Tissues—Changes dm:mg Life—Of
the Elementary Units— Hrroneous wviews on Cell-
Formation—Formation of the Unit or Cell—Formed
Matter—Things essential to the Cell—Nutrition of
an Klementary Part—Of the increase of Clells—
Cuticle—Hair, Horn, Nail—Epithelial —Textures
hardened with Calcareous Matter—Enamel—Den-
tine—Dentinal * tubes” — Of Secreting Cells —
Different Products formed by the same Bioplasm—
Fat - Cell — Starch - Cell— Secondary Deposits—
Ciliated Cells—Pigment Cells—Salivary Corpuscles.

98. Elementary organs and tissues.— The body of
the adult man or animal is made up of many different
organs, which perform very different offices. These
all derive the elements of their nutrition from the
blood, and are all under the control of the nervous
system. The nervous system consists of many dif-
ferent parts, but these ‘are all connected by inter-
communicating cords or nerve fibres. Fach organ is
composed of a great number of elementary organs
closely resembling one another, and so combined
that the work of all is united together. THvery
elementary organ is made up of a variety of textures
differing from each other in appearance and struc-
ture, and in the offices they discharge.

99. Tissues of a limb.—[f 1 transverse section be
made, for example, of the fore leg of an animal, we
find externally a texture which is well known to all
as the skin—a tissue not simple in its structure, but
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made up of several parts, each performing an im-
portant office or function. Beneath this, proceeding
from without inwards another tissue comes into view,
very different from the first, called fat, or as it is
termed more correctly, adipose tissue. Beneath this,
again, 1s ‘a firm, unyielding, glistening material,
spread out like a membrane, admirably adapted for
the protection of the more delicate structures beneath,
This is composed of a form of white fibrous tissue.
which is called Fascia. Next to this we come to a
peculiar tissue, which alternately becomes shortened
and lengthened according as it is influenced by
nerves. The change is said to depend upon the
property of contractility. Ordinarily, the tissue in
guestion is spoken of as flesh, but we call it muscle.
In connection with this, we invariably notice certain
cords which are the nerves. Their office is to bring
the muscular substance into relation with the brain and
other parts of the nervous system, and to convey to it
from the nerve centre those various impulses by which
not only its contraction and relaxation is effected,
but by which the exact degree of contraction willed
is established. Besides the tissue described, we
observe in various parts of the limb certain tubes,
which are of two kinds—the one, with thick, tough,
and very elastic walls; and the other, with walls less
elastic, thinner, and flaccid. Both sets of tubes are
in connection with the heart, but the one set (arteries)
performs the office of conveymng the blood from the
heart to the tissues; the other (veins), that of re-
turning the blood from the tissues to the hf—&&rt,
§§ 40, 46. Besides these, there are some very dehcat:e
tubes which are called lymphaties, which transmit
a colourless fluid from the tissues to the venous
circulation. Lymphatics cannot be seen without
being filled with some coloured substance. Lastly,
we notice the bone, a firm, hard, solid tissue, in the
interior of which is a cavity containing that peculiar
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modification of adipose tissue known as medulla or
marrow.

100. Of the functions of Organs and Tissues.—The
functions or offices discharged by organs and tissues
have been divided into two greaf classes, the animal,
and the organic or wegetative functions. The one
class is characteristic of the higher animals only, but
the other is common to all living things. This divi-
sion, however, is not strictly accurate, for, in man
- and the higher animals, the so-called vegetative func-
tions could not be performed, if the so-called organs
of animal life did not act properly. The animal and
organic functions of the higher animals are mutually
dependent, and cannot strictly be regarded as be-
longing to separate systems. The so-called animal
functions comprise, Locomotion, Innervation, and
Special Sense. The vegetative functions so widely
distributed, comprise Digestion, Absorption, Cireula-
tion, Respiration, Secretion, Generation, and Develop-
ment, and the development of Healt, Light, and Elee.-
tricity. In the lowest organisms, some of the most jm-
portant vegetative functions are performed through the
instrumentality of the general surface ; while in man
and the higher anmmals a separate organ 1s set apart
for the performance of each function. If T was con-
sidering these different functions, I"should commence
with the functions of organic life in the order in
which I have enumerated them, for this seems the
most natural mode of arrangement.  First of all, the
food is introduced into the organism, and after being
altered by certain preliminary processes, is subjected
to Digestion, by which it is rendered soluble, and fitted
for the next process, that of Absorption. By this
the nutritive material is taken up and introduced
into the blood, and ultimately becomes converted nto
blood. Thus we come to the consideration of the
function of Circulation ; and as we follow the blood

F
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in its course through the body, our attention will
naturally be drawn to the examination of those re-
maining processes—viz., Respiration and Secretion, by
which great and most important changes are brought
about in the condition of the circulating fluid, various
substances being separated from it for ulterior uses, or
for complete removal from the body. Lastly, comes
Generation, the process by which the multiplication
of individuals 1s effected.

101. Incessant change in everything living.—living
organisms, as well as every particle of living matter,
are incessantly undergoing change in every part, but
the rate of change varies marvellously in different
cases. Some materials, passing through the stages
of living or forming matter, formed matter and pro-
ducts of disintegration, in a few minutes, while others
last for many years as formed structure, and perform
an important office during the whole time.” New
parts are constantly being formed, which grow, arrive
at maturity, pass through certain stages of existence,
and then, having performed their office, die, are cast
away, and succeeded by others.

102. Of the minute elementary parts of an Organ or
rissue.—The changes in question affect every one of
the microscopic anatomical elements of which every
tissue and every organ is composed. The anatomical
unit, which performs the unit of work, seldom
measures more than the one-thousandth of an inch
in diameter, and, in some cases, the part possessing
structure and performing function, is far less than
this. .

In order, therefore, to form any correct 1dea of the
changes which go on n every part of the body of a
complex living being, it is mecessary to study care-
fully the structure and the changes of one of these
numerous elementary units, of which every tissue
and organ may be regarded as a collection. Blm_}E
the time of Schwann and Schleiden, who wrote 10
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1838, every writer on minute anatomy and physiology
has described at some length the structure of the « cell.”
This “cell ” has been regarded as the anatomical
unit, and it has been often stated that all the dif-
ferent tissues consist of “cells.”” The “cell” is a
complex body, and different properties have been
supposed to be manifested by the several parts of
which a perfect cell is composed. In order that
certam bodies which could not be included under the
ordinary definition of the cell might be comprised in
the cell category, the anatomical unit it was sup-
posed might be modified in certain special particulars
and in exceptional cases. A body in connection with
which no cell wall could be detected was supposed to
have a cell wall in a fluid state, of the consistence of
the soap-bubble: or it was contended that it might
have had. a cell wall at an earlier period of its life ; or
the cell without wall was called a free nucleus, which
1t was inferred had escaped from its capsule. Many
other ingenious devices have been adopted to evade
the difficulty, which has been felt by every one who
has examined tissues, of bringing each anatomical
unit at all periods of its life into the cell category.
Baut, after all, the simple fact is this, that no * cel]*’
exhibits cell wall, cell contents, and nuclens at
every period of its existénce, while some cells do not
Possess any structure to which either of these terms
can be properly applied at any period. There are,
then, “ cells,” consisting of cell wall only, and * cells >’
consisting of a “ nucleus” only, and yet the original
definition of cell has been repeated in almost all our
text-books even up to this very time.

As regards the formation of cells,” we have the
most contradictory statements. Some tissues are
admitted not to be composed of cells at all, by autho-
Titles who nevertheless cling to the cell theory. So
far from the “cell” being the essential and the

F 2
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earliest form of every structure, the “cell,” as de-
fined, never exists at an early period of development,
and although it may be convenient to retain the name
“cell,”” as representing generally the anatomical unit,
we must not in any case expect to find the complex
body, which it has been stated over and over again is
actually present.

103. Erronecous views concerning * Cells.”—All
that can be detected at an early period is a little
mass of bioplasm as already stated, § 11,45. In some
cases, new centres are to be seen 1 the substance of
this, but the mass may be destitute of these. As
regards the so-called cell wall, this is always absent
at an early period of development. Moreover, when
cell wall or intercellular substance, as it has been
wrongly termed, is to be seen, the process of
division and subdivision, and all the active phe-
nomena, occur in the bioplasm only, and the cell
wall and intercellular substance take no part in the
process.

Dr. Carpenter in this country, Dr. Tyson in
America, Dr. A. Nicholson and other observers, have
accepted to some extent the views advocated by me
since 1860, but the majority of writers continue to
teach the old doctrines, taking care, however, to modify
certain of the details, and to alter the meaning of many
of the terms employed. In many instances, 1t is to be
feared that such attempts serve only to perplex the
student more and more. Mr. Huxley continues to
teach that, *There is a time when the human body,
or rather its rudiment, is of ove structure throughout,
consisting of a more or less tramsparent matrix,

through which are scattered minute rounded par-

ticles of a different optical aspect. These particles
are called nuclei; and as the matrix or matter in
which these nuclei are embedded, readily breaks up
into spheroidal masses, one for each nucleus, and
these investing masses easily take on the form of
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vesicles or cells; this primitive structure is called
cellular, and each cell is said to be nucleated.”

Now it would not be easy to find a paragraph in
a work having any pretensions to accuracy which
conveyed more incorrect information in the same
number of words. Aectual observation proves that
there is a time when the body has no structure
whatever, when there is no matriz, when there are 70
particles of a different optical aspect, when there are
no nuclei. The matrix never “breaks up’ into
spheroidal masses, though it may be broken ip.
The material round the nucleus is not applied to it as
an investing mass, for the latter exists before the
former, and the nucleus arises in the so-called invest-
ing mass. Mr. Huxley has been Very severe on text-
books, but I doubt if he could point out anything in
the way of description more thoroughly at variance
with facts than his own description of tissue forma-
tion which I have quoted. He is surely langhing at
us when he tells us that cell wall and intercellular
substance become vartously modified,” hoth chemi.
cally and structurally, and ¢ gwe rise” to the pecu-
liarities of the different completely formed tissues !
Is this an ingenious device for trying to make the
reader fancy that some highly complex phenomenon is
being philosophically explained to him by some novel
method of circumlocution? The student will how-
ever find that the only information he gains concern-
ing the formation of tissue 18, that cell wall and in-
tercellular substance become variously modified "’

104, Investigation of the nature of the clementary
part.—If the student desires to mvestigate the changes
which occur during the formation of tissue, he will
find it desirable to discard entirely all the complex
phraseology and arbitrary definitions which have so
long retarded, and still retard, progress in thig
department, of knowledge. He will find the phe-
nomena far more easy to understand than he would
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have been led to anticipate after studying the state-
ments in elementary treatises. Instead of cells with
cell walls, cell contents, and nuclei he will find what
I have already adverted to, simply two kinds of
matter—one forming, the other formed.

In 1859, I drew attention to the significance of ger-
minal matter or bioplasm, and showed that this consti-
tuted the organism of the amceba and bodies of this
Icind, that the white blood corpuscle, the pus corpuscle,
and all the so-called naked nuclei, were composed of
it, and that it was to. be detected in every tissue at
every period of life. By changes in the germinal or
living matter, the cell wall, intercellular substance,
and every kind of tissme, everything peculiar to
living beings, results. I described how, in all struc-
tures, no matter how they differed from one another,
the germinal or living matter could be distinguished
with certainty from the formed material, and showed
that the living moving matter in the vegetable cell,
the matter of the amoeeba, and that of the white blood
corpuscle, was represented in every cell or elementary
part of every tissue of man and animals, in health
and also in disease.

105. Tim anatomical unit or elementary part or
cell.—The living matter, with the formed matter upon
its surface, whatever may be the structure, properties,
composition, and consistence of the latter, is the anato-
mical unil, the elementary part, or cell. This may form
the entire organism, in which case, it must be regarded
as a complete individual. Millions of such elementary
units or cells are combined to form every tissue and
organ of each individual man or animal. However
much organisms and tissues in their fally formed
state may vary as regards the character, properties,
and composition of the formed material, all were first
in the condition of clear, transparent, structureless,
formless living matter. Such matter exists in every
growing cell, and every cell capable of growth, contams
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it. The young cell seems to consist a]mo_st entire_ly of
this living material—a fact well observed in a specimen
of cuticle from the young frog, which may be contrasted
with more advanced cuticle from the same animal. In
the mature cells of the fully formed cuticle only a
small mass of bioplasm (usually termed the nucleus)
remains.

106G. Varying proportion of bioplasm in the * Cell.”
—In the fully formed fat cell there is so little bioplasm
left that it may easily be overlooked. In disease, on
the other hand, the bioplasm may increase to three or
four times its ordinary amount, when it becomes a
very striking object. The ovum at an early period of
its development is but a naked mass of bioplasm, with-
out a cell wall, but having a new centre and often
numerous centres (known as germinal spots or nuclei)
.embedded in it around these, a capsule or cell wall is
ultimately formed.

103. Formation of the * ¢ell.”—The mode of for-
mation of the cell, or elemental unit, as well as the
origin from it of other units, is well illustrated in the
formation of the ovum. The cells constituting the
tissue of the ovary of the common stickleback are
very casily demonstrated, and amongst them are
seen true ova at a very early period of development.
The youngest of these ova differs but little from the
“ cells” amongst which it lies. It is, in fact, but one
of these which has advanced in development beyond
the rest. Small but complete ova may be seen with
their bioplasm, or living matter, here called germinal
vesicle, surrounded by the yolk which consists of
formed matter. In the germinal matter are seen
numerous germinal spots, which are new Living
centres of growth originating in living matter. In
these are new centres, and in these last, others would
have appeared at a later period. The growth of an
elemental unit always takes place from within, so
that the surface is always the oldest portion, The
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matter of which the cell wall or capsule is composed
was bioplasm long before any cell wall was to be dis-
%ﬂﬁl;d. On the formation of a cell of epithelinm see

108. Of formed material and tissue.—The material
called tissue, exhibiting a definite structure, is not
simply deposited, like a crystal, from a solution of
the same substance, as has heen suggested by some
authorities, nor does it result from the < Jibrillation,”
“ vacuolation,” or © stratification’ of a previously
homogeneous fluid ‘or viscid mass, or by the aggre-
gation and coalescence of little particles precipitated
from an albuminous fluid, but it is invariably formed
from living matter, as this ceases to manifest its vital
properties. Every particle of matter that is to be-
come tissue must first pass through the living state,
and the properties, characters, and composition of
the fissue will be determined partly by the internal
Jorces or powers of the living matter acting upon the
elements of which it is composed, and partly by the
external conditions present at the time when these
pass from the living to the formed state.

109. Varying characters of formed matter.—The
formed material or matter resulting from the death
of bioplasm or living matter under certain conditions
varies remarkably. It may be a fluid holding cer-
tain peculiar substances in solution, like bile, a viscid
matter like mucus, a perfectly transparent structure-
less membrane, or a material exhibiting a definite
structure. To the latter the term #issue is usually
applied. Tissue may consist of a scarcely visible
web of very delicate fibres, lmldn_lg in its meshes a
perfectly transparent flmid containing but a trace of
solid matter. It may exhibit well-defined characters,
like cartilage, bone, etc., or it may manifest peculiar
and very remarkable properties like muscle and
nerve.

110. Matter essential to the clemental unit or cell.
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—All that is essential in the cell or elementary part
18 matter that is in the living state, germinal matter,
and matter that was in the living state, formed
material. With these is usually associated a certain
proportion of matter about to become living, the pabu-
lum or food. So that we may say that in every living
thing we have matter in three different states :—

Matter about to become living ;

Matter actually living ; and

Matter that has lived.

The last, like the first, is non-living, but, unlike
this, it has been in the living state, and has had im-
pressed upon it certain characters which it could
not have acquired in any other way. By these cha-
racters we know that it lived, for we can no more
cause matter artificially to exhibit the characters of
the dried leaf, the lifeless wood, shell, bone, hair, or
other tissue, than we can make living matter itself,
in our laboratories.

111. Cells not like bricks in a wall.— Cells forming
a tissue have been compared to bricks in a wall, but
the cells are not like bricks, having the same con-
stitution in every part, nor are they made first and
then embedded in the mortar. Bach brick of the
natural wall grows of itself, places itself in position,
forms and embeds itself in the mortar of it own
making. The whole wall grows in every part, and,
while growing, may throw out bastions which grow
and adapt themselves perfectly to the altering struc-
ture. Even now it is argued by some that, because
things, like fully formed cells, may be made arti-
ficially, the actual cells are formed in the same sort
of way—an argument as cogent as would be that of
& person who, after a visit to Madame Tussaud’s
exhlbltl?n, seriously maintained that the textures of
our bodies were constructed upon the same princi ples
as the life-like wax figures.

112, Cells contain no molecular mnuhinerr.—Eva
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one who really studies the elementary parts of tissues
and investigates the changes which occur as the bio-
plasm passes through various stages of change until
the fully developed structure results, will be careful
not to accept without due consideration the vague
generalisations of those who persist in authoritatively
declaring the dogma that the changes occuring in
cell growth are merely mechanical and chemical,
although they are unable to produce by any means at
their disposal a particle of fibrine, a piece of cartilage,
or even a fragment of coral. They avoid the diffi-
. culty as regards the bioplasm by ignoring its exist-
ence, and attribute to a “molecular machinery ”
which the mind cannot conceive, and which cannot
be rendered evident to the senses, all those wonderfal
phenomena which are really due to vital power.

113. Nutrition of an elementary part.—We may
now discuss what goes on during the nutrition of a
“cell” when it is in a living state. I need not repeat
that the active changes are exclusively confined to the
bioplasm, and that the formed material is passive,
though it may act like a filter, permitting some things
to pass and interfering with the passage of others.
Well, then, in nutrition, pabulum becomes bioplasm
to compensate for the bioplasm which has been con-
verted into formed material. Now, let us consider
the order of these changes, and endeavour to express
them in the simplest possible manner. Let the bio-
plasm which came from pre-existing bioplasm be called
@ ; the non-living pabulum, some of the elements of
which are about to be converted into bioplasm shall
be b; and the non-living formed material resulting
from changes in the bioplasm, ¢. It is to be remarked
that b does not contain ¢ in solution, neither can ¢ be
made out of b, unless b first passes through the con-
dition @, and a cannot be formed artificially, but
must come from pre-existing a. In all cases b is
transformed by @ into @, and ¢ undergoes conversion
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mto c. Can anything be more unlike chemical and

hysical change? Neither @, nor b, nor ¢ can be
made by the chemist; nor if you give him b can he
make a or ¢ out of 1t; nor can he tell you anything
about the “molecular condition” or chemical com-
position of @, for the instant he commences his analysis
@ has ceased to be a, and he is merely dealing with
products resulting from the death of @, not with the
actual living o itself. No wonder then that chemists
and physicists persist in ignoring a.

114. Of the inerease of Cells.—Several distinct modes
of cell increase or multiplication have been described,
but in all cases the process depends upon the bioplasm
only. It is this which divides: and it is the only
part of the cell which is actively concerned in the
process of multiplication. It may divide into two or
more equal portions, or give off many buds or offsets,
each of which may grow as a separate body as soon
as it is detached.

The formed material of the cell is perfectly passive
in the process of increase and multiplication. Hven
the apparently very active contractile tissue of
muscle has no capacity of increase or formation. If
soft or diffluent, a portion of the formed material
may collect around each of the masses into which
the bioplasm has divided, but it does not grow in or
move in and form a partition, as has often been
stated, § 175. When a septum or partition exists, it re-
sults not from * growing in,” but it is simply produced
by a portion of the bioplasm undergoing conversion
intoformed material of which the partition is composed.

115. Cuticle or Epidermis.—The most external
- texture of the body, the cuticle or epidermis, is com-
posed entirely of cells or elementary parts, some of
which are being constantly removed from the free
surface, while new ones grow up from below. In
the cavity of the mouth, on the tongue, and lining
the fauces, epithelium will be found, which, although
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closely resembling that of cuticle, is softer and much
more easily investigated.

At an early stage of development it is not possible
to distinguish the masses of bioplasm which are to
form the cuticle from those which take part in the
development of the true skin with its nerves and
vessels, glands, hair, and adipose tissue. And at the
deep part of the cuticle, even in old age, will in-
variably be found numerous naked masses of bioplasm,
which exactly resemble those present at a very early
period of development, § 45.

116.  Examination of Adult Cuticle.—Suppose
we examine carefully a portion of adult cuticle. The
oldest part of this structure is on the outside, and
the youngest, or that which has been most recently
formed, is situated nearest to the blood, whence the
elementary parts or cells draw their nutritive supply.
If we make a perpendicular section of this structure
and place it under the microscope, we shall find that
in different parts of it the  cells” present very
different characters. The deep portion which is
nearest to the vessels consists of small masses of
bioplasm, surrounded only by a trace of very soft
formed material. These are situated very close to
one another. A little above this the masses have a
more definite arrangement, and each oval mass of
bioplasm, now grown larger, § 117, is surrounded by
a thin layer of formed material like an external
membrane. Still nearer the sarface the elementary
particles are seen to be larger, both bioplasm and
formed material having increased in quantity. As
we approach the free surface, the cells become more
or less flattened, and the bioplasm is much reduced
in proportion. The formed material is harder and
more condensed. Lastly, the oldest elementary parts
upon the surface, which are rubbed away in great
numbers, and possess no bioplasm whatever, seem to
be composed entirely of cuticular substance or formed
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material. They have ceased to grow, and are no
longer capable of growth. They are dead.

117. Bioplasm in Cuticle of different ages.— [f equal
portions of the most superficial and deepest strata of
caticle be taken, the proportion of bioplasm to the
formed material will be found much less in the former
than in the latter. At the deep aspect, where the
elementary parts are being produced, the bioplasm is
abundant. Upon the surface, where only old ones,
which are about to be cast off, are found, {fe broplasm
15 reduced to a miniimum, or has altogether disappeared.
Consider how these particles of enticular epithelinm
grow. Here is a little mass of bioplasm which grows
and then divides into two; each of these subdivides,
and so on. Now, each of these little bodies absorbs
nutriment from the surrounding fluid. It increases
in size. The older particles on its surface are altered,
and appear to be converted into a hard substance,
which is improperly described as a membrane (cell-
wall). As it approaches the surface, the hard ma-
terial, cuticle, deposited layer within layer, becomes
thicker and thicker, until at length the mere trace of
bioplasm which remains in the centre, being too far
removed from the source of nutritive supply to in-
crease, perishes ; and the elementary part, in the form
of a flattened scale of dry cuticle, having by this time
reached the surface of the body, is cast away, while itg
place is taken by others which grow up from below,

118. Hair, horn, nail.—Hair, horn, and nail are
epithelial structures, and if we examine the cells op
elementary parts at the bulb, base, or growing portion,
we shall invariably find numerogs small masses of
bioplasm like those situated at the deep aspect of
cuticle. It is in this situation that the bioplasm
divides and subdivides, and the new cells which are
formed push before them those previously developed.
In the fully formed hardened cells of these structures
the bioplasm has completely disappeared, but in
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those near the growing part it can always be readily
demonstrated by the aid of the carmine fluid, § 68.
The structure and mode of growth of these tissues
are well illustrated in the long, ragged, hair-like
process found upon the summits of the filiform papillae
in the central part of the dorsum of the human
tongue, for the individual cells can be distingunished in
almost every part of the hair-like process; and as
they are not closely matted together, as in the hair,
nail, and horn, their arrangement can be very satis-
factorily demonstrated. These hair-like processes can
be obtammed by slightly scraping the dorsum of the
tongue with a knife. The bioplasm can be seen, not
only in the young growing cells at the base, but in
those that are mature in the lower part of the shaft,
and with a little management the constituent cells
can be isolated from one another and examined sepa-
rately. In many of my specimens the bioplasm is
beautifully distinet and well coloured by the carmine
fluid, while numerovs new centres (nucleoli) can be
discerned which are more intensely coloured than the
rest of the bioplasm. The formed material is per-
fectly destitute of any colour whatever. By examining
structures of this kind, the student will be able to
form an opinion concerning the great advantages to
be derived from practising the staining process.

119. Epithelial textures hardened with caleareous
matter.—1 will now advert to the remarkable changes
which occur during the formation of those very hard
tissues which are infiltrated with caleareous salts, and
in which the bioplasm plays a conspicuous part. In
illustration, I will draw attention to the formation of
two of the hardest and most durable textures in the

body—the enamel and dentine of the tooth. Although,

in their fully developed state, these tissues are remark-
able for the large proportion of earthy salts they con-
tain, there was a time when each was composed of
very soft organic matter only. Although no trace of
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bioplasm can be detected in the fully formed dentine
or enamel of the adult, at an early period of develop-
ment these tissues were represented by masses of bio-
plasm only. : _
Additional interest attaches to the consideration
of the structure and growth of the enamel and dentine
on account of the different and conflicting VIews ‘en-
tertained concerning their nature—some holding that
enamel corresponds to the epithelial textures we have
been considering, while it is maintained that the den-
tine is more nearly related to bone and the connective
tissues. According to this view, the meutral line
between the two represents the position of the base-
ment membrane in an ordinary mucous membrane.
Huxley, on the other hand, and for reasons which
seem to me isufficient and unsatisfactory, holds that
both enamel and dentine are dermal tissues, and
situated beneath basement membrane. Lastly, the
position of the vessels as regards the dentine, the
manner or growth of both tissues, and the fact of thejp
originin a collection of unquestionable epithelial cells,
have forced me to conclude that both enamel and den-
time are more nearly allied to epithelium tham to any
other tissues of the body, and that both are developed on
the surface of basement membrame. The tooth grows
in & manner 8o like a horn and a hajr that it is difficult
to believe that is is not closely related to these epider-
mic appendages, while there are not wanting instances
I which an eminence covered with an epithelial tex-
ture seems to take the place of a tooth. Hair and
teeth are sometimes abnormally developed, and M.
Darwin has remarked that the testh of hairless dogs
are defective, and that over-hairy men have abnormal
teeth. My own conclusion upon this matter, after
examining with great care the tooth at a very early
period of development 18, that the masses of bioplasm
concerned in the formation of the enamel and dentine
are embedded in epithelium and are arranged in two
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curved lines, one within the other. The slight inter-
val between these lines corresponds to the line of
Junction of the enamel and dentine in the fully formed
tooth. From this neutral line the masses of bioplasm
of the two rows move in opposite directions. In
the {1111:@1: one each mass diverges outwards from the
neutral line while the different masses of bioplasm of
the inner row converge slightly as they move in-
wards and form dentine in their wake.

120. Formation of Enamel.—The formation of the
enamel may be very successfully studied in the canine
tooth of a young pig. Inone of my preparations, ob-
tained from an injected specimen, the capillaries of
the enamel membrane are seen to be well injected with
transparent blue injection, and the enamel cells, the
bioplasm of every one having been well stained with
carmine, are distinctly shown. Kach appears as a
columnar or cylindrical body, not unlike a cell of
columnar epithelinm, with an oval mass of bioplasm
nearest to its distal extremity. As the bioplasm
moves outwards from the neutral line above referred
to, it forms the column of soft material which is to
become the enamel rod. After some extent of soft
tissue has thus resulted, calcareous matter is depo-
sited in that part of the column which was first
formed. In my specimen several columns can be
discerned in which the change has already com-
menced. The highly refracting earthy particles con-
trast remarkably with the smooth, faintly granular,
organic matrix. The deposition of these earthy salts
may be due merely to chemical change consequent
upon the formation of free alkali in this the oldest
part of the organic matter. While this process is
going on, the bioplasm in each little column is still
moving outwards, and forming more organic matter,
which, in its turn, becomes caleified. This process
continues until the formation of the enamel is com-
plete, when the vessels of the membrane waste. A
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little uncalcified organic matter usually remains upon
the outer surface of the enamel. The markings seen
In a transverse section of enamel receive a simple
explanation upon this view of the development of the
tissue. The outer uncalcified portion of the rods,
when acted upon by acetic acid, swells up ; and the
appearance as of a membrane covering the enamel is
produced. Some have been led to the conclusion that
an actual membrane (basement membrane) or mem-
- brana preformativa, actually existed in this situation.
Consult Mr. Tomes’s “ Dental Surgery,” p. 268.

121. Formation of Dentine.—The dentine of the tooth
begins to form before the enamel. But very soon after
the formation of enamel has commenced the two opera-
tions go on together until a short time before the tooth
emerges from the gum. The production of enamel
18 then completed, while that of dentine continunes
more slowly as age advances, but the development
of this tissue does not cease in some cases before a
considerable age is reached. In certain instances—
as, for example, in the case of the canines of some of
the lower animals and in the incisops of the rodents—
the formation of both structures continues through
hife, so that in the teeth of the adult the development
of the enamel and dentine may be studied as well ag
during the very early period of life in othep cases.
The oval masses of bioplasm taking part in the
formation of the dentine are larger than those of the
enamel, and the formed materia] produced by them
dppears as a continuous matrix rather than as dis-
tinet and separate columns. Moreover, instead of
each mass forming a separate oval body, a thin line
of tissue is drawn out as the dentine bioplasm
moves inwards. These lines of soft tissue correspond
to what are generally termed the dentina] tubes, and
may be forcibly withdrawn where the process of
calcification, ig nearly completed. Tn thip sections
the corresponding “tubes ” from which the processes

G
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of soft tissue have been withdrawn may be also demon-
strated. Calcification takes place by the deposition
i the matrix of rounded globular masses of calcareous
matter, which increase in size and ultimately coalesce.
A narrow portion of the matrix extending outwards
from each mass of bioplasm still remains permeable,
and the process of calcification proceeds so much
more slowly in this portion than in the rest of the
matrix that the dentine produced refracts differently,
and 1s harder in texture.

122. Of Dentinal “ Tubes.”—The difference in refrac-
tion above referred to and always noticed in thin
sections has led observers to regard this more slowl
formed layer of dentine as the ‘wall” of the sup-
posed “tube.” But in the recent state this ‘ tube”
1s oceupied by uncalcified matrix, which can be torn
away from the already calcified dentine. The calcifi-
cation of the formed material corresponding to the
“tube” gradually proceeds, so that the space or
“tube ”’ occupied by soft matter becomes narrower as
the dentine advances in age, and at last in many
cases the outermost portion becomes completely calei-
fied, in which case there is no “tube” at all. The
“ dentinal tube’ of the dry prepared specimen results
from the desiccation of the uncalcified organic matter
of the recent structure. The greater “width ”’ of the
tube near the pulp, and its gradual reduction in
diameter towards the surface of the dentine; the
existence of soft solid matter in the ‘tubes,” as was
first demonstrated by Tomes; and the relation of the
oval masses of bioplasm on the surface of the pulp to
the dentine, are all accounted for in the explanation
of the development and formation of the dentine
above given.

123. Dentinal “ Tubes” not canals for conveying
fuid.—Is it reasonable therefore to suppose that the
dentinal tubes are really channels for the conveyance
of nutrient fluid from the su.rface of the vascular pulp
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to the dentinal tissue, as has been so long taught ?
There are no tubes fulfiling a similar office in ivory—
a tissue very analogous to the dentine. Surely, if
the 1vory of the elephant’s tusk can be formed and
preserved in a healthy state without nutrient fluids
being conveyed by tubes to every part of it, it is
extremely probable that the dentine of other mam-
malian teeth is in like manner destitute of any such
special provision, as has been conjectured, for its free
irrigation in every part. These tissues really undergo
little change after their formation, and such an ex-
tensive system of nutrient channels as has been sup-
posed to exist would be perfectly useless.

The formation of the soft tissue of dentine and
enamel affords an interesting example of the growth
- Imovement in opposite directions of masses of bioplasm

destined to produce special structure. In each case
the bioplasts move towards a vascular tissue which
recedes as they advance, and which wastes when the
formation of the tissues and their calcification have
been completed.

124. Of Secreting Cells.—Contrasting in most
mmportant particulars with the epithelial cells of the
mouth, already referred to in § 33, are the * cells”
which are concerned in the formation of secretions,
of which the liver cell may be taken as an example.
This elemental unit consists of a spherical mass of
bioplasm, often containing new centres of growth
(nuclei), surrounded by a considerable extent of soft
formed material, giving to the whole an irregularly

‘oval or somewhat angular appearance. Sometimes
there are two or even three masses of bioplasm in one
“cell,” in which case the mass looks more like g
‘portion of a cylinder than a “cell.” The formed
-material is undergoing change upon its outer surface,
‘and, although resulting from changes in one kind of
bioplasm, becomes gradually resolved into sugar and

; @
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amyloid, falty matter, the resinous salts of the bile, and
colowring matters. :

125. Flask-like Secreting Cells.—Another type of
secreting cell is that in which the secretion is poured
mto the interior, and, after accumulation, discharged
from a free opening at its extremity, the cell remain-
ing for some time a fixture, and continuing to dis-
charge its office. In the mouth of the boa these cells
attain a very high degree of development, and are
of large size. They also exist in great number, and
some may be found in every stage of formation;
for, although each one may perform its work for a
certain period of time, the cells are being continually
removed and replaced by new ones which grow up
from below.

Like all other elementary parts or units, these
flask-like cells exist first as spherical or oval masses
of bioplasm, which then become altered upon the
surface, and the formed material constituting the
““cell wall” 1s produced. In this cavity products
resulting from the change of the bioplasm at its distal
extremity accumulate, and the cavity becomes di-
lated. The accumulation of contents and enlarge-
ment of the space proceed till at last the summit of
the cell approaches the surface; an opening is then
formed at its free extremity, and the contents are
discharged. These cells remain for some time in
position, constantly discharging the secretion which is
being formed by the bioplasm in their interior. The
bioplasm remains near the lower attached extremity
of the open-mouthed cylindrical cell, and takes up
nutrient» matter at its lower surface, while at 1its
upper part, which forms the floor of the cell cavity,
_ the bioplasm is gradually changed into the secretion
of the cell. This accumulates in the cavity, and
grad_un]]}r escapes from the open orifice. A lﬂr_ge
quantity of pabulum may pass into the state of bio-
plasm, and a corresponding quantity of the latter
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undergo conversion into the formed material or secre-
tion of the cell, while the entire apparatus hardly
changes in volume or alters in form or weight.

126. Formation of different products by the same
Bioplasm.—The above is an interesting examp_le of a
- mass bioplasm giving rise successively to two different
- products. Tt first produces the cell wall, and then
gives rise to “products of secretion,” the COMPOsi-
tion and properties of which are entirely different
from it.

I will now refer to one or two other cases in which
substances differing in composition and properties
from the “cell wall” are formed from the bioplasm
within the cell.

127. Fat Cell.—The fatty matter of the fat cell ig
~ formed by the bioplasm after the vesicle or wall of
the cell has been produced on its surface. The
changes may be studied in the adipose tissue of the
white mouse, frog, or other small animal. In the
- chameleon and many other animals, instead of one
globule of oil being formed, and then increasing gra-
dually in size, several minute oil globules result and
these accumulate in the cell. Beautiful specimens of
fat cells at every stage of development may be obtained
from the connective tissue of the frog and newt.

128. Starch Cells.—Closely resembling the process
of formation of fat in the faf cell is the deposition of
starch in the starch cells of many vegetable tissues—
as, for example, the common potato. If the gradual
changes which take place as the bioplasm becomes
developed into the mature starch-holding cells he
studied, the following observations will be confirmed.

Little insoluble particles of starch are scen em.
bedded in the bioplasm of the very young cells.
These particles increase in size by the deposition of
more insoluble starchy matter layer after layer npon
their surface, as in the formation of a calculus until
the starch-grains assume the perfect form, '
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129. Secondary deposits.—In some of the cells of
the potato the cell wall is thickened by the deposition
of “secondary deposits,” in which case no starch
granules are wusuvally produced. This thickening
occurs only at certain points, leaving slight intervals,
- through which currents of fluid continue to flow to and
from the bioplasm in the centre of the cavity. The pro-
cess may continue until the secondary deposit reaches
near to the centre of the cell. The channels for access of
nutrient fluid to the bioplasm in the centre remaining
open, give to the mature cell the stellate appearance
famihar to every one who has examined such “vege-
table cells.”

Just as the “secretion” in the peculiar flask-like
epithelial cells in the mouth of reptiles results from
changes in the bioplasm already described, so it may be
said the peculiar ““ contents” or “secondary deposits”
of other cells are “products of secretion,” and that
they correspond to * tissue” in other cases. They
are all mon-living substances, resulting from change
in bioplasm, and they constitute differeni kinds of
“formed material.” The numerous pigment granules
in the large stellate radiating and freely communi-
cating pigment cells of the choroid coat of the eye, and
those found in various parts of the frog, afford another
example of & peculiar material resulting from change
in the bioplasm. The formation of pigment com-
mences at a very early period of development, and 1ts
abundance seriously interferes with the investigation
of the structure and growth of the tissues of these
animals, in other respects so well adapted for the
purpose. 1) o

130. of ciliatea cells.—The cilia of ciliated cells,
like the outer part of the cell, the so-called cell wall,
are composed of formed material; but the move-
ments of these hair-like processes are due to changes
taking place in the bioplasm or living matter. The
vibration of the cilia ceases when the bioplasm dies,
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and is generally influenced by any alteration in ex-
ternal cirenmstances which exert an effect, favour-
able or unfavourable, npon bioplasm. The proportion
of bioplasm or living matter in ciliated cells is con-
siderable, and its relation to the cilia is such as to
favour the view that it is intimately concerned in the
movements. Nutrient matter is taken up by the
mass of bioplasm upon the side opposite to that nearest
to the cilia, and it seems probable that the production
of formed material, and a consequent alteration in the
tension of the texture of which the cilinm is com-
posed, accompanies each movement. I think that the
rate of vibration enables us to measure the rapidity
of nutrition, and that the to-and-fro movement marks
the change of pabulum into bioplasm, and the latter
into formed material. This change, which in many
cases 18 probably continuous, here gives rise to an in-
terrupted movement, perhaps because the elastic
porous tissue of the cilinm suddenly expresses from
its meshes the fluid which had just previously passed
into them from the bioplasm.

An objection has been raised to the view I have
advanced, on the ground that the part of a cilium
of ciliated epithelium which dies first is the base, or
that part which is nearest to the living bioplasm, not
the apex which is most distant and which is un-
doubtedly the oldest part of the cilium and that
which was first formed. This argument which has
been advanced by Prof. Rutherford, would have been
regarded by me as of great importance if it had
been proved that the cilium itself was bioplasm or
living matter. But so far from this being the case, it
1s almost certain that the cilium is composed of lifeless
passive formed material, the movements of which
are caused by the changes effected by the living
bioplasm at its base. Now, it is obvious that an
impulse forcible enough to produce even considerable
movement of the thin free extremity of a cilium
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might be altogether insufficient to effect the slightest
motion in the thicker basal portion connected with
the surface of the cell, and in very close relation
with the bioplasm. In this way we may explain the
fact of movement ceasing first at the base of the
cilium without resorting to the hypothesis of gradunal
death from base to apex in a structure which is pro-
bably not alive, and the movements of which are not
vital movements, but rather the consequence of vital
changes in living matter immediately adjacent to it.
Cilia are indeed modifications of formed material,—of
tissue or of cell wall.

131. Pigment Cells.—In various parts of the frog,
nesvt, and other batrachia are numerous very large
and branched cells containing fluid, in which are sus-
pended multitudes of very minute particles of pig-
ment formed from the bioplasm of the cell which is
situated in the central part, and is usnally obscured
by the quantity of pigment present. As in other
cases, currents of fluid set fo and from this mass of
living forming bioplasm. The radiating tubular pro-
longations of the cells communicate with one another,
and are sometimes filled with fluid having the pigment
granules evenly diffused through it, while sometimes
the minute dark granules become aggregated round
the bioplasm in the centre of the cell, and the radii
are destitute of them. The movement of the visible
particles of pigment results from the movements of
the invisible fluid, which at one time fills the cavities
and tubular prolongations of the cells, and at another
permeates the delicate walls, and becomes diffused
into the surrounding textures. When the tissues are
saturated with fluid, the radii also contain it, and the
pigment spreads into the tl_lhula,r network, but in tl_le
opposite condition the particles become aggregated in
the centre of the cell, and the walls of the tubular
processes approach one another. The opposite con-
ditions of saturation of the tissues with fluid and its
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removal, are determined by the altered states of
capillary circulation, which are themselves dependent
upon the degree of contraction of the small arteries
which carry the blood to them; and this is affected
by the changes in nerve centres from which the
arterial nerves are derived. In this way, I think,
may be explained the concentration and diffusion of the
pigment in these remarkable cell spaces and channels,
which formed the subject of a highly interesting me-
moir by Professor Lister, who, however, inferred that
. the nerves exerted some direct action upon the diffusion
of pigment. In order to make this view appear plausible
he was, however, obliged to assume the presence of an
“ apparatus, probably ganglionic in structure, co-
. ordinating the action of the pigment cells,”* which
neither he nor any one else has been able to discover,
and the existence of which is for many reasons most
doubtful. The fact is easily explained by the altera-
tion in the dmount of fluid traversing the tissues at
different times. When the circulation is diminished
or arrested, the fluid in the cells passes into the
tissues, the tubes become nearly emptied, and the
walls in apposition. The solid particles become con-
centrated in the large central cavity of the cell,
which is the last part to lose its fluid ; but when the
circulation is free, and the tissues are abundantly
Irrigated, the particles spread into the radiating tubes
now filled with fluid. Professor Lister himself
remarks that post-mortem secondary diffusion oceurs
n a piece of web “ cut out and placed in a drop of
water on a plate of glass.” Instead of accounting
for this fact by the changes resulting from the
imbibition of water, he invents an explanation which
I must venture to say does not appear to be justified
by observation or experiment, attributing it to the
action of hypothetical nerve cells “disseminated among

* “On the Cutaneous Pigmentary System of the Frog.”
Phil, Trans., 1857, B ¥ =
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the tissues of the web itself.” But even if we were to
assume the existence of such a system of nerve cells
and fibres, we should be unable to account for the
change unless Mr. Lister or some one else could ex-
plain how such an apparatus would cause little par-
ticles to move to and fro in fluid contained in the
interior of a cell; but we should have to add
hypothesis to hypothesis before we should arrive at a
plausible solution of the fact, while, on the other
hand, a much simpler explanation is afforded without
supposing direct nervous action at all. The currents
setting towards the mass of bioplasm in the centre of
the cell, and the varying quantity of fluid diffusing
through the tissnes under varying degrees of vascular
distension, which we know actually do occur, fully .
account for the phenomenon. These pigment par-
ticles which we see actually moving prove to us the
existence of currents of fluid through tissues to and
from the masses of bioplasm. We may be sure that
similar changes occur in other tissues, and that in
the perfectly transparent anastomosing stellate cells
of the cornea, for example, corresponding alterations
are continually occurring during life.

132. Salivary Corpuscles.—Another striking ex-
ample of movement resulting from changes in the
bioplasm or living matter is seen in the rapid move-
ment of little particles in the fluid or semi-fluid
material of which the salivary corpuscle is in great

art composed. Owing to the constant disturbance
of the fluid caused by the currents flowing to and
from the actively growing living matter, the httle
particles suspended are kept in a state of constant
agitation, now forced towards the surface, and then
as rapidly whirled towards the centre, perhaps sud-
denly stopped and driven again in an opposite direc-
tion. These movements are very remarkable. The
actively moving particles in the interior of the cor-
puscle can be seen with a good quarter of an inch
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object glass, but they may be well studied by the aid
of a twelfth magnifying 600 diameters.

The nature of the particles is still doubtful. They
closely resemble in most of their characters the
minute spores of fungi. Their motion, however, is
not due to the particle itself, but is evidently
secondary, resulting from the movement of the fluid
in which they are suspended. It is possible these
minute particles may be the agents concerned in the
very rapid conversion of starch into sugar which the
saliva 1s known to effect.

MicroscoricAn, PREPARATIONS ILLUSTRATING LECTURE V.
No. of diameters
magnified.

19. Bioplasm taking part in the formation of epithelium
and skin, with vessels, nerve fibres, and other struc-

tures .. i . v . Lo nal 2LD
20. Epithelium of tongue and subjacent textures at birth 215
21. Epithelium of tongue, old man aged 74 e ve 215
22. Papille of tongue, vessels injected, covered and un-

covered with epithelium, adult . .. s .. 130
23. Epithelium, mouth of kitten one day old, showing

bioplasm and formed material ., & .. 215

24. Epithelium, mouth of chameleon, showing large mass

of bioplasm (nucleus) with new centre (nucleolus) 215
25. Hairs from surface of tongue, human subject s, 180
26. Hairs and hair bulbs from skin of the kitten. Ob-

serve the great quantity of the bioplasm at base of

the bulb where the new growth takes place -+ 40
27. Hair, vessels, nerves, and adipose tissue ; ear mouse.. 215
28. Dentine and enamel, human tooth .. ¢ o 130
29. Bioplasm and prolongation torn from the calcified

dentine, with “ dentinal tubes” s OO
30. Enamel cells, pig at birth 5 i o 215
31. Bioplasm of periodontal membrane, showing beautiful

stellate masses, freely anastomosing e .. 215
32. Liver cells, toad ; in tubes of basement membrane,. 215
33. Epithelium from mouth of snake, showing large flask-

like cells, from the orifice secretion escapes .+ 400
34. Ciliated cells from branchie ; oyster, . 5 LA U5
35. Plg_ment cells, frog ; showing pigment granules .. 130
36. Salivary corpuscles showing moving granules' within, 500
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LECTURE VI.

Formation of Tissue—Of Epithelial and Fibrous Tis-
sue—LWormation of Spiral Fibres—Contractile Tissue
—Nerve Tissue—Formation of Fibrous Tissue in
healing of a Wound—Simple Fibrous Connective
—Increase in Old Age and in Disease—Mode of in-
crease i Muscles and Nerves—No Fibrous Connec-
tive in Insects—Skeletons of young Orgams in the
Adult—Interruption of Normal Changes—Vitreous
Humowr— Mucous Tissue of Umbilical Cord— Con-
nective Tissue— White Fibrous Tissue— Repair—
Bioplasm of Cornea—DBioplasm of Yellow Elastic
Tissue—Ligament of the Neck of the Giraffe.

Tue tissues of which the internal organs of animals
are composed vary remarkably in structure, compo-
sition, and properties. We find various gradations
of resistance and density, from a texture of such ex-
treme tenuity as to be scarcely demonstrable, to the
firm, fibrous, cartilaginous, and osseous tissues, the
hardness of which renders their investigation difficult.
All tissues are, however, formed from masses of bio-
plasm alike in general characters, though differing
vastly in power.

133. Formation of Epithelial Tissue and Fibrous
Tissue.—By many the formation of structures like
epithelium has been looked upon as a process distinet
from that which results in the production of fibres.
In classifying the tissues, attempts have been made
to show that those textures which were composed of
multitudes of *cells,” were of a different nature to
those which exhibited a * fibrous appearance.” More
careful investigation has proved that these ideas must
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be abandoned, and that the formation of all tissues is
characterised by changes of the same kind. Whether
soft, smooth, structureless material, or firm, resisting
fibrous texture is to be formed, the change is effected
by a mass of bioplasm which could not be distin-
guished from the bioplasm which produces any other
kind of formed material. Not only so, but a given
mass of bioplasm may, under certain circumstances,
form upon its surface a capsule, and so ultimately
produce a cell-form, while, under other circumstances,
this same mass may form a distinctly fibrous strue-
ture, or a firm matrix, having no definite structure
whatever. Moreover the bioplasts which are to form
the cuticle of the embryo and those which are to pro-
duce the fibrous texture of the skin, lie so very close
together that no one counld say which would take part
n the production of one texture and which of the other.
They are not separated by any line of demarcation or
membrane, and both sets of bioplasts have the same
origin. In the process of healing of a wound near
the surface of the body, “lymph” ig poured out'in
which may be found bioplasts which have descended
from white blood corpuscles. Of these, some produce
epithelium, others fibrous connective tissue, unless
they be too freely nourished, in which case they grow
and multiply rapidly, and no kind of tissue whatever
results, but pus § 43 is alone formed,

134. Formation of Fibres.—Fibres may be drawn
out, as it were, from any mass of bioplasm in one, or
In two or more directions, The mass of living matter
may then assume an oval, spindle-shaped, op stellate
form. Thin structureless expansions may be produced
directly by bioplasm, or fibrous-like membranes may
be formed. The fihyeg may run parallel, or may
Cross at various angles, giving rise at last to g tissue
of such extraordinary complexity that it seems almost
hopeless to endeavour to unravel it, and impossible to
find out how fibres, running in gsp many different
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directions, were developed. By careful examination,
however, at different periods of the development of
such a tissue, the observer will, in some cases, be able
to form as clear a conception concerning the manner
in which the interlacing fibres were deposited, as he
may gain of the mode of formation of a complex
spider’s web, by careful examination at short intervals
during its formation, although he has not witnessed
the creature actually at work. So delicate are the
fibres in some tissues that they can only be detected
by resorting to artificial colouring; and careful in-
vestigation leads me to think that in many cases in
which a tissue appears perfectly homogeneous and
structureless, it is really composed of excessively fine
fibres, which cannot be clearly demonstrated by the
aid of the methods of investigation at our disposal.
135, Movement of Bioplasm in all tissue-formas
tion.—The peculiar characters and arrangement of
some structures can be accounted for by the move-
ments of the bioplasm during their formation, and
conversely we may learn much concerning the move-
ments of bioplasm by a minute and careful investiga-
tion of the arrangements of the elementary tissue
which has been formed by it. In the formation of
the elastic cartilage of the epiglottis, for example, it
seems probable that each mass of bioplasm revolves
while 1t forms delicate fibres, which accumulate, and
at length appear to be arranged concentrically round
the space in which it lies. The fibres, m this case,
seem to be formed somewhat in the manner in which
the caterpillar spins its cocoon, except that in the
case of the tissue, the process is interrupted, while
the last is a continuous operation. The attachment
of the bioplasm to some of these fibres may be dis-
tinctly seen in the particular texture referred to.
136. Remarkable spiral Fibres.—In connection
with the ganglion cells of the sympathetic of the
frog, I have described a very remarkable spiral
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arrangement of nerve fibres, which can be readily
explained by supposing movements of the bioplasm,
while I believe in no other manner can the facts be
satisfactorily accounted for. So also by the careful
study of the arrangement of the twisting of nerve
fibres in many tissues, we shall become convinced of
the never-ceasing movement of the masses of bioplasm,
not only during development, but afterwards, during
the adult period of life. In this way only can
many of the highly intricate structural arrangements,
familiar to us in many organs of man and the higher
animals, be explained.

13%7. Changes in Tissue after formation.—Changes,
however, take place in many kinds of tissue after the
formative act has been completed. In some cases the
part which was first produced dries up, and gives
rise to irregularities or cracks, which appear as
peculiar markings, and may be characteristic of the
fully formed structure. Sometimes a tissue, which
for a long time may appear homogeneous and clear,
gradually acquires a fibrous appearance from the
tendency of the old tissue to split, or cleave in certain
directions, which will, in fact, be found to correspond
to the lines in which new tissue material was de-
posited at an early period of formation.

138. Epithelial Tissue.—One of the simplest forms
of tissue found in man and animals, and perhaps that
which is produced most easily and most quickly, is
cuticular epithelium, § 115. Possessing elasticity,
and considerable extensile property, performing the
passive office of protecting more important textures
beneath it, upon which it rests, and with which it ig
often connected, this tissue is readily replaced, if
removed, and when injured is quickly and effectually
repaired.  Epithelial tissues exhibit, however, re-
markable differences in property in different situations,
One may be dry and firm, hard and resisting, forming
a sharp point or cutting edge, as in certain kinds of
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nail and horn; another may be supple and elastie,
like the epidermis, or soft and moist, like the epithe-
lial tissue of mucous membranes and internal passages,
while some forms of epithelial tissne are semi-fluid,
or more or less viscid, of the consistence of mucus,
34,
: 1329. Different kinds of Epithelial Tissue.—The
student would scarcely believe that the soft, moist
epithelium of a& mucous membrane was in any way
related to the hard dry tissue of which nail, horn, and
hair, § 118, consist, or to the hard calcified texture
of shell, dentine, § 120, or enamel, § 121; but if he
were to examine these textures at an early period of
their development he would be convinced of their
very close relationship, and would find that the formed
material was produced in the same manner in them
all. Tt may be truly said that one thing can scarcely
differ more from another than the soft, moist epithe-
linm of a papilla of skin or mucous membrane does
from the firm cuticular tissue of horn or hair, and
yet under modified eonditions the former may become
<o altered as to constitute a tissue which any one
would admit was closely allied to the latter structures.
The fibre-like cells constituting certain forms of hair,
horn, and nail are very different from other forms of
epithelial tissue, but, as 1s well known, Wel]-clevelnped
horns are occasionally produced on thg: skin, E_i-nd tl::e
horny material consists but Of‘ modified epidermis.
The long drawn out cells or fibres of enamel .a-nd
dentine are probably modified for_ms of epithelinm,
the formed organic matter of which has been gra-
~ dually impregnated with caleareouns particles, § 119.
140. Difference in function discharged ','3" Epithelial
rissues.—Nor do epithelial textures .differ from one
another less remmkﬂ.b]y_ n Et]‘l}(}tl‘ll‘(—: and phj-'mf:al
properties than they do in function. The -:{:}el] which
secretes bile, or urine, or gastric juice, § 124, would
seem to be very far removed from the epithelial cell



GLAND FOLLICLES AND DUCTS. 97

of the cuticle or of a mucous membrane, for the
former are instrumental in the production of secre-
tions possessing very peculiar properties and con-
taining much water, while the last produces only the
dry horny matter which accumulates, or a softer
material which, however, by gradual drying, may be
converted into the same sort of passive substance.
The relationship is however distinctly seen in disease,
for there are conditions under which secreting cells
may cease to produce their characteristic secretions,
and shrivel up and waste, becoming at last so changed
that some of them might easily be mistaken for a
very simple form of non-secerning cell structure.
While in “inflammation’’ the bioplasm of all these

cells being supplied with an undue proportion of
- nutrient material, gives origin to a common form of
bioplasm—* pus,”

141. Gland follicles and ducts.—A gland follicle
itself, with its included epithelium, is, in the first
mstance, but a diverticulum from the duct: which
duct is but an inflection of the general surface. In
the formation both of the duct and the gland follicle
epithelium is instrumental. Young cells may grow
in a direction from the duct, and multiplying in num-
ber may produce a little collection like that seen in
the gland follicle, or 1 long series may result, as in
the formation of the tubes of which some glands are
constituted, Eventually the permanent epithelium
of the secreting part of the gland differs so much in
form and action and properties from that of the duct,
that, had we not waiched the evolution of both, we
shonld not have been inclined to beliove in their
Common orignn,

14Z. Formation of epithelinm and fibrous tissue by
bioplasm.—Aft an early period of development o
Structural differences can be discerned between the
formed material produced by those masses of bio.
Plasm on the surface of the body which are to give

H
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rise to “ epithelial cells,”” and that formed by those
beneath which are to take part in the development of
““ fibrous tissues,” *“ vessels,” “nerves,”’ and “muscles.”
But gradually the soft mucus-like formed material
first produced, disappears, and #issue, exhibiting pe-
culiar structure, and manifesting special properties, is
slowly formed by the bioplasm. This constitutes the
tissue of the epithelial cell, or the fibrous tissue of
the subjacent textures, as the case may be. The pro-
cess of epithelium formation on the surface having
commenced, continues as long as life lasts, and the
loss of the old epithelial cells is compensated by the
production of new ones beneath.

143. Formation of contractile tissue.—One of the
most remarkable examples of peculiar structure
familiar to us, and one which cannot be at all satis-
factorily explained at present, is striated muscle. But
we must not conclude that the transverse markings
are essential to contractile tissue, for they are com-

Jetely absent in the case of involuntary muscular
fibre. While, on the other hand, there are certain
kinds of fibrous tissue, destitute of contractility,
which possess distinct transverse markings. Nor are
the striee of muscle seen at an early period of develop-
ment. They do not make their appearance until
contraction of the tissue has repeatedly occurred ; but
the fact of their great regularity and constant uni-
formity in the same species of animal precludes the
possibility of these markings being due merely to
some accidental variation in the refractive power of
the muscular tissue. It is certain they depend upon
the occurrence of important siructural changes
while the contractile material is in a very soft plastic
state. They may be due to the rate of formation of
the contractile substance, and the rapidity of the suc-
cessive actions of the nerve current instrumental m
exciting contraction. The depth of the contracting
portions indicated by the varying distances between
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the lines in different cases may be accounted for by
the altered rate of performance of the operations
above referred to.

144. Formation of nerve tissue.—It has been
generally considered that the tissue of the nerve fibre
was peculiar, and that its functions was in some
manner determined by the peculiarity of its structure,
or by its chemical composition. Such a view is, how-
ever, not supported by facts. For when we come to
examine the axis cylinder or core of the nerve fibre,
which is undoubtedly the-active and really essential
part, and that which is. alone instrumental in trans.
mitting the nerve current, we find that this filament
possesses an exceedingly simple structure, and, at
least in some animals, looks very like ordinary fibrous
tissue. Indeed, if we were shown only a very small
piece of an axis cylinder of a frog’s nerve fibre, and
some pieces of fibrous tissue of the same shape and
size, we should not be able with certainty to distin-
guish one from the other.

145. Formation of fibrin.—One of the simplest
forms of tissue which is most widely distributed
among other tissues of man, and the higher vertebrata,
appears under the microscope to consist entirely of
delicate fibres passing from one point to another.
Extremely delicate fibres may be formed hy every
kind of bioplasm, and these result from its death.
The substance known as fibrin consists of fibres which
interlace in all directions, and which probably have
been formed from matter produced by the white blood
corpuscles. A white blood corpuscle, a muecus cor-
puscle, or other kind of bioplasm may move onwards,
leaving behind it a trail of newly formed lifeless ma-
terial consisting of a mucus-like mass of delicate fibres.

Fibres of fibrin gradually acquire firmness by the
closer approximation of the material of which they
consist, and the gradual expression from its substance
of more and more of the fluid existing in relation

H 2
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or combined with it at the time of its origin from
the bioplasm. The gradual production of these
fibres may be studied under the microscope during
the coagulation of a drop of liquor sanguinis.

146. Formation of cuticle during the healing of a
wound, &c—A modified form of cuticular tissue
may be produced in a manner different from that
described in § 116. Where the healing process pro-
ceeds over an extensive surface after the removal
of a considerable portion of skin, new cuticle is
at last formed. The formation of new cuticular
texture does not only spread gradually towards
the centre of the space from the intact cuticle at the
margin of the wound, but new points of cuticle for-
mation are seen to originate as little islands even
in the central part. This cuticular tissue must be
formed by masses of bioplasm, which have descended
from white blood corpuscles, many of which are
usually found upon the surface of a healing wound,
having escaped when very small with the serum of the
blood through the thin walls of the capillaries.” It mnst
be remembered that the particles of bioplasm concerned
are the descendants of white blood corpuscles which
have themselves descended from embryonic masses of
bioplasm formed at a very early period of develop-
ment before many of the tissnes were formed, and at a
time therefore when the capacity for the production
of diverse structures was greater than at a later period.
The white blood corpuscles are the only masses of
bioplasm of the adult that could inherit the diverse
powers of embryonic bioplasm, and this perhaps may
be the explanation of the greater degree and variety
of formative capacity possessed by these as compared
with other living particles.

14%. Formation of fibrous tissue in healing of
wounds.— When a wound in the substance of a tissue

# «(On the Germinal Matter of the Blood.” Mic. Journal,
186G3.
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is repaired, fibrin is first formed from the minute bio-
plasts and white blood corpuscles. The bioplasm em-
bedded in the meshes of this newly formed web of tem-
porary tissue then grows and multiplies, and at length
massesare formed from which a firmer and more lasting
fibrous tissue results. This is deposited in definite
layers, and in a definite direction, while the old tem-
porary fibrin having served its purpose is slowly
absorbed. The changes referred to have been care-
fully studied in the fibrin deposited from the blood in
the repair of a wounded artery. The characters of
the coagulum first formed, and the changes which
take place in it afterwards, have been represented in
the plates appended to the memoir referred to, “ On
the repair of Arteries and Veins after Injury,” by
Henry Lee and Lionel S. Beale. Medico Chirurgical
Transactions. Vol. L.

148. Simple fibrous connective.—This very delicate
texture, the simplest of all the tissues, is very widely
distributed in man and the higher animals. TIndeed
there is scarcely a part of the body in which traces of
1t cannot be discerned. From the circumstance of
its existing between the more mportant structural
elements of higher tissues, and connecting them to
one another, as well as to other tissues, it has been
termed connective tissue. It has been supposed that
this texture was designed to give strength and support
to more important tissues, but it must be obvious to
any one who examines any of the organs in question,
that the various structural elements afford the most
cfficient support to one another, and are not in need
of a special supporting frame-work of any kind. It 1s
indeed very remarkable that such a view should have
been entertained, as it is well known that at the time
when the more elaborate tissue elements are softest,
and therefore most in need of support, that is at an
early period of their development, scarcely a trace of
this connective is to be found, while, on the other
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]’.'E&ﬂd, when the textures have acquired considerable
firmness, and possess resisting power of their own,
this “supporting” connective tissue exists in very
large quantity.

149. Increase of fibrous connective tissue in old age
and in disease. —The intervening connective, instead
of being of advantage to the special elements of the
tissue, actually interferes with their action, and its
accumulation corresponds with the deterioration of
the organ in which it takes place. Old textures differ
from young textures of the same kind in the greater
proportion of connective tissue present, and this results
from changes occurring in the normal structure. In
many painful examples of chronic disease of im-
portant organs which come under the notice of the
physician, the premature decay at a time when all
parts of the body ought to be still in an active,
vigorous state, is associated with abundance of con-
nective, this being, in fact, the débris of the more
important texture which has wasted.

150. Mode of increase of fibrous connective in
muscles and nerves.— It is easy to understand how
the connective tissue results during the development
of textures in which the permanent type of structure
is not manifested until several temporary textures
have occupied the place of that which is destined at
last to remain, These temporary textures gradually
disappear, leaving a small quantity of what we call
fibrous connective, and this collects, iIn most mstances,
at the ounter part, because the formation of the new
tissue takes place in a direction from within outwards:-
In studying the development of fissues, which consist
of collections or bundles of fibres as, for example,
muscular fibres, this point may be demonstrated very
conclusively. The new fibres originate in the centre,
and great differences in character between the outer-
most fibres and those situnated farther inward, will
always be observed. Irom the first the masses of
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bioplasm, situated most externally, only produce con-
nective tissue, and the muscle itself results from the
development of those occupying a more central
situation. The same fact is noticed in the develop-
ment of nerve fibres. The masses of bioplasm,
situated at the outer part of the bundle, do not pro-
duce true nerve fibres, but from them is formed con-
nective tissue only. Up to a certain period the
formation of true nerve fibres may have been possible,
but a sufficient number of perfect fibres having been
developed within, the marginal fibres degenerated and
took the low form of fibrous connective.

151. Formation of fibrous connective in glands.—
But the nature of this connective, and the mode of its
production, are very conclusively determined by in-
vestigating the changes which occur during the de-
velopment of a gland of highly complex structure,
like the kidney or liver of man and the higher
animals. At an early period of development the
cells concerned in the formation of the kidney, for
instance, multiply and become arranged so as to form
a cylindrical mass. By their division and subdivision
this increases in length and ecireumference, at least
during a certain period, in every part of its extent.
At the deep or external portion of these cells, ad Jacent,
to the vessels, matter is slowly deposited in an in-
soluble form, and thws a thin membranous boundary
corresponding to the outer limit of the future tube
results, and this becomes extended as the cells oTOW,
while at the same time it is increased in strength by
the addition of new matter. Between the lines of
masses of bioplasm from which the tubes are de-
veloped, and those which take part in the formation
of vessels and nerves, are a few masses which are not
concerned in the formation of any definite structure,
but which perhaps take part in the production of a
small quantity of intervening substance. The mem-
brane becomes further modified by its relation to the
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nerves and blood-vessels. These were very close to
the cells at: the earliest periods of development, and a
very close relationship between them must be main-
tained throughout life, or the free action of the gland
would be impaired. Moreover, as the gland which
already actively performs its fanctions grows, new
nerve fibres and new capillaries must be developed
around the tubes. The position which a capillary or
or an ultimate nerve fibre occupies at an early period
will at a later time be the situation where a bundle of
nerve fibres, or small arteries and veins must be placed.
The structural changes involved in all these altera-
tions are considerable. Old capillaries and nerve
fibres must be removed as new ones are developed to
take their place, and all the original gland cells will
have disappeared probably long before the uriniferous
tubes have acquired their fully formed characters.
But these structural elements are not completely re-
moved. There remains a small quantity of matter
which cannot be taken up by the ordinary processes
at work. This is no doubt capable of being removed
like every texture in the body, but its complete re-
moval would probably involve the destruction of the
gland, while its almost complete removal permits of
the contmuous development of the latter, and does
not interfere with its continuous action. The con-
ditions of existence in the chse of man and the
higher vertebrata, with a few unimportant excep-
tions only, permit the very gradual but not absolutely
complete removal and renovation of the tissues first
formed. Hence, as we grow older the greater 1s
the amount of connective tissue that accumulates.
152. No fibrous connective in insects.—In insect‘s,
the state of things is very different, and in their
textures there is an almost complete absence of con-
nective tissue. The organs and tissues of the larva
-aré entirely removed, while new organs and textures
of the imago, or perfect insect, are laid down afresh
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and developed ab initio, instead of being built up
upon those first formed. Such complete ﬂhﬂ.nge,
however, necessitates a state of existence during which
action or function remains in complete abeyance. In
the pupa or chrysalis period of life, functional activity
is reduced to a minimnm, and nothing is allowed to
mterfere with the developmental and formative pro-
cesses. The new and more perfect being which is
evolved does not probably retain a trace of the struc-
ture of its earlier and less perfect state. Although
the elements of matter in the imago are, of
course, those of which the larva was composed,
they have been as completely re-arranged as they
would have been had they been introduced into the
organism of another individual altogether. Not
only have the old tissues been utterly destroyed
and new ones produced, but in many. instances these
new ones belong to a totally different type; and were
1t not that observation has taught us that they have
been really evolved at different periods during the
life of one and the self-same individual being, we
should have concluded not only that they belonged to
different species, but in many cases to species far
removed from one another,

153. Skeletons of young organs in adults.—In ver-
tebrate animals there is not an organ in the adult but
retains, not only the form which it assumed at a com-
paratively early period, but some of the very same
tissue which was active in early life remains in an
altered but deteriorated state. Every adult organ
may be said to contain as it were the imperfect
skeletons of organs which were active atran earlier
period of life. This material which slowly accumn-
lates, clogs, and perhaps even in the most perfect
state of things, slightly interferes with the free
activity of the organ. If from any interference with
the changes this unabsorbed débris accumulates in
undue proportion, the action of the organ may be
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very seriously impaired. It indeed soon grows old,
while all the rest of the body may remain young.
Its imperfect action deranges other processes of the
body, and these react upon it until further action
becomes impossible, and death results. The gradual
but continuous and regular decay and renovation of
an organ is normal in the vertebrate animal. The
changes exhibit wonderful elasticity within certain
limits, according to the demand for functional activity
of the organ, but these limits, narrow in some, wide
in others, cannot be exceeded without derangement
and slow deterioration resulting.

154. Interruption of normal changes.—This con-
tinuous renovation of an organ and accumulation of
the skeleton of its earlier periods of existence may,
however, be almost suddenly interripted. In those
changes which lead to the formation of pus the re-
moval of every texture is as perfect as during the
pupa state of an insect, but the bioplasm constituting
the pus corpuscles has no power to give rise to that
which will take part in the development of new
tissues, while that which takes part in the removal of
the larval tissnes during the pupa state does possess
this power. When therefore in vertebrata this complete
change occurs the organ is destroyed, but a new one
18 never developed in its stead. A part of a complex
organ may be destroyed and removed, but it cannot
be formed anew, so that in man the gradual or sudden
destruction of a great part of an organ necessary to
life cannot be repaired, although in many cases the
patient may adapt himself to the altered state of
things and live under the changed conditions. The
above considerations afford, I think, an explanation
of the formation of the so-called interstitial indefinite
connective found in greater or less amount in all
organs of all vertebrate animals, and of its inerease
as age advances. The more regularly, gradually, and
perfectly the changes are effected, the smaller will be
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the proportion formed, and the more slowly will it
accumulate. When this is the state of things in all
the organs of the body, health and longevity result.
The opposite entails disease and too early death.

155. Vitreous humour.—This texture i1s so delicate
that no structure can be demonstrated in it, even if
examined under high powers. It contains so little
solid matter, that 100 parts lose by evaporation up-
wards of 99. The tissue, however, probably forms a
delicate web, in the meshes of which watery fluid is .
retained. At an early period of development nume-
rous masses of bioplasm may be demonstrated in
every part of the mass that is to become the vitreous
humour, and from each one may be traced extremely
delicate filaments, which may be followed for some
distance, but arc at last lost sight of from their
tenuity. Fibres no doubt exist which are too delicate
to be seen. As development advances, the adult
vitreous masses of bioplasm become separated from
one another by an increasing extent of delicate
tissue, and many of them disappear. Some on the
surface may, however, be detected even in the adult,
and probably are concerned in the formation of new
tissue at the circumference, as well as in certain
changes occurring in disease, which may result in a
complete alteration in the character of the vitreous.

. 186. The mucous tissue of the umbilical cord (the
Jelly of Wharton) is one of the simplest forms of
fibrous connective tissue, and one well worthy of at-
tentive investigation. Like the vitreous, it containg
very little solid matter. Its mode of growth is inte-
resting, and by studying it carefully, we may obtain
very accurate iformation concerning one way in
which interstitial growth and expansion of a tissne in
every direction are provided for. In very young
mucous tissue oval masses of bioplasm are ‘seen ar.
ranged round small circular spaces. They divide and
subdivide, and move in a direction oubwards from the
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centre of each space. From each a delicate fibre

extends, which intertwines with the fibres from adja-,

cent masses of bioplasm. The bioplasm increases at
the circumference of each area, while the previously
formed tissne remains in the central part. Thus it
happens, when the tissue has grown to a certain ex-
tent, more or less circular spaces, occupied by a very
delicate fibrous tissue, are seen free from any bioplasm
whatever, while the latter exists only at the circum-
ference. These spaces increase in diameter as the
tissue advances in development. In this way growth
takes place equably in all parts of the tissue,

The above appearances in the structure of the
tissue may be well seen under a low power in suffi-
ciently thin specimens prepared as T have described.
When examined under a magnifying power of 700
diameters, each elementary part is observed to con-
sist, 1, of the oval mass of bioplasm prolonged in
either direction for a short distance, and exhibiting
oil-globules in consequence of change having taken
place after death; and, 2, of the delicate fibrous
tissue externally, which may be torn and frayed out
without difficulty.

159. Virchow’s juice-conveying tubes.—The ex-

tensions of the bioplasm into the fibrous tissue have
been mistaken for tubes, and it has been stated by
Virchow that these tubes anastomose thronghout
the tissue, and constitute a system of channels for
the conveyance of the nutrient juices. But it
need scarcely be remarked, first, that the sup-
posed channels do mot in all cases anastomose;
secondly, that they contain bioplasm and imperfectly
developed formed material, not fluid, as has been sup-
posed ; and, thirdly, that nutrition is more perfectly
carried on by the tissue itself being permeated every-
where by the fluid flowing to and from the bioplasm,
than it would be by any system of nutrient tubes like
that imagined to exist.

—
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The juice-conveying channels, described by Vir-
chow as so necessary for the distribution of nutrient
matter fto the tissues, thus receive very different
interpretation. It is now more than ten years since
the views here given concerning the supposed nutrient
Juice-conveying channels were advanced, and quite
time that the question of fact were examined by other
observers. It is manifestly detrimental to the inte.
rests of science that erroneous views should be
repeated year after year, although they have hbeen
distinetly proved to be erroneous.

158. Connective tissue has formed the battle- ground
of many a scientific conflict, and the most extreme
views have been entertaine concerning its nature.
By some it has been regarded as one of the most im-
portant and necessary of tissues in the organism, and
as contributing to the support of higher and more com.
plex textures, and concerned in the distribution of
nutrient material to them. It has been maintained
that some parts of the nervous system consist almost
exclusively of connective tissue ; and this texture
has long been regarded as a most important and ne-
cessary constituent of nerve organs. Indeed, some
have affirmed this to be the tissue in which nerves
end. But, in opposition to these views, a great array
of most important facts has been advanced. In some
of the lower animals remarkable for their elaborate
and delicate textures, which one would think really
do require support, no connective tissue is to be found,
while in the higher animals and man, scarcely a trace
of the texture is to be met with at g very early
period of development when the tissues are very soft
and delicate, and when, therefore, they are most in
need of support ; at this time also they require g vast
amount of nutrient material distributed to them in
the most perfect manner, but rmi;wii;hstﬂnding their
necessities, this tissue, supposed to be necessary for
the conveyance of nutrient matter to them, is absent,
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159. Formation.—Moreover, the mode of formation
of connective tissue is opposed to the above theoretical
views. Connective tissue results in many cases during
the growth of higher and more important textures.
The intervals between mnerves, muscles, and other
tissues, and between the constituent parts of these
tissues respectively, are occupied by connective tissue.
When a tissue or organ is to be developed, its germ
always originates from bioplasm occupying the centre
of a collection of masses of bioplasm. As its develop-
ment proceeds, the superficial masses of living matter
are pushed further outwards; and, instead of taking
part in the formation of the particular tissue or organ
in question, their formative power is limited to the
production of this indefinite fibrous or connective
tissue.

160. Connective tissue formed during the waste and
decay of organs.—As organs and tissues decay, much
of their structure is removed, but a residunm which
remains is known as connective tissue, the masses of
bioplasm of which correspond in many cases to those
of the original cells or elementary parts of the tissue
or organ which has wasted. Nerves, muscles, the
tissue of the brain and spinal cord, the glandular
tissue of the liver, kidney, and other organs, may thus
become converted into a texture which 1s exactly hike
connective tissue, a form of which may even be pro-
duced from white blood and lymph corpuscles. In
all kinds of connective tissue the relation of the
bioplasm to the fibrous tissue or formed material is
the same. In disease the masses of bioplasm often
increase in size and multiply in number, giving rise
to new connective tissue, which 1s added to ﬂ.l::l.-t
which already exists. In this way the_ c_nndensntmn
and alteration in properties of the original texture
may be effected.

161. Cord-like fibres in fibrous ﬂnnncct-h'e.:——:[n
many kinds of conmective tissue, besides a delicate
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texture closely resembling certain forms of white
fibrous tissue, there are some fibres exhibiting the re-
actions of yellow elastic tissue. These fibres differ in
character and number in different cases. Some of
them consist of elastic tissue developed from nuclei
or masses of bioplasm, as will presently be described.
But in many cases these fibres ave probably the re-
mains of nerve fibres or capillary vessels which had
been active at an earlier period of life, while, in some
mstances, they result from the prolongations of the
bioplasm being converted into imperfectly developed
fibrous tissue, which, like bioplasm itself, is not ren-
dered transparent and caused to swell up by the
action of acetic acid. '

162. White fibrous tissue consists of a firm, hard,
whitish material which becomes converted into gela-
tine by boiling. The toughness and resisting pro-
perty of skin depend upon this tissue. The bioplasm
of all kinds of white fibrous tissne may be shown to
be continuous with the fibrous tissue or formed ma.
terial. If a small portion of white fibrous tissue, as
tendon, be examined at a very early period of deve-
lopment; under a power of 200 chameters, it will be
found that it is composed of oval masses of bioplasm,
with a very little intervening fibrous structure. At a
still earlier period of its existence, it contained a still
larger proportion of bioplasm. As growth proceeds,
the fibrous material increases, and the bioplasm rela-
tively decreases, so that when it reaches its adult
form the principal portion of the structure consists of
fibrous material, and there is comparatively only a
very small amount of bioplasm. To state this more
clearly—In equal portions of young and adult tendon
the proportion of bioplasm is very different. There
may be five or six times as much in the former as in
the latter. This important fact will he demonstrated
quite EELEIIJT. if a piece of young tendon be contrasted
with a portion from an old subject. The contrast be.
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tween the two specimens in the proportion of bioplasm
which corresponds to a given amount of formed
material is very striking. (See the new edition of
“ Physiological Anatomy and Physiology of Man,”
Part II.) The formed material increases as the
tendon is developed, and at the same time it under-
goes condensation. The fibrous material is continuous
with, and has been formed from, the bioplasm. Like
other kinds of formed material, it possesses no power
of absorbing nutritive pabulum, nor can it convert
this into tissue like itself. All additions to its sub-
stance take place at those points only at which bio-
plasm exists.

163. Bioplasts of white fibrous tissue.—The little
masses of bioplasm situated at regular distances
thronghout the tissue, and having the appearance of
nuclei, are the only parts engaged in the process of
growth, and upon the outer part of each is a layer of
soft formed matter not yet converted into the firm
unyielding fibrous tissue. From each there extends, for
some distance amongst the fully formed tissue, threads
of imperfectly developed formed material which re-
sists. the action of acetic acid and refracts highly—
circumstances which have led to the opimion that
from each nucleus, fibres of yellow elastic tissue were
prolonged, and, as a consequence, 1t was supposed
that the “nuclei” and their supposed * fibres,” or
nuclear fibres which were embedded in the white
fibrous tissue, had nothing to do with its formation.
The former were supposed to represent cells, and the
latter an intercellular substance.  Subsequently, Vir-
chow included them in his catalogue of juice-con-
veying channels. Careful examinatiu_rn of properly
prepared specimens of the same kind of fibrous
tissue at different ages will, however, convince any
careful observer that the theories nmow taught are
untenable, and that the facts may be satisfactorily ex-
plained upon the more simple view of the structure
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and formation of fibrous tissue T have ventured to
bring forward. See my Lectures delivered at the
Royal College of Physicians, 1861.

164. Repair of white fibrous tissue.—This simple
tissue is repaired after injury by the development of
tissue of the same character. White fibrous tissue
may be formed by white blood-corpuscles, or by the
masses of hioplasm descended from them. In the
repair of injuries to arteries and veins, Mr. Lee and
myself traced the production of white fibrous tissue
in what was clearly at first but fibrin deposited from
the blood, and T have shown that the recent lymph in
certain inflaimmations has a similar origin, and is
formed in the same way. In the repair of a divided
tendon, masses of bioplasm probably result partly
from the multiplication of the adjacent bioplasm of
the tissue itself, and partly from the white blood-
corpuscles which have escaped from the divided ves-
sels, or from masges of bioplasm descended from
these.

165. Bioplasm of the cornea.— Stellate masses of
bioplasm are remarkably distinct in the corneal tis-
sue of all animals, where they exist in great num ber,
and possess long branching processes which anas-
tomose freely with one another, and which may be
distended with fluid, or contain very little, as was
explained in the case of the branching pigment cells
of the frog, § 131. These are the so-called corneal
corpuscles, and are to he demonstrated in any corneal
tissue without difficulty. Amongst them are, how-
éver, masses of bioplasm which belong to the nerves,
and some few which are not connected with any (is-
sue (wandering celly of Recklinghansen). In spe-
eimens I have prepared the numerons stellate masses
of bioplasm are seen very distinctly, and the anasto.-
moses between the radiating processes can be detected
without difficulty. Thege bear to the firm but*trans-
parent corneal tissne Just the same relation as the

1



114 YELLOW ELASTIC TISSUE.

stellate masses of bioplasm existing in certain spe-
cimens of tendon bear to that texture. The number
of these freely connected masses of bioplasm dis-
seminated through the corneal tissue renders this
texture permeable to fluids, and probably allows great
alterations to take place in its internal structure, very
quickly leading to considerable modifications in its
thickness, and perhaps in its refractive power during
life. In properly prepared specimens, the masses of
bioplasm which are connected with the nerve fibres
may be shown to be distinet from those of the corneal
tissue, and the finest ramifications of the nerves which
may be traced in the substance of the corneal tissue
to have no connexion with the radiating processes of
the corneal corpuscles, or with the bioplasm of these
bodies. Kiihne some time since published a memoir,
in which he endeavoured to prove that some of the
rocesses of the corneal corpuscles were continuous
with delicate ramifications of the nerve fibres;* but
although I have seen many specimens which on first
sight appeared to justify such an inference, 1 have
been convineed, on further and more careful examina-
tion, that this was not the case, and I have been able
to focus the delicate merve fibre distinet from the
prolongations of the corneal corpuscles, and to prove
that these bodies were situated upon different planes.
166. Yellow elastic tissue.—The bioplasm of yellow
elastic tissue is so very indistinct in specimens ex-
amined in the ordinary way, that many authorities
have concluded that this tissue is altogether destitute
of living matter, and that its formation is not due to
nuclei or cells of any kind. It is, however, obvious,
that in ordinary specimens the small masses of per-
fectly clear, transparent, structureless bioplasm would
be completely hidden by the highly refractive, firm,
well-defined fibres of the elastic tissue. But no

# ¢ [Untersuchungen iiber das Protoplasma und die Contrac-
tilitit.,” Leipzig, 1864.
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difficulty is experienced in detecting the bioplasm of
this tissue, if it is prepared according to the plan I
have described. The carmine fluid tinges the bioplasm
of this tissue as well as every other kind; and in
properly prepared specimens oval masses of bioplasm
are seen adhering to the fibres of yellow elastic tissue,
and bear to it the same relation that the bioplasm of
some other tissues bear to the formed material of
these. The bioplasm of yellow elastic tissue is so
easily demonstrated in the young ligamentum nucheae
of the lamb, in which the oval masses may be seen so
distinctly and in such great numbers, that one can-
not but feel astonished that any doubt should
exist on the point. But in such questions conjec-
tures and speculations have hitherto influenced both
teachers and pupils more than accurate observation.
By careful examination fibres may be found in
various stages of development, from the thinnest and
scarcely visible line to the well-known distinet cylin-
drical fibre. The bioplasm is seen as an oval mass
upon one side of the fibre, and passing from either
extremity to the surface of the fibre may be detected,
with the aid of high powers, an extremely delicate
tissue, which is the soft and imperfectly formed yellow
elastic ligament. In the case of some of the larger
fibres, I have been able to trace a gradual alteration
in density of the delicate tissue just referred to, in
proceeding from the mass of bioplasm towards the
fibre until the firm dense texture of the actnal yellow
elastic tissue is reached. The new tissue thus pro-
duced contributes to the thickening of the fibre. The
appearance seen in many cases is such as to Justify
the inference that the bioplasm moves along the sur-
face of the fibre, leaving behind it as it goes a small
proportion of soft formed material, which gradually
andergoes condensation, and becomes slowly con-
verted into yellow elastic tissue. In this way each
fibre is increased in thickness. Concerning the
I 2
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origin of the finest fibres of yellow elastic tissue from
oval masses of bioplasm, there will not remain the
shghtest doubt in the mind of any one who has
examined properly prepared specimens of this tissue
at an early period of its development. Other forms
of yellow elastic tissue from the ligamenta subflava,
vocal cords, coats of arteries and veins, and from
other parts, also contain masses of bioplasm, which
may be demonstrated in the manner I have re-
ferred to.

167. Ligamentum nuchze of the giraffe.—The fibres
of the ligamentum nuche of the giraffe are very
large, and remarkable for exhibiting at short in-
tervals transverse markings, which were first noticed
by Professor Quekett. These markings are situated
i the internal part of the fibre, and do not usuall
extend quite to its outer surface. They probably
depend on contraction of the oldest part of the formed
material taking place as it gets dry and condensed
after its formation is completed. Unfortunately, I
have not had an opportunity of obtaining a portion of
fresh ligamentum nuchee of a giraffe, so that my
specimens are defective in not exhibiting the bioplasm
of this particular form of yellow elastic tissue.

List oF MICROSCOPICAT SPECIMENS ILLUSTRATING
LecTuRE VI
No. of diameters
No. magnified,
37. Simplest form of connective tissue; lamb, at a very
early period of development, showing bioplasm
and tissue .. i ' N ~¥ .. 215
38. Simplest form of connective tissue ; human subject,
at a very early period of development, showing
bioplasm and tissue o S o R
39. Tendon at birth, showing rows of oval masses of bio-
plasm very near to one another . & ot
40. Tendon; old man, age 74, showing rows of oval
' masses of bioplasm, separated from one another
by much tissue .. He i s o 216
41, Tendon ; kitten at birth, and adult cat ., e 215

215
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No. of diameters
No. magnified,
42. Yellow fibrous tissue, showing oval masses of bioplasm 215
43. Yellow fibrous tissue; lig. nuchsme giraffe, showing
transverse markings = o e «« 215
44. Junction of fibrous tissue and cartilage, frog; show-
: ing bioplasm of both tissues b . vo 215
45. Fibrous tissue of the cornea, rabbit ; showing stel-
late masses of bioplasm which anastomose with
one another in many situations .. i «s 215
46. Bioplasm of growing fibrous tissue ; green tree frog 215
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LECTURE VIIL

Cartilage—Of «“ Cells” and * Intercellular Substance ™
—Formation of Clusters of Broplasts— Outline of the
“ Curtilage Cells”—Changes in the Matriz after s
formation—Junction between Tendon and Cartilage—
Of the formation of Septa or Partitions between the
Bioplasts—Division of Bioplasm of Cartilage—Ques-
tion of ¢ Cell-wall,” * Cell Contents,” dc., in Carti-
lage— Perichondrium-—** Cellular > Cartilage from
Mouse’s Bar— Spongy Cartilages— Fibro- Cartilage
—Changes in Bioplasm of fully-formed Cartilage—
Changes in Disease—Adipose Tissue—Fatty Matter
— Formation of Adipose Tissue— Bioplasm of the
Fat Vesicle—Fatty Degeneration—Of the removal of
Adipose Tissue, and the absorption of Fat—Abnormal
development of Fat.

168. Of cells and intercellular substance.—It has,
indeed, been maintained, and the doctrine 1s still
widely taught, that the connective lissues form a class
by themselves, and consist of cells or cell forms em-
bedded in an intercellular substance. The formation of
the “cells” and the production of the *intercellular
<ubstance” are supposed to be distinct operations.
But it has been distinctly proved that in this, as well
as in all other textures, masses of bioplasm (the so-
called cells)- existed before any vestige of the intei-
cellular substance was to be demonstrated, and that
the “intercellular substance’’ is formed from the bio-
plasm. The connective tissues include the various
forms of connective and fibrous tissues, cartilage, and
bone. The matrix of cartilage is, however, no more .
intercellular than the walls of epithelial cells are inter-
cellular. The relation of the so-called cells to one
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another, and to the cell wall, or intercellular sub-
stance in the two tissues respectively, will be at once
understood if we call to mind the fact that each mass
of bioplasm produces upon its surface the fissue, be it
termed matria, cell wall, or intercellulur substance. This
tissue accumulates between the several masses of bio-
plasm. Now, even in epithelial textures, at an early
period of formation, the formed material does exist as
a continuous mass, which occupies the intervals be-
tween the several masses of bioplasm, and exhibits an
arrangement similar to that which is met with in adult
cartilage and fibrous tissue; but as the growth of the
epithelium advances, the portion of formed material
belonging to each mass separates from its neighbours,
and thus “ cells” of epithelium result. I have
figured a good specimen of thisin “ Protoplasm.” See
also the second part of the “ Physiological Anatomy.”
The main difference, therefore, between adult cartilage
and fully formed epithelinm is at once perceived, for
in the cartilage each “cell” is not marked off from
its neighbours, but is represented by a mass of bio-
plasm, including a proportion of the so-called matrix,
or intercellular substance around it, while in epithe-
lium each separate bioplast is invested with its layer
or capsule of formed matrix. Some forms of carti-
lage are, however, really composed of * cells,” which
may be separated from one another just as in epithe-
linm. The distinction, therefore, which has been
drawn between different tissues, based upon the pre-
sence or absence of “cells” in the fully-formed tex-
ture, cannot be sustained, and the classification as epi-
thelial and connective tissues breaks down.

169. Cartilage.—I propose now to refer to cartilage,
a tissue which possesses many points of interest, and
which has formed the subject of many an anatomical
controversy. It is generally stated that cartilage is com-
posed of “cells” and “ {ntercellular substamce,” and that
the latter is formed and deposited in the intervals be-
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tween the former, the cells being embedded in the so-
called intercellularsubstance as bricks are embedded in
mortar. (§ 111.) No one, however, who has examined
cartilage at the different periods of development can
accent this doctrine, for he will find that, in its embryc
condition, cartilage, like other tissues, consists only of
spherical masses of bioplasm, around each of which is
the merest.trace of soft and delicate formed material,
The bioplasm is in direct continuity with the formed
material of the matrix, and in some forms of cartilage
from the frog the passage of the living formless mat-
ter into the formed material can be most positively
demonstrated. As the cartilage advances in develop-
ment it will be found that the formed material between
the masses of bioplasm increases in proportion, so that
if several specimens of the same kind of cartilage be
taken from the same part of the body of the same
species of animal at different ages, and examined,
it will be found that the proportion of bioplasm
corresponding to a given bulk of cartilaginous
tissne gradually diminishes as the tissue advances
mm age. In specimens of the sternal cartilage of the
kitten at birth, of the cat at six weeks and at three
months old, and of the full-grown animal which
have been prepared, the facts just referred to are
clearly demonstrated. The equable increase of the
cartilaginous tissue in all directions is effected, and
the expansion of the whole, without folding, crump-
ling, contraction, or stretching of any part, 1s beauta-
fully provided for. ‘
170. Formation of clusters of bioplasts in carti-
1age.—In those specimens of cartilage in which cach
individual mass of bioplasm divides so as to produce
clusters of four or more, and these again divide to
roduce secondary or tertiary clusters, it will be
found that the quantity of formed material between
the primary clusters is greater than that between the
secondary and tertiary clusters, a fact which receives
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ready explanation upon the view of the formation of
cartilage which I have taught. : As growth proceeds,
the deposition of cartilaginous tissue takes place more
slowly, while, by the condensation of t-h.‘a.nt_ which has
been already formed, room for the addition of new
tissue is obtained. As the cartilage approaches its
fully formed state, the tension resulting from the
deposition of new tissue containing much fluid Imme-
diately around the bioplasm gives rise to a shght
dufference in refraction of the formed material in this
situation, and it appears glistening and more trans-
lucent than the tissue generally.

171 “ Outline” of the cartilage * cell.”—It not
unfrequently happens that, in adult cartilage, the
bioplasm becomes detached from the formed material,
and appears as a spherical or oval body with a dark
outline, lying in a cavity (vacuole or closed space) in
the so-called matrix of the cartilage. The surface of
the mass of bioplasm may afterwards become furthey
condensed, and thus results the appearance which
has led many to the conclusion that a true cell wall
or cell membrane encloses the remains of the, bioplasm
of the cartilage. The examination of old cartilage in
which these changes have occurred has led many
observers to infer that complete *cells occupied
spaces scooped out in the matrix, while others thought
that these cells were first formed, and the matrix
deposited from the blood in the intervals between
them independent of any cell action whatever,

192. Changes in matrix after its formation.—A fter
cartilage tissue has been formed it often undergoes
a certain amount of change. A fibrous appearance
sometimes arises in that part of the matrix which
was first formed. This probably depends upon con-
traction taking place in the oldest part of the formed
material, but in certain forms of cartilage fibres are
developed from distinct masses of bioplasm lying in
the interspaces between those which are termed the
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cartilage cells. These masses of bioplasm are often
so very small that their presence has been entirely
overlooked. Certain forms of cartilage are prone to
undergo other changes after their formation is com-
plete. Among the most important of these is the
deposition of granules of calcareous matter in the
substance of the matrix. § 208.

173. Junction between ecartilage and tendon.—
Wherever different tissues are connected with one
another, the formed material of the one passes by
continuity of structure into that of the other. This
point is well seen in the case of cartilage and tendon.
The fibrous tissue of the tendon gradually shades
mto the apparently homogeneous matrix of the car-
tilage. In some of my specimens striped muscle is
seen to pass into the tendon, and the latter into
cartilage, by continuity of tissue. In each of these
three textures we observe masses of bioplasm bearing
precisely the same general relation to the formed
material of the respective tissues, although these differ
from one another so very much in physical properties,
chemical composition, structure, and action.

174, Of the formation of the septa or partitions
between the bioplasts.— T he formation of the so-called
septa between the cells or masses of bioplasm has
been explained in different ways. Instead of the
bioplasm being considered as the active, growing,
living, part of the cartilage, it has been supposed that
the formed material extends ifself inwards into it, and
divides this living, growing substance into two or
more parts ; but it need scarcely be said that matrix,
like other kinds of formed material, is perfectly pas-
sive: it may be added to, but it has mo faculty of
formation, nor can it move. Virchow says that the
capsule of the cartilage cell sends in septa, * whiqh
serve as new envelopes for the young cells, yet m
such a way, that even the gigantic groups of cells,
which proceed from cach of the original cells, are
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still enclosed in the greatly enlarged parent capsules.”
Against this theory, I have endeavoured to prove
that the matrix or intercellular substance with the
membranous capsules of the cartilage cells 1s perfectly
passive, and possesses no such capacity of extending
itself. Like the cell-wall of a spore of mildew, to
which it corresponds, it does not possess either
moving or formative power. It has been produced ;
it has been formed ; but it cannot form. It may be
added to, but 1t cannot inerease or build itself up out
of pabulum. It may be moved, but it cannot move
of itself. The outer capsule of the mildew, never
possesses inherent powers of growth. It is the
bioplasm which is alone concerned in the growth of
the plant. § 94. So also in cartilage, the matrix
is passive. The bioplasm only possesses active power.
The septa do not extend themselves in, or grow in, but
the material of which they are composed results from
an alteration taking place upon the surface, that is in
the oldest part of the bioplasm. In the same manner,
the bioplasm when enclosed may divide, and produce
formed material on its surface. It is in this way
that the appearance of secondary and tertiary septa
results.

175. The Bioplasm can be seen in process of divia
sion.—It is very surprising that Virchow’s view
should still be entertained, because any one can so
easily demonstrate that the bioplasm always exists
before the formed material is produced, and that the
latter is never found without the former having been
present. In a specimen I possess (Prep. 12, Lect.
IV, p. 62), some masses of bioplasm are actually seen
1 process of dividing. They have been stained with
carmine, and have been preserved while they were
undergoing the change in question. In one there is
a deep fissure, but in a neighbouring mass there is a_
mere indentation on one side, indicating the spot at
which the division is about to occur. Any one who



124 ORLI-WAIL CELL-CONTENTS IN CARTILAGE,

examines these specimens will, I think, feel satisfied
that the process does not differ essentially from the
change which oceurs in the ameba and the mucus
corpuscle when these masses of bioplasm undergo
division ; while I am quite sure no one would main-
tain that the appearance results from the Ingrowing
of the matrix or formed material of the cartilage,

176. Question of cell-wall and cell-contents.— It is
certain that the matrix of cartilage is never produced
without the masses of bioplasm, nor can it increase,
except by their agency. In disease change is ob-
served in the rate of growth of the bioplasts. After
the matrix has been produced many of the bioplasts
die and disappear, but in growin g cartilage they are
invariably present. In recent growing cartilage
there is no appearance of a cell-wall distinct from the
matrix, as some maintain, nor is there an interval
between the living matter and the matrix, unless
post-mortem changes have occurred, The first, in
fact, passes uninterruptedly into the last. The ragged
outline of many of the masses of bioplasm observed
in the case.of the cartilage from the frog shows that
the terms ““ cell ” “nucleus,”  cell contents,” or
nular corpuscle,” are totally inapplicable. It is clear
that around such masses there can be no cell-wall.
The bioplasm gradually becomes the matrix, and all
matrix was once in the state of bioplasm. Without
bioplasm there can be mo cell-wall or intercellular
substance. In this, as in other cases, pabulum is con-
verted into bioplasm by pre-existing bioplasm, and
this last is at length converted into formed material,
be it fluid or solid, cell-wall, secondary deposit, or
intercellular substance.

We shall find, when we come to consider the struc-
ture of bone, that the first deposition of calcareous
particles takes place in the formed material at a
point midway between the masses of bioplasm—that
18, 1n the oldest portion of the formed material. The
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deposition of the calcareous matter can be explained
by physics, and can be imitated out of the body, but
the matrix which is formed cannot be produced
artificially. This last results from changes which oc-
curred while the matter of which it consists was in
the state of living matter, or bioplasm.

199. Perichondrium of cartilage.— The external
limitary structure of membraniform cartilage called
perichondrivm is distinctly fibrous, with elongated
masses of bioplasm here and there which were con-
cerned in its formation. Beneath the perichondrinm
are larger masses of bioplasm, which assume more
and more the character of those belonging to cartilage
as we recede from the surface. Tt 1s immediatel
beneath the perichondrium in growing cartilage that
the chief multiplication of the masses of bioplasm
takes place, and masses which at one time belong to
the perichondrium, at a later period are surrounded
by the cartilage tissue which they have gradually
produced. Near the surface of the perichondrium
the vessels and nerves are distributed. It is only
when cartilage is very thick that vessels are found
distributed in its substance.

197.% Cellular cartilage from the Mouse’s ear.—
Some forms of cartilage are said to he destitute of
matrix or intercellular substance, and to consist of
only. The thin part of the ear of g young
white mouse will afford g good example of what has
been termed purely cellulay cartilage, Very young
cells or elementary parts may be seen in the course
of formation. M'he bioplasm of these is very distinet,
and lies upon the surface of the formed material,
which is seen as a vesicle of delicate transparent
tissue. This form of cartilage is formed somewhat
diﬁ'erently from urdinary cartilaginouns tissue, for the
formed material corresponding to each mass of big.
plasm is distinect from that of adjacent magges.
Instead of expanding umiformly in all directions as it
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grows, it forms a thin lamina which increases quickly
in extent by the formation of new cells at its free
edges. Its increase in thickness is very slight in
comparison with its increase in extent, and takes
place very slowly. .

178. Spongy cartilages.—In the spongy cartilages,
as, for example, the epiglottis and some of the other
cartilages about the vocal apparatus, are many fibres
which possess the reaction of yellow elastic tissue.
Of these many are very fine, and so arranged as to
form the boundaries of oval spaces, in each of which
a mass of bioplasm is lodged. This is often angular,
and from the angles delicate fibres may be traced,
which are at length lost amongst the plexuses of
those which form the tissue itself. It 1s probable
that: these masses of bioplasm slowly move round the
cavity, and form the delicate interlacing fibres which
accumulate, and constitute the elastic walls of the
oval and circular spaces characteristic of this form of
tissue.

Few who have not examined specimens prepared
according to the method I have deseribed will, I fear,
accepb the view of the structure and formation of the
tissue here given. It is strongly opposed to the doc-
trines generally tanght, which have been arrived at
from studying sections immersed in water, serum, or
other limpid fluid, in which however it is not possible
to discern the real arrangement of the elements of the
texture. . A it -

179. Fibro-cartilage.—Although this fissue, in 1ts
fully developed state, differs remarkably in structare
and properties both from fibrous tissue and cartilage,
at an early period of development some 'fm'ms _nf it
could not be distinguished from embryonic cartilage.
The fibro-cartilage of the vertebral discs, at an early
period of formation, approximates very closely to
certain forms of fibrous tissue. In all cases bioplasm
takes part in the formation of the fibrous-like
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tissue and the transparent cartilaginous matrix.
The former does mot result from the latter, nor are
the two kinds of tissue produced by the * differentia-
tion” of an originally homogeneous plasma, as some
have supposed, nor is the fibrous tissue the: con-
sequence of a process of “fibrillation” occurring in
a previously transparent cartilage matrix. If this
complex tissue be studied at different periods of
development in specimens prepared according to the
method I have described, it will be found that the
mode of its formation differs in no essential par-
ticulars from that which obtains in the case of many
other textures which we have already considered.
Why some of the masses of bioplasm produce the
peculiar substance we know as cartilage, and others
give rise to that called fibrous tissue, is a question
which cannot be satisfactorily answered. We are
equally incompetent to tell why some masses of
bioplasm form muscle, others nerve, others epithelium,
and so forth.

180. General considerations with reference to the
formation of tissue.—It is very important to ascer-
tain if the different kinds of tissues are formed
according to one general principle, or if the processes
which lead to the production of tissues differing
much in structure, composition, and function, are
essentially different in their nature. There is good
reason for thinking that the conditions present exert
a certain influence upon the formative process, because
the formed material resulting varies to some extent if
the conditions under which its production takes place
be modified. But, on the other hand, it is quite certain
that no conceivable alteration in external conditions
will cause the bioplasm which was to produce muscle
to give rise to nerve, cartilage, or elastic tissue, And
yet each of these kinds of bioplasm, instead of pro-
ducing its characteristic formed material, might, if
the conditions were modified, form connective tissue
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mstead. Altered conditions may cause a given kind
of bioplasm, which, under favourable circumstances,
would form a high tissue of a special kind, with
peculiar properties, to produce a low, simple kind of
connective tissue; but under mo ecircumstances do
altered external conditions determine the production
of a texture higher than that which the bioplasm was
destined to produce originally. The formative powers
of bioplasm will readily deteriorate or retrograde, but
will never advance under the influence of altered ex-
ternal ecircumstances.

181. Changes occurring in the bioplasm of fully
formed cartilage.—The formation of matrix or tissue
continues even in adult cartilage. Although the
entire mass may undergo no alteration in size, new
tissue is produced to compensate for the shrinking
and condensation, which the tissue undergoes as it
advances in age. Slowly indeed are these changes
carried on, because the “matrix” is very slightly
permeable to fluids. But the bioplasm still has the
power to grow rapidly, and it will do so if the matrix
becomes more permeable, or if the access of the pabu-
lum to the bioplasm is facilitated by artificial means.
As in other cases the rapidity of the growth of bio-
plasm simply depends upon the supply of pabulum.
Let a thread be passed throngh a healthy cartilage,
so as to make artificially a channel by which the
pabulum may reach the bioplasts more quickly, and
the operation will be very soon followed by their in-
crease in size, division, and multiplication. The
formed material in their immediate neighbourhood
will be softened and otherwise altered.

Fatty matter is very often deposited by the bio-
plasm of cartilage. In some cases, the cavity in the
matrix of the cartilage seems to be entirely occupied
by the oil globule or globules. In the cartilage of
the ear of some of the smaller animals which are fat
and well fed, the so-called cartilage cells appear to be
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occupied by globules of fat as large as those which
are enclosed in the fat vesicle. The process can
hardly be regarded as morbid, unless the formation
of adipose tissue itself is looked upon as pathological.
In this as in many other cases, it is impossible to
draw a line between physiological and pathological
changes.

182. In disease the bioplasm of cartilage, being
supplied with an undue proportion of pabulum, in-
creases. The formed material becomes softened owing
to the altered characters and increased proportion of
flmid which traverses it. The bioplasm may even
appropriate the formed material itself, as we found
happened in the case of the formed material of
mildew, epithelium, and other kinds of this substance.
The increased access of pabulum continuing, the
masses of bioplasm may at last multiply to such an
extent as to form a very soft pulpy texture quite
unlike cartilage, or they may divide and subdivide
with still greater rapidity, so as to produce pus.
These changes are not explained by what is called
“Urritation,” nor are the cells “stimulated ”’ to take
Up more nutrient matter within g given period of
time than in the normal state, but the alteration
depends simply upon the restrictions to the access of

the pabulum to the bioplasm having been to some
extent removed,

Aprrose Trssug.

differs much from any of thoge already considered.
Adipose tissue is madg up of capillaries and cells op
vesicles confaining fatty matter and the bioplasm b

which both the walls of the vesicle and the fat itself

K
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in the next lecture, we find adipose tissue with a
mere trace of connective tissue.

183, States in which fatty matter exists in the
body.—But before I deseribe the characters of the
fat tissue, it is desirable to refer briefly to the different
forms or states in which fatty or oily substances are
found ; for fat exists in the body of man and in the
higher animals in several different states.

In the first place, there is scarcely a fluid or tissue
in the organism cf any animal from which more or
less fat cannot be extracted by careful analysis.
Secondly, every form of bioplasm yields a minute
quantity of fatty matter. Thwrdly. in many parts of
the body, little particles (globules and granules) of
actual fat can be seen by the microscope. Such
globules are present in immense numbers n every
kind of mlk. They are to be detected in the epi-
theliul cells of the sebaceous glands. Oil globules
are embedded in the mncus of the air passages, and
are to be detected in the liver cells of all animals,
while in some cases the liver cells seem to consist
almost entirely of fat. In disease every tissue n the
organism may be the seat of deposition of globules
of fatty matter. But, lasily, fatty matter, and of a
particu’ar kind, is formed by special bioplasm. 1t
forms the chief constitnent of a most important
tissue, adipose tlissue, which accumnulates 1in many
parts, fillng up interstices between the muscles and
forming, at least in the infant, a tolerably even layer
beneath the skin of the body. This layer of sub-
cutaneous adipose tissue varies however in thickness
in different parts and at different ages. In some
few situatiors particularly where the skin 1s very
movable over the tissues b neath, as the skin of the
ey«lids, there is no adipose tissue at all; or, in other
words, the areclar or connective tissue in the ‘meshs_:s
of which the adipose tissue is usually contained, 18
in this and some other situations, destitute of that
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tissue. Fat is a bad conductor of heat, and many
animals much exposed to arctic cold are remarkable
for the very large quantity of adipose tissue which
Serves as a protective covering. In hybernating
animals large quantities of adipose tissue are found
just prior to the commencement of the winter sleep.
The fatty matter during hybernation is slowly taken
up by bioplasm and gradually changed, being pro-
bably at last got rid of as carbonic scid and water.
By the slow oxidation that takes place, the slight
amount of animal heat required during this period of
total inactivity is developed.

154. Development of heat by oxidation of fat,—
It is generally supposed that the development of heat
18 occasioned entirely by the disintegration of fat,
the oxygen uniting with the carbon, and a propor-
tionate quantity of carbonic acid being thus formed.
But it may be fairly questioned whether the high
temperature of the warm-blooded animals can be at-
tributed solely to the combustion of fatty material,
seeing that in many conditions in which the tempe-
rafure rises many degrees above the normal standard
within a very short period of time, the oxidising pro-
cess 1s completely at fanlt, and the quanity of oxygen
consumed is actually less than in health. The large
amount of fat existing in every form of nerve tissne
clearly indicates that the action of the nervous system
80 essential to the maintenance of Jife 18 in some way
dependent npon the due supply of a sufficient quan.
tity of nutrient material containing the elements from
which fat may be formed, and there can be no doubt
that of the fatty matter taken in the food a consider-
able proportion is appropriated by the bioplasm of the
nerve textures,

I85. The formation of adipose tissue,—The process
of formation of adipose tissue may be well studied in
the embryo of any vertebrate animal, Long before
fat is actually produced, the embryonic matter (bio-

K 2
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plasm) which is to take part in its formation can be
distinguished from that which is to give rise to other
textures. The several stages through which adipose
tissue passes in its development may be as clearly
made out in any young mammal at the time of ifs
birth as during the earlier periods of its development.
Nay, in certain cases it may be studied in an em-
bryonic condition even in the adult. Excellent spe-
cimens which illustrate every stage of the process may
be obtained easily from the areolar tissne under the
skin of some parts of the body of the fully formed
frog.

186G. Of the distribution of blood to adipose tissue.
—A tissne which undergoes great alterations in volume
so quickly as this, ought to have a very intimate re-
lationship to the blood from which it derives the
elements entering into its composition. This is,
indeed, the case, for adipose tissue is very largely sup-
phied with blood, and in corpulent persons who make
fat fast, the greater part of the blood of the body is
probably distributed to the adipose tissue, and other
tissues and organs may even suffer in nutrition. The
muscles may become weak, and waste, and the nerves
be impaired, owing to the nutrient material of the blood
being unduly appropriated by the bioplasm of the
adipose tissue.

187. Vessels.—Arteries, capillaries, and veins, are
developed pari passu with adipose tissue. And there
18 not an Instance among vertebrate animals of the
oceurrence of adipose tissue destitute of vessels. The
vascularity of the medulla or marrow of bones is re-
markable. The rate at which adipose tissue grows,
in certain cases, is very striking, and probably the
animal in which it is produced most quickly is the
well bred young pig, whose adipose tissue doubles n
weight in the course of a very few weeks. In the
meshes of the capillary network of very young adipose
tissue may be seen the little masses of bioplasm, which
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are concerned in the production of fat. These are,
mdeed, at a very early period in contact with the
external surface of the vascular wall. Tt certainly is
not possible to determine by any appearance mani-
fested by the numerous bioplasts in the immediate
neighbourhood of the vessels, which of them are to
take part in the development of new capillaries, and
which are to become connective tissue or fat. The
capillaries themselves multiply as the adipose vesicles
grow, and the vascnlar network increases as in other
situations, by the extension of bioplasts in a loop-like
form from the capillaries already existing,

18S. Of the changes in a single fat vesicle.—The
changes taking place in the development of an indi-
vidual adipose vesicle may be thus described. At first
all that is to be discerned is the small oval or spherical
mass of bioplasm or living matter, which is perfectly
naked, that is, it is entirely destitute of a cell wall.
This little bioplast usually exihibits one or more new
centres of development (nuclei) embedded in it The
formation of the fatty matter occurs in this way :—
in the very substance of the bioplasm, but always out-
side and away from the new centre or nucleus, a little
oil globule makes its appearace. It results from
changes in the living matter itself. A portion of the
bioplasm dies, and among the substances resulting
from its death is fatty matter, which being insoluble
remains, while the soluble substances which are also
formed, are carried away n the blood. Starch globules
and other secondary deposits formed in the interior of
elementary parts are produced in the same manner b
the death of the bioplasm (§§ 127, 128). The fatty
matter does not come from the blood as fat, and de.
posit itself in the cell, nor is it formed by the collec-
tion and aggregation of excessively minute granules,
which traverse the vascular walls suspended in serum,
as some have taught: nor is it precipitated from the
natrient fluid affer the manner of crystals.  But it
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invariably results from the transformation of living
malbter. Different Einds of living matter, as is well
finown, produce different kinds of fat. The properties
and composition of fat in different animals differ, be-
cause the powers of the bioplasm or living matter of
each animal are so different.

189. Relation of the fat to the bioplasm.—In my
lectures at the College of Physicians, in 1861, T showed
the precise relation which the oil or fat bears to the
included nucleus or mass of bioplasm, and I pointed out
that the fat of the fat cell and the starch of the starch
cell were formed by the bioplasm itself (§§ 127, 128).
Nevertheless, some who have written sinece have
affirmed that we still remain completely ignorant of
the relation between the fatty matter and the bio-
plasm of the cell. By aid of the plan of preparation
already referred to, the change in amount of the bio-
plasm and its relation to the formed fatty matter may
be so accurately demonstrated in cells at different
stages of development that it seems to me not a doubt
remains concerning the mode of formation of the fat,
and the true relation which the bioplasm bears in all
cases to this substance.

190, Of the oil globule of the fat vesicle.—The
little globule of fat having been once formed in the
substance of the bioplasm, may increase in size by
the addition of new particles to it, until the globule
becomes larger and larger, being at last, perhaps, fifty
times the size of the bioplast that remains, or the
number of globules may increase until a compound
mass, consisting of hundreds of separate little oil

lobules, results. In most mammalia, and in man, the
globule is single, but in some of the reptiles (lizard,
snake, chameleon) the fat cells in many of the tissnes
consist of numerous separate oil globules, almost
uniform in size. And in some parts of the organsm
of some mammalia (rat, mouse), and even in certan
cases in man himself, the same fact has been noticed.
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In insects the “fat cells” are often of enormous size,
consisting of aggregations of very small oil globules,
which collect around the, mass of bioplasm that has
taken part in their production. In the livers of many
fishes, particularly the eel, a somewhat similar ar-
rangement may be observed. In these cases the
nutrient matter passes in the interstices between the
already formed oil globules to the bioplasm in the
centre. The circumferential portions of the latter
die, and undergo transformation into fatty matter
which is deposited within that already produced.
The globules on the outside of the cell or those on its
surface are therefore the oldest.

191. Formation of the ecell wall of the 'aﬂllmst
vesicle.—At the same time that the oil globule depo-
sifed in the bioplasm of the developing adipose tissue
increases, a change of another kind is taking place
upon the surface of the mass. The living matter in
this situation dies and becomes changed, so as to
form a delicate transparent structureless membrane,
which increases in extentas its contents become ang-
mented by the absorption of nutrient material into
the included bioplasm. The so-called wall of the
adipose vesicle is therefore formed'in accordance with
the mode of production of formed material generally.
But the wall of the adipose vesicle is of excessive
tenuity, and readily permeable to fluid in both direc-
tions, so as to allow for the very free passage of nu-
trient material to the bioplasm in the interior, and
that of flnid resulting from the changes of the bio-
plism in the opposite direction towards the blood. Tn
this way the rapid increase and removal of adipose
mafterial is rendered possible.

I9Z. Is adipose tissue only altered connective
tissue 2—Some observers, consider that the adipose
tissue is not a distinet texture at all, but hold that
the fat cell is invariably developed from the corpuscles
of connective tissue—a view which is certainly
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erroneous, for, in many cases, at an carly period of
development, collections of bioplasts can be detected
without diffieulty, in relation with which not a trace
of connective tissue can be found. Around the vessels
of the mesentery of young animals the bodies in ques-
tion are seen as well as the corpuscles of the connective
tissue of the mesentery, but quite distinet from them.
While, therefore, it is certain that the bioplast of the
connective tissue corpuscle, of cartilage, and of some
other elementary parts, may be transformed into fat
cells, it is also an unquestionable fact that, in the de-
velopment of adipose tissue, special bioplasts are con-
cerned which are quite distinet from those engaged in
the formation of conmective tissue. The bioplasm of
cartilage in highly fed animals often produces oil
globules which accumulate in the so-called cartilage
cell, and the bioplasm becomes pushed on one side,
and so compressed that it may entirely escape notice.
3 181. In the young mouse such a change is com-
monly observed, and not unfrequently, the fat
accumulates to such an extent that the tissne might
almost be described as adipose tissue, in which the
ordinary vesicle or cell wall is replaced by firm car-
tilaginous texture. Bach spherical capsule of cartilage
tissue is occupied by a large oil globule, between
which and the inner wall of the eapsule the remains
of the bioplasm that has taken part in the formation
of both fat and cartilage may be distinctly seen if
the specimen has been properly prepared by previous
soaking in carmine fluid, § 68.

193. Fatty degeneration.—That condition which is
termed fatty degeneration of the liver, and which is
very common in consumptive patients, also affords a
good 1illustration of the changes which occur when
fat is formed. To such an extent does the change
sometimes proceed, that a section of the fatty liver
could not be distinguished from certain forms of
adipose tissme. Not a particle of biliary colouring
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matter or other evidence by which the real nature of
the tissue may be identified remains. In some adult
fishes this is the ordinary condition of the hepatic
organ, and without great care in the preparation of
specimens, not a vestige of hepatic tissue will be dis-
covered. In all these instances, however, the stages
through which the gland-elementary part passes may
be studied without difficulty, and specimens may be
obtained which show every degree of alteration, frﬂm
a transparent elementary part, completely destitute
of fatty matter, to a body which appears to consist
ouly of a huge oil-globule. It is surprising how
large an accumulation of fat may occur in the liver
in some of these cases. As much as 6619 per cent.
was found by me in ome case, recorded by Dr.
Budd.*

194. Of the removal of adipose tissue and the
absorption of fat.—Not less interesting than the
consideration of the mode of development of adipose
tissue is the question concerning the manner in which
its removal is effected. It is well known that large
quantities of fat which have been stored up in the
body and have been collecting for a considerable
time, may quickly disappear, in consequence of the
fat being absorbed, and its elements applied to assist
In the nutrition of tissues whose waste could not
occur without consequences very damaging to the
organism, and in maintaining the requisite tempera-
tare. The adipose tissue may, indeed, be regarded
as a sort of storehouse, in which fat is accumulated
as long as the body is abundantly supplied with food,
from which it may be removed and appropriated,
should a period of scarcity occur. In the winter,
when the fat of the fat bodies of the frog are being
absﬂrb_ed, the bioplasm of each vesicle ean be seen
spreading around the fatty matter, which gradually

* “Diseases of the Liver,” 2nd ed., p. 284,
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diminishes in amount in consequence of its conversion
mto bioplasm. On the distal side of the vesicle,
phenomena of another kind are proceeding. The
bioplasm is there undergoing change, and becoming
resolved into substances, which are immediately ‘t&kﬂfl
up by the bioplasm of the blood and blood-vessels.
As has been already described §§ 25 to 32, all nutri-
tive operations are conducted through the interven-
tion of bioplasm alone.

1D95. Importance of bioplasm in effecting changes.
—As fatty matter is formed from bioplasm, so its
removal 1s effected only through the instrumentality
of this living matter. It cannot be removed until it
has been again taken up and converted into bioplasm.
Moreover, the same bioplasm is instrumental in both
operations. In the one case taking certain con-
stituents from the blood, increasing at their expense,
and then undergoing conversion into fatty and other
matters. In the other, growing at the expense of
this fatty matter already produced, and becoming
resolved into substances which find their way back
again into the blood, and which are at length appro-
priated in part by other forms of bioplasm of the
body. This view has been recently confirmed by
Czajewicz, in some observations upon the adipose
tissue of rabbits. (Reichert and Dun Bois Reymond’s
Archiv., 1866, p. 289.) In animals which have
" become rapidly emaciated, the fat cells of the adipose
tissue are seen to be shrunken, and, instead of con-
taining fatty matter, fluid, with some granules and
one or two oil globules, are alone fonnd. This in-
teresting fact was first observed by Kolliker. The
amount of fat in an individual vesicle may vary from
time to time;—the processes of formation, and the
disintegration of the fat which has been already
formed, alternating with one another.

196G. Abnormal development of adipese tissue.—
The uniform development of adipose tissue is some-
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times disturbed, and in consequence of a circum-
seribed redundant growth, a tumour of enormous
size may result. It is not uncommon to find this
unusual growth springing from the subcutaneous
adipose tissue of the limbs or trunk. In one par-
ticular spot the circumstances which determine the
regular and even growth of the tissue are somehow
altered, and growth having once burst its ordinary
bounds, continues unceasingly, and often at an in-
creasing rate, until a tumouwr of large size results.
The structure of simple fatty tumours exactly accords
with that of normal adipose tissue, and the arrange-
ment of the capillary vessels is precisely the same.
It is possible that the formation of these tumours
may be due to the circumstance of a collection of
bioplasm which would, under ordinary conditions,
form a lobule of ordinary adipose tissue, being dis-
placed at an early period of its development. Such
a mass of developmental bioplasm being subjected to
the influence of new conditions, might at a later period
grow very quickly, and become the germ of one of
these, often huge, morbid growths. Not only is the
constantly growing fatty tumour like adipose tissue
in its general characters, but in many instances the
minute siructure of the morbid growth could not be
distinguished from that of the normal tissue.

MICROSCOPICAL SPECIMENS ILLUSTRATING LECTURE VII.
No. of dianmeters

No. maugnified,

47. Cartilage, mouse's ear ; showing bioplasm and cax-
tilage i - 4 ne o e U

48. Cartilage, rib ; very young lamb: showing multi-
plication of bioplasm near surface. . . 215

49. Cartilage, rib of kitten ome day old, and of adult
cat ; showing different proportions of bioplasm

ﬂl"tlf] formed material 2 o i i S
00. Articular cartilage and subjacent bone, human
finger 130

51. Fibra-cartilage, intervertobral discs 3 kii:i':en, O;J.E
day old . .o o . e e 215
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Mo.
52. Bioplasm of spongy elastic cartilage ; epiglottis .
93. Developing adipose tissue with vessels injeeted.
A fat vesicle with its bioplasm is situated in each
vascular space s .. ‘o o's
54. Adipose tissue, showing nuclei of fat vesicles. A
vein crosses the centre of the field, to the left of
which is a bundle of nerve fibres ., o X
55. Fat cells in dilferent stages of development ; frog
6. Young cells of potato ; showing bioplasm and very
small starch granules which have commenced to

Ll

form. i i o . v .e
67. Fully formed cells of potato ; showing fully formed
starch grains i e i ‘e .o

No. of diameters
magnified,

215

130

40
215

215

215

RN
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LECTURE VIII.

Of Bone—Organic and Inorganic Matter of Bone—
Formation of Organic Matter—Cancellated Texture and
Compact Tissue—Living Bone and dead dried Bone—
An elementary part of Bone—ILiving Bioplasm of Bone
—Lacune and Canaliculi — Lamelle — Perforating
Fibres—Periostewm and Medullary Membrane—Forma-
tion of Osseous Tissue—DBioplasm of the Lacune—The
views of Kolliker and Virchow—Changes beneath Peri-
ostewm and Medullary Membrane—Medulla or Marrow
—Marrow Cells—Changes occurring in an Hawversion
System of fully formed Bone—Of the disintegration
and removal of Bone— Formation of primary Bone—
Repair of Bone—Inflammation of Bone—Caries and
Necrosis.

ONE of the most interesting structures in the body
as regards the process of tissue-formation is bone.
By studying this texture at different periods of its
development we may determine what part of the
process is due to plysical and chemical changes,
and what to exclusively wital actions.

197. Organic and inorganic matter of bone.— [+ 18
important to bear in mind that every kind of bone in
its lifeless state consists of an organic substance which
yields gelatin by boiling, and morganic salts composed
principally of earthy phosphates. The organic and
inorganic matter, although intimately incorporated,
may be separated by the action of hydrochloric aeid,
which dissolves the earthy and leaves the animal
matter. This exactly corresponds in form and size
to the original bone. If, on the other hand, the
animal matter be destroyed by a red heat, the earthy
material will also retain the original form of the bone,
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although in consequence of having been deprived of
1ts organic matter, it will be found to be so brittle that
1t may be broken down by very slight pressure.

198.—Formation of the organic matter.— The for-
mation of the organic matter is an operation quite
distinet from its impregnation with earthy material,
and the first part of the process may occur without
the last. The bone tissue may be formed, but if not
impregnated with earthy salts, it will be destitute
of those important physical properties for which
osseous fissue 1s required. It will be so soft, that it will
neither support the weight of the body nor consti-
tute a firm framework for the the attachment of
muscles.

199. O©f the cancellated texture and compact tissue
of bone.—In some situations bone tissue is arranged
to form a texture exhibiting spaces or cancelli. This
is called the cancellated texture of hone. When
dried, cancellated tissue exhibits a number of spaces
like sponge, and has been termed spongy bone. In
the recent state, however, all the spaces are occupied
with fatty matter, traces of connective tissue, and
vessels, except in the case of birds, in which class,
with some exceptions, the spaces in the bones contain
air. The bony walls of these spaces are composed of
thin plates or spicules of osseous tissue, on the out-
side of which vessels are freely distributed. If the
bony walls of the cancelli become very much thick-
eneq, so as only to leave room for one vessel in the
centre, we have an approach to the other kind of
bone tissue which is called eompact tisswe. This,
however, in its perfectly formed state, contrasts re-
markably in character with the spongy cancellated
texture. The compact tissue is so firm and dense
that you would not suppose it was traversed by
numerous vessels which run in channels (Haversian
canals), and are connected here and there by trans-
verse branches, so that if the whole of the bony

&
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matter were removed from the compact tissue, we
should have left a’ web or net-work of capillary
vessels having longitudinal meshes.

200, Ofliving bone and of dried dead bone.—The
authors of many manuals and treatises on minute
anatomy have described the structure not of living or
recently dead bone, but of bone which has been dead
for a long time and has undergone dessication. The
student 1s thus led to acquire a notion of the struc-
ture of bone as imperfect and incorrect as would be
that which he would form of the structure of skin,
nerve, or muscle, were he to examine dried specimens
of these tissues only. We desire to learn how tissues
live and grow and decay in the living body; but the
structure of bone and teeth has been described, not
as it may be demonstrated in these tissues when they
are fresh, but only, as it appears, after the texturos
have been =ltered by death, and after they have been
completely deprived of their living matter.

201. An elementary part of dead dried bone.—An
elementary part of fully-formed dead and dried bone
consists of a space (lacuna), occupied in the recent
state with bioplasm. and surrounded by a portion of
hard osseous tissue which is traversed by numerous
pores or channels (canaliculi) passing from one little
space (lacuna) in a tortuous manner to adjacent lacunse.

20Z. An elementary part of living bone.—An
elementary part of fully-formed living bone consists of
a mass of bioplasm surrounded on all sides by, and
continuous with, a thin layer of soft formed material,
which passes uninterruptedly into the hard calcified
formed material (matriz or intercellular substance of
authors). This hard maferial is in the fully formed
bone penetrated everywhere by very fine channels
(canaliculi) through which the nutrient material
passes towards the masses of bioplasm ; for, as the
hard material in its fully formed state is almost 1m-
permeable, nutrient fluid could not reach the bioplasm
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were it not for these little canals or pores traversing
1ts substance.

An elementary part of every kind of bone at a
very early period of its formation, consists of a mass
of bioplasm, surrounded by a certain proportion of
granular, homogeneous or more or less fibrous (?)
formed material. This last becomes the seat of
deposition of calcareous matter, which proceeds in a
direction from without inwards. The formation of
the canaliculi takes place in the same direction. We
shall find, contrary to the generally received opinion,
that the formation of these tubes commences not at a
point nearest to the bioplasm, the so-called “ cell,” as
has been repeatedly stated, but at a distance from it.

208.

) 203. Living bioplasm of bone.—The difference
between dead bone and living bone is simply this:
in the first, formation of tissue has everywhere
ceased ; while in the last, it is still proceeding, and
around each mass of bioplasm the production of
matrix and the deposition of calcareous salts in the
matrix already formed 1s going on. These changes
may proceed very slowly, but in all living bone they
occur. The only matter in a living bone which is
actually alive 1s that which is ordinarily termed the
“ pucleus’ or the “ bone cell ”’ in the space or lacuna,
and which is here spoken of as the bioplasm or living
matter. The fully-formed osseous tissue around, on
the other hand, is to all intents and purposes, as
devoid of life while the bone yet remains a part of
the living body, as after it has been removed, or after
the body has died. This small mass of bioplasm,
perhaps not more than ﬂne-tﬁtelf'th of the bulk of the
proportion of bone tissue Whlf:h belongs to it, alone
possesses active powers. This nul:,r can grow and
give rise to the formation of malri. Bone cannot
produce bone any more than fendon can give rise to
tendon, or muscle form contractile tissue, but the
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bioplasm only is instrumental in the formation of
every one of these tissues, and without this the pro-
duction of tissue is impossible,

204. Lacunz and canaliculi—Masses of bioplasm
are contained in the little spaces in the bone (lacuns),
which are present in every kind of bone tissue, the
distance from each lacuna to the neighbouring lacuna
being seldom more than 1300 inch. Moreover, each
lacuna is connected with its neighbours by numerouns
minute channels ( canaliculi), along which fluid
readily passes from one mass of bioplasm to another.
Thus every part of the hard bone tissue is irrigated
with fluid, and the little chanmnels are usunally not
separated from one another by a distance greater than
the five-thousandth of an inch, so that no particle of
Osseous tissue is removed further than half this dis.
tance from the fluid which flows in the canaliculi.
In the living state, these canaliculi always contain
fluid, and this fluid is always in motion, flowing to
and from the nearest masses of bioplasm ; but if bone
be dried, the bioplasm in the lacunse shrinks, the fluid
i the canaliculi disappears, and air rushes in to
oceupy the spaces and canals thus Jormed.

205. Lamellze.—The bone tissue is so formed as to
constitute a series of Superposed thin plates called
lamellze.  These are concentrically arranged round
the vessel in the Haversian canal, and in section they
cbpear as concentric lines one within the other,
There are lamellae immediately beneath the periostenm
and medullary membrane, which eéxtend uninter-
ruptedly for a great length, or entirely round the
bone. These are called respectively the periosteal and
meduﬂmry lamellce. :

206. Perforating fibres, — Dy Sharpey has de.
scribed, under the name of perforating fibres, some
peculiar processes of osseous tissue which appear to
perforate the laming of hone and, as it were, pin
them together. The mode of formation of these fibres

L
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has not been satisfactorily explained. They are to be
found by pulling asunder the sections of lamelle of a
decalcified cylindrical or cramial bone. From the
eircumstance that some of these fibres have escaped
calcification, the organic matter has shrunk in the
dried bone, and thus has resulted a fube, which has
been referred to by Tomes and De Morgan, and other
observers.

Z0%. Periosteum and medullary membrane.— | he
compact external surface of bone (except where it helps
to form a joint, is covered by a firm tongh membrane,
termed the periostewm, which, like the perichondrium
investing cartilage, consists of white fibrous tissue,
densely interwoven in all directions, § 212. The
cancelll are filled with fat, or medulla, the marrow of
bone. They are lined by a delicate membrane, called
the medullary membrane, which serves to support the
fat. In the shaft of the long bones the medulla is con-
tained, not in ordinary cells, but in one great canal,
which occupies the centre of the shaft, the medullary
canal. Here the medullary membrane lines the com-
pact tissue that forms the wall of the cavity.

Both the periostenm and the medullary membrane
adhere intimately to the bone. Both are abundantly
supplied with blood-vessels, which, after ramifying
upon them, send numerous branches into the bone.
These membranes are of great importance to the
nutrition of the bone, inasmuch as they support its
nutrient vessels; and, if either of them be destroyed
to any great extent, the part in contact with them
necessarily perishes: and they not only cever the
outer and inner surfaces of the bone, but also send
processes, along with the wvessels, into minute canals
traversing the compact lissue, and are, through the
medinum of these, rendered continnous with one
another. When the periostenm or medullary mem-
brane is torn away from the surface of a fresh bone,

the vessels may be seen very readily passing from
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the under surface of the membrane into the tiny
channels (Haversian canals) which pass obliquely
mto the compact tissue. The vessels of the hone
ramify throughout its substance, and if they have
been injected previous to the removal of the cal-
careous matter by the action of acid, they will be dis-
tinctly seen ramifying through the semi-transparent
animal substance. A preparation of this kind dried,
and afterwards preserved in spirits of turpentine,
serves beautifully to exhibit the disposition of the
vessels in bone.

Formation of Osseous Tissue.

The osseous tissue itself is formed in the same way
in the cancellated texture and the compact tissue,
and it is worth studying very carefully. The changes
may be beautifully seen in the formation of the eranial
bones of the frog, which continue to grow at their
edges, even in the full-grown animal. In this struc.
ture an opportunity is afforded of observing every
stage of the process of bone formation in a single
specimen. At the extreme edge is ordinary cartilage,
which gradually passes into tissue which is being
infiltrated with ecalcareous deposit; and, lastly, we
come to the fully formed bone.

208. Conversion of cartilage into bone.—At the
outer edge where the bone is growing, we may also
study the development of cartilage. A little further
inwards the formation of cartilaginous tissue is coms-
plete. Passing in the same direction, we soon ob-
serve that a change is taking place in the matrix.
Granules and highly refracting globules have been
deposited in its substance. The deposition of this
material, which is easily proved to consist of eul-
careous salts. invariably commences in the matrix at
a pomnt equidistant from contignous masses of bio.
plasm —that is, in that part of the formed material
which is, of course, most distant from the bioplasm,

L2
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This is the part of the tissue which was first formed.
Soon each mass of bioplasm becomes surrounded by
a ring of such globules, some of which coalesce, but:
converging lines of matrix are always left here and
there uncalcified, and these are traversed by currents
of fluid holding various substances in solution, which
flow to and from the masses of bioplasm. The con-
tinual flowing of the fluid prevents the precipitation
of calcareons material in these channels, and, pro-
bably, gradually dissolves the matrix, so that little
canals are formed at short intervals in the calcifying
cartilaginous tissue. More calcareous matter is de-
posited nearer and still nearer to the bioplasm in the
centre of the space, and at its outer part the bioplasm
contmues to produce more new cartilage matrix,
which in its turn becomes impregnated with cal-
careous salts. The little canals are at the same time
mcreasing in length, although the distance from the
centre of the bioplasm to the spot in the cartilage
matrix where the canal began to be formed always
remains the same. As the deposition proceeds, the
bioplasm becomes smaller, and the space in which it
lies 18 gradually encroached upon until in the fully
formed bone it remains as a very small mass lying in
a little cavity (lacuna) which communicates with
neighbouring lacunz by the little canals (canaliculi),
the formation of which has been described. This
view concerning the formation of lacuns and canali-
culi is very different from that generally tanght, for
most anthorities look upon the lacunm as cells, the
canaliculi as processes from them, and the osseous
tissue as an intercellular substance.

209. Of the bioplasm of bone.—If the growing
bone of any animal be examined, after having been
properly prepared with carmine fluid, the masses of
bioplasm will be demonstrated without difficulty, in
the lacunal spaces. The fact of the presence of soft
matter in the lacuna of fully formed bone has how-
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ever been generally admitted by anatomists since
1850. Under the name of “nucleus” the bioplasm
had been observed in the lacuns of many specimens
of osseous tissue, and Tomes and De Morgan demon-
strafed indications of these bodies in the lacunw of
fossil bone, in their paper published in the Phil.
Trans. in 1853. Subsequent investications have
proved that in every kind of growing bone, at every
period of life, are numerous masses of bioplasm, with-
out which the formation of bone tissue could not have
taken place, and which are concerned in all the jm.
portant changes going on in it duri ng life. As long
as the masses of bioplasm are living, the changes
characteristic of living bone may take place, but if
these be dead in any part of the bone this soon
separates from the rest, and ceases for ever to be the
seat of vital changes.

The masses of bioplasm are as necessary for the
production of bone as they are for the formation of
every other tissue. They are not directly concerned
in the precipitation of the calcareons matter, but in
their absence the production of matrix would be
mmpossible. It is alone by the instrumentality of
these masses of bioplasm that the regular circulation
of fluids holding in solution the calcareous salts, is
maintained throughout every period of bone forma-
tion. By this process the regularity in the formation
of osseous tissue, which is so remarkable, is secured.

The deposition of the inorganic salts is no doubt
due to physical and chemijcal change; but the precise
locality of the precipitation, as well as the mode of
deposition of the caleareous particles, is deftermined
by actions (wital) of which the bioplasm or living
anatter 1s the geat.

Z10. Formation of lacunge, The views of Kolliker
and virchow.—Kolliker considers that the capsule of
the cartilage cell and the ““intercellulap matrix of
the temporary cartilage of developing bone become
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impregnated with calcareous matter, while the “ gra-
nular cell ” corresponding to the primordial utriele of
the vegetable cell, remains within unaltered. He
thinks that the canaliculi extend through the matrix
by “resorption.”

Virchow says bone contains, “in an apparently
altogether homogeneous basis-substance, peculiar
stellate bone cells distributed in a very regular man-
ner.” According to this view it is maintained that
the matrix is formed as a true intercellular substance,
while from the “cells” it is supposed that processes
grow out, and that these gradually make their way
through the matrix and anastomose with correspond-
ing processes from neighbouring cells. The * Iacuna”
1s said to be occupied by a ““cell” with “stellate
processes ' which pass into the canalicnli. Virchow
expresses himself very clearly as to the manner in
which the snpposed processes are formed from cells :—
“The cartilage cells (and the same holds good of the
marrow cells) during ossification throw out processes
(become jagged) in the same way that connective
tissue corpuscles, which are also originally round, do,
both physiologically and pathologically. These pro-
cesses, which in the case of the cartilage cells are
generally formed after, but in that of the marrow
cells frequently before, calcification has taken place,
bore their way into the intercellular substance, like
the villi of the chorion do into the mmcous membrane
and into the wessels of the wuterus, or like the Pac-
chionian granulations (g'ands) of pia mater of the
brain into (and oceasionally through) the calvarium.”
Again, “the cells which thuos result from the
proliferation of the periosteal corpuscles are con-
verted into bone corpuscles exactly in the way I
described when speaking of the marrow. In the
neighbourhood of the surface of the bone the inter-
cellular substance grows dense and becomes almost
cartilaginous, the cells throw out processes, become
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stellate, and at last the calcification of the intercellular
substance ensnes!”” According to this view the cana-
liculi are the processes of the cell which “bnre"‘
their way through the already calcified tissue, and in
some unexplained mysterious manner manage exactly
to meet the processes of adjacent cells, and become
continnous with them. Canaliculi, however, exist
long before the formation of the calcified tissue is
complete. :

There are few points in minute anatomy upon
which such different views have been advanced as
the one under consideration, for observers differ not
only in the explanations and opinions they have put
forward, but there are irreconcilable differences re-
garding their statements of fact. To assert that the
cells throw out processes is merely fanciful, for there
are no facts whatever to justify such a statement.
Although it has been repeatedly stated that the bone
“cell” with its canalicular prolongations may be
actually detached from the matrix into which its
processes have bored their way, I have never been
able to obtain any specimens which appear to me to
Justify such an inference, while I have utterly failed
m every attempt to prepare specimens which would
lead me to infer the existence of any grounds for such
a conclusion.

With regard to Virchow’s view, it may be remarked
that although it is true that in certain cases in which
the bioplasm is more or less stellate, the so-called
processes project a very short distance from the mass,
they never, as far as can be ascertained, correspond in
number with the canaliculi which exist in the fully
formed bone, the latter being twice as numerous ag
the processes in question. Almost any form of bio-
plasm may exhibit this stellate appearance, but it has
nothing whatever to do with the formation of the
canaliculi in bone. That part of the canaliculus nearest
to the lucuna is the last that is Jormed, whereas if the
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canaliculus were a process of the bioplasm, that
portion nearest to the bioplasm would be the first part
developed. The first part of the canaliculus which 13
formed is not that which is nearest to, but that which
18 most distant from, the bioplasin, and the widest part
of the canaliculus is always that nearest to the lacuna.
The lacuna of young imperfectly developed bhone is,
of course, always much larger that that of the fully
formed osseous tissue of the same animal.

Virchow, it will be remarked ventures to say very
little concerning the changes which result in the
deposition of calcareons matter and offers no sngoes-
tion as to the nature of the process by which calcifica-
tion is effected ; nor has he determined exactly in what
part of the matrix the change commences. ~ He tells
us that “at last the calcification of the intercellular
substance ensues ! ”’

Z211. The offshoots do not correspond to the cana-
Heuli.—The appearances which have led Virchow and
other observers to maintain that the lacunz and ca-
naliculi formed a cell with its offshoots, can be satis-
factorily explained without resortin g to such a view,
which is quite incompatible with many facts which
have been conclusively demonstrated, while all at-
tempts to show the supposed offshoots boring their
way have signally failed. The stellate appearance of
the nucleus, which was supposed to indicate the com-
mencement of the shooting-out operation, has nothing
whatever to do with the formation of the canaliculi :
for the “offshoots ”’ never correspond in number with
the canaliculi. Virchow, however, talks of the pro-
cesses which are to become the canaliculi “ boring
their way ‘through the intercellular substance like
the villi of the chorion do into the mucous membrane,
and into the vessels of the uterus "—forgetting that
the canaliculi exist before the formation of the so-
called ““intercellular substance’ is complete, and that
the end of each villus of the chorion is a mass of

R, . =
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bioplasm, while nothing of the kind exists in the case
of the canaliculi. The notion of cells shooting-out
processes which meet those of other cells is a most
fanciful one, and totally unsupported by observation.
The 1dea as applied to the bone-cells is purely hypo-
thetical, and would never have been advanced had it
not been first assumed that the lacuna with its’ca-
naliculi was a stellate cell. Such an assumption
necessarily required new assumptions to support it,
and so the unfortunate hypothesis of ¢ boring pro-
cesses "’ had to be invented.

21Z. Of the changes beneath the periosteum and
medullary membrane.—The outer layers of the pe-
riostenm exhibit a simply fibrous structure, but its
deeper portion, which is continuous with the bone
tissue, has a totally different anatomical arrangement.
Here are seen a number of elementary parts of un-
ossified bone tissue, each consisting of an oval mass
of bioplasm invested by a soft formed material. The
deeper layer of the periosteum of a young animal is
the seat of the formation not only of new bone but of
complete Haversian systems. The elementary parts
multiply, and the capillary vessels ave gradually en-
closed by the growth of tissue, which at length: un-
dergoes ossification. This process has been fully de-
scribed by Messrs. Tomes and De Morgan.

213. Transplantation of periosteum.— It has been
shown by M. Ollier, of Lyons,* that if portions of
the pe:riusteum be transplanted to various parts of the
organism, bony tissue will be formed in the new
situation. This process is due to the orowth and
development, of the masses of bioplasm which exist
In such great number at the deep surface of the
fibrous periostenm. These grow and multiply, and
produce f:m:med material, just as if they had remained
in the original seat of their development—g, striking

* % Journal de Ia Physiologie,” tom, ii,, pp. 1 and 169,
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proof that the kind of tissue formed by living matter
depends upon its powers rather than u pon its position
or the conditions to which it is exposed. In certain
forms of bone cancer very minute portions of actively
growing bioplasm are sometimes carried to the lungs,
and grow and multiply and give rise to hone cancer
In the pulmonary tissue, proving that the bioplasm
possesses the peculiar property or power of forming
this particular tissue if supplied with pabulum.

Z14. Of the medulla or marrow of bone.—The
medulla of bone is a form of almost pure adipose
tissue, which contains very little conmective tissue,
associated with it. It is a question of great in-
terest how this adipose tissue is produced. Tt fills
the cancelli, and exists in quantity in the medullary
cavity, and is even found in large Haversian canals.
There is no doubt that the elementary parts which
form at length the fat cells of the marrow, are the
direct descendants of the bioplasts which gave origin
to those taking part inthe formation of the bone. In
fact the proper marrow cells (myeloid cells) may
become converted into bone-tissue or into marrow.
During development, as would be supposed, these
“myeloid ” cells contain little or no fat, but as the
bone attains its permanent character, many of them
become “fat cells” instead of being converted into
bone-tissue. In the majority of birds these cells do
not form fat, but as the bones are freely penetrated
by air, the matter which would be fat under other
circumstances, is probably oxidised as fast as it is
produced, and eliminated as carbonic acid.

Z15. Of the marrow cells, or myeloid cells, and of
the formation of the plates and spicules of the ean-
cellatea tissue. — The little plates or cylindrical
spicules ot bone which enter into the formation of
the cancelli are represented at first by soft masses,
consisting of bioplasts which correspond to several
elementary parts of bone. These masses may often
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be detached, when they are found to have the ap-
pearance of large compound cells, consisting of many
smaller ones. They are met with in numbers beneath
the periosteum as well as beneath the medullary
membrane. These, in fact, represent the early stage
of the formation of bone tissue, and ordinarily undergo
ossification. In some forms of disease, however, they
grow and multiply very rapidly without becoming con-
densed or calcified. They may accumulate so as to form
a vast amount of soft and rapidly increasing spongy
tissue, which has been truly considered to be closely
allied to certain forms of cancer. The masses above
described vary much in size and form in the healthy
state, and from the circumstance of their being
found in great number in close proximity with the
marrow, they Lave been termed “ myeloid cells.” In
no structure of this kind do we meet with anything
to justify the idea that the lacuns and canaliculi are
stellate cells.  Bach mass is oval, and nsually smooth
on the surface. The so-called ‘‘ myeloid cell” is
therefore only a spicule or part of a lamina of bone
tissue in its soft state containing numerous masses of
bioplasm, with as yet very little intervening formed
malerial, and no ealcareons matter.
216. Of the changes oceurring in an Haversian SYS=
‘tem of fully formed bone.—Many years ago Messrs.
Tomes and De Morgan (Phil. Trans., 1853) discovered
that some of the Haversian canals of the compact tissue
of bone were much larger than others, and that the
nut]?ne of the larger carals as seen in a thin transverse
section of the compact tissme, was uneven, By
further examination, these observers succceded in
ﬂf-'-:zerfainirg the explanation of this important fact.
They demonstrated that the several adjacent Haver-
slan rods of bone tissue varied very much in age
and that of those seen in a section, even in adult
bone, some had only just been formed, or were
In course of formation at the time the bone was
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taken for examination, while others had existed for a
considerable period. Some were already undergoing
decay, and of others nothing was left. The highly
important conclusion was established by these re-
searches, that even in fully formed bone, the compact
hard tissue was undergoing constant change. Old
Haversian rods were continually being removed, and
at the very time that adjacent ones were being
formed. Thus, in a transverse section of bone, we
look upon sections of Haversian rods of every age,
and in every degree of change, from the young rod
just being formed, to the old one of which the merest
traces are to be detected.

In this way, the firmness and elasticity of bone is
effectnally secured, all through adult life, and until
we reach old age, when hone ceases to be renewed,
and consequently becomes very dry and brittle. In
order to form an accurate idea of the wonderful
phenomena taking place, we must consider the
changes which ensue in a single Haversian system,
and which make up its life history—and, that the
account may be made as simple as possible, I shall
ask you to imagine what would be seen actually going
on in an Haversian canal if it were possible for the
eye to follow the operations from their commence-
ment to their close.

Let us then consider what we should see were it
possible for us to watch the various changes which
take place in a single Haversian system after it had
reached its mature state, and was about to be re-
moved and replaced by another. Just external to the
vessel occupying the Haversian canal, in the slight
interval between the vascular wall and the surface
of the osseous tissue, we should discern a numh?r of
little bioplasts, which would be growing and multiply-
ing. Many would be in very close contact with the
bony tissue, which is to be gradually acted upon and
slowly appropriated by the particles of living matter.
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As more and more bone tissue disappears, an in-
creasing space between the vessel and the bone tissue
results. This space is entirely occupied by bioplasts.
Indeed at this time instead of the Haversian rod
we should find around its central vessel only a cylin-
drical column of soft material, consisting almost
entirely of small living bioplasts, each about the size
of a white blood corpuscle or somewhat less than
this, which have grown and multiplied chiefly at the
expense of the bone tissue which had been removed b
them. The elements of nutrition required by the bio-
plasts, and which are not present in the bone, are no
doubt derived from the blood which continues to flow
through the vessels while these changes proceed. Thus
is formed the *Haversian Space ”’ which is seen in a
section of dead dry bone. The soft bioplasm containg
so much water, that when a section of dry bone is ex-
amined, scarcely a trace of the multitude of eroding
bioplasts, or of the vessel, can be seen. The bone tissue
of the Haversian system having been removed, the
process of erosion at the circumference of the space
ceases, probably in consequence of the great distance
by which the bioplasts near the bone tissue are now
separated from the blood, whence certain elements
necessary for their growth can alone he derived.

_ The process of disintegration gives place to a very
different operation. Of the bioplasts in contact with
the bone, some no doubt die and disappear. Others are
]mwe'ater concerned in the production of soft formed
material, which gradually becomes infiltrated with
calcareous matter, as deseribed i § 208, and a layer
or lamina of new bone results. Then immediately
within this a second laming je formed in the same
manner. The formation of new layers concentrically
one within the other proceeds, until a new Haversian
system results. The lacuna and canalenl; are formed
precisely as I have already described in § 208.

After this new Haversian rod has existed for a certain
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time, 1t 1s removed to give place to another. While
one rod is being formed, some of its neighbours are
being removed. Thus the compact tissue is gradnally
renovated in every part of its substance and without
1ts strength being in the slightest degree impaired,
during the time changes, destructive and constructive,
are proceeding in its very substance.

217. Formation of primary bone.—In the develop-
ment of the bones of the skeleton of man and the
higher vertebrata, fempcrary cartilage is the seat
of formation of a very imperfect and soft spongy kind
of osseous tissne, which serves only a temporary pur-
pose, and is entirely removed before the more perma-
nent form of bone is produced. In the expanded
portion of the cranial bones, however, ossification
does take place without the previous formation of the
temporary or primary bone, as it has been called.
The bone in question is not preceded by temporary
cartilage, but from the earliest period consists of
fibrous tissue, like the periosteum of bones generally.
The fibres of this fibrous tissue become caleified, while
its masses of bioplasm, or at least some of them, take
part in the formation of the future lacunce.

The more lasting or secondary bone of the skeleton
generally is formed at the deep layer of the fibrous pe-
riostenm ; and the process agrees very closely in its
general characters with that which takes place in the
ossification of the expanded portion of the cranial
bones. Beneath the periostenm may be seen nu-
merous large masses of bioplasm, § 212, for the most
part of an oval form, which are the agents concerned
in the production of the formed material of the future
bone. And the changes which take place are closely
analogous to those which have already been deseribed
as occurring in the formation of bone in the frog,
§ 208. It 18, however, much more difficult to study
the changes in mammalian bone, in consequence of
the firmer consistence of the tissue and the difficulty
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of obtaining sufficiently thin sections for examination
by very high powers. Such sections are absolutely
necessary for demonstrating the changes which occur
here on a scale very small compared with that upon
which they proceed in the cartilage of the frog.

218. The disintegration and removal of bone.—
The removal of the osseous tissue is effected upon the
same principle as the removal of fatty matter, § 194,
and other substances which have to be gradually dis-
solved and taken nwp by the blood as soluble sub-
stances, istead of being cast off and carried away as
particles of considerable size like the old cells of cuticle
or of a mucous membrane. No one would, however,
have been led to expect that the hard matter of bone
would have been easily dissolved away and appro-
priated by living bioplasm; for bone is not easily
dissolved, and when subjected to the action of ordi.
nary fluids undergoes very little change. Small
pieces of bone have been subjected to the action of
serum and pus for long periods of time without any
appreciable change being induced. Nevertheless, 1t
has been distinctly demonstrated that the hardest
tissues like the fang of the temporary tooth, may be
dissolved away, and removed during life. It is re-
markable that the material concerned in the process
of removal should be a soft and moist semi-fluid
substance which comes into very close contact with
the bone and dentine, By employing the carmine.
solution as I have described, § 68, the actual par-
ticles engaged in the removal of these hard tissues
have been demonstrated very distinctly, and in bone
tissne at ditferent periods of age. They are little
particles of bioplasm which, as they grow and mul.
Fi[l]j, take up the formed material that was produced,
1t miy have been, by their predecessors. In the same
way 1t has been shown that the bioplasm of mildew
may grow and live upon the formed material it has
already produced, § 94. The bone tissue diappears
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and the materials that entered into its composition are
converted into bioplasm. Of the numerous bioplasts
formed, some die, the products of their death being
taken up by the bioplasm of the capillaries, and that
of the blood, and the elements eliminated in other
states of combination in the urine and other excre.
tions. Many of the bioplasts, however, retain the
phosphate salts and other constituents which they
have taken up, and these are probably subsequently
employed in the formation of the new osseous tissue
which takes the place of that removed.

Z19. Origin of the disintegrating bioplasts.— With
regard to the origin of these disintegrating bioplasts
I have been able to show that at least in the case of
the removal of temporary bone at an early period of
life, they result from the division and subdivision of
the bioplasts of the original temporary cartilage, after
these had been for some time enclosed in the erypts or
spaces which were formed by the deposition of cal-
careous matter in the formed material or matrix in
the mtervals between the cartilage bioplasts. See
““ The Physiological Anatomy and Physiologyof Man.”
New edition, Part IL., p. 278.

Z20. Of the manner in which the removal of the
bone tissue is effected.—There are few questions of
oreater interest than this. We have discovered the
actual agents concerned in the removal of the hard
matter of bone as well as the softer material of other
tissues, as well assnbstances in solution in various fluids
in the body. It has been conclusively proved th‘at the
active substance is living bioplasm. Such is the
marvellous power of this 1'iving material, that there
are probably few things in nature that are proof
against its destroying powers. The hardest material,
even flint itself, yields to the slow but sure disinte-
grating action of bioplasm. The most insoluble ma-
terials, as well as the most sn]gble are appropriated.
Fatty matter is taken up by bioplasm, and almost as
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quickly as albuminous and other soluble gubstam;es.
But how, precisely, is the wonderful disintegrating
action effected ? In the case of adult bone it is pro-
bable that the first change that occurs is the soften-
ing of the bone tissue close to the vessel of the Ha-
versian canal by imbibition. In this way the passage
of nutrient material to the little bioplasts enclosed,
or partly enclosed, in the incompletely formed osseous
tissue is favoured. Then the little particles of bioplasm
themselves grow and multiply in the space in which
they lie. The walls of the space (lacuna) are eaten
away and the lacuna becomes enlarged. As the hard
material disappears, instead of a lacuna occupied by
a single bioplast, we find a greatly enlarged space, a
gigantic lacuna, containing several bioplasts. One
of these I figured as early as 1861. See Plate VIII,
fig. 48. “The structure of the tissues,” a course
of lectures given at the Royal College of Physicians,
1861. The bioplasts of adjacent lacuns increase in
the same manuer, and by degrees lamina after lamina,
of the osseous tissue of the Haversian rod dissappears,
and in place of hard bone, we find soft pulpy growing
bioplasm occupying what is now the “ Haversian
space,” and filling up the interval between the vessel
of the Haversian canal and the boundary formed by
the circumferential portion of surrounding Haversian
systems, which will in their turn have to undergo the
same process of disintegration. The bioplasts do not
effect the removal of the bone, as might be supposed,
by the formation of an acid fluid or by developing
some substance that possesses solvent properties.
Upon the whole it is more probable that the change
18 due fo -a mechanical rubbing away rather than to
the action of a chemical solvent. It seems to me most
likely that by the incessant movements of the bio.
plasm in very clese contact with the material to be
removed, excessively minute particles are graduall

rubbed off, as it were, The smallest molecules of the

M
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matter in thig minutely disintegrated state are 50
very small that the fluid containing them in suspen-
sion would exhibit the same Properties as that in
which small particles were actually dissolved, for the
particles in suspension would traverse animal mem-
brane with the fluid, and would be brought into suf-
ficiently intimate contact with the bioplasm to be
taken up and appropriated by the living matter itself.
By this farther change particles do become ch emically
altered, and the constituent elements separated from
one another and prepared for recombinations and the
formation of substances, it may be, of a kind totally
different from those which existed before.

#21. Reparation of bone.—The great importance
of this subject to the surgeon has led to many very
Interesting researches. From the time of Duhamel
to the present day, the several steps of the process
by which new bone is formed have been ably elu-
cidated in all that velates to their more obvious
characters by the mvestigation of distingnished
scientific men and practitioners. When g fracture
occurs, blood is, of course, effused into the wound,
both from the ruptured vessels of the bone itself, and
from those of the surrounding struetures participating
in the injury. This blood soon undergoes change.
Its colouring matter is absorbed, and its bioplasm
particles (white blood corpuscles) multiply. The
fibrin at length disappears, being appropriated
by the developing bioplasts, and in its place a
form of fibrous tissue is produced. This at length
undergoes calcification, and from the fourth to
the sixth week a soft temporary bone, termed by
Dupuytren provisional eallus, vesults. This is slowly
replaced by the development of permanent bone
(permanent callus) from the growth and multiplica-
tion of the bioplasts of the torn periosteum of the

original bone.
222. Of inflammation of bone.—In the develop-
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ment of bone, in the removal of old Haversian
systems, and in the formation of new ones, in the
anion of fractured ends of bones, in caries, and in
the formation of bone cancer, the bioplasts or masses
of living germinal matter are the active agents. If
bone is to be absorbed these little masses of bioplasm
multiply very rapidly, and increase at the expense t?f
the surrounding bone. On the other hand, if bone is
to be formed, it has been shown that the masses of bio-
plasm having increased in number for a time, cease to
multiply. KEach increases in size, and the outer part
slowly undergoes conversion into formed material,
which in its turn becomes ‘gradually impregnated
with hard calcareous salts. The harder the bone is
to be, the slower must this process proceed. Now in
inflammation of bone the bioplasts of the lacunee
increase in size, and appropriate the formed material
adjacent to them. Thus, a lacuna becomes much en-
larged, and is found to contain several small spherical
masses of bioplasm instead of one. The bone tissue
between several lacunsge may be disintegrated and re-
moved, and thus a space of considerable extent may
be scooped out even in the compact tissue, and may
be occupied by masses of bioplasm, resulting from the
division of the bioplasts belonging to several lacunse.
This is one way in which an abscess in bone may
originate.

223. Rickets and caries.—In these conditions the
vital changes going on in osseous tissue are much
more active than healthy bone, which lives and grows
but slowly in comparison. The morbid processes are
characterised by the increase of bioplasm, which
grows too fast for the condensation of the tissue
which is requisite for the production of true bone to
take place. Here, as in all other cases, rapid change
18 associated with brief duration. The well developed
normal lasting bone tissue is formed very slowly, and

M 2
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the changes succeed each other in the most gradual,
orderly, and regular manner.

In rickets the bioplasm grows fast, and a very soft
kind of formed material results, which is not hardened,
or only very imperfectly hardened by the infiltration of
calcareous salts. The bone 15, therefore, not resistin
enough to support the superincumbent weight of the
body, and yields, hecnming bent and distorted, ac-
cording to the direction of the pressure. In cories,
the bioplasm of a part of a bone receives too lar
& supply of nutrient matter; it grows too fast, and
lives upon the swrrounding tissue which has been
already formed.

2Z4. Of the death of bone.—In necrosis, the death
of the bioplasm of many lacuns takes place. It is
easy to,conceive that such a result must ensue if the
supply of blood be cut off; for the currents of fluid,
which during life flow through the canaliculi, and
permeate every part of the bone, cease, and the bio-
plasts die. Changes in the small trunks which supply
the Haversian vessels, ending either in their obstruc-
tion, as, for example, by clots, or their obliteration by
pressure, exerted upon them, as from the growth
of adventitious tissue around, may cause necrosis of
a considerable extent of osseous tissue. Thus effusion
into the deeper and more spongy portion of the
periosteum, as occurs in the formation of a node, may
cause the occlusion of some of the vessels passing
from this membrane into the compact tissue. The
passage of blood through these vessels being inter-
fered with, the bioplasm of all that portion of bone
receiving nutriment from them must die, and a piece of
bone of considerable size become ““ necrosed.” Imme-
diately around this the nutrient matter would flow
more freely, but of course less regularly. In conse-
quence, the bioplasm of the neighbouring lacuns
would grow much faster, and thus a vast number of
bioplasts would result. These would even eat away,

g =
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as it were, but of course very slowly, the dead bone,
which soon becomes surrounded by them. After the
bioplasts have accumulated to a certain extent, many
increase in size, produce formed material, which in
its turn ossifies, and thus the piece of dead bone 1s at
length imbedded in mew irregularly formed bone.
This process goes on, unless the whole of the dead
“bone (sequestrum) 1is removed by the process above
referred to, or by surgical interference. Before the
dead bone can be removed by the surgeon, he has in
many cases to cut away very much of the new bone
which has been produced. Now, it has been said
that the dead bone acts as an irritant—as a foreign
body—and that this is the reason why the bone in-
creases around it. Such a doctrine is still strongly
maintained, although no one has been able to show
exactly what is meant by the supposed “irritation.”
225. Nature of irritation and execitation.—It has
been assumed that an irritant or excitant is always
necessary to mcreased action, that by this * irritant ™’
the living cells are “ excited ” to live faster than usual.
For this increased activity, all that is really re-
quired is @ more free access of nutrient matter. The
so-called “irritant,” instead of ‘ exciting,” acts in
the most passive manner possible. It permits pabulum
to have freer access to the living bioplasm. By it the
restrictions under which growth normally takes place
are to some extent removed. There is no * excita-
tion to increased action” at all. The more freely
living matter is supplied with pabulum, the faster 1t
grows. “Increased action” in a living structure
results from the removal of restrictions, as occurs when
the rupture, perforation or softening of the “cell-wall
or ‘“‘intercellular substance,” takes place. The
nutrient pabulum comes more readily into contact
with the bioplasm which grows faster, but not in

:oﬁseq;?ence of “ stimulation,” * excitation,”” or “irri-
ation.
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No.

o8

59. O

60
61

List oF MIcROSCOPICAT, SPECIMENS ILLUSTRATING

Lecrure VIII,

No. of diameters

magnified,

- Ossifying cartilage, kitten ; masses of bioplasm near
ossifying surface, arranged in rows and increased
in size as they approach the part ossifying oié

ssifying cartilage, temporal bone; frog. Observe
the globules of calcareous matter deposited around
the masses of bioplasm i e 2

. Very large cells in ossifying cartilage, temporal bone,
fro o s 1 i ‘e 2

: Farmgtiﬂn of bone beneath periosteum, ossifying

femur, kitten. . Observe the bioplasm in the very
large lacune . . .

62. Cancellated structure and cancelli bone, pig ; showing

63.

64

bioplasm in lacune ., S " i i
Fully formed bone, pig; showing bioplasm of lacunz,
canaliculi, and fibrous arrangement of the fully
formed bone . . 3 . e i 4
. Bioplasm in very large lacuns in course of formation,
frog . e

130

215
215

215
130
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LECTURE IX.

Of the Bioplasm of Nerve Tissue—Nerve Tissue in the
lowest Organisms—The active part of a Nerve-fibre
—-FKine Nerve-fibres—Ultimate Networks—No ends
to Nerves—Duark-bordered Nerve-fibres—Pale Fibres
—Course and distribution of Nerve-fibres— Nerve
Centres—Central Nerve Cells—1. Angular or Cau-
date Nerve Cells—2. Spherical, Oval, and Pyriform
Nerve Cells—Nerve Cells with a straight and spiral
Fibre—Probable nature of spherical and oval Nerve
Cells—Nature of the Nerve Current—Arguments in
Javour of Peculiar Force—Arguments in favour of
Nerve Current being Hlectricity— Action of the Bio-
plasm of Nerve Tissues—Conclusions concerning the
Structure, Arrangement, and Action of a Nerve
Mechanism.

Of Nerve-fibres.

226. Importance of bioplasm in the highest tissues.
—It is only when we come to study the phenomena
of the highest tissues that we begin to realise the
vast importance of bioplasm ia the changes that
occur during each moment of existence. We have
seen that the simplest tissue with which we are
acquainted, as well as the most complex, owes its
formation to bioplasm; but in many textures the
bioplasm performs no other office. In every part of
the nervous system, however, more especially at the
peripheral distribution and central origin of all
nerves, active changes of the most important kind
are effected through the agency of the bioplasm, and
these continue throughout life. Indeed, in some *
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Instances, nerve action, which is dependent upon
changes in the bioplasm, never ceases for g single
moment from birth to death. The active phenomena of
the nervous system are entirely due to vital actions, and
the matter which is congerned in these vital changes
18 invariably the bioplasm We shall therefore have
to consider the general structure and mode of growth
of nerve tissue, and especially the relation which its
bioplasm bears to the formed material of nerve-fibres
and cells. The mere anatomical question has, indeed,
a most important bearing, for, until it is decided, we
cannot hope to carry on investigations with any
great chance of success into the real nature of Nervons
actions. Various opinions have been advanced con-
cerning the structure and arrangement of nerves in
the lowest animals, and the fancifal suggestion that
nerve matter may be in solution or in a molecular state,
diffused through the general tissues of the hody, has
scarcely yet been abandoned. On the other hand, it has
been affirmed that no fibre oughtto be regarded as nerve
which does not exhibit the dark-bordered character.
This strange dictum involves the acceptance of the
doctrine that nerves pass into, and are continuous
with, other tissues of the body, and act by reason
of this continuity of material substance. But I hope
to convince you that we may now discard both these
extreme doctrines, because we are able to define, and
with considerable accuracy, what is essential to nerve
structure.

229. Nerve tissue in the lowest organisms,— [t might
be supposed that we should be able to form a correct
1dea of the essential structure of a nervous apparatus
if we appealed'to some of the lowest organisms in
which the existence of nerve tissue might be fairly
assumed. In them it would be supposed that we should
meet with a nervoums system in a very simple con-
dition. But it unfortunately happens that m thes:e
- lower forms of life the nerve-fibres are so very deli-
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cate as to be, under ordinary circumstances, invisible.
Nor is it surprising that the difficulty of detecting
them has induced some to adopt the hasty and, 1t
must be admitted, unjustifiable, inference, that many
creatures which exhibit combined and complex mus-
cular movements are altogether destitute of nerve-
fibres, but that the nerve matter of their bodies exists
inadiffused and fluid state, or in the form of minutedis-
connected particles disseminated amongst the tissues.

Now, if the tissue of the arm of an Actinia, or
sea anemone, be carefully examined after successful
staining, § 68, multitudes of minute oval bioplasts
(nuclei), taking different directions, will be obiserved
amongst the muscular fibres, as well asin the external
investment. The disposition of these would receive
explanation if they were connected together by deli-
cate threads. Here and there jn a very thin specimen
a very delicate film can indeed be discerned passing
from one bioplast to its neighbours. A precisely
similar arrangement is seen upon the muscular tissne
of the suckers of the common starfish, in the skin
of the oxfluke, and in the true skin of the leech
and earth-worm. In these last I have been able to
trace very distinctly the connection between the
bioplasts and the excessively delicate inter-communi-
cating threads, as well as to demonstrate the passage
of the finest fibres into unquestionable nerves. In
insects, and especially in the maggot and common
bluebottle, I have also succeeded in tracing the con-
nection. In the peripheral organs of the perfect fly,
and in many tissues of the mollusca, especially over
some of the muscles, I have been able to separate an
extremely delicate tissue, congisting principally of
nerve cells with very fine fibres passing from them,
and crossing and interlacing in every direction, con-
stituting what may be truly described as a merve
membrane of extreme delicacy. We shall find in the
peripheral parts of the nervous system of man and
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the higher animals at an early period of development,
a4 precisely similar arrangement. In this delicate
membranous structure no Separate nerve cords or
fibres can be detected, but delicate tracks crossing

Running in the same direction as the tracks are oval
masses of bioplasm. The lines, I believe, indicate the
paths taken by the nerve currents as they traverse
the delicate nerve tissue in passing to and from the
nerve centres.

Z2Z8. Irreconcileable opinions concerning the struc-
ture and action of a nerve apparatus.—At this pre-
sent time there is the greatest disagreement among
authorities upon fundamental questions. It is not
even determined whether nerves terminate in ends
or form continuous circuits,—nor whether they in-
fluence tissues by reason of their being in structural
continunity with them or merely indirectly, in conse-
quence of currents passing along the nerve-fibres
situated at some short distance from the particles of
tissue to be influenced. And it ig not known whether
the influence is produced by the passage of a con-
tinuous current varymg in intensity, or by an inter-
rupted current. Nor is there more accord as to the
origin of nerves in centres ; some holding that the
fibres invariably originate in cells; others, that some

cells have no fibres at all connected with them. And
- of those who admit the first proposition, some think
the fibre comes from the body of the cell, while others
profess to have traced it into the nucleus. Some
even assert that they have seen the fibre emanating
from the nucleolus. Or, again, concerning the fibres,
which unquestionably originate in nerve cells, it has
been stated that some pass into nerve-fibres, while
others have no special relation to nerves at all.

229. The active part of a nerve-fibre.—It is most
remarkable how very closely the nerve-fibre in the
lowest and most simple creatures which possess a
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nervous system resembles the active part of the
nerve-fibre in the higher animals, especially at an
early period of development. The active part of the
nerve-fibre in adult vertebrata invariably consists of
a very delicate compound thread which exhibits a
slightly fibrous character, and is composed of an oleo-
albuminous material. Connected with the threads at
varyingintervals are oval massesof bioplasm. Inhighly
sensitive peripheral nerve-organs, and in the motor
nerves of muscle, these masses of bioplasm are very
numerous, and, in some cases, are almost continuous
with one another ; but in less sensitive textures the
masses of bioplasm are often separated from one
another by a distance of lgth of an inch or more.
In all cases these bioplasts or ‘“nuclei” are situated
very close together at an early period of develop-
ment, and at first the tissne which represents merve
consists of bioplasm only. As the tissue advances
towards maturity, the masses of bioplasm become
gradually separated from one another by a greater
extent of fibre, but at all periods of life and in all
peripheral branches of nerves these bodies are present.

230. Fine nerve-fibres compound.—The fine nerve-
fibre sometimes appears as a very distinct fibrous
structure, which, were it not actually traced to un-
questionable nerve-fibres, might be easily mistaken
for fibrous or connective tissue ; sometimes as a very
delicate expansion of such extreme tenuity as to be
demonstrable only after it has been partially altered
by chemical reagents, and the oily matter separated
from it in the form of granules or globules, which
can be very easily traced. Fibres often pass off at an
angle from these fine nerve-fibres, and divide and sub-
divide, joining others, so as to form a network, the
meshes of which vary much in diameter in different
cases. Hvery one of these delicate fibres of which
some are not more than the 4555 of an inch in
diameter, must be regarded as composed of still




172 NO ENDS T0 BE DEMONSTRATED.,

finer fibres, which, after leaving the branch under
observation, pursue opposite directions., In using
the term network, therefore, I do not mean to imply
that fine nerve-fibreg unite with each other aftep
the manner of capillaries, but merely that the bundles
of fibres are arranged like net-works. The fibres
composing the bundles do not anastomose. In lace
the appearance of such g network of fibres is pro-
duced ; but every apparent thread is composed of
several, each of which pursues a complicated counrse,
and forms but a very small portion of the boundary
of any one single space.

Z31. No ends to be demonstrated.—Proceeding
from the finest nerve-fibres, no fibres exhibiting ends
or terminal extremities can be detected, and the
general conclusion to which we are led is, that nerves
are arranged to form continuous strands of fibres
which pass amongst the elementary parts of the
tissues, but neither become continuous with them,
nor terminate in free extremities in op upon them.
The active part of a peripheral nerve-fibre with its
bioplasm is” represented in many of my drawings
published in the Phil. Trans. 1861, 1862, 1867.

In all cases, as far as I can ascertain, the ultimate
terminal fibres are pale and granular, exhibiting
nuclei at varying intervals, but are distributed upon
precisely the same plan.* [am of opinion, therefore,

* Not many years since, numerous observers considered that
no fibre could correctly be termed a nerve-fibre which did not
exhibit the dark-bordered character (§233) and many real nerve-
fibres were regarded as fibves of connective tissue. But since
I demonstrated the very fine merve-fibres in many different
textures, and showed that in all cases the really active peri-
pheral part of the nerve was the terminal plexus, composed of
very fine compound fibres often less than the Toososth of an
inch in diameter, numerous memoirs have appeared in Germany
in which the authors endeavour to prove that exceedingly fine
fibres pass off from what T look upon as the ferminal plexuses,

and end or terminate in epithelial cells, or form very minute
networks upon and amongst the cells.

—
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that there is not such a thing as a true end to any
nerve-fibre. I must, however, admit that almost all
the observations which have been made in Germany
during the last few years are opposed to this view.
Memoir after memoir has been published for the
purpose of proving that nerves exhibit terminal ex-
tremities in several motor and sensitive organs. As
mvestigation proceeds, this controversy becomes more
mteresting and exciting. Although my opponents
are many and powerful, the facts in favour of my
own view are now very numerous and almost every
new investigation I attempt enables me to add more
to the number. Moreover, my conclusions rest npon
observations upon many different tissues and organs
not only of vertebrata, differing widely from one
another, but of numerous invertebrate animals., I
cannot therefore yield. I am quite convinced that
numerous specimens I have made fully justify me
in maintaining the general proposition that in all
cases the terminal distribution of nerves is a plexus,
network, or a loop, and hence that in connection
with every terminal nervous apparatus there must be

Pfliiger has arrived at the conclusion that the nerves distri-
buted to the salivary glands end by exceedingly fine filaments
which pass into the epithelial cells and become connected with
them or their bioplasts (nuclei) ; but I do mnet think that in
this organ any nerve-fibres pass beyond the surface of the con.
nective tissue upon which the secreting bioplasts lie. I have
never been able to convince myself that nerves pass to the epi-
thelial cells in any of the situations indicated, nor have I seen
any preparations at all conclusive. On the other hand there
are manyf acts opposed to this view. Upon the whole, the
evidence, so far, is strongly in favour of terminal networks be-
neath the epithelium of such tissues as mucous membrane and
secreting glands. And as the act of secrefion,—the production of
peculiar compounds by bioplasm differing entirely from the ma-
terials out of which they were made,—is certainly performed in
many cases without nervous agency, much stronger evidence
than any yet advanced ought to be adduced before the conelu-
slon that nerves act directly upon the secreting cell is accepted.
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at least two fibres; and fhat in all cases there ewist
complete cirewits into the Jormation of which central
nerve cells, peripheral nerve cells, and nerve-fibres enter,
All these elements are in structural connection with
each other. [“How to Work with the Mieroscope,”’
4th Ed.]

232Z. Of plexuses and terminal networks.—Every
one agrees that the larger nerve trunks are in many
instances so arranged as to form plexuses or net-
works, to which various names have been assigned
by anatomists, according to their position, general
form, origin, &ec.; but it was supposed that in many
cases nerves pursued an almost direct course to thejr
ultimate distribution, where they terminated in free
extremities, in cells, or by becoming continuous with
the texture they influenced. More careful observa.
tion has, however, demonstrated that all nerves
before they reach their finest ramifications form
microscopic networks or plexuses, arranged upon the
same plan as the coarser networks above alluded to ;
and I have been able to demonstrate that the fine
ramifications themselves constitute a plezus or net-
work, in which the component ultimate fibres are ar-
ranged wn much the swme manner as the large dari-
bordered fibres entering into the formation of one of the
ordinary plezuses.

Careful observations upon the arrangement of par-
ticular nerve plexuses in the same texture at diffe-
rent periods of development have convinced me that
the ultimate terminal plexus of the embryo becomes
the plexus composed of coarser fibres of the infant
and child, and the plexus made up of bundles of
compound fibres of the adult. New wultimate nerve
plexuses gradually come into existence as the con-
stituent fibres of those previously formed grow and
slowly become converted into thick nerve-fibres.
That a continuous development of new nerve-fibres
takes place in the adult has been proved beyond ques-

== -
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tion by facts demonstrated in many of the textures
of man and the lower animals. The arrangement
is the same as regards sympathetic, and spinal
motor and sensitive, nerve-fibres—except that in the
latter the constituent fibres of the plexuses one or
more removes from the terminal plexus are dark
bordered. (*“ How to Work with the Microscope,”
4th Ed.)

233. Dark bordered nerve fibres of the trunks of
nerves.—livery peripheral nerve network is connected
with its merve centre by fibres, and whenever the
distance between the centre and peripheral organ 1s
considerable, the nerve-fibres are protected from each
other, and from the tissues throngh which they pass,
by a thick layer of oleo-albuminous matter, which
forms an investment to each bundle of delicate fibres,
by which it is insulated and separated from its
neighbours, and from other structures, by a distance
equal to from five to twenty times its own diameter.
When the trunks pass through narrow canals, as
through holes in the cranium, this insulating pro-
tective covering is much reduced in thickness, so that
a large bundle of nerve-fibres is made to pass through
a space not more than one-fourth of the diameter
which the nerve trunk possesses in other parts of its
course. The fibres which have this thick coverin
are known as ““dark-bordered fibres,” from the dark
double-contour line they alwaysexhibit when examined
in water or weak serum ; the covering itself is known
as the “white substance of Schwann,” or the “me.
dullary sheath.” The double-contour line is not seen
in specimens mounted in glycerine or syrup. When
one trunk diverges from another, many of thege
fibres divide, one of the resulting subdivisions con.
tinuing onwards in the trunk, while the other passes
off to help to form the branch trunk. T have figured

many of these branchings. See Plate 11, figs. 3, 4
p. 182, :
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234. Of the pale nervefibres of the sympathetic
system.—In cases in which the distance between the
nerve centre and the peripheral distribution of the
nerves is not very great, the compound fibres are not
insulated by a ““ medullary sheath.” In many of the
nerve fibres belonging to the so-called sympathetic
system there is no ‘ medullary sheath,” or * white
substance of Schwann.” Where, however, the
ganglia or peripheral organs are connected with
nerve centres at a considerable distance off, a number
of fibres having this investment are found ; so that
amongst the sympathetic nerve fibres, we find dark-
bordered mnerve-fibres just as commonly as pale fibres
oceur in the trunks of spinal dark-bordered nerve-
fibres (§ 235). In the bladder of the frog I have ob-
served that where the distance between the ganglion
and the peripheral distribution of the nerve fibres is
considerable, the fibres have the dark-bordered cha-
racter while, on the other hand, if the peripheral dis-
tribution 1s near the ganglion, the ultimate nerve-fibres
are connected with the latter by pale fibres only.

Z35. Of fine fibres running with the dark-bordered
nerve-fibres.—I have described and figured very fine
nerve-fibres running close to the dark-bordered
nerve-fibre in the same sheath with it, when there
exists a sheath, and in the bundles of dark-bordered
nerve-fibres mear their distribution, several such fine
fibres may be discerned. These fine fibres themselves
result from the division of dark-bordered nerve-fibres.
Sometimes, a dark-bordered nerve-fibre divides into
one dark-bordered, and one fine fibre. The finefibres are
in fact the continuation of the dark-bordered fibres, and
are very near the point of ultimate distribution. These
fine fibres accompanying dark-bordered nerve fibres,
have not been described or figured by other ob-
servers, and are quite undemonstratable in specimens
prepared according to the methods usually followed,
thongh they are very distinct indeed in specimens,
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carefully prepared and mounted in glycerine, or in
strong syrup. The fact of the existence of such
fibres is of great importance with reference to the
question of the mode of termination and action of
nerve fibres, and must influence much the conclusion
we adopt concerning the essential structure of a
nervous apparatus. This part of the question has
been discussed in papers published in the ““ Medical
Times and Gazette,”” January and February, 1867 ;
see also, “Archives of Medicine,” 1862—4; “Croonian
Lecture,” 1865.

236. Of the axis cylinder.—What appears as the
single core or “ axis cylinder” of a nerve fibre in the
nerve trunk is formed by the coalescence of wery nu-
merous fine fibres, each coming from a different central
nerve cell. In following a single dark-bordered or
other merve fibre towards centre or periphery, we
find that it divides and subdivides into a great number
of fibres which pursue different and often opposite
directions, one passing towards the centre, and the
other to the periphery. And these are implanted in
different parts of the nerve centre or peripheral organ
at considerable distances from one another.,

23%. Advantages of the subdivision and interlace-
ment of nerve fibres.—If, therefore, one branch of a
nerve fibre be destroyed by injury, accident, or disease,
there ought to be neither complefe paralysis nor com-
pleteloss of sensation evenof the smallest portion of the
body, but, on the contrary, a very slight effect shonld
be produced upon parts situated perhaps at some
distance from ome another. Experience and ob-
servation have proved such to be the fact. By the
very free crossing and interlacing and the frequent
change in the course of nerve fibres in all nerve
centres, Very serious damage to any one organ or
part of an organ by local disease or injury, is effec-
tually provided against. Were all our faculties
exactly localised and the great merve organs com-

N
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posed of numerous distinct parts, each having a
separate office, injury 'to one of these, or even to a
part 'of 1, would involve the complete loss of the
particular faculty of which it was the seat. As it
18, even very extensive disease sometimes impairs,
and only to some very slight extent, the actions of a
number of nervous organs without completely de-
stroying the activity of any one. Nerves often reach
ther ultimate ramifications after pursuing a most
circuitons course, so that in many cases a nerve ma
be divided without sensation being destroyed in the
skin to which its peripheral branches are distributed,
because this is supplied by nerve twigs, derived from
other trunks tolerably near its central origin or peri-
pheral distribution, which reach the same spot after
pursuing a less direct, and perhaps much more cir-
cuitous course. Plate I. Cases have been recorded by
Richet, of La Pitée, Paris, Dr. J. C. Nott, of New York,
and Mr. Savory, in which sensibility was preserved
in the parts supplied by so large a nerve as the
musculo-spiral nerve, after it had been completely
divided (New York Medical Journal, June and
Angust, 1868).

Z38. Fundamental and essential characters of a
nervous system.—In many of the lower animals I
have seen very delicate fibres and masses of bioplasm
arranged to form an extensive network amongst the
tissues, and 1 some I believe the entire ‘ nervous
system’ consists of such a network extended through
all parts of the organism. In the common starfish
and some other members of the Radiata I have seen
distinct indications of the existence of a structure
such as I have described, and I have no doubt that
when our methods of preparation have been still
further improved we shall be able to demonstrate the
nerve-tissue wherever it exists, and distingnish it
with certainty from the tissues amongst which it is
distributed.
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‘But, when to these observations npon the simplest
creatures are added, the positive facts demonstrated
by me with reference to ultimate distribution of the
finest nucleated nerve fibres and their bioplasts, in a
number of tissues of vertebrate animals, an amount
of evidence is appealed to, which ought not to be
disregarded. The conviction forced upon the mind
is irresistible, that in their general structure, ulti-
mate arrangement, and mode of action, the mnerves
of different classes of animals from the highest to
the lowest, and the nerves distributed to all the tissues
of the same animal exhibits so many points in common,
that we may conclude the arrangement is the same
in principle in all. The active part of every peri-
pheral nerve apparatus is an uninterrupted network
of extremely delicate fibres, which are structurally
continuous with the masses of bioplasm in the nerve
centres. These last, however, in the lowest classes
being as it were so spread out as to render it difficult or
impossible to define which part of the nervous system
should be considered peripheral, and which central.
The arrangement is such that it might be correctly
described as consisting of multitudes of closed circuits
which are uninterrupted, and are structurally con-
tinuous in every part.

In many terminal organs, no doubt, the appear-
ances are such as to justify upon superficial exami-
nation the conclusion that the nerves really form
true ends. In many instances it has been distinctly
affirmed that one single nerve fibre was lost in a
single terminal cell or other organ; and as regards
striped muscle it has been stated as a fact of observation
that such is the case, by a large number of observers.
If this were so, we should be compelled to conclude that
the single nerve fibre was really terminal. But in
every single instance in which I have had the good
fortune to obtain good specimens of such organs, I have
been able to detect more than one nerve fibre. At the
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base of the peripheral organs of taste the nerve fibres
have been actually seen to pass in opposite directions,
Plate II, fi. 1, and in the so-called end organs of
muscles, Lecture XI, T have demonstrated two or more
fibres in numberless instances. The evidence that I
have brought forward in favour of the conclusion,
that nerves form continuous and unimterrupted cords
with bioplasts in their course, and continnous with
the matter of which the fibre is composed, cannot,
I think, be controverted or explained away, though
I dare say few will be disposed to accept my conclu-
sions just yet.

239. The course and distribution of nerve
fibres.—As already stated, all my observations tend
to the inference that nerves never end, and T think
that the conclusions that have been arrived at in
favour of the idea of terminal extremities and ter.
minal organs have resulted from the examination of
inconclusive specimens or from erroneous observation.
A careful consideration of the facts observed concern-
ing—1, the structure of certain peripheral organs
favourable for investigation; 2, the distribution of
nerve fibres in nerve centres ; and 3, the connection
between the fibres and central nerve cells, forces upon
my mind the conclusion that the nerve fibres composing
the nerve trunks, and those finer branches which unite
to form dark-bordered nerve fibres, may be arranged
mm the following subdivisions, according to their
distribution :—

1. Nerve fibres passing towards a centre—Afferent
fibres.

2. Nerve fibres passing from a centre—Eferent
fibres. 1

3. Nerve fibres connecting nerve centres with one
another—Commissural central fibres.

4. Nerve fibres connecting the peripheral ramifica-
tions of nerves and peripheral nerve organs with one
another——Commisswral peripheral fibres. Plate 11, fig1.
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These different classes of nerve fibres have been
represented in figures 1, 3, and 4, Plate II. _ It will
be found that the results of investigation into the
structure of terminal organs, the fact of the divisions
of the trunks of nerves as they pass towards nerve
centres or towards their peripheral distribution, as
well as the arrangement of nerves and nerve cells in
the nerve centres, strongly support the conclusion
that nerves do mot in any case divide into single
fibres, each having a terminal extremity, or end by
becoming continuous with other tissues. Numerous
facts indicate that nerve fibres never end.

Of Nerve Centres.

Next, I must draw attention very briefly to the
minute structure of nerve centres, which invariably
contain a vast number of “nerve fibres ” and “nerve
cells,” often of large size. These cells, in some cases,
have a highly complex structure. The “nerve centre,”
in fact, exhibits the essential structures characteristic
of the peripheral portion of the nervous system, except
that in the mnerve centres of man and the higher
animals, the elementary parts or “ cells” are, for the
most part, much larger than those found in peri-
pheral organs. In the nerve centre a great amount
of tissue is compressed into a comparatively small
‘Space, so as to form a collection, knot or ganglion. It
has been shown that, in the lowest animals in which
nerves are to be demonstrated, there is not this dis-
tinction between the central and peripheral parts of
the nervous system. The nerve tissue seems almost
unifu}'mly distributed. In the higher invertebrata
and in the vertebrata, however, it is probable that
the nerve tissue collected in the nerve centres exceeds
In amount that which is spread out amongst the
tissues in all other parts of the organism,

240. Central nerve cells.—Each central nerve
cell consists of a mass of bioplasm surrounded by
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formed material, which last 18 drawn off at fwo or
more pounts into fine threads,* These divide and sub.
divide into still finer ones at a short distance from
the cell, and are, in fact, processes of the nerve cell
which become nerve “fibres.”” The processes in-
variably take opposite directions soon after they have
left the ¢ cell.”

Nerve cells may exhibit important structural pecu-
liarities, so that it is even possible to say, in some
instances, after examining a single cell, from what
central organ it had been taken.

In vertebrata there are two principal kinds of
central nerve cells which are very distinet from one
another, and probably differ in function not less than
they do in structure. These are, 1, The Angular or
Caudate Nerve Cells, and 2, The Oval, Pyriform or
Spherical Nerve Cells.

Z41. Angular or caudate nerve cells are charac-
teristic of the great central nerve organs of verte-
brata, the brain and spinal cord, and attain their
maximum of development in the highest mammalia
and man. In many of the lower vertebrata these
cells are remarkably small, while the other class of
cells, on the other hand, is of very large size. If we
examine the caudate cells in the gray matter of the
spinal cord and medulla oblongata of mammalia, we
see lines traversing the cells from each of the many
fibres connected with them, and passing to ever
other fibre. (Proceedings of the Royal Society, 1364.)
I endeavoured to show that these lines, which were
rendered evident by the slow action of acetic acid
indicated the paths taken by the nerve currents
which traversed the cell. Plate ITI, fig. 2.

It is an interesting circumstance, and strongly
corroborative of the truth of the views just ad-
vanced, that at the very time I was making out the

* It is probable that no nerve cell exists which has only one
single fibre connected with it.

—
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peculiar anatomical fact recorded in my paper, Pro-
fessor Alexander Bain, looking at the sl_leEGt from a
totally different side, was led to conclusions concern-
ing the arrangement of the nervous mechanism
agreeing in all important particulars with my own,
which had been deduced from observations upon the
tissue itself.

Deiters, Boddaert, and other observers, have stated
that one dark-bordered nerve fibre enters each of
these cells. If this be so, we may consider the axis
cylinder as splitting up in the cell into a number of
branches, some of which pass into every one of the
so-called “ protoplasm” fibres which leave the cell
and are supposed to terminate a short distance from it.
My own observations lead me to conclude that all the
fibres are composed of the same material and exhibit
precisely the same structure and refractive power,
but that one fibre (Deiters’ dark-bordered fibre) does
not divide until it has passed some distance from the
cell, while the others give off branches much closer
to 1t.

Connected with the cells of the gray matter of the
brain, particularly of the sheep, is one long fibre which
may often be followed for the distance of the tenth or
twelfth of an inch without giving off a single branch.
The other fibres, on the contrary, break up into a con-
siderable number of ramifications near to the cell.
I cannot agree with Deiters and Max Schultze in
regarding these fibres as of a totally different nature
from the long one. Although in Deiters’ figures the
long dark-bordered fibre is represented as if it were
altogether different in structure from the other fibres
c_:nf the cell, T do not discover this difference indicated
in the beauntiful photograph of Boddaert, from which
1t appears to me all the fibres of the cell possess the
same refractive power. This could not be the case.
if one were ““ dark-bordered ”’ and all the rest consisted
of what these observers call ¢ protoplasm.” The
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course of the fibres which result from the division and
sub-division of the processes of the caudate nerve
cells, according to my view, will be understood if
fig. 1, Plate III, page 187, be referred to. All the
fibres of every cell divide and subdivide into finer
fibres which are continued to peripheral parts.

It is probable that the caudate nerve cells are not
souwrces of merve force.. These cells are fewer in
number and comparatively insignificant in the lower
vertebrata, particularly batrachia and fishes., In the
invertebrata they do not exist at all, and it is doubt-
ful if any “cells” precisely corresponding to them
are to be found in their stead.

242. Bioplasm of the nerve cell.—The bioplasm
of the nerve cell is embedded in the material which
exhibits the lines crossing in all directions, and no
doubt this substance is formed from it ; but, as far as
I have been able to ascertain, no merve fibre arises
from, or is connected with, the bioplast (nucleus or
nucleolus). It appears probable that the caudate
cells are the stations at which nerve fibres pursuing
many different directions decussate and change their
course. Plate 111, fig. 2, page 187. Plate 1V, figs.
1 and 2.

Z43. Of the spherical, oval, and pyriform nerve
cells.—The nerve cells belonging to this class have
a structure very differemt from that of the candate or
angular nerve cells. The fibres, instead of radiating
from the cells and appearing as if drawn out from
them, encircle them, and pursue a very cireunitous
course after leaving the cell. They are curved and
coiled, and are of much greater length than is neces-
sary simply to traverse the space through which they
may be traced. The matter of which the fibres are
composed 18 continuous with that of the cell, and the
facts observed justity the inference that the fibres are
continually growing, or, in other words, that the matter
at the outer part of the cell gradually undergoes con-
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version into fibre, which process continues during the
life of the cell. It seems as if the cell revolved, and
at the same time had spun off fibres from its peripheral
parts. In many cases the fibre seems to unwind itself
from the outer part of the cell, and in this Situa.ti:}n
the gradual multiplication of the oval masses of bio-
plasm which are ultimately seen in the unwound fibre
may be demonstrated, and the youngest may be seen
growing in the substance of the cell itself, near the
surface.

In man and the higher vertebrata the cells of this
class are found in all the ganglia of the so-called Syn-
pathetic, and in the ganglia on the posterior roots of the
nerves, the (rasserian ganglion, &c., which belong to
the same division. They are nearly spherical, and are
usnally represented as spherical cells or globules lying
amongst the fibres of the ganglion. Even to this day
these cells are stated in many text-books to be in-
vested with a capsule of connective tissue, sometimes
as thick as the cell is wide, in which numerous nuclei
are represented. These are supposed to have no con-
nexion whatever with the nerve-fibres passing mnear
them. Nothing could be more unmeaning than many
of the statements made concerning the structure of
the sympathetic ganglion cells. Nevertheless, they
are repeated again and again, and the old drawings
of thirty years ago are adduced in support of doc-
trines which are utterly untenable.

Some writers still insist upon the existence of
“apolar” and “ unipolar” merve-cells in many parts
of the nervous system, although the results of obser-
vation positively prove the existence of two fibres in
the case of cells which had been previously regarded
as unipolar and apolar. From the cells of the Sym-
pathetic ganglia of man and vertebrata several fibres
proceed, and pass in different directions soon after
they leave the cell. Bundles consisting of fibres
from many different cells leave the ganglion fromn

0
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different parts of its surface, and pass by circuitous
routes towards their destination, each bundle being
composed of fibres from many different cells situated
i different parts of the ganglion.

Ganglia are extremely numerous in the sub-mucous
tissue of the alimentary canal of all mammalia, and
in the human subject multitudes may be demonstrated
at short distances from one another.

Connected with the mnerves in the pelvis of the
kidney I have also demonstrated numerous ganglia
of the same kind. From every one of these, bundles
of nerve-fibres pass to be distributed to the cortex of
the organ, The fine nerve-fibres of the kidney are
distributed to vessels and also to the uriniferous tubes.

Z44. Of ganglion cells with a straight and
spiral fibre.—The structure of the ganglion cells
of the ganglia of the frog are remarkable. In the
year 1863 I presented a paper to the Royal Society,
in which I showed that each cell possessed at least
two fibres, and demonstrated the interesting fact that
these fibres pursued opposite directions in the nerve
trunks into which they passed, one apparently going
towards an organ, while the other went away from it
in an opposite direction. One of these fibres formed
a beautiful spiral coil round the other. In some cells
there was but one spiral turn, but in others as many
as eight or ten could be counted, while in some again,
which were probably the oldest cells, the spiral turns
were still more numerous. The spiral fibre comes
from the outer part of the body of the cell, and the
straight fibre from its central part, so that the tissue of
the first is in structwral continuity wilh that of the last,
the body of the cell being composed of matter which may
be said to be drawn off in one part to form the spiral,
and in another to form the straight fibre.

245 'The views of Arnold and others.—Hach
fibre had several bioplasts in its course, but these
were more numerous in the spiral than in the straight

== =
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fibre, and were closest to one another in that part of
the former which was still coiled round the cell, and
formed, indeed, part of its substance. Some months
after my paper appeared, J. Arnold, of Heidelberg,
quite independently, and probably without having
heard of my observations, described a spiral fibre in
connection with the ganglion cells of the nerves of the
frog’s lung, but in the drawings accompanying his
memoir (Virchow’s Archiv, Band xxviii, plate x),
both straight and spinal fibre result from the division
of a single merve fibre. In drawings illustrating a
paper published in 1865 (Virchow’s Awrchiv, Band
xxxil), two years after my memoir was completed, he
gives examples in which the two fibres are delineated
distinct from one another, and he further states (con-
trary to my observations) that the straight fibre ter-
minates in the nucleolus, while the spiral fibre is made
to commence in a network of fine fibres ramifying
over the surface of the cell, which are traced up to the
nuclens. These drawings have a somewhat artificial
look about them which is not quite satisfactory. Sub-
sequently Courvoisier and many other observers have
studied the same subject, differing from me princi-
pally as regards the origin of the fibres from the body
of the cell, and from one another in several particu-
lars. T have reinvestigated the matter, but have not
seen appearances which will justify any modification
of the conclusions detailed in my memoir. The ori-
ginal specimen from which the figure—since copied
mmto most of the text-books—was taken, may still be
examined (5'%5th objective, magnifying 1800 diameters),
and the drawing may be compared with the prepa-
ration.

New memoirs have more recently appeared in
Gﬂ_ﬂ?‘lﬂ:ﬂ}': and some authors have expressed the
opinion that my spiral fibre is connective tissue. It
18 not surprising that they should have looked at
my drawings as the inventions of my imagination

0 2
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instead of being copies of what I had actually seen,
because it is quite certain, from their own representa-
tions of the structures seen by them, that they had
been studying most imperfect and unsatisfacto
specimens. One might fairly expect that before an
author ventured to upset the observations of another,
he would take proper steps to obtain good prepara-
tions. It is, however, quite unnecessary for me to
reply to objectors or to try to convince sceptics, as
the actual specimen from which my most complex
ganglion cell was copied has been examined by a
number of observers.

Z246G. Probable nature of spherical and oval
nerve-cells.—The oval and spherical cells charac-
teristic of the sympathetic, of the ganglia on
the posterior roots, &c., are seen at a very early
period of development, and the ganglia in which
they are .found are very large and advanced in deve-
lopment as compared with other parts of the nervouns
system. At a time when these cells are well defined
and probably active, the caudate nerve-cells are but
small masses of bioplasm which may be easily passed
over. In the lower vertebrata, when fully grown,
these cells are many times larger than the caudate
cells of the spinal cord, and in the ganglia of most
invertebrata we find spherical and oval nerve-cells
which, I believe, correspond with those under con-
sideration. The early development of these cells and
their large size at a time when the caudate nerve-cells
are not to be distinguished, their constant presence,
their growth and mulfiplication in the adult and
probably at an advanced age, and their peculiar
structure—at least in some animals—their situation
as regm‘ds the ‘nerves to which thB}' belong, EL]]E‘].
especially the fact that these are the: only cells consti-
tuting the mnerve-centres upon which the rhythmic
contraction of detached portions of the cardiac mus-
cular tissue depends, have led me to look upon them
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as the sources of nervous power, while I consider that
the candate nerve-cells are more probably concerned
in the radiation of the nerve-currents.*

My views concerning the arrangement and pro-
bable mode of action of the two classes of cells will
be understood if the diagrams in plate IV, be re-
ferred to. The reader must suppose that the part of
the diagram representing the periphery is situated
at a great distance from the central cells, instead of
very close to them, as indicated in the drawing.
The explanation under each figure should be read
carefully.

247. Of the nerve current.—The nature of the
nerve current is not known, but the general opinion -
of physiologists is, that it is some mode of force, per-
haps, correlated with heat, electricity, &ec., but not .
exactly identical with any form or mode of energy
known or of which we have as yet any experience. The
arguments upon which this view 1s founded appear,
however, to me very ineonclusive. In the first place,
I would ask, if it is reasonable for a scientific man to
assume the existence of new modes or forms of force.
Secondly, much of the evidence we have unquestion-
ably favours the view that the nerve current is elec-
tricity, for many, indeed most, of the phenomena
familiar to us may be explained upon this view.
Lastly, some physiologists have sought to account for
the wonderful phenomena of the nervous system by
supposing that some force or power of a peculiar and
exceptional kind is at work in merve systems only.,
Now, I shall endeavour to show that if electricity could
be made to travel in different directions, and the cur-
rents combined in various ways and made to traverse
series of conducting cords very specially arranged, ac-
cording to design, the phenomena of nervous action
might be accounted for without resorting to the hypo-

* See a paper by me in the “Microscopical Journal” f
April, 1869, and “The Mystery of Life.” I nal” for



198 : OF THE NERVE CURRENT.

thesis of the existence of a peculiar power, or of some
new mode or form of force not yet discovered.* It is at
least not improbable that the varying effects noticed
in connection with the nervous system may be deter-
mined by alterations in the intensity of the current,
and in the conducting properties of the fibres, instead
of being due to the transmission of different kinds of
nerve force. One would have thought that it wounld
be more in accordance with the doctrines of physical
science to endeavour to explain the phenomena by the
action of forces we know something about, than to
attribute them to-the influence of other forms or modes
of force which are purely fanciful and fictitions. At
- any rate it will be time to call in the aid of such airy
nothmgs when all attempts to explain the facts by
kknown forces shall have failed.

But it is interesting to notice how often minds
of the most rigidly physical tendencies seize upon
purely conjectural hypotheses, and use them as if
they were established truths. It has been surmised
that nerve action depends upon a chemical change
which is supposed to take place in every part
of the nerve fibre. Mr. Herbert Spencer settles the
question in the most summary way by boldly assert-
ing that the axis cylinder of a nerve consists of some
colloid * matter isomerically transformed with ease.”
He accounts for nerve action by suggesting that the
protein substance of the axis cylinder *is habitually
changed from one of its isomeric states to another,”

* Physicists and chemists see no diffieulty whatever in as-
suming the existence of many modes of force of which they can
form no eonception, and think it very satisfactory to refer phe-
nomena which they cannot understand to some at present
undiscovered form or mode of ordinary motion ; but if any one
attributes these same phenomena to the influence of some
equally undiscovered form of force having no connexion what-
ever with primary energy or motion, he is ridiculed, hnf;aus:e,
say the physicists and chemists, * there must be unity in

kosmos!”’
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while he explains further that the matter of the nerve
cell is the seat “of destrunctive molecular changes
and disengagement of motion !”

248. Chemical theory of the merve current.—A
chemical theory was long held concerning the nature
of muscular action, but it was at last admitted, as
was, indeed, apparent fromthe very first, that muscles
would have to be destroyed and reformed at a far
more rapid rate than it was on other grounds reason-
able to suppose possible, if the great amount of energy
manifested during their action was really due to
chemical decomposition of the tissue of the muscle
itself. There was, in fact, no evidence whatever, ex-
cept that which was distilled from the imagination of
the chemist, for the conclusion that muscular tissue
did undergo rapid disintegration and reconstruction.
From my own investigations of muscular fibres in
various animals, I felt quite sure at the very time when
these chemical doctrines were in high tfavour, that
the conclusions were thoroughly erroneous. From
the study of muscular tissue at different periods of
development, and the consideration of various cir-
cumstances connected with the growth of muscle and
its relation to other textures in a variety of animals,
particularly in the class of insects, I was convinced
that muscle was a slowly growing tissue, and that the
work 1t performed was certainly not due to the
chemical decomposition of its material particles.
Nevertheless the fact of the change in the reaction of
muscle from alkaline to acid is still urged in favour
of the doctrine, and some have affirmed that a similar
change occurs in nerve. In spite of the statements
of Liebreich, Heidenhain, and other observers to
the direct contrary, the view thal nerve energy
is stored up in chemical compounds which undergo
chemical change during nerve action is still taught.
That such an idea should be stated at all betrays 1gno-
rance of the character of the axis eylinder of the nerve
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itself. If we examine the axis cylinder, say, of the
sclatic nerve of a frog, what do we find ?—a, firm, tough,
fibrous-like, flattened band, not easily torn, and evi-
dently consisting of a tissue of slow growth ;—in faet,
the very last characters we should expect to meet with
1n atissue prone to rapid chemical change. Neither is
a structure surrounded by ten times its thickness of
oily matter (myelin) favourably situated for taking
up new materials and quickly getting rid of products
of decay. One of the least permeable substances in
the body is the myelin of the nerve fibre, and yet
through this must pass all the materials from the
blood to renovate the disintegrated axis cylinder, if
nerve action is due to chemical change in the nerve
fibre 1tself.

Z49. The vibratory theery of nerve action.—
Again, some think that nerve action depends upon
the molecules of mnerve fibres being thrown into
vibration, and the axis cylinder of a nerve has been
spoken of as if it had been proved to consist of a
chain or chains of very minute spherical particles.
But the axis cylinder is not composed of matter
which would more readily propagate motor impulses
than the matter of ordinary fibrous tissue. Moreover,
1t varies much in character and in thickness in
different parts of its course. The impulses supposed
would be much modified during their transmission.
This theory leaves one of the most important facts
connected with nerve fibres unexplained ; for upon
such a supposition what purpose could be served by
the very thick layer of the white substance of
Schwann, and in that part of the nerve only which
lies between its central and peripheral distribution ?
Why do we find, moreover, that this investment is
invirinb]y so much thicker where a number of nerves
run for a long distance parallel to one another tlmq
where they cross one another at considerable angles ?

Z250. Experimental investigation inconclusive.—
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Most of those who have taken up the subject of nerve
action from the experimental side, appear to have had
a very imperfect acquaintance with the structure of
the tissue upon which they were experimenting. The
transmission of electric currents through the nerves
after the death of a recently killed animal, is a very
rough operation, and indeed very different in many
particulars from the transmission of the natural cur-
rents, whatever may be their nature, along the axis
cylinder, while it remains in connexion with its cen-
- tral cells during the life of the animal. .

If we were to take a bundle of several marine
cables, and smear the gutta-percha investment care-
lessly over the cut ends of the copper wire cores, at
a distant part of the circuit, and then transmit a most
powertul current through the deranged wires, we
should not find the needles acting as they did when
very delicate currents were made to traverse an in-
dividual wire. The differences observed might induce
some to conclude that the current by which the in-
strument was influenced in the normal state, was
totally distinct in its nature from that much more
powerful current which gave rise to the much greater
but irregular and unmeaning disturbances. This
reasoning is applicable to the experiments in which
strong electric currents have been transmitted along
compound damaged nerve trunks,

Z51. Fallacy of the argument based upon the ex-
citability of nerve fibres.—It has been said that the fact
that nerve loses its excitabili by without losing its power
of conducting electricity, is a fatal objection to the
doctrine that the nerve current transmitted during life
1s of the nature of electricity. But many things seem
to have been entirely overlooked by those who urge
this argument with so much confidence. Is it not
obvious that soon after death, the bioplasm which is
1nstru mental_ cluring; its life in maintaining an equable
flow of nutrient fluid through the tissue adjacent to
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1t, must cease to effect this important change ? Is it
not certain that in consequence the axis cylinder of a
nerve-fibre must be much changed, and especially at
the peripheral distribution of the fibres where they
are very delicate and ramify naked npon the muscular
tissue 7 No wonder then that the muscles fail to
respond to the stimulus as before. This fact is
altributed to the nerve having lost its * excitability,”
but is it not more probable that the true explanation
of the fact 1s, that in consequence of the change in
the constitution of the nerve-fibre, resulting from the
cessation of the currents of fluid through i1t con-
sequent upon the death of the bioplasm, it fails to
conduct the electrical current as it did when in a
state of integrity 7 So far, therefore, from the above
fact being an argument against the idea that merve
force is really electricity, it actually affords support
to this view.

The power of causing the muscles to contract when
the nerve is irritated, is lost sooner if the nerve be
irritated than if it be left at rest. It is increased by
heat and decreased by cold. When the nerve 1is
«“jrritated >’ the operation is such as would be certain
to alter any structure so delicate as the peripheral
ramifications of nerves and impair or destroy their
conducting power. Dr. Rutherford has remarked
that the nerves of a weak animal conduct faster than
those of a strong one. ‘The velocity is so great in
this case that it may be scarcely measun}ble,“ a fact
which, perhaps, may depend upon the circumstance
that the conducting tissue is more moist. In weak
animals the masses of bioplasm are much more
abundant than in strong ones-and the tissues contain
s large quantity of fluid. The axis cylinder par-
ticipates in this change, and in this way the remark-
able irritability manifested may be accounted for.

Again, it has been argued that because the irrita-
bility of a merve can be destroyed by the electrical
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current, nerve cannot be a mere conductor of elec-
tricity, and that nerves after death are as good con-
ductors of electricity as during life, and that frozen
nerves conduct electricity, though they will not trans-
mit nervous energy. These objections are considered
by many to be fatal to the idea that nerve force 1s
after all only electricity. But a little consideration on
the part of those who argue thus, would haye con-
vinced them that the facts above referred to are as
easily explained upon the electrical as upon any other
hypothesis of nerve action.

Little can be gained from the argument that a bit
of nerve that has long been dead conducts electricity
_as well as a nerve just removed from a living animal ;
for neither are much better or worse conductors than
some other tissues of the body. We must remember
that in nature the thing that actually transmits the
nerve current is the axis cylinder alone, but that in
our experiments, we send comparatively strong cur-
rents through the white substance of Schwann and
axis cylinders indiscriminately. The current deranges
the axis cylinders, and of course seriously damages the
delicate distal ramifications of the nerve fibres, § 230.
No one who has seen and studied the ultimate rami-
fications of nerve fibres in tissues, will suppose for a
moment that anything conclusive will be learnt con-
cerning the action of nerves, by sending powerful
electrical currents throngh damaged nerve trunks.

252. Fallacy of the argument deduced from the
rate at which the nerve-current travels.— It has been
said that the difference in the rate at which nerve
energy and electricity travel, is enongh to convince
us that these two currents are not of the same nature.
But the comparison as it has been instituted is not
fair. Electricity as it travels along @ copper wire has
been contrasted with nerve energy (electricity) as it
travels aleng a moist fibrous cord. No wonder that
the rate at which the nerve current travels along the
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nerves should be very slow as contrasted with the
rate at which electricity traverses a copper wire, but
such a fact by no means proves that nerve energy and
electricity are very different. The nerve current, it
has been proved, traverses not more than from 100 to
300 feet in a second of time, while electricity, it is
known, travels at the rate of many thousands of
miles in a second. The deduction i, however, defec-
tive, and in many ways. I would remark—

1. A comparison is made between the passage of
the nerve current along a moist tissue and the pas-
sage of electricity along a copper wire.

2. It must be borne in mind that it is certain
that if the nerve current were electricity, it would
travel very slowly along such a structure as the axis
cylinder.

3. The rate at which a single axis cylinder trans-
mits a current of electricity has not yet been ascer-
tained, but this is exactly the information we need
before we can arrive at a correct conclusion.

4. The rate at which electricity travels through
such a moist tissne as the axis cylinder has to be
ascertained and compared with the rate at which
nerve energy is known to travel.

I will only remark further that no one has yet
succeeded in showing that the nerve current is nof
electricity, while a great number of well-ascertained
facts, especially those known in connection with the
electrical organs of certain of the lower animals, are
strongly in favour of this inference.

253. Of the action of the bioplasm of ngwe-ﬂhres.
—DBut if conclusive proof had been afforded that the
nerve current was electricity, we should not even in

that case have ascertained the whole truth, and, in-

deed, should have advanced but a little way towards
a true explanation of nerve phenomena. Action and
work are due not to force alone, but to the machinery
by which the force is conditioned, and this is deter-
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mined in nerve organs by the arrangement of the
fibres and centres—in short, by the form or structure
of the nerve apparatus. And this form and structure
are the result of a long series of changes of the most
complex character, which cannot be fully explained
in the present state of our knowledge, but can be
proved to be dependent upon the bioplasm. And
since it has been shown that the nervous system at
an early period consists entirely of bioplasm, and
that in the fully developed state there i1s much
bioplasm associated with those parts of it which we
know to be most active, especially all nerve centres
and all peripheral nerve organs, it is obvious that we
cannot advance one step towards a true explanation
of the phenomena until we have determined the exact
nature of the changes which occur in this bioplasm.

A consideration of the facts renders it probable
that the nerve fibre in all cases transmits the nerve
current as a conduetor,and that pressure, &e., upon any
part of its course will affect the rate of transmission
of the current and the conducting property of the
fibre, but 1t 1s almost certain that the current actualls
originates in the bioplasm, or in the soft formed ma-
terial on its surface.

That the masses of bioplasm, which I have shown
to be numerous in the fine nerve fibres of nerve
organs, besides taking part in the formation of the
fibres, are concerned in nervous action, appears there-
fore to me probable from the following facts :—

1. They are very numerous in the peripheral rami-
fications of all nerves.

2. All special peripheral nerve ongans, as the re-
tina, the expansions of the olfactory and audito
nerves, the papillee of touch and taste, as well as the
peripheral nervous expansions beneath sensitive mu-
cons membranes, the skin, &e., are remarkable for

the great number, and some of them for the large
size, of the masses of bioplasm.
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3. The proportion of bioplasm is always very great
in nerve centres, which are the principal seats of
development of the nerve current.

4. That where, as in the sensitive papilla upon the
toe of the frog, the merve organ is more acutely
sensitive (or more active in any other way) at one
part of the year than at others, its increased activity
1s associated with a great increase in the amount of
the bioplasm.

9. The principal change which takes place in a
texture which in health appears to be but slightly
sensitive, and becomes eminently so when inflamed,
as the peritoneum, is a very great increase of the
bioplasm which it contains, and this often proceeds
to such an extent that the ramifications of the nerves
appear as lines of oval masses of bioplasm. In the
case of a tissue which in the healthy state gives no
evidence of sensation, but which becomes acutely

ainful when inflamed, the feeling of pain 1s associated
with, and probably is due to an increase of the bioplasm
+ of the nerves themselves as well as to the increase of
the bioplasm of other tissues which would necessarily
affect the nerves by the mere pressure exerted upon
them by the augmented bulk of material.

In every nervous action bioplasm is concerned,
and as the phenomena of bioplasm cannot be ade-
quately accounted for by physics and chemistry, it
follows that no nervous action can be attributed to
physical and chemical change only.

2=4. Concerning the probable action of bioplasm
of nerve.—1 have already shown that in all bioplasm
the operation of some force or power of a nature
different from any form or mode of energy yet dis-
covered must be admitted.* This unknown agency

% See “ Protoplasm,” “The Mystery of Life,” “ Life Theo-
ries and Religious Thought,” “ How to work with the
Microscope,” and papers published during the last twelve

years.
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acts upon the material particles of which every mass of
bioplasm consists, and induces changes in them which
can neither be explained nor imitated. Every attempt
hitherto made to show relationship between inorganic
force and living force has absolutely failed. That
there is a connection is believed and has been asserted
over and over again, but there is not the shadow of
reason for accepting the dogma that has been pro-
mulgated. Men may be made to say that life is force,
but no one has produced the slightest evidence for
adopting such a belief. While, on the contrary, every
fact of life which we are able to imvestigate, leads
us to the conclusion that, whatever life may be, it
cannot be ordinary energy, or any form or mode, or
mood of ordinary energy of which physicists have as
yet any cognizance or conception. No form or mode
of energy is known to occasion phenomena at all
resembling those which are the consequence of the
influence of life or vital force npon matter. A re-
view of the general facts of living beings is- not
favourable to the idea of the universality of physical
action, while even the most ardent physicists have
been forced to confess that they cannot explain
mental phenomena in terms known to physics. But
physicists are as much bound to confess that they
are equally unable to explain the phenomena charac-
teristic of any particle of living matter in nature.

Now the bioplasm of certain parts of the nervous
system is influenced in a definite manner, so that
certain changes result in the nerve mechanism with
which it is closely related.

No doubt it is easy to explain by physies and
chemistry the transmission of a current along the nerve
fibres in many cases, especially, if it be admitted
and I am quite disposed to believe this to be the case,
that the nerve current is electricity. The little bin:
plasts are, we will suppose, the batteries where chemical
changes occur and electricity is generated. But then
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we must bear in mind that the very nerves through
which the current passes were produced by the bio-
plasm, and the bioplasm was instrumental in the
arrangement of these nerves. The phenomena of the
nervous system, the action of nerves, depend entirely
upon the arrangement of the nerve fibres and the bio-
plasts. Although, therefore, the nerve current may be
due to chemical change, and the arrangement of the
nerves might be accounted for by physical actions, both
series of phenomena are dependent upon antecedent
operations, which must be at last veferred to the direct
influence exerted by the peculiar power which is
associated with the matter of the bioplasm during
its living state. The vital power of the bioplasm is
the agency by which the positions of the molecules
which at length constitute the “‘nerve fibres” and
“ nerve cells 7’ 18 determined, and this also causes the
particles of matter to assume relations of such a
nature that by the mutual interaction of their material
forces currents may be set free.

255. The vital power of the highest biopiasm.—In
the highest bioplasm the vital power determines move-
ments which by reacting upon a previously formed
mechanism may give rise to the most complex phe-
nomena. In the mental apparatus, the **will” is the
“power” which determines the movements of the
matter of the bioplasts taking part in the phenomena
of mind. This is avifal action, the highest vital action
with which we are acquainted, but clearly to be in-
cluded in the same category as the vital actions which
determine the active movement of the matter of the
simplest forms of bioplasm, as that of an amceba, or
a white blood-corpuscle, or other bioplast. The
movements of this the highest form of bioplasm react
upon a wonderfully elaborate apparatus, parts of which
are in close relationship with the mental bioplasts.
Changes excited in the apparatus are the immediate
consequence of thevital movements. These last onlyare
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truly mental, while the expression of thought is but
a result of the influence of the mental vital action
upon the mechanism concerned in expression, with-
out which thought could not be rendered evident. to
another person. A great distinction must indeed be
drawn between the thought and the expression of the
thought.

From the foregoing observations the reader will be
led to conclude that I regard a mervous apparatus
as consisting essentially of fine fibres and masses of
‘bioplasm, which form uninterrupted circuits. The
fibres are continuous with the bioplasts, of which
some are central, some peripheral, and grow from
them. By chemical changes in the matter formed by
the bioplasts electrical currents may be produced, and
these traverse the fibres. The currents varying in
intensity according to the changes in the nerve cells
would be affected by pressure upon the nerve cords
which transmit them. Currents emanating from bio-
plasts at one part of the circuit would influence the
changes in the bioplasts in another part, and the last
react npon the first.

The formation of the nerve fibres and cells—the
construction of the nerve mechanism, must be referred
to the properties or powers of the bioplasm which pre-
ceded its formation. The action of the mechanism
may be said to be due directly to physical and che-
mical change, but the matter which is changed, it
must be borne in mind, was formed by bioplasm, and
owed its origin to bioplasm. The higher phenomena,
of the nervous system are probably due primarily to
the movements of bioplasm by which some part of
the nerve mechanism is acted upon. The movement
of the bioplasm is vital, occurs only during life,
and is due to vital power—which vital power of this,

the highest form of bioplasm in nature, is in fact the
living 1.
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MICROSCOPICAL SPECIMENS ILLUSTRATING LECTURE I1X.
No. of dinmeters

No. . magnified.
65. Ultimate nerve fibres, cornea. The bmplﬂsm of the
nerve is distinet from that of the cornea. T

66. Ultimate pale nerve fibres, with bioplasm ; fmg .o 216
67. Fine nerve fibres with their hiﬂplasts or nuclei ;

trunk of a nerve .. e e 218
68. Bundles of nerve fibres and veaaela fmg % «s» 130
69. Nerve fibres and ganglion cells ; frﬂg v 130
70. Ganglia and nerve fibres, with small arteries ; greﬂn

tree frog .. : W .o 40
71. Nerve fibres and EI‘I:-&TIEE gl een tree frog .. ey & i)

72. Nerve fibres and gﬂ,nglmn cells, green tree fmg ;
vessel crosses the specimen in the lower part .. 215
73. Ganglion cell with straight and spiral nerve fibre;

green tree frog i 700
74. Large caudate nerve cells in anterior cornu 1 of grey

matter ; spinal cord % 40
75. Large caudate merve cells; uppcr part 'Df spmal

cord ; dog .. . 130
76. Caudate nerve cells, grey matter of brain ; - ln.mh 215
77. y 5 i dog 5 w22
78. s i s cat o e 215
79. X 2 s human subject .. 215
80. = 5 girl, aged 16 .. 215

81. i i man, aged 60 .. 215



LECTURE X,

Of Muscular Tissue—Protoplasm of Muscle—Contrac-
tile and Vital Movements—Contraction of Muscle—
Voluntary and Involuntary Muscle—Unstriped or
Inwvoluntary Muscle ; from the Bladder; from Arte-
ries—Structure—Striated or Striped Muscle—The bio-
plasm of Muscle—Formed material of Muscle—Sar-
colemma—Development of Muscular Tissue—Changes
occurring v old Muscular Tissue—Fatty Degenera-
tion. '

256. Peculiar property of muscle—No phenome-
non has been discovered in connection with the action
of any of the tissues already considered, which at all
resembles that which is the peculiar characteristic of
muscle. In both muscle and nerve ‘ molecular’
changes, remarkable for their rapidity and repetition,
take place, the exact nature of which is still doubtful.
Although these tissues are associated and intimately
related to one another, it is doubtful if the changes
in muscle and nerve are of the same kind. If in
nervous action there is an actunal movement of the
particles of matter entering into the formation of the
nerve fibre, the movements are more subtle, and of a
different character; nor are they evident like those
which oceur in all contractile tissues. The striking
alterations which take place when the muscle, or part
of 1t, passes from the state of rest into that of active
contraction, can be seen and measured while under
the microscope. An actual shortening can be ob-
served to- take place in each elementary portion of
muscular tissue every time it contracts. What the
muscle loses in length it gains in width, or nearly so,

B 2
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for a little fluid is expressed from the substance of
the contractile material during contraction, and taken
up again as 1t returns to the previous quiescent con-
dition. The constant repetition of similar changes is
characteristic of contractile tissues.

The states of rest, of partial contraction, and eom-
plete contraction, are but different degrees of the self-
same process of shortening of a delicate fibre. This
contractile fibre perhaps consists of a passive basic
substance of a fibrous character, through which is
diffused a soft material prone to move in directions
at right angles to one another, according to the
manner in which external forces operate upon it.
The changing substance upon which the alteration
depends can be expressed from the muscular tissue,
and coagulates spontaneously like the fibrin of blood.
Young muscles yield a larger proportion of this
material than old ones, but I do not think that it is
derived solely from the bioplasm of muscle.

25%7. “ Protoplasm” of Muscle—The contractile
tissue of muscle has been considered to be a form of
““ protoplasm,” and muscular contraction has been
attributed to the * confractile property,” supposed to
be potentially resident in the original elements of
which the fibrin or protein matter is composed, just
as the fluid property of water is to be referred to the
properties of its constituent gases! But protein is
not contractile, nor is any variety of this passive sub-
stance endowed with such a property as that which
1s characteristic of muscular tissue. Moreover, the
living matter of an amceba or white blood-corpuscle
is further removed from protein than muscle itself.
Albumen, fibrin, and a number of other things, re-
sult from the death of the living matter, but it would
surely be deemed absurd to attribute the property of
living matter to the properties of the elements of the
materials resulting from its death, § 17. Nor has
any one yet shown that the contractile material of
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muscle 1s the same substance, or even closely allied
to the matter constituting the moving matter of any
form of bioplasm. The bioplasm (nucleus) of muscle,
its movements during the formation of muscular
tissue, and the tissue or formed material produced by
it, are represented in Plate IV, fig. 3, page 217.

258. Contractility and vital movements.—The doc-
trine that living matter and the contracting material
of muscle are composed of the same substance, in the
present state of knowledge, is untenable, and any one
who examines muscle contracting, and compares the
action with that of the living matter of an amaeba, a
white blood-corpuscle or a pus-corpuscle undergoing
its varied and very remarkable movements, will feel
quite convinced that movements, differing from one
another in so many respects, cannot be due to one and
the same property; nor will those who have actually
studied the phenomenon be inclined to class the latter,
which have been shown to be wital movements, in the
same category as movements referred to “contrac-
tility.” Tt must be obvious to any one who con-
siders the question, after having carefully observed
the facts, that muscular contraction is a mere alterna-
tion of movement, limited in direction as well as
regards the degree of change. On the other hand, a
mass of bioplasm may move in any direction what-
ever, and there is no limit to its movements. So
varied are the vital movements of living matter, that
the same mass probably never twice in its life assumes
the same form. Moreover, the living matter may move
itself in its entirety from one place to another, while
a portion of contractile tissue can only become short-
ened and lengthened, but it must remain in the same
place. In the first case one portion may move
i advance of another portion, and in any direction,
while jn the contractile tissue, although one part may
move 1n a direct line to or from another part, it is not
possible for any particle to get before, or place itself
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in front of, another particle. A contractile tissue
might be likened to a chain of beads, every bead
bemg capable of becoming short and broad or long
and narrow, but forced to retain, by reason of its
connexions, its relative position with regard to every
other bead. But the particles of a mass of living
matter are not thus chained together. Each is free to
move in any direction whatever, and the particles do
not retain the same relative position for a moment.
The movements of the muscular tissue, as regards
direction, extent, and place, are limited, and are
determined by external forces. The contractile cord
may become shorter, causing its points of attachment
to approximate, but it cannot move itself in its
entirety. On the other hand, it is characteristic of
living matter to move in any direction, and to pass
from one place to another, according to the operation
of forces acting from within the matter itself.

There is, therefore, no analogy between the move-
ments of living bioplasm and those of contractile
tissues formed from living bioplasm. These move-
ments are essentially different from one another, and
cannot be classed together. Moreover, living matter
takes up pabulum, and changes this or some of its
constituents into living matter like itself, but under
no circumstances, actual or conceivable, can the con-
tractile tissue produce more contractile tissue like itself.

2520, Of studying the contraction of muscular
tissue.—The phenomena of contractility can be
studied more satisfactorily in the muscles of the
common maggot or larva of the blow-fly than in
those of any other animal I am acquainted with. The
movements, which are very beautiful in these par-
ticular muscles, continue even in hot weather for ten
minutes or a quarter of an hour after the muscles
have been removed from the body of the recently
killed animal. A specimen may be prepared and
passed round the lecture-room. In the winter I have
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known the contractions continue for upwards of half an
hour. But the most beautiful and instructive method
of examination is under the influence of polarized
light, with a plate of selenite. When the ground is
green, the waves of contraction which pass along
each muscular fibre in various directions, are of a
bright purple. In other parts of the field the com-
plementary colours are reversed. There are few
microscopic objects, that T am acquainted with, more
beautiful than this. With the aid of very high powers,
the actnal change occurring in the contractile tissue
as 1t passes from a state of relaxation to contraction,
and from this to relaxation again, may be studied,
and for many minutes at a time.

Muscular movements may also be observed in
many of the insect larve, and, as suggested by
Mr. Bowman, in the muscular tissue removed from
the leg of a young crab. In cold weather muscular
movements are mever very vigorous, but they con-
tinue for a much longer time than during warm
weather.

Sometimes muscles continue to contract for some
days after an animal has been “killed.” The muscles
of cold-blooded vertebrata retain their contractility
long after the brain has been destroyed or the head
removed from the body, and insects may often be
kept for days after apparent death has taken place,
and yet retain a degree of muscular contraction.
Mr. Holmes, of Horsham (in a letter to me in
February, 1872), gives an interesting example in
which muscular contractility remained in a drone-fly
fitty-four hours after it had been decapitated and im-
mersed in spirits of wine for three hours. Although
so long an interval of time had elapsed sufficient con-
tractility remained to permit the muscles to execute
forty-two convulsive movements of the legs during
thirty seconds.

The character of musenlar movements has been fully
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described by Mr. Bowman in his well-known paper
(Phil, Trans., 1841). The reader is also referred to
Mr. Bowman’s article, “ Muscular Motion,” in Todd’s
Oyclopzdia of Anatomy and Physiology.

260. Two kinds of musele.—The contractile ma. |
terial of muscular tissue is arranged so as to form
fibres, plates, cords, or bands, varying much in dimen-
sions and somewhat in minute structure. By examina-
tion with the aid of high magnifying powers we are
enabled to distinguish the different kinds of muscular
tissue, which may be arranged in two classes accord.
ing as the contractile tissue appears struetureless, or
exhibits an appearance of longitudinal striation, distinet
- transverse bars, strie, or stripes. The fibres of the
voluntary muscles (or those the movements of which
can be either excited or controlled by volition), as well
as the fibres of the heart, and some of those of the
cesophagus, are striped ; while all other muscles, in-
cluding those of the alimentary canal, the uterus, and
bladder, all of which are involuntary, are unstriped.

261. Unstriped muscle.—The unstriped muscular
tissue may be studied in many organs of vertebrata,
but the most favourable situation known to me, is
the bladder of the frog. In the thinnest parts of
this extremely delicate membrane the muscular fibres
or fibre-cells form a single layer, and are often sepa-
rated from one another, so that an individual ele-
mentary fibre may be followed from one end to the
other. Bundles of these long spindled-shaped ele-
mentary parts are arranged around all the vessels,
but in the intercapillary spaces are numerous separate
fibres which cross each other at various angles, and
are so arranged that when they contract, the area of
the membrane is reduced in every direction. In the
central part of each fibre or fibre-cell is the oval mass
of hioplasm (nucleus), at either end of which new con-
tractile material is produced as the fibre increases in
length. From these points the muscular band
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becomes narrower, and at either extremity tapers into
a tendinous thread, which is inserted into, and is
indeed continuous with, the connective tissue. The
contractile matter itself appears perfectly smooth, and
under the highest powers exhibits a very faint stria-
tion in the longitudinal direction. In some of my
specimens a fibre has been preserved in a state of
contraction, when undulating swellings may be ob-
served at short intervals, giving to the fibre a beaded
appearance. (See the uppermost fibre in Fig. 1, plate
V, page 217.) If the bladder be examined at different
ages, the mode of growth of the muscular fibre cells
in length and breadth will be understood, and in the
bladder that has grown old it will be found that many
of the cells have degenerated into connective tissue.
In the adult bladder even, young muscular fibre cells
may be found, and the conversion of the contractile
material into fibrous tissue demonstrated.

Z6Z. Muscular fibre-cells with three or more
fibres.—The most remarkable muscular fibres are
those which have three, four, or even five tail-like
processes extending from the central triangular,
quadrangular, or pentangular mass of bioplasm.
These are found in considerable number in the thin-
nest parts of the bladder of the frog, hyla, and newt,
which correspond to the intercapillary spaces.

From the uterus of the white mouse some beauti-
fully delicate spindle-shaped muscular fibre-cells may
be obtained. The muscular coat of the stomach and
small intestine of the same animal will also furnish
the observer with good specimens of muscular fibres.
In order to isolate these bodies, soaking in dilute
nifric acid, tearing with needles, and other chemical
and mechanical expedients have been recommended ;
but in the thin membrane which constitutes the frog’s
bladder these cells are isolated ready for observation.
In the spaces between the vessels in specimens pre-
pared according to the plan I have recommended,
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ttumerous single cells may be seen and followed from
one end to the other without difficulty. (Fig. 1,
plate V, page 217.)

263. Muscular fibre-cells of the arteries.—But of
all the forms of unstriped mu scle, that which encircles
the small arteries and ramifies over the coats of the
veins, is, in many respects, the most interesting, for
by its influence the calibre of the small vessels is
altered, and the amount of blood to flow through the
capillaries of a particular tissue in a given time de-
termined, and its movement regulated. If the
pressure employed in injecting the vessels artificially
be very gradually increased, the smaller arterial tubes
may be distended, so as to separate very slightly from
one another the encircling muscular fibre cells ; and
in  fortunate specimens prepared in glycerine, I
have succeeded in gently tearing asunder the vessel,
80 as to display not only each individual muscular
fibre cell with its bioplasm, but the nerve fibres dis-
tributed to it. A good example of this is seen in Fig.
2, plate V, page 217, and another in Fig. 4, plate
XVI, § 12. The distribution of the nerves to these
muscular fibres,and the arrangement of the mechanism
by which the blood flow is varied, will, however, be
further considered in my last lecture.

26G4. Striated or striped muscle.—The fibres of
voluntary or striped muscle differ from those of the
mvoluntary muscular tissue, in many particulars.
They exhibit transverse as well as longitudinal mark-
ings, and easily cleave or are split up in these direc-
tions. The fibres vary very much in size and general
arrangement in different animals, and in different
muscles of the same animal. The elementary fibres
of one muscle may be less than the 1, -th of an inch
m width, while those of other muscles attain a
diameter of as much as the z%th of an inch. The
elementary fibres of insect muscle exhibit the general
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characters of this beautiful texture very distinctly,
and specimens may be prepared without difficulty.

Striped or voluntary muscle may consist of wide
or narrow fibres arranged perfectly parallel to one
another, or the musele may consist of two or more
layers, the constituent fibres of which cross one
another at right angles. In some cases the fibres are
very irregularly arranged, and cross in various direc-
tions. Striped muscular tissue also exists in the
form of conical fibres which gradually taper towards
one extremity into a tendon, Plate XTV, page 271. The
fibre in some cases divides and subdivides almost like
the branches of a tree, in which case 1t is termed
branching muscle. This is found in the frog’s tongue,
page 271. Lastly, striped muscular tissne may be
arranged so as to form a net-work, a beautiful ex-
ample of which exists in the auricle of the frog’s heart.

Structure of an elementary fibre or fasciculus—A
good general idea of the structure of an elementary
fibre of striped muscle will be formed if a specimen
from the large water-beetle, Dytiscus marginalis, be
carefully examined. Here the transverse markings
arc seen upon a considerable scale, and the elementary
fibre is very large, Fig. 3, plate V1, see also Fig.1. The
contractile tissue has ruptured within the sarcolemma,
and has cleaved transversely in several places. Two
of Bowman’s discs are detached from the rest of the
contractile tissue, and lie free in the tube of the sar-
colemma. The masses of bioplasm concerned in
their formation are seen in the centre of the dise, a,.
The contractile tissue, with the delicate closed tube of
sarcolemma forming its outep limit, constitutes an
elementary fibre or fasciculus of striped or voluntary
muscle. The contractile matepia] which oceupies the
tube of the sarcolemma may be split up in two direc.
tionE—Eﬂn;;rffmﬂ-iﬂaﬂy mto fibrille, and tramsversely
into disks—as was first demonstrated by Bowman

In one specimen from the frog the contractile tissue
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1s fractured transversely.’ Shortly before death the
spasm of the muscle was so violent as to cause its
rupture, and portions of the broken and contracted
sarcous matter may be seen within the sarcolemma
of every fibre of the muscle. A corresponding ap-
pearance is often seen in the muscles of persons who
have died of tetanus.

265. The bioplasm of muscle—The proportion of
bioplasm or germinal matter to the formed material in
fully formed muscular tissue is considerably less than
in many other textures—a fact which is conclusive
in favour of the view that muscle is not a rapidly
changing tissue. Many years ago I taught, contrary
to the chemical doctrine then in high favour, that
muscular contraction was not to be explained by
the disintegration and oxidation of the tissue itself;
and I also showed that the conjecture advanced from
the chemical side, namely, that muscular tissue was
removed and replaced within a very short period of
time, was not supported by facts. Those who
advocated this strange notion did not attempt to
show how so large a quantity of a highly elaborate
tissue was removed and replaced. Had they inquired,
they would soon have been convinced that no means
existed by which the necessary amount of tissue
could be replaced or developed within the time
allowed. Further observation has, however, satisfied
chemists that the conclusion was erroneous, and
now a very different doctrine prevails, which, how-
ever, if not equally untenable, 1s almost as impro-
bable as that which it replaces.

The larger size and greater number of the masses
of bioplasm in proportion to the amount of fissue in
young muscular fibres, as compared with fully deve- |
loped ones, is well seen in some of my specimens, par-
ticularly No. 105, in which two elementary muscular
fibres—one from a pig at birth, and the other from a
pig three months old—have been mounted together
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for comparison. Such a specimen will, I think, con-
vince any one that the masses of bioplasm are con-
cerned in the production of the contractile material
of muscle. By the accurate comparison of carefully
prepared specimens of this kind, we are even able to
form a notion of the rate of the growth, and to prove
that muscular tissue is not formed very quickly, or
its elements removed and replaced within a short
period of time. It is not improbable that in the
higher vertebrata the very same elementary fibres
continue in action for years. The idea that the con.
tractile material is removed and replaced by new
tissue within a few days or weeks is untenable, and
- would not have been suggested by any one who had
- taken the pains to acquaint himself with well-known
facts, unless he or had determined to ignore the results
of anatomical observation altogether.

From what I have already stated, the reader will
have inferred that the position of the masses of
bioplasm varies very much in different kinds of striped
muscle. In some forms we find a row of nearly
spherical bioplasts in the very centre of the elementary
fasciculus of contractile tissue - in others an oval
mass is seen at the side of a very long narrow fibre
consisting of very few fibrillae ; and in many of the
muscular fibres of various classes of vertebrata nu-
merous oval masses are situated at short distances, and
alternating with one another throughout the whole
extent of the tissue within the sarcolemma. Thig
variation in position, and the difference observed in
the relative proportion of bioplasm and contractile
tissue in muscles which act in the same manner, lead
me to infer that the bioplasm is not immediately con-
cerned in muscular contraction.

The living matter is instrumental in the formation
+of the original contractile tissue, and in the produc-
‘flon of new tissue to take the place of that which 18
‘slowly removed, or to be added to that which exists

Q
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in cases in which the muscle has to perform increased
work. The living matter also determines currents of
fluids towards it, and by its agency the contractile
tissue is permeated in every part by fresh portions of
fluid which transudes through the vascular walls from
the blood.

It is very important to consider the exact relation
of the bioplasm to the contractile material of muscle.
From young growing muscle taken quite fresh and
carefully prepared with the carmine fluid and
mounted in glycerine, bioplasm may be frequently
detached with a portion of the sarcous tissue still
adhering to it. If such a specimen be examined
with a high power, it will be found that the bioplasm
passes into soft granular material, and that this last is
continuous with the contractile tissue of the musecle.
The soft delicate substance which intervenes between
the bioplasm and the contractile tissue consists of im-
perfectly developed formed material. This, like all the
contractile tissue already formed, was once in the
state of bioplasm. As in other cases, while the for-
mation of tissue is proceeding, we are able to point
out the living, growing, moving broplasm, the vmperfectly
developed formed material, and the fully formed tissue.

266. Formed material of muscle non-living.—The
opinion is generally entertained that the contractile
material of muscle is in its nature different from the
formed material of other tissues, but from what has
been stated it will be seen that there 1s good reason
for regarding the contractile tissue as a jormed but
non-living substance possessing remarkable properties,
but not manifesting any of those phenomena which
are peculiar to matter in a living state. While every
one will agree with me in regarding the tissue of the |
fully formed hair, nail, and epidermis as non-living ;
and some will not strongly object to the same view
being applied to the formed material of bone, car-
tilage, and white and yellow fibrous tissue; few will
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be disposed to go the length of placing in the same
categoryas the above passive tissues, muscle and nerve-
fibre. To these last textures mysterious wital pro-
perties are assigned, and, strange to say, even by those
who entertain the strongest opinions concerning the
physical character of all the phenomena of iving beings.
Although neither muscular nor nerve tissue can pro-
duce new texture—although each exhibits well-marked
structwre, and is destitute of every attribute of living
matter, 1t 1s maintained that museular contraction
and the transmission of a current along a nerve-fibre
are vital phenomena.

Some, perhaps, may incline to the opinion that
bioplasm exists diffused through the formed material
of these textures, and that to it their wonderful pro-
perties are entirely due. It is therefore desirable in
this place to consider the possibility of such an
arrangement in the case of muscle. The structure of
unstriped musele is smooth, or very shghtly fibrous,
but exhibits no indications of confaining bioplasm in
its substance. The tissue is not tinged with the car-
mine fluid. Tt possesses all the general characters of
formed material, and its relation to the bioplasm is
the same as that of the formed material of other
tissues. The evidence is therefore against such a
view as regards unstriped muscle. Neither is it pro-
bable that in each sarcous particle of striped muscle
there is a minute portion of bioplasm, because, in the
Jirst place, the living matter cannot be detected at an
early period of the development of muscle; secondly, in
inflimmation and in other morbid conditions in which
the masses of bioplasm of tissues are much mncreased
In size, no change is seen in the sarcous particles
themselves ; thirdly, the lines of sarcous particles
correspond with the wavy bands of the fibrous tissue
of tendon, which unquestionably consist of formed
material only ; and lastly, since the very transparent
contracting tissues of some of the lower amimals do

Q2
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not contain hioplasm in their ultimate fibrille, there
18 good reason for concluding that there is no living
matter in the substance of the higher forms of con-
tractile tissue. The phenomenon of contractility
characteristic of this class of tissues is therefore pro-
bably due to changes in non-living formed material
only, and is not in any way dependent for its mani-
festation npon bioplasm. '

26%. Sarcolemma.—The sarcolemma of muscle
appears as a transparent tube composed of ver
delicate membrane, figs. 1, 3, P1. VI, p. 222, which is
thick in old and fully formed muscles, but very thin
in young muscular fibres, while during development,
and in the case of some forms of adult muscular
tissue (heart, tongue), no sarcolemma can be detected.
Upon its onter. surface the sarcolemma is connected
with the delicate intermuscular connective tissue,
with capillary vessels and nerve fibres, and in insects
the trache are adherent to it, and in some cases are
almost embedded 1n 1ts substance. The greater num-
ber of the masses of bioplasm on the surface of the
sarcolemma of the muscles of vertebrata are those of
the numerous nerves and capillary vessels distributed
to the elementary fibre. These are extremely
numerous upon the sarcolemma of the elementary
muscular fibres of small rodents, as the mouse, but
they are seen in connexion with the sarcolemma of
almost all muscles. The masses of bioplasm, which
I have proved belong to capillary vessels and nerves
distributed to this tissue, have been generally re-
garded as “ connective tissue corpuscles,” and the
same erroneous conclusion has been arrived at con-
cerning the masses of bioplasm belonging to vessels
and nerves distributed to many other tissues, and
essential to their formation, growth, and action.

The sarcolemma of the muscles of insects is a very
complex structure, in which air tubes or 'traf:hﬂe and
excessively minute nerve fibres ramify in immense
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numbers. See my paper in the * Transactions of the
Microscopical Society, 1864.”

2Z6GS. Of the junction of muscle with tendon.— [f
an elementary muscular fibre attached 1:,0 1ts tendon,
taken from a properly prepared specimen, be ex-
amined, 1t will be seen that the formed material of
the muscle is directly continuous with that of the
tendon, and that the oval masses of bioplasm bear to
the formed material of the two textures respectively
a similar relation. In specimen 96 these points are
well 1llustrated, and the observer who considers care-
fully the facts demonstrated in specimen 99 of de-
veloping muscle, in 105 of young and fully formed
muscle, and in 104 showing the junction between
muscle and tendon, will, T think, feel convinced that
the formed material of muscle is produced by the
bioplasm, and that for its development and growth
muscle is dependent entirely upon this living sub-
stance, which in the adult exists in very small
proportion. :

269. Development of muscular tissue.—At an early
period of development the masses of bioplasm which
take part in the development of striped muscle divide
and subdivide so as to form rows. The delicate
formed material which is produced upon the outer
surface of these gradually acquires consistence and
exhibits contractility. At first there are indications
of faint longitudinal striations, but transverse mark-
ings become visible as soon as the tube of . contractile
tissue thus produced acquires the thickness of ahout
the zg55th or 1 t-th of an inch. A beautiful speci-
men of developing muscular fibre, in which all these
points are clearly demonstrated, is seen in prep. 102,
from the calf at an early period of development.
These elementary fibres, however, only serve a tem-
porary purpose, and gradually give place to elemen-
tary fibres of a diffevent structure. The fully formed
muscular fibres of some insects exhibit precisely the
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characters of the embryonic fibres of the higher verte-
brata. Some of the muscular fibres of the adult
trog and hyla have masses of bioplasm in the centre
of the elementary fibre, as just described: so also
have the muscular fibres of the heart of the human
subject. The fibre increases in diameter by the forma-
tion of new contractile tissue within, which is formed
upon the surface of the bioplasm, and the contractile
tissue which had been produced previously is pushed
outwards. Many muscular fibres—as, for instance,
those of the delicate muscles of the eye of the smallest
animals—exist at an early period as spindle-shaped
bodies, which taper at either extremity into the
tendon. The large mass of bioplasm is in the centre,
and is surrounded by formed material, which gra-
dually accumulates upon its surface and at its two
extremifies. Thus the fibre increases in thickness
and length.

In the connective tissue of the nose of the nearly
full-grown mole (prep. 103) the development of mus-
cular fibre may be well studied, for in this sitnation
are numerous bundles of very narrow, but distinectly
transversely striated, muscular fibres, which taper at
either extremity into tendons of great length which
pass into the connective tissue.

In most of the permanent elementary muscular
fibres of the higher vertebrate animals the masses of
bioplasm are seen at intervals embedded in the con-
tractile tissne, and disposed in much the same manner
as the masses of bioplasm of tendon. In exceedingly
fine fibres, an oval mass of bioplasm is often present
upon one side only. In fibres of about the ;;5th
of an inch in diameter, and apparently composed of
only a very few fibrillee, I have seen the oval mass of
bioplasm situated a short distance from the side of
the contractile tissme, with which it was connected
by a small quantity of exceedingly delicate granular
matter, exhibiting here and there indications of
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transverse markings continuous with the transverse
strise of the muscle, fig. 1¢, PL.VI, page 222. This deli-
cate material was no doubt contractile sarcous matter
imperfectly formed, which was gradually becoming
condensed and assuming the characters and pro-
perties of the adjacent contractile tissue with which
it was continuous; and I was led to conclude that,
during the formation of the muscle, the oval mass of
bioplasm moved parallel with the fibre, giving rise to
the new tissue as it passed along, fig. 3, PL V,
page 217. Many appearances afterwards observed
confirmed this view. In the ordinary muscular fibres,
as those of the frog, which are well adapted for ob-
servation, the oval nuclei in different parts of the
fibre move upwards or downwards between several
fibrillee, and thus form new muscular tissue in every
part of the substance of these large elementary fibres.

2%0. Changes occurring in old muscular tissues,
Fibrous degeneration of muscle.—In old muscular
tissue the proportion of bioplasm to the formed
material i1s much reduced, and in some cases the
muscular fibre appears to be destitute of bioplasm
altogether. It nevertheless retains its contractile,
power unimpaired.

The proportion of tendon in connection with the
muscular tissue, as well as the thickness of the sarco-
lemma, and the quantity of connective tissue, gra-
dually increases as age advances; and in old age much
of the muscular tissue is replaced by fibrous material.
The contractile material of the muscle has degene-
rated (?) into fibrous tissue. In this process the soft
contractile matter, which, as Kiihne has shown, is
fluid or semi-fluid, is absorbed, while an indistinctly
fibrous basis substance remains. A similar change
takes place after the contractility of muscle has for
some time been impaired, as results from many forms
of nerve paralysis ; and when the central nerve disease

progresses very slowly, a very great extent of mus-
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cuifa,r tissue may pass into a state of fibrous degene-
ration,

In unstriped muscle a corresponding change is
noticed as the fibres advance in age. The youn
fibre-cells consist almost wholly of contractile matter,
but the extremities which are attached to connective
tissue become gradually converted into fibrous ma-
terial, and the change continues until the entire fibre-
cell may be thus replaced, and is at last represented
by a passive fibre of connective tissue.

291. Fatty degeneration.—In this morbid condition
the contractile material in great part disappears, and
In its place oil granules and globules are found.
Fatty degeneration does not appear to be a conse-
quence of nerve paralysis, at least in the greater
number of instances, Tt runs its course in a shorter
period of time than the fibrous degeneration. It
occurs 1n unstriped muscle as well as in the striped
fibre, and can always be observed in the altered mus-
cular fibres of the nterus after parturition, and in the
tissues near the margin of the placenta towards the
end of the period of gestation. Fatty degeneration
often affects a great number of tissues in the same
individual. Nerves at the periphery and centre,
ganglion cells, capillaries, arteries, veins, connective
tissue, epithelium, cartilage, and even bone are not
unfrequently affected by it, as well as every kind of
muscular tissue. In many cases the fatty matter is
first seen near the bioplasm, and results from changes
taking place in the imperfectly developed formed
material, and in the bioplasm itself oil globules are
not unfrequently found. It is probable that the
morbid change is in some cases dependent upon prior
alterations in the composition of the blood, which
are themselves the consequence of improper assimila-
tion, or of the introduction into the organism of more
food than can be properly assimilated ; while in others
it seems to be due rather to some unusual changes in
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the bioplasm which depend upon an irregularity in
the order of occurrence of the developmental phe-
nomena. | I

In some pathological alterations an adventitious
texture 1s formed outside a vessel by the multiplica-
tion of the masses of bioplasm of the tissue itself, as
well as of the corpuscles resulting from the growth
and detachment of buds or offsets from the white
blood-corpuscles which have passed through the capil-
lary walls with serous fluid (exudation). Collections
of bioplasm are thus formed which give rise to altera-
tions in the neighbouring tissue. An elastic trans-
parent tissue, such as that of the fibrous coat of an
artery, would lose its elasticity, and, in consequence,
become friable and rotten. Gradually the bioplasm
itself undergoes change, and at last dies. Fatty
matter, cholesterin, and earthy phosphates are among
the resulting products, and these remain outside or
amongst the tissue of the vessel, interfering with the
due performance of its function.

Fatty degeneration takes place in muscles that
have remained for some time out of use, and in many
of the lower animals it may be induced simply by
keeping them in acid for some time. A beautifal
example is represented in P1. VT, figs. 4, 5, p. 222. The
specimen of which this is a copy was taken from the
abdominal muscle of a little hyla, or green tree frog,
that had been kept many months in confinement.
Not an indication of contractile tissue remains. The
whole contents of the sarcolemma have disappeared,
and fat globules are seen to be substituted for them.
The capillary vessels were still pervious, and blood
was distributed to the muscle during life, fig. 5, P1. VT,
P- 222. It is clear, therefore, that the fatty change
18 not due solely to insufficient. supply of nutrient
pabulum but depends upon other circumstances,



234 LIST OF MICROSCOPICAL SPECIMENS.

List oF MIOCROSCOPICAT, SPECIMENS ITLUSTRATING

Lectore X,

- No. of diametera

magnified.

82. Transverse section of muscular tissue of gizzard of

bird ; showing great regularity of the arrangement
of the muscular bundles which have been divided

transversely. . o ik o = e
83. U;lrsi}riped muscle, arranged in bands; intestine,
Dg o L ]

84. Thin membrane ; showing bands of unstriped mus-
cular fibres with vessels (injected blue). Frog.
Numerous masses of bioplasm in connexion with
all the tissues s Y b o

85. Thin membrane, showing bands of unstriped mus-
;‘L:.Jar fibres, with numerous masses of bioplasm.

0F «. w s . . ‘a

86. Thin membrane, showing unstriped muscular fibre
cells.  Many of the masses of bioplasm are £rian-
gular, and some quadrangular, with muscular
fibre radiating from each angle. Frog .. o2

87. Unstriped muscular fibre cells, showing bioplas
and termination of fibres of unstriped muscle in
connective tissue .. o e i s

88. Unstriped muscular fibre cells, with vessels. White
mouse s e e S S S

89. Artery, showing unstriped muscular fibre cells en-
circling it, and nerve fibres. Chameleon

90. Small arteries ; pia mater brain, showing unstriped
muscular fibre cells encircling them s e

91. Arteries and vein, with numerous small branches ;
a bundle of fine nerve fibres is seen to the right
of the artery v - o i 554

92. Triangular muscular fibre cells from the aorta of
the human subject. These much resemble some
of the muscular fibre cells of the frog’s bladder
deseribed in prep. 86 . . e i

93. Small artery, frog; showing muscular fibre cells
encircling it, with numerous nerve fibres rami-
fying outside the muscular coat .. e .

94. Small arteries with muscular fibre cells ; membrane
of brain at an early period of development

95. Artery torn lengthwise, showing individual mus-
cular fibre cells, with their masses of bioplasm ..

96. Elementary fibres of striped muscle with vessels,
newt. Observe the masses of bioplasm .. e

& & L]

130

20

130

215

215

215

40
130

40

215

215

. 216

215
40
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No. of diameters
No. : magnified.
97. Elementary muscular fibres of striped muscle,

newt ; showing transverse strize and masses of

bioplasm .. ol i 30 o6 sal 210
98. Elementary fibres of striped muscle; pig .. 215
99. Large and small elementary muscular fibres, frog ;

showing numerous masses of bioplasm .. .. 215

100. Elementary muscular fibre, water-beetle ; showing
“ dises” broken off within sarcolemma and masses
of bioplasm in the centre of the muscular dises.. 215
101. Extremely fine muscular fibres, showing transverse
markings and bioplasm. Green tree frog .. 215
102. Striped muscular fibres of calf at a very early
period of development, showing large masses of
bioplasm in centre of each fibre, as in insect
muscle . o e = e .. 215
103. Very fine striped muscular fibres tapering into
delicate fibres of connective tissue. Nose of the

mole . . oo s e o A2 .. 2156
104. Connexion between striped musele and tendon.
Chameleon ,, 5 ve 216

105. Muscular fibres of pig, at different ages. The fibres
to the left are from the pig at birth, and those to
the right from a pig three months old. In this
short time each elementary fibre has increased to
more than twelve times its bulk, and it will be
observed that the amount of bioplasm corre-
sponding fo a given quantity of tissue is much
greater in the youngest muscle e oo 100
106. Muscular fibres of heart of very fat pig, showing
adipose tissue between them va - .. 130
107. Striped muscular fibres in a state of fatty degene-
ration o i i e 5 .o 215
108. Striped muscle. Hyla. Showing contractile ma-
terial fractured within the tube of sarcolemms, . . 130
109. Elementary fibres of hyla, or green tree frog, in an
extreme state of fatty degeneration from a muscle
which had long been inactive ., o .s 220
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LECTURE XIT.

Distribution of Nerves to Museular Tissue, and of the
Jinest ramifications of Motor Nerves—Of the Nerves
of Unstriped Muscle—Of the Nerves of Striped
Muscle—Of the Tubular Nerve Fibres and of the
Nerve Sheath—Ultimate Nerve-Fibres of Muscle—
Memoirs on the Termination of Nerves tn Muscle—
Breast Muscle of the Frog—Nerves to the Muscles
of the Hyla— Articulata—Of the Nerve-Tufts,

lerve-Elminences, or Nerven Higel—Distribution

of Nerves to other Forms of Striped Muscle, the
Tongue, Heart, and Lymphatic Hearts—Of the
Finest Fibres that influence the Muscle—Reply to
Criticism.

Distribution of Nerves to Involuntary Muscle.

292. Distribution of nerves to the muscular fibres
and other tissues in the bladder of the frog.—For
the demonstration of the ultimate arrangement of
the most minute nerve-fibres, there are very few
textures which possess so many advantages as the
bladder of the frog. It is so thin and transparent,
that 1t may be regarded as a natural dissection and
thinning-out of some of the most delicate tissues.
The unstriped muscular fibres of this organ are ex-
tremely fine, and in many places are well separated
from one another, so that fine nerve-fibres can be
very distinctly seen in the intervals between them.
Fig. 1, Plate V, page 217. _

With regard to the presence of nerve-fibres in
involuntary musecle generally, I woald remark that
I have demonstrated fine nerve-fibres in so many
different cases, that it 1s more in accordance with the
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positive knowledge already gained to infer that they
exist in relation with every form of this texture, even
in cases in which we may still fail to demonstrate
them, than to infer they are absent simply because
we have failed to render them distinct. And as 1
have detected nerves in every form of contractile
tissue that I have examined, I think 1t right to con-
clude that contractile textures are invariably asso-
ciated with nerves.*

The bundles of dark-bordered fibres which may be
traced to the posterior part of the frog’s bladder
divide and subdivide freely, spreading out in the
form of a lax network. The fibres may be followed
for some distance, and many may be traced to their
ultimate distribution in the thin tissue of the bladder.
Over a great part of the frog’s bladder, however, no
dark-bordered fibres or bundles of moderately coarse
fibres can be detected ; yet the organ is in every part
very freely supplied with nerves.

Bundles of excessively fine fibres, first described
by me, may be traced running parallel with many
of the small arteries, and may be seen to divide and
subdivide into finer bundles, which at length form a
plexiform network. Here and there is seen a plexus
composed of multitudes of very fine fibres, from
which small bundles of fine fibres diverge in different
directions. That very many of these fine fibres come
from the numerous ganglion-cells found in connexion
with the nerve-trunks there is no doubt; and it is
equally certain that many also result from the divi.

* By contractile tissue I mean a tissue in which simple
movements like shortening and lengthening alternate with one
another, each movement being a mere repetition of the first
movement that ocecurred when the Jormation of the contractile
tissue was complete. See page 214.

T “On very fine Nerve-fibres in Fibrous Tissues, and on
Trunks composed of very fine Fibres alone.” (Archives of
Medicine, vol. iv.) See also paper in Phil. Trans., June, 1862.
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sion and subdivision of dark-bordered fibres. But
whether the large dark-bordered fibres seen in the
nerve-trunks pass directly to their distribution in the
bladder, or in the first place become connected with
ganglion-cells, it is difficult to decide with absolute
certainty ; I have, however, traced several of the
large dark-bordered fibres directly from the trunks to
their distribution, but even in these instances I am
not prepared to assert that no branches pass to the
ganglion-cells. My impression is that many of the
fibres do so, but that some pass to their distribution
without being connected with ganglion-cells. T think
1t probable that, of the fibres resulting from the
division of a dark-bordered fibre derived from the
spinal cord, some may become connected with the
ganglion-cells above referred to, while others pass to
their distribution in the bladder without being con-
nected with these cells.

In the very thin membrane of which the walls of
the frog’s bladder are composed we may follow out
the distribution of nerves—a, to the muscular tissue,
b, to the surface of the mucous membrane, ¢, to the
vessels, and d, to the connective tissue. There is a
network ramifying on the outer surface, from which
fibres pass to supply all the tissues of the bladder.

The muscular fibre-cells of the bladder itself and
of the small arteries are crossed sometimes in two or
three places by very fine nerve-fibres; and not un-
frequently the nerve-fibre runs parallel with the mus-
cular fibre-cell for some distance. Fig. 1, PLV, p. 217.

Some of the most recent drawings of this form of
muscular tissue and the supposed arrangement of its
nerves are very defective. J. Arnold,in his article on
organic muscle in Stricker’s “ Anatomy,” has given
some not very satisfactory drawings of the muscular
tissue from the frog’s bladder. His ficures on page
142, are evidently taken from bundles of muscular
fibres. The delicate cells, isolated ready for obser-



DISTRIBUTION OF NERVES TO STRIPED MUSCLE. 239

vation in the thinnest part of the membrane, would
have afforded far better objects for study; but from
his drawings it is doubtful if he has seen these. The
fibre-cells in question would probably not be recog-
nisable in his specimens. Had he seen them, he
must have noticed the outlines of each individual
muscular fibre-cell, and would have observed the
nerve-fibres crossing and recrossing them at inter-
vals; and I think he would have been convinced that
the nerves passed over, under, and parallel with the
muscular tissue, but did not penetrate into the con-
~ tractile tissue or reach its nucleus.

These nerve-fibres are extremely fine, and require
very high powers for their demonstration. They are
certainly not connected in any way either with the
nuclens or with the contractile tissue of the muscular
fibre. They cross the fibre either obliquely or at
right angles; and oftentimes a nerve-fibre runs for
some distance parallel with the muscular fibre. The
mfluence, therefore, exerted by the nerve-fibre cannot
depend upon any continuity of texture between it
and the contractile tissue, but is doubtless due to the
passage of a current through the nerve, which deter.
mines a temporary alteration in the relations to one
another of the particles of which the contractile
tissne consists.

Upon the external surface of the lung of the frog
muscular fibre-cells exist in small number, and to
these a network of delicate nerve-fibres is distributed.
These muscular and nerve fibres are, however, much
more highly developed upon the newt’s lung than
upon that of the frog. The distribution of nerves to
the muscular fibre cells of the arteries is described

in Lecture XII, p. 296.
Distribution of Nerves to Striped Muscle.

2%3. Of the dark-bordered fibres distributed to
voluntary muscle—The plexiform arrangement of



240 DISTRIBUTION OF NERVES TO STRIPED MUSCLE,

nerve-trunks and nerve-fibres is one which is very
general, and was known even to the older anatomists.
PLIX, fig. 2, p. 245. It can be demonstrated in many
cases even by rough dissection. Plexuses exist not
only in the case of nerves distributed to muscle, but,
as far as is known, to every other tissue which re-
ceives a supply of nerves. Many of these networks
are very beautiful ; and the arrangement is illustrated
in many of my figures, particularly in those repre-
senting the bundles of dark-bordered nerve-fibres dis-
tributed respectively to the chaphragm of the white
mouse, Plate V1I, fig. 1, the mylohyoid of the green
tree-frog, Plate VIII, fig. 1, and the eyelid of the
same animal. The fibres constituting the bundles
never run perfectly parallel, nor can a separate fibre
usually be followed for any great distance. This arises
from the fact that the fibres frequently cross one an-
other, and are seen to pursue a spiral conrse in many
instances. At an early period of development one
fibre may be seen coiled spirally round the other, as
is well shown in one of my drawings, fiz. 2, Plate
VIIL. See also my paper “On the Structure of the
so-called Apolar, Unipolar, and Bipolar Nerve-cells,”
Phil. Trans., 1863. The rule seems to be universal
that fibres on one side of a mnerve-trunk cross over
and pursue their course on the opposite side. Those
on the lower part of a trunk soon pass to the upper
part, and vice versd. Instead of a nerve passing to its
distribution by the shortest route, it invariably seems
to pursue a very circuitous course. Nor is the eross-
ing of the nerve-fibres in the optic commissure
peculiar to this part of the nervous system, but a
similar arrangement is to be met with in all nerves.
At the point where two trunks seem to meet and
cross one another, it is easy to demonstrate, 1. Fibres
pursuing a direct course. 2. Fibres crossing from
one side to the other. 3. Central commissural fibres.
4. Peripheral commissural fibres.



PLATE VIL.—DISTRIBUTION OF NERVES TO STRIPED MUSCLE,
. Fig. 1.

primary, secondary,
8 of finerfibres upon
fthe drawing, four of the
ve fibres are represented,

m their capillaries, and some of the nar
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Fi._E-- -‘1 s

M¥lohyoid muscle of the hyla. showing very fine muscular fibres (not wider than
Dlood corpasclas), capillary vessels, and networks of fine dark-bordered nerye fibres.
P X 130, and reduced to 65 dianmeters Dp. 40, 255,

Fig. 2.

iiri bordered fibre with fine fibre passing spirally roundit, Both fibres are nuclpated.
slie nuclei of the dark-bordered fib

Tés nre pearly equidistant and much closer
Ofather than tha onclet of the apiral fibre

i . The dark-bordered tibre might be aaid to
smaist of spindle. ahaped oslla or alementary part

8 continuona with each other, From
the bladder of the hyla, x 1,800 and reduced to 000, P 20,
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PLATE 1X.—ULTIMATE DISTRIBUTION OF NERVE FIBRES TO
STRIPSD MUSCLE,

Fig. 1.

Muscular fibres with nucleated nerve fibres

ramifying upon them. Dinphragm of the

white mouse, x 700. ln some places the

appearance might easily be mistaken for a
"nerve talt, pp 4T, 207,

Network composed of compound nerve trunks
ramifying over muscular flbres. Musecle
Chameleon. Abont 100 diamaters,

Fig, 3.

Muscular fibrés geen in section
showing the manner in whicl,
according to EKilhne, the dark
bordered nerve fibre perforates
the sarcolemma and comes into
cloge relation wilth the centrac-
tile tissue. After Kuhne. pp.
2450, 062,

Fig. 4,

Diviaion of dark-bordered tibres

and formation of networks of

pale compound and very fine

tibres. From the pectoral of the
frog, x 700, p. 257
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The dark-bordered fibres distributed to the muscles
of the frog often divide into two finer fibres, as
represented in several of my figures, Plate VII,
fig. 2, and these at last divide into two very fine fibres,
which may be followed for a long distance. See
Pl. IX, fig. 4, and Pl. XI, p. 253. The fine fibres
appear pale and granular, and connected with them
at varying intervals are bioplasts (nuclei). These
pale nucleated fibres in the frog are often less than
the 5355 of an inch in diameter. They are never-
theless compound, consisting of bundles of still finer
fibres. These in fact, although much narrower, corre-
spond to the pale, granular, but nucleated intermus-
cular nerves first described by me in the muscles of the
mouse, Plate X, fig. 1, copied from the Phil. Trans.,
1860. The very fine compound fibres still continue
to divide and subdivide, and assist to form plexuses
and networks in precisely the same manner as the
dark-bordered fibres, of which they are the continuna-
- tion. Itis quite certain that these pale fibres are true
nerve-fibres, for they are directly continuous with the
dark-bordered fibres. Instead of breaking up into
one or more bundles of fine fibres, a dark-bordered
fibre not unfrequently divides into a finer dark-bop.
dered fibre, and a bundle of fine fibres, as represented
in one of my drawings from the frog’s mesentery.

2%4. Of the tubular membrane or nerve-sheath.—
As already stated, we find in the same nerve-trunk
fine and coarse dark-bordered fibres, and we often
observe exceedingly fine pale fibres running with
dark-bordered fibres, § 235, the essential difference
between these two sets of fibres in the same trunk
. being that the former set is nearer to jts ultimate
distribution than the latter; but in some instances it
1s probable that the fine fibre is a branch of the
sympathetic. The fine fibre runs in the same trans-
parent matrix (sheath) with the dark-bordered fibre.
The idea of tubular membrane op sheath being an

R
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essential and separate anatomical constituent of every
individual dark-bordered fibre must be given up.
For, as I showed in 1860, several dark-bordered
fibres and fine fibres might run together in the same
matrix, Pl. VII, fig. 2. The opinion that the fine
fibres which I hold to be nerve-fibres running in the
same sheath with the dark-bordered fibres, are not
nerve-fibres at all, but modified connective tissue, is,
however, still entertained by many observers, but the
nature of these fibres is proved by the fact of their
continuity with true dark-bordered fibres. The fine
fibre may in many instances be followed in one direc-
tion to its ultimate distribution, and in the other to
a large dark-bordered fibre.*

2%95. Some pale fibres are from the sympathetic.—
Many of the pale fibres accompanying the dark-bor-

* The different and incompatible views existing between
continental observers and myself are in some measure due to
this sheath question. The so-called sheath is not a * tube” or
“ membrane,” or * tubular membrane,” which contains the
other constituents of the nerve-fibre ; nor is it a sheath which
invests them, but it is simply a transparent matrix, in which
nerve-fibres, coarse and fine, are imbedded. The so-called
sheath is not formed as a special structure to invest the nerve-
fibres, but it results from changes occurring in the nerve-fibres
themselves. This “sheath’ or * tubular membrane” of the so-
called dark-bordered fibre precisely corresponds to the transpa-
rent connective tissue, in which the fine nerve-fibres are 1m-
bedded. Tt is a form of connective tissue, and in many situa-
tions where nerves existed at an earlier period, nothing but this
so-called sheath remains. All the soluble fatty matters have
disappeared, and this material, which is not readily absorbed,
is left behind. Vessels may waste, and ducts and glands may
waste, and leave behind them the same sort of transpareut con-
nective tissue. Moreover, as I have before stated, it is alto-

gether a fallacy to suppose that near the peripheral distribu- |

tion, every single branch of nerve-fibre is surrounded by its own
separate sheath. Most of the drawings of the so-called axis-
cylinder near the terminal distribution of the nerves seem to me
to be diagrammatic, founded rather upon a theoretical idea of
the constitution of the nerve-fibre than upon the results of
actual observation.
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dered fibres are doubtless sympathetic fibres, for it
has been shown that there are fine fibres springing
from ganglion-cells which retain the same character
from their origin to their distribution, § 234. Not
only has the nerve nature of the fine fibres above
described been proved by tracing them from their
connexion with ganglion-cells, but a dark-bordered
fibre has often been observed to be drawn out so as
to form a line as fine as these fine fibres. Indeed the
observer often fails to trace an individual dark-bor-
dered fibre for any great distance in consequence of
its becoming exceedingly fine at the point where it
crosses, or is crossed by other dark-bordered fibres.
Not only so, but where a bundle of comparatively
wide dark-bordered fibres passes through a small aper-
ture, as for example in a bone, the fibres appear, as it
were, drawn out to exceedingly thin threads.

2%6. Of the distribution of the ultimate pale ‘‘ nu-
cleated ” mnerve-fibres to the elementary muscular
fibres.—Few anatomical questions have received of
late years a larger share of attention than the ulti-
mate arrangement of nerve-fibres in voluntary muscle.
It 1s a matter of regret to me that although I have
studied the question in many ways during the last
five years, my conclusions do mnot accord with those
of any other observer. And I must admit that al-
though the German writers differ from one another
on very important points, they, nevertheless, agree in
this, that the nerves form ends, pass into end-organs,
or exhibit terminal extremities of some kind; while,
on the other hand, my observations have led me to
(.:nnclude, not only that nerves never terminate in ends
mn ﬁﬂa.’a‘lfﬂfm?‘y muscle, but that there are no terminal ex-
trenuties or ends in amy nerve organ whatever.

There is this further broad difference between
foreign observers and myself, that while they con-
sider that each elementary muscular fibre is ve
sparingly supplied with nerves—a very long fibre

R 2
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recelving, as is affirmed, nervous supply at one single
point only—I have been led to conclude that every
muscular fibre is crossed by very delicate nerve-fibres,
frequently, and at short intervals, the intervals varying
much in different cases, but, 1 beleve, never being of
greater extent than the intervals between the capillary
vessels,

2'7%. Kolliker’s conclusions.— With regard to the
ultimate arrangement of nerves in muscle, the conclu-
sions of Koélliker accord more nearly with my own
than those of any other observer. (Compare Kolli-
ker’s statements in his Croonian Lecture delivered in
1862, with the results stated in my paper, published
in the Phil. Trans. for 1860.) Kolliker agrees with
me in the opinion that the nerves lie upon the ex-
ternal surface of the sarcolemma; but what he re.
gards as ends or natural terminations, I believe to be
mere breaks or interruptions in fibres which in their
natural state were prolonged continuously, Pl. X,
fie. 1.

g:':E. Kuhne’s views.—My friend Kiihne, of Heidel-
berg, has probably published more papers upon this
vexed question than any other observer. He maintains
that the nerve always passes through the sarcolemma
and comes into direct contact with the econtractile
tissue,* or ends in protoplasmic matter which is in
continuity with the muscle, Pl. X, figs. 3 and 4. He
has, however, from time to time been led to modify
his view very materially, as the figures in his various
memoirs, published between the years 1859 and 18[5-'4,
will testify, Pl. IX, fig. 3, PL X, figs. 2, 4, 5. In his
memoir, published in 1862, he described minutely the
structure of some very peculiar organs, which he stated
had been demonstrated by him in connexion with the

* This view was first advanced by Kiihne in 1859 (“ Unter-
suchungen iiber Bewegungen und Verinderungen der contrac-
tilen Substan zen,” Reichert und Du Bois Reymond’s Archiv,
1860).



" PLATE X.—SUPPOSED NERVE ENDS ACCORDING TO KOLLIKER
AND KUHNE.

s A : - . e
A part of one of Kolliker's figures representing the sopposed fermination of 2 das
bordered tubular nerve fibre on a muscnlar fibre of the cutaneous muscle, Frog. p. 240
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PLATE XI.—ULTIMATE RAMIFICATIONS OF FINE NERVE FIBRES
ON ELEMENTARY MUSCULAR FIBRES.

Fig, 1.

Portion of a mascular il o
with the finest branches ot

Terminal portion of dark-bordered nerve fibre the nerves ramifyinguponi

ir‘I'.:ﬁl fine fibres resulling from its sub.division, F'f;h;:n??hgm“ﬁ I-meudruw
‘ ese form npetworks uwpon the sarcolemma, b Hﬂ.u ﬂmducud_ 1o

Pectoral. Frog. Fromadrawing % 1,300 and reduced alf. p. 247,

cne third, p. 267,
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pale terminal intramuscular branches of the nerve-
fibres, Pl. X, fig. 2. Inmore recent memoirs he seems
to have abandoned the idea of the existence of those
very peculiar bodies which he termed “ Nerven-End-
knospen,” and with reason, since no other ~Observer
professes to have seen objects at all resembling those
figured by Kiihne. I should, however, state that the
later observations of Kiihne have in the main been
supported by Engelmann and some other obervers.

299. Memoirs on the distribution of nerve to
muscle from 1S6® to 18S65.

Lionel S. Beale. On the distribution of Nerves to
the Elementary Fibres of Striped Muscle.—Phil.
Trans., June, 1360).

Kiihne. Note sur un nouvel organe du systeme
nerveux.—Comptes rendus, Feb., 1861.

Kiihne. Ueber die peripherischen Endorgane der
motorischen Nerven.—Leipzig, 1862,

Theodor Margs. Ueber die Endigung der Nerven
in der quergestreiften Muskelsubstanz.—Pest, 1862.

Kélliker, Untersuchungen iiber die letzten Endi-
gungen der Nerven.—1862,

Lionel S. Beale. Further observations on the Dis-
tribution of Nerves to the Elementary Fibres of
Striped Muscle.—Phil. Trans., June, 1862.

Rouget. Note sur la terminaison des nerfs motenrs
dans les muscles chez les reptiles, les oiseaux et les
mammiferes. — Comptes rendus, Sept. 20th, 1862;
also Brown-Séquard’s J ournal, 1862,

Naunyn. Uebher die angeblichen peripherischen
Endorgane der motorischen Nervenfasern.—In
Reichert und Du Bois Reymond’s Archiv, 1862,
p- 481.

Lionel S. Beale. On the Anatomy of Nerve-fibres
and Cells, and on the ultimate Distribution of Nerve-
ﬁbres:—Quarterly Journ. of Mie. Science, April, 1863,

Lionel S. Beale. Further observations in favour
of the view that Nerve-fibres never end in Voluntary
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liﬂé%%c]es.-—f’mceedinga of the Royal Society, June 5,

Krause. Ueber die Endigung der Muskelnerven.
—Henle und Pfeuffer’s Zeitschrift, 1863, p. 136.

Th. W. Engelmann. Ueber die Endigungen der
motorischen Nerven in den quergestreiften Muskeln
der Wirbelthiere.—Centralblatt f. d. Medic. Wis-
sensch, 1863.

Lionel S. Beale. Remarks on the recent observa-
tions of Kiihne and Kolliker upon the termination of
the Nerves in Voluntary Muscle.—Archives of Medi-
cine, vol. iii, p. 25.

Th. Wilhelm Engelmann. Untersuchungen iiber
den Zusammenhang von Nerv- und Muskelfaser.—
Leipzig, 1863.

Kiihne. Ueber die Endigung der Nerven in den
Muskeln.—Virchow’s Archiv, Band 27.

Kiihne. Die Muskelspindeln.—Virchow’s Archiv,
Band 28.

Kiihne. Der Zusammenhang von Nerv- und Mus-
kelfaser.—Virchow’s Archiv, Band 29.

Lionel S. Beale. On the Structure and Formation
of the Sarcolemma of Striped Muscle, and of the
exact relation of the nerves, vessels, and air-tubes (in
the case of insecis) to the contractile tissue of Muscle.
—Trans. Mic. Society, 1864.

Rouget. Sur la terminaison des nerfs moteurs
chez les Crustacés et les Insectes.—Comptes rendus,
Nov. 21, 1864.

Iionel S. Beale. An Anatomical Controversy.
The distribution of Nerves to Voluntary Muscle. Do
nerves terminate in free ends, or do they invariably
form circuits and never end P—Archives of Medicine,
vol. iv, 1865. Published separately: Churchill,
London.

2%0. Distribution of nerves to the breast muscle
of the frog.—As the observations of Kolliker, Kiihne,
and other observers in Germany, who differed from me,




THE BREAST MUSCLES OF THE FROG. 257

were made upon the breast-muscle of the frog, while
my first inquiries were instituted upon the muscles of
the white mouse, I subjected this particular musr._‘:le of
the frog to the same process of investigation which 1
had previously adopted in my researches in 1858-59,
which were published in 1860. The results of these
investigations will be understood by reference to the
drawings, which were printed in my paper published
in the Philosophical Transactions for 1862.

Although the results of this further inquiry (1862)
were favourable to the view T had advanced, they
were deficient in this most important point, viz.,
that the network which I had demonstrated over the
elementary muscular fibres of the mouse, Pl. IX,,
fic. 1, had not been conclusively demonstrated over
the frog’s muscular fibres generally. Near the point
where the dark-bordered fibre divided to form pale
fibres, a network was easily demonstrated, Pl. IX, fig. 4,
but it could not in many instances be traced for any
great distance beyond this point. The following con-
clusions, however, were established in this memoir :(—

1. That the nerve-fibres, as I had already stated
and as had been confirmed by Kolliker, were outside
the sarcolemma. PIL XI, figs. 1 and 2.

2. That the fibres might be followed for a greater
distance from the dark-bordered fibre than they had
been traced before, if the specimens were prepared
according to the new method of investigation which
I desecribed. Pl. XT.

3. The fine pale fibres were proved to be composed
ﬂf several finer fibres, which resulted from the divi-
sion of the dark-bordered fibre, as well as from the
division of the pale fibre in the sheath of the nerve.
PL. VI, fig. 2. Thefine fibre accompanying the dark-
bordered fibres are demonstrated for the first time.
Pl. IX, fig. 4.

4. Om_ltmrjr to the statements of continental ob-
servers, 1t was proved that the elementary muscular
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fibres of the frog were crossed at nuwmerous points by
nerve-fibres, and that the nerve supply to each
elementary muscular fibre was much more free and
uniform than had been supposed. This fact was
demonstrated more especially in the thin muscles of
the eye and in the mylohyoid of the frog.

ZS1. Distribution of nerve fibres to the muscles of
the Hyla, or green-tree frog.—Not satisfied with the
results of my investigations, published in 1862, I
examined numerons other muscles of the frog and
other animals, in the hope of being able to demon-
strate the finest nerve fibres in every part of their
course over the sarcolemma, but was not able to obtain
any muscle in the common frog so thin that I could
trace the finest branches over a very considerable
extent of surface. In the mylohyoid of the Hyla,
however, I found a muscle eminently adapted for this
investigation ; and on June 5th, 1863, I presented a
paper to the Royal Society upon the arrangement of
the nerves in this beauntiful muscle. This memoir is
published in the “ Proceedings.” I have prepared
many specimens in which the nerve can be followed
from one undoubted nerve-trunk to another, dividing
and subdividing in its course, so as to form with
other nerves a lax network of compound nucleated
fibres, which compound fibres are often less than the
o050 Of an inch in diameter. In Pl. VIII, g A0
have given a sketch of this beautiful thin muscle, as
it appears when examined under a low magnifying
power. The vessels are injected. The nerve net-
work 1s well seen, as it ramifies over the two layers
of muscular fibres. The elementary muscular fibres
cross one another at right angles.

Z8Z. The distribution of nerves to the muscles of
Articulata.—The highly elaborate and rapid move-
ments of inseets would lead to the inference that in
them the distribution of nerves to the muscles must
be very free. The textures are, however, so very
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delicate, and their structural elements so minute, that
the difficulty of demonstration is very great. Kiihne's
memoir, published in the year 1860, related to the dis-
tribution of nerves to the muscles of Hydrophilus piceus
(Dytiscus). Herepresented the nerve as perforating
the sarcolemma, and as distributed almost in a brush-
like manner to the contractile tissne. Subsequently
he thought the nerve was connected with the line of
muscular nuclei ; but it was obvious that these were
muscle nuclei, and not connected with nerves at all.
The wview was therefore abandoned, but some other
observers have fallen into the same error. Although
I have examined the muscles of many insects, and
especially those of the Hydrophilus, T have been quite
unable to confirm the conclusions concerning the
brush-like distribution of the nerves.

=83. Distribution of nerves to the muscles of the
maggot.—I'or illustrating the distribution of mnerves
to the muscles of insects, I will select the common
maggot, the larva of the blowfly. This insect can
be obtained in all countries at almost all seasons of
the year. |

By reference to my drawings, it will be noticed that
my conclusions accord in the most important par-
ticulars with those arrived ab in my earlier investiga-
tions. The drawing out of the sarcolemma into a
sort of eminence at the point where the nerve com-
mences to ramify over it, is well seen. This has
been mistaken for a special organ by Kiihne (Nerven-
hiigel) ; and it has been inferred that the nerve per-
fu::amted+ the sarcolemma at this point.

In his paper in the ¢ Comptes rendus’ for Novem-
ber 21, 1864, M. Rouget in part confirms my
statements regarding the structure of Kiihne's
““ Doyere’schen Nervenhiigel,” and states that, at the
Nervenhﬁgel, the nerve fibre divides into two fine
fibres, wh:-::_h may be traced for some distance, but
then terminate. “ Leur extrémité terminale est
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légérement effilée; elle ne présente ni plaques, ni
noyaux, ni substance finement granuleuse.”

~ The structure of these so-called Nervenhiigel in
msect-muscles was described and figured by me in a
paper, accompanied by several drawings, read to the
Microscopical Society on June 1, 1864, and published
m the “Transactions” on October 1.  Although
M. Rouget agrees with me as respects the nature of
the Nervenhiigel, we are at variance upon the farther
course and mode of termination of the nerve-fibre,
M. Rouget maintaining that it penetrates beneath
the sarcolemma and terminates there in a very fine

fibre, in contact with a very limited portion of the

contractile tissue, while I have been able to trace the
nerve for a long distance beyond the point at which
he makes it end, and have seen it dividing into very
fine fibres, which form an extended network npon the
sarcolemma, as represented in Pl. XTI, fig. 1, p. 263, to
which I beg to direct special attention. These nerves
are excessively fine, like the nltimate branches of the
trachese which 1 have demonstrated in the same speci-
men. The preparation from which the drawing was
made was magnified nearly three thousand diameters.
M. Rouget’s researches lead him to conclude that the
arrangement of the nerves in the muscles of Articulata
is totally distinet from that met with in Vertebrata.
¢ 1l résult de ces faits qu’il n’y a pas d'identité entre
les divers modes de terminaison des fibres nerveuses
motrices chez les vertébrés et les articulés.” On the
other hand, my observations lead me to the conclu-
sion that the arrangement is in its essential points
the same in all classes of animals. In no case are
there nerve-ends, but always plexuses or networks,
which are never in structural continuity with the
contractile tissue of the muscle.

284. Nerves to the muscles of the leech.—I have
particularly studied the arrangement and distribution
of the nerves in the leech. The same facts noticed
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in p. 182 concerning the bramching of nerve-fibres,
are observed in the nerves of this amimal; and I
have been able to obtain many specimens of nerves
which could hardly be distinguished from some of
the finest dark-bordered fibres of the higher animals.
Some of the muscular fibres of this animal are very
thin, and are separated from one another by con-
siderable intervals, in which the ramification of ex-
ceedingly delicate nerve-fibres can be readily detected,
and the nerve-fibres can be followed to their con-
nection with ganglion-cells. I have prepared many
specimens of the museles of the leech, and have made
several drawings to illustrate these points.

Z85. Of the nerve=tufts, nerve-eminences, and
Nervenhiigel, seen in connection with certain muscular
nerves,.— 1o Kiihne is undoubtedly due the merit of
having observed the so-called end plates or end organs
in voluntary muscle, and it is not surprising that he
should have been led to regard them as the special
nerve organs of this tissue, and inferred that they
were present in all muscles. He has studied princi-
pally large muscular fibres, and considers these most
favourable for observation, but it seems not to have
occurred to him that in consequence of the refractive
power of the contractile tissue, the very fine merve
fibres, if present, would be completely obscured. I
do not think he has yet formed the slightest idea of
the general arrangement and great number of the fine
nerve fibres in voluntary muscle as may be demon-
strated, for example, in the delicate mylohyoid muscle
of the hyla. Atleast, in the chameleon, several fibres
are to be seen passing fo and from each mnerve tuft,
but Kiihne has only figured a single dark-bordered
fibre entering each tuft., I propose now to consider
the structure of these peculiar so-called end-bodies
I connection with the nerves distributed to the
muscles of certain animals, and described by Kiihne,
. Rouget, Krause, and others. These differ from the
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bodies first studied by Kolliker in the breast-muscle
of the frog, which are referred to in p- 269. I have
never been able to demonstrate such bodies as I am
about to deseribe in the muscles of animals generally,
although they are exceedingly distinct in the muscles
of lizards, as shown by Rouget. I have demon-
strated many in the cutaneous muscles of the neck,
and in the muscles of the tongue of the chameleon.
and shall carefully consider the structure of these.
In the first place, I would remark that these bodies
are external to the sarcolemma, though adhering inti-
mately to it, as may he proved by examination of the
the specimens. The course of the nerves fo and from
these bodies, Pl. XTI, fig. 2; Pl. XIII, figs: 12,3,
renders it almost impossible that they could be beneath
the sarcolemma, while in many cases the outline of
the sarcolemma can be followed underneath them.
Secondly, it appears probable that they are a re-
duplication and expansion of continuous fibres, rather
than terminal organs formed upon the extremities of
the nerve-fibres ; nor would it seem that these organs
are essential to the action of nerves upon muscle,
since they are only to be demonstrated in the muscles
of certain animals. Moreover, as many different
forms of these nerve organs are to be seen in a small
piece of muscle, exhibiting different degrees of com-
plexity, we may perhaps by studying them attentively
be able to draw a true inference as to their real strue-
ture, and the mode of their formation. Pl. XII, fig. 2.
Kiihne's idea of the structure of these bodies is re-
resented in the figures copied from his memoirs (PI.
IX, fig. 3; Pl X, figs. 2, 3,4). The interpretation of
the appearances here given is totally dlﬂ‘emnt‘ﬁ-mn
that which I have been led to offer. In my specimens
the nerve-fibres entering into the formation of these
tufts are seen to divide and subdivide into several
branches which are folded, as it were, upon one
another, P1. XIII, figs. 1 and 2. The nuclei seem to
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e intimate structure of a very simple nerve tuft on a muscular fibre of the chameleon

Mt will be observed that the nerve fibrea are continuons throughout, and that the whole
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be connected with the finer branches of the nerve-
fibres. In fact the so-called end-organ seems to consist
partly of broad fibres, partly of fine fibres formed by
the branching, spreading out, and coling of the
fibres resulting from the subdivision of the original
nerve-fibres which enter into the formation of the
tuft, P1. X1IIT, figs. 1 and 2. Moreover, I have suc-
ceeded in demonstrating that, from various points of
the oval coils, branches pass off and run on the sur-
face of the sarcolemma, probably passing on to other
nerve-bundles. These fine fibres, which are repre-
sented in my drawings, have not been delineated, as
far as T am aware, by any previous observer, who
has examined these bodies. "In connection with every
nerve-tuft there seem, indeed, to be 1, entering and 2,
emerging fibres; mote particularly the positive in-
stance represented in fig. 2, Pl. XIIL in which the
nerve-fibres can be traced to and from the *tuft”
most distinctly ; and in the majority of instances,
fine fibres may be traced from the tuft in several
different directions.

“ Nerve tufts” are not terminal organs but networks.
—The nerve-tuft consists of a complex network of
fibres, the meshes of which are very small. Connected
with the fine nerve-fibres are numerous masses of
bioplasm or nuclei. The plexus or network consti-
tuting the nerve-tuft is not terminal, nor does it
result from the branching of a single fibre, as has
been represented. Many fibres enter into its forma,.
tion; and from various parts of it long fine fibres
pass off to be distributed upon the surface of the
sarcolemma,

It seems most probable that at the situation of
these compressed coils (nerve tufts) the contraction
of the muscular fibre would commence, and that,
from the nerve-current traversing several fibres col.
lected over a comparatively small portion of muscle,
the contraction at these spots would be sudden and
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violent, while it is probable that the contractions com-
mencing at these points would extend, as it were,
from them along the fibre in opposite directions.

I consider these nerve-tufts therefore simply as
collections of nerve-fibres, differing only from the
ordinary arrangement before described, somewhat in
the same manner as the compressed nerve-network in
a highly sensitive papilla differs from the lax ex-
panded nerve-network in the almost insensitive con-
nective tissue.

2586. — Distribution of nerve fibres to the elemens
tary muscular fibres.—The individual museular fibres
of the tongue of the chameleon are separated from
one another by a distance greater than their diameter,
so that the finest merve fibres can be seen in the
intervals between them and traced over or under them
without difficulty. In my specimens many of the
so-called “mnerve tufts’ can be discerned, but in
every instance more than one individual nerve fibre
can be traced to the tuft, and it can be demon-
strated that the “tuft’ consists of continuons fibres,
exhibiting various degrees of coiling. It is not a
terminal organ connected with the end of a single
fibre. From every one of these “nerve tufts ” fibres
may be traced and followed for a considerable dis-
tance over many muscular fibres beyond. Plate XII,
fig. 2; Plate XIII, figs. 1, 2, 3. There are no ends
nor terminations.

287.—Nerve tufts exceptional.—It seems to me most
probable that these bodies are exceptional and mot

present in all muscles, nor essential to voluntary

muscle generally. As in other tissues the peripheral
arrangement of the merves in voluntary muscle is a
continuous network, in which the nearest approach
to an “end’ or “termination” is a loop. Kiihne
is, I think, wrong in concluding that the nerve tuft 1s
situated beneath the sarcolemma and is in contact with
the contractile tissue. Like many of the nerves these
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bodies adhere to the sarcolemma, but are GEI‘tELiT_‘:I}F'
not in intimate relation with the contractile material
of the muscle. The course of the exceedingly fine
nerve fibres of the chameleon can be followed without
difficulty over perhaps thirty or more muscular fibres
and their connection with the nerve bioplasts de-
monstrated. The general conclusions I have arrived
at from investigating the structure of these bodies
accord very closely with those resulting from in-
vestigations upon other tissues.

Z88.—Of the so=called *‘ nerve tufts ** in the breast
musele of the frog.— With reference to the nerves
supplying the so-called merve tufts in the breast
muscle of the frog, I would remark—

1. That two dark-bordered nerve fibres, ranning
in the same sheath, may often be traced to one part
of the “nerve tuft.”

2. Besides the dark-bordered fibre or fibres, there
are invariably very fine fibres running in the same
sheath.

3. That the dark-bordered fibres and the accom-
panying fine fibres divide and subdivide very freely
amongst the young muscular fibres, and that thus
quite a leash of very fine nerve fibres results, in the
course of which numerous nuclei exist at certain
intervals. Many of these can be followed upon or
between the muscular fibres, for the distance of the
twentieth of an inch or more from the oval swelling.
These points were well seen in some of my specimens,

4. That the dark-bordered fibre or fibres which
enter at the tuft are not the only nerve fibres distri-
buted to these bundles of muscular fibres, but that
invariably a bundle, consisting of two or three fine
but dark-bordered fibres, is connected with the mus-
cular fibres, at a point above or below that at which
the swelling is situated, where the large fibre or
fibres enter. Sometimes there are two such bundles,
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one above and one below. These not unfrequently
give off' branches, just before they pass to the mus-
cular bundle, which pursue a longer course, and are
distributed to other larger muscular fibres ; and often-
times branches pass from one muscular bundle to
more distant ones. '

From the above observations it follows that the so-
called “nerve-tufts” in the breast muscle of the frog
are bodies of a very complex structure. They consist of
developing muscular fibres, which are freely supplied
with nerves; and the number and distribution of the
nerves render it probable, not only that there are
entering and emerging fibres, nerve-loops, and plexuses,
or networks, upon the muscular fibres, rather than fiee
ends, but that the aection of the new muscular fibres
may be harmomized with those of the older elementary
muscular fibres of the muscle by branches of nerve
fibres which are probably commissural,

Z89. Of the arrangement of the nerve-fibres in
other forms of striped muscle, as the branching
fibres of the tongue, the muscular fibres of the heart,
and lymphatic hearts of the frog.— o certain forms
of striped musele in which no distinet membranous
tube of sarcolemma can be demonstrated, nerves are
freely distributed; but all attempts to demonstrate
end-organs or terminal extremities in such textures
have hitherto failed. In the heart the existence of
delicate nerve-fibres arranged to form metworks is
distinct; and perhaps the most favourable locality
for demonstrating these fibres is the auricle of the
frog’s heart. Bundles of exceedingly fine nerve-
fibres, much resembling those in the bladder, can be
seen running in different directions and branching
amongst the delicate metworks of exceedingly fine
muscular fibres. Very fine fibres may be observed in
thin specimens with the aid of high powers, crossing
the fine muscular fibres at different angles, then
dipping down in the intervals between them, and
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being soon lost in consequence of their ramification
in the deeper layers.

In the drawing represented in Pl. XTIV, fig. 2, the
relation of the nerve-fibre to the finest part of some
of the branching muscles of the tongue of the frog
1s represented; and I have observed an arrange-
ment precisely similar in the case of the muscular
walls of the lymphatic hearts of the same animal.
The very thin and narrow muscular fibres of the
heart and tongue would appear to offer very many
advantages for the demonstration of ends and end-
- organs, supposing them to exist ; but the most careful
- observation under the most favourable circumstances,
and with the aid of the highest powers, reveals only
delicate nucleated nerve-fibres, forming lax networks,
branches of which may often be followed for a very
long distance, and then traced into neighbouring
nerve-trunks. Some fine branches of nerve-fibres
which are in course of development are represented
in Fig. 1, pl. XIV. Muscular fibres and connective
tissue are seen in the same specimen which is mag-
nified 700 diameters.

289.% The finest nerve-fibres which influence the
musele.—The active part of the nerve-fibre, as regards
the elementary muscular fibre, commences only at the
point where the dark-bordered character of the nerve.
fibre ceases, and it therefore follows that the most
important and most active portion of the peripheral
nerve-fibres distributed to muscle, has escaped the
observation of many observers. The fibres are ex-
tremely delicate, and, like other very fine nerve-fibres,
can only be rendered visible by special methods of
preparation.  Every nerve-fibre, however fine, is
compound, being composed of several fine fibres.
*“ Nuclei ” are mmvariably found in relation with these
fibres, and they vary in number in different cases.

From the foregoing observations I conclude that
the nerve-fibres which are to be regarded as the

8
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fibres of distribution are far more delicate and much
finer than has been hitherto supposed. The remarks
which T make on this head with reference to the
ultimate nerve-fibres distributed to voluntary muscle,
will apply to the ultimate nerve-fibres distributed to
other organs.

In mammalia the ultimate fibres appear as narrow,
long, shghtly granular, and scarcely visible bands
with oval masses of bioplasm, sitnated at short but
varying intervals, as described in my paper published
in the Phil. Trans. for 1860. In many reptiles (frog,
newt, lizard, snake, chameleon), however, these ulti-
mate nerve-fibres are narrower but much firmer than
in mammalia; and they are more readily demon-
strated, as they do not give way under the influence
of considerable pressure and stretching. Although
fine nerve.-fibres have been described in eertain
sitnations before I drew attention to these fine pale
nucleated fibres in muscle, it was not generally sup-
posed that the active peripheral portion of nerves ex-
hibited these characters; nor indeed has this fact
yet received the assent of many distinguished anato-
mists. The arrangement of the fine nerve-fibres in
the summit of the papille of the frog’s tongue,
deseribed in my last paper presented to the Royal
Society (Phil. Trans. June, 1864), and in the mucous
membrane of the human epiglottis, will, T venture to
think, tend to convince many that the really active
peripheral portion of the nervous system consists of
excessively fine nucleated nerve-fibres arranged as a
plexiform network [1 865 ]. .

20@. Diameter of the finest nerve-fibres of muscle.
—With reference to the diameter of these finest
branches of the nerve-fibres, many can be demon-
strated and followed for long distances which are
less than the t3oisosth of an inch in diameter; and
there is reason to think that fibres much finer than
this actually exist, and serve as eflicient conductors
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of impressions to and from nerve centres and peri-
pheral parts. (See Fig. 2, pl. XIV, in which very
fine muscular nerve-fibres are represented magnified
eighteen hundred diameters.)

2Z91. Reply to adverse ecriticisms. — Professor
Kiihne, of Heidelberg, is one of the foremost in con-
demning the conclusions I have arrived at concern-
ing the general arrangement of nerve fibres, and
although he has not seen the fine fibres above re-
ferred to, he expresses himself most positively, and
at least as regards the nerves of voluntary muscle,
- as 1f it were absolutely certain that he alone was
right. But Kiihne has himself propounded three or
four different views. The first and the last differ
very widely. One would have thought that the
freedom exercised by him in altering his own conelu-
sions would have induced care as regards criticising
those of other observers : but he speaks as if he were
an nfallible authority dictating the only true faith.

It has been maintained that in voluntary muscle a
dark-bordered fibre as wide or wider than the muscu-
lar fibres in the mylohyoid of the green tree frog,
may pass direct to the terminal organ, while on the
other hand, it is admitted that in the mvoluntary
muscle extremely fine nerve fibres—fur finer than
any seen by Kiihne in voluntary muscle, exist. On
the other hand my preparations demonstrated that
the nerve fibres in voluntary and in mvoluntary
muscle possess the same general arrangement, and
are equally delicate. If we accept the conclusiong
now most in favour, we must admit that the distribu-
tion of nerves to voluntary muscle is far less abundant
than in the case of mvoluntary muscular fibre ; and
this, notwithstanding the fact that as an elaborate
working machine, the former js beyond all com-
parison superior to the latter. Some anatomists
would have us believe that of all tissues, voluntary
muscle receives in g given area the fewest nerves,

g2
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while to a single epithelial cell some authorities
maintain that many fibres are distributed ;—in short
we are expected to believe that a tissue every part
of which we know to be eminently under the influence
of the nervous system, receives very few nerves as
compared with such a body as an epithelial cell of a
glandular organ. As every one well knows, the
structure and action of voluntary muscle actually
depend upon the state of the nerves;—while it is
certain that at least in very many cases the most
complex secretions are formed without the existence
of a nervous apparatus at all.

The fine pale nucleated nerve fibres which I was
the first to describe, exist in all tissues, and consti-
tute the active part of every peripheral nerve ap-
paratus. Certain appearances have very recently
led some anatomists to the conclusion, that these
very fine nerve fibres give off still finer ones, which
become continuous with the processes of the connec-
tive tissue corpuscles, the tails of epithehal cells, or
pass into these bodies in considerable number, or
terminate in fine free extremities; but I think this
view will prove to be incorrect. When I first
studied the arrangement of the fine nerve fibres, I
was myself led towards a similar conclusion, but sub-
sequent more careful observations upon well-prepared
and exceedingly thin specimens of tissue, examined
with the aid of the 5% and 5, convinced me that the
nerve fibres did not enter or become continuous with
the above structures;* and although there is sfill
much doubt on several questions of detail, with re-
gard to the arrangement of the finest nerve fibres
in some special organs, new facts demonstrated from

* That T had most carefully studied and made myself familiar
with the appearance of the finest ramifications of nerves 1s
proved by the statements in my paper on the nerves of msect
muscle, published in 1864, See fig. 1, P1. XIIL. Having seen
these excessively fine fibres, it was but natural I should search
for delicate fibres in the tissues of man and the higher animals.
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time to time, confirm me in the truth of the general
views I have advanced on the arrangement of nerves
in peripheral organs. That an observer should assert
that in muscle the dark-bordered nerve fibres end
almost abruptly in the nerve plates, and yet hold
that in other tissues the nltimate nerve fibres are so
minute that many pass into a single epithelial cell
18 most remarkable; but nevertheless many German
anatomists, undoubtedly, having great authority,
maintain that there is nothing inconsistent in accep-
ing both statements, an opinion which could not, I
think, be adopted by any one who had succeeded in
following, as I have done, in several different tissues
of the frog, newt, and other animals the fine ramifi-
cations of the pale nucleated nerve fibres. [1868.]

List oF MICROSCOPICAT SPECIMENS ILLUSTRATING
Lecrvre XIT.

2 No. of dinmeters
No. magnified.
110. Unstriped muscle. Bladder, frog. Showing

plexuses and networks of large dark-bordered

: nerve-fibres. . 5 s ir e e 215
111. Unstriped muscle. Bladder, frog. Showing di-
vision of terminal portion of dark-bordered fibre

into pale fibres, which form a net-work . . .. 700
112. Unstriped muscle. Bladder, frog. Showing ulti-
mate networks of fine pale compound nerve-fibres

with their bioplasts o S o s 400
113. Three muscular fibres from the bladder of the frog.
Showing the ultimate distribution of the finest

nerve-fibres ., o 7= Arh v .. 1800
114. Fine pale nerve-fibres, distributed to unstriped

muscular fibres of small artery ; frog .. s 21b
115. Division and distribution of bundle of dark-bor-

dered nerve-fibres, Pectoral muscle, frog .» 215

116. Distribution of fine dark-bordered nerve-fibres to
{:[:riv,r fine muscular fibres. Mylohyoid musele.
‘-y“-' "W .. o W # & - ..

117. Fine d%rk-hnrﬂerrfd and pale fibres, distributed to
very line muscular fibres of mylohyoid. Hyla .. %00

118. Distribution of dark-bordered nerve-fibres if:) the ;
pectoral muscle of the frog. The continuations

215
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119.

120.

121.
122,
123.

124.

LIST OF MICROSCOPICAL SPECIMENS,

No. of diameters
magnified.

of the dark-bordered nerve-fibres as fine pale
fibres with nuclei in the intervals can be clearly
demonstrated in this specimen. Kolliker thinks
these soon cease and thus form ends, page 250,
but in my specimens they may be followed much
further than Kolliker succeeded in tracing them,
and observations upon other muscles of the same
animal render it certain that these very fine nu-
cleated fibres come into close contact with the
sarcolemma and ramify over every part of the
surface of the elementary fibre .. o S
Ultimate division of dark-bordered fibre into pale
fibres, which ramify on sarcolemma. Elementary
muscular fibre ; pectoral, frog ., o -
Fine pale nerve-fibres distributed to striped mus-
cle ; auricle of frog’s heart. The ganglion cells
are also seen . 55 i e e =
Striped muscle. Distribution of fine nerve-fibres
in connective tissue of striped muscle ; hyla
Distribution of bundles of nerves and vessels ; thin
muscle. Chameleon 2 G S e
Distribution of finest nerve-fibres to elementary
muscular fibres. Chameleon. Showing supposed
‘end organs’ o e v e e
Distribution of nerve fibres to the elementary mus-
cular fibres. Chameleon. The individual mus-
cular fibres are separated from one another by
more than their diameter so that the finest nerve-
fibres can be seen in the infervals between them
and traced over or under them without difficulty.
In this specimen many of the so-called ‘nerve-
tufts,” or ‘end-organs,” can be discerned, but in
almost every instance more than one individual
nerve-fibre can be traced to the tuft. It seems
more probable that the tuft consists of continuous
fibres, much eoiled and convoluted, than that it
is a terminal organ connected with the end of a
single nerve-fibre. TFrom every one of these
‘ nerve-tufts’ fibres may be traced and followed
for a considerable distance over many muscular
Sfibres beyond. The arrangement will be under-
stood if the figs. in plates X1I and XIII, pages
263, 265, be carefully studied. There are no ends
or terminations whatever ..
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No. of diameters
No. magnified.
125. Distribution of nerve-fibres, with highly convoluted
ramifications and bioplasts, constituting the ‘ end-

organs.” Muscle of white mouse - el
126. Nerve-fibres with ‘end-organs.’ Muscular fibres
of rat Vi 700

127. Ultimate distribution of fine pale nerve-fibres to
voluntary musele. Frog. In the centre of the
field is seen a branching muscular fibre, the fibres
.resulting from the subdivision of the muscular
trunk, gradually taper into thin threads, which
are inserted into the connective tissue. Networks
of pale nerve-fibres are seen in all parts of the
preparation, but the muscular tissue has been
removed .. ‘o o o . ‘o

128. Ultimate distribution of finest nerves as networks
and plexusesin the mylohyoid muscle of the hyla or
green tree frog. These fibres are very narrow, and
at the same time each is separated by a distinct
interval from its neighbours. See pl. VIII, fig. 1.
The state of things is, therefore, very favourable
for the observation of the  end-organs’ if they are
present. I have never been able to discover one
in this beautiful example of voluntary muscle,
though I have found them in many other speci-
mens of muscle. Nerve-fibres may be traced for
an immense distance from the bundles of dark-
bordered fibres. Gradually they become less than
the 5%+ of an inch in diameter, but still divide
and subdivide into fine threads with oval bio-
plasts or nuclei at intervals, which, now running
parallel with the museular fibre, then crossing it,
divide into branches, some of which after pursu-
g a very long course may at last be traced to a
dark-bordered fibre in another part of the muscle.
I have succeeded in doing this in many different
specimens.  The failure of others to obtain speci-
mens exhibifing the same appearances no doubt
depends upon a very different method of investi-
gation having been pursued. Anatomists for the
most part have not only failed to observe what I
have seen, but many have not yet succeeded in
demonstrating the fine pale nucleated fibres T de-
monstrated long ago in almost every tissue of the
frog. . Ve ¥ o " s o= 1 700

220
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LECTURE XII.

Of the Blood-vessels and their action—Circulation of
the Blood—Importance of a lenowledge of the Struc-
ture of Vessels—Views regarding the Structure of the
Capillaries—Protoplasm Walls of Capillary Vessels
—Bioplasm of the Capillaries—Action of the Tissue
of the Capillary Walls—Action of the Bioplasm—Of
the Arteries—Of the Veins — Ezaminaiion of the
Arteries and Veuns—Action of the Contractile Filires
of Vessels—Distribution of Nerves to Arteries—Nerves
to Veins—Of the Nerves distributed to the Capil-
laries—Central Origin and Connections of the Nerves
to the Capillaries—New Observations on the Nerves
of the Capillaries of the Bat's-wing— Method of de-
monstration—Action of the Nerves of the Capillary
Vessels—Avre they Sensitive, or Motor, Nutritive, or
Secretory 2—Their Cownection with Ganglia—Phy-
swlogical Baperiments—Of the Self-acting Mechanism
by which the Supply of Blood to the Tissues is Requ-
lated—Action of Nerve Fibres in Acute Inflammation
—Alteration of Nerve Fibres in Chronic Diseases—

Degeneration of Vessels.

292. Circulation of the blood in the vessels.—The
nutrition and maintenance, as well as the growth, of
every tissue in the body of vertebrate animals are
dependent entirely upon the distribution of a due
supply of healthy blood in their immediate neigh-
bourhood. The blood does not touch the tissue to
be nourished, but fluid transudes through the thin
walls of the vessels along which the blood is pro-
pelled. This is imbibed by the tissue, and being kept
constantly moving in its interstices, preserves the
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tissues in a state of integrity, and prevents changes
which would very soon take place if the fluid were
perfectly stagnant. From the materials held in solu-
tion the living matter embedded in the tissue selects
certain constituents, and the fluid deprived of these
flows on, at last passing back again into the blood.
Its place in the tissue is soon taken by a fresh portion
of fluid which flows from the bleod. The rate at
which this nutrient fluid moves, as well as the amount
distributed to the tissue in a given time, is determined
in part by the influence of the living matter drawing it
onwards (vis @ fronte), and in part by the rate at which
the blood flows throngh the vessels and the degree
of tension of the thin vascular walls. The amount
of fluid distributed to the tissue varies from time to
time, according to the force of the heart’s action,
according to the quantity of blood in the body which
1s not always the same, the state of the arterial coats,
the calibre of the smaller arteries, and a number of
other circumstances.

In page 24, the course which the blood takes as it
.18 driven through the heart has been indicated. It
1s there stated that the blood is driven into the large
arteries (aorta to the system, pulmonary artery to the
lungs) by the contraction of the muscular walls of
the ventricles of the heart. The force of contraction
1s more than is sufficient simply to drive the blood
onwards at the rate at which it is flowing through
the capillary vessels, and the great arteries are con-
sequently temporarily distended, their walls, which
are elastic, being stretched. As soon as the contrac-
tion .nf the muscular walls of the heart ceases, the
elastic arterial parietes recoil upon the column of blood,
fnrcm_g 1t In opposite directions, back again towards the
ventricle which it has just left, and onwards towards
the capillaries it is about to enter. As the blood
which tends to be driven back into the ventricle of
the heart impinges upon the lips and fills the valves
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situated at the origin of the large arteries, and causes
these to flap towards ome anocther, and close the
arterial aperture, the recoil force of the elastic walls
of the vessel is spent entirely in urging the blood
towards the capillaries. This is the explanation of
the fact well-known of the continuous flow of the
blood in the capillary vessels, as proved by the unin-
terrupted oozing which occurs when the skin in an
part of the body is eut or pricked, while in the smail
arteries it flows by successive jets corresponding to
the beats of the heart, as is shown when an artery of
a living animal is cut open.

The blood having traversed the capillary vessels
passes into the minute veins which at length unite
to form the two great veins of the body (vena cava)
which open into the right—or venous—anricle of
the heart. From the right auricle the venous blood
passes into the right ventricle, which drives it into
the pulmonary artery and the capillaries of the lung.
After it has been aérated by traversing the capillaries
spread out upon the pulmonary air-cells, it is collected
by pulmonary veins which open into the left auricle
of the heart. From the left auricle the blood passes
into the left ventricle, by which it is pumped into the
aorta and the arteries of the body which come off
from this large primitive trunk.

Derangement of any part of the important apparatus
concerned in the circulation of the blood may indi-
rectly give rise to disease either by alteration induced
in the composition or distribution of the nutrient fluid
or in some other manner. But of all the morbid
affections of the organs of circulation those which
affect the most minute arteries, the capillaries and
smaller veins are the most common, most obscure,
but by no means the least serious. For although life
is not often suddenly cut short by minute structural
changes occurring in these vessels, death is none the
less certain to take place. Structural and too often
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incurable morbid alterations in important tissues and
organs are thus brought aboubt. It is, therefore, of
essential importance for us to consider the structure of
the vessels and the manner in which they act. This
information is the first step towards a conception of
the physiological changes which are occurring in man
and the higher animals during each moment of life,
and without it, it is not possible to form a correct
notion of the simplest general pathological change.

293. Importance of a knowledgé of structure of
vessels,—Without a knowledge of the structure and
action of the vessels it is not possible to form an
accurate notion even of the process of nutrition as
it 18 carried on in man and the higher animals.
Not only is the equable distribution of nutrient fluid
dependent upon a healthy state of the organs of the
vascular system, but the blood cannot retain its nor-
mal composition for long if the structure of the little
vessels through which it passes be modified in any great
degree. Hitherto little attention has been paid to the
changes in character of the walls of the capillaries
in various conditions, but there are few matters of
greater 1mportance in connection with the study of
disease and the determination of the precise alterations
which precede the irrecoverable loss of normal struc-
tural characters.

Z94. Views regarding the structure of the capil-
laries.—A capillary has been regarded as a simple
elastic tube, the walls of which are readily permeable
to fluid in both directions, which act, in fact, as a sort
of filter, permitting nutrient matter in solution to flow
through from the blood ; and the products of the dis-
integration and decay of tissues dissolved in fluid, to
flow in the opposite direction fowards and into the
blood. This view was in harmony with the general
physico-chemical doctrines taught with such zeal in
all departments of physiology a few years ago, when
nutrition was regarded as a process akin to crystal-
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lization, and anatomical elements (cells) were supposed
to be deposited from an albuminous solution (cell stuff),
Just as a crystal is deposited from its mother Liquor.
Of late, however, very different conclusions have been
arrived at, and accepted even by those who still
adhere to the doctrines of purely physical physiology.
It has long been admitted that capillary vessels possess
“nuclel,” though the office performed by these bodies
had not been conclusively determined. Some thought
the nuclei belonged to an epithelium lining the capil-
lary vessels, but every one who studied the formation
of capillaries must have satisfied himself at any rate
that these ‘“nuclei” bore the same relation to the
tissue of the capillary wall as the “nuclei ” of other |
tissues bore to the particular texture in which they
were embedded. In 1865, however, Hozier, Auer-
bach, Eberth, Aeby, and Chrzonszezewsky,* by means
of nitrate of silver, showed that the capillary wall was
made up of flat elongated epithelium-like particles,
much dentated at the margins, and each having a
nucleus. The nitrate of silver gave rise to a black
Iine at the point of junction of the several particles,
and this fact led observers to conclude that the vessel
was made of epithelial cells.

Between these particles some think they have
demonstrated the openings through which, according
to their opinion, red and white blood corpuscles might
escape from the vessels. It was well known that
blood corpuscles did, under certain ecircumstances,
pass through the vascular walls. It was argued: that
such bodies could escape only through actual nr1ﬁce_s,
and the discovery of the stomata through which it
was concluded they did pass, soon followed.

Z295. Protoplasm walls of capillaries,—But ]ﬂ«tE]IG
the matter has entered yet another phase. We are

* See Eberth’s Article, ‘ Blood-vessels,” Stricker's Anatomy,
New Sydenham Society.
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told by Stricker himself, that “the finer capillaries
consist only of a tube composed of cells or of a
-cylindrical layer of protoplasm.” From such a
statement I must dissent, for I have studled,_ very
carefully, the ‘ finer capillaries” in several tissues
and organs, and have never seen one in any animal to
which such a description could be fairly given. At
a very early period of development, of course,
capillaries, like all other structures of the body, con-
sist of what has been called protoplasm,” but
when formed, the wall of the capillaries consists of a
material to which the term “ protoplasm !’ cannot be
correctly applied. At one time the exigencies of
favourite doctrines rendered imperative the discovery
of openings in the capillary walls, and the stomata of
the fancy were soon developed into “facts.”

Later, however, other philosophical reguirements
had to be provided for. The walls of the capillaries
being protoplasmic, must also be contractile, and
Eberth declares that “the capillary wall 7s contractile,”
and announces that Stricker saw the capillaries * con-
tract to such an extent (!) that not even a single file

“of blood corpuscles could traverse them,” as if he were
reporting some new and highly important discovery
recently made by that investigator. The fact had
been observed by hosts of observers long before
Stricker saw the change, though it was explained in
a different manner. It seemed hardly necessary to
attribute it to the active property of contractility of
the capillaries, supposed to reside in the profoplasmic
matter, supposed to constitute the wall of the vessels.
But Stricker has seen small “looplike projections
raise themselves (1) from the wall of the capillaries
and again become retracted;’ and Eberth remarks
that “it is by such contractions the corpuscles are
pressed anto the capillary wall, and ultimately made
to traverse them ”” (1) So the corpuscles don’t make
their way through holes in the walls, but are as it
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were, seized hold of by the contractile protoplasm
and pressed through by its contractions.

The evidence adduced in favour of these doctrines -

is most defective—indeed, as regards their application
to the phenomena of the capillary vessels of the
adult, there is actually no evidence at all. No one
has seen the membranous part of the wall of an adult
or old capillary vessel contract, while it would be
difficult to pick out a tissue less like protoplasm than
the transparent material composing the capillary
wall. The wall of a fully formed capillary is com-
posed neither of protoplasm nor bioplasm, but it con-
sists of a passive membrane permeable to certain
aqueous solutions. If the thin elastic membrane of
the capillary is to be called protoplasm, why should
not the posterior elastic lamina of the cornea, or the
thin transparent elastic membrane lining an artery be
also regarded as of this nature? But these things,
and living growing moving protoplasm (bioplasm)
are quite different in their properties. Tt is indeed
difficult to conceive how any one who had really
studied the matter, could speak of the oval “nuclei’’
or bioplasts of the capillary wall and the tissue of
the wall itself which intervenes between them, and
was formed by them, as being composed of the same
substance “ protoplasm;” unless he admitted that
this wonderful material might, for example, constitute
the moving, changing, semi-fluid sarcode of the
amceba, as well as the firm, passive, unchanging
material of which, for instance, the yellow elastic
tissue consists. In that case we should be applying
the same name to things distinet from one another in
their nature and properties. See page 9.

We shall mislead ourselves and others if we en-
deavour to establish resemblances which do not exist
in nature, and if we ignore differences which are
observable by every one who will simply examine
with care and without preconceived theory. If the
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oval nuclei are protoplasm, and the membranous wall
1s protoplasm, the student will, of course, ask us how

. we account for the important differences between these

two things, and then we shall be driven to resort to
the unfortunate expedient of suggesting that one is
protoplasm, and the other is “changed” protoplasm.

Z96. Nuclei, or masses of bioplasm of capillaries.
—More or less connected with the wall of the capil-
lary vessel are numerous bioplasts consisting of
living matter or bioplasm, which vary greatly in
number in the capillaries of different tissmes. Of
these there are at least four distinect sets which may
be distingmished in well-prepared specimens.

1. Those in the capillary wall itself, which have
taken part in its formation, and which are intimately
concerned 1 nutrition as long as blood circulates
through the vessel. These vary greatly in number
in different capillaries, as represented in many of my
drawings, and in size also at different times. In
some specimens they are extremely numerous, and,
as I pointed out in 1863, project:into the interior of
the capillary vessel. Probably from these are de.

 tached particles of bioplasm, which pass into the

blood current, and may grow into white blood cop.
puscles.  These bioplasts are represented in Fig. 2,
pl. XV, and in figs. 1, 2, 3, pl. XVTI.

2. Masses of bioplasm outside, but at a varying
distance from the capillary wall with which they are
connected by extensions or processes. These have
no doubt originated from the first by fission, and are
indeed an early stage in the formation of new capil-
laries, as may be proved by examination of the
capillaries of adipose and some other tissues which
undergo great and rapid changes even in the adult,

3. Oval masses of bioplasm, generally, but not in-
variably, smaller than the above, and, unlike them,
sometimes crossing the vessel obliguely. These are
connected with the delicate nerve fibres distributed
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to the capillary vessels. In some cases these bio-
plasts, as well as the fine nerve-fibres connected with
them, are almost embedded in the wall of the capil-
lary, but oftentimes they are seen to be separated
from it by a distinct interval, which varies much in
extent, as is well demonstrated in some of my spe-
cimens. The bioplasts of the nerve-fibres distributed
to the capillaries are represented in Figs. 1, 2, 3, pl.
XVI, and in the figures in plates XVIII and XIX,
4. Elongated and stellate masses of bioplasm which
belong to the connective tissue. These vary greatly
in number, size, and appearance in different tissues.
29%. Of the action of the tissue of capillary
vessels during life—During life a watery solution of
nutrient constituents slowly transudes through, or
permeates the passive membranous tissue of the
capillaries, which thus acts as a filter. If, however,
the capillaries be much distended, the membranous
wall is stretched and rendered thinner in a corre-
sponding degree, and, in consequence, besides mere
watery fluid, serum holding in suspension minute
particles of bioplasm, traverses the capillary wall.
These minute particles of bioblasm having reached
the outside of the capillary remain stationary, and
absorb the nutrient matter around them and grow,
giving rise to important changes which cannot how-
ever be considered in this place.* In a further stage
of the same process actual rents or longitudinal
fissures are produced, and through these white and
red blood corpuscles may pass. Loss of blood, such
as may endanger life, may occur in this way, a vast
quantity of blood escaping through the pores produced
by undue stretching of the minute capillary ve?sels
over an extensive surface, as for example, sometimes
takes place from the small intestine. If the tension
18 relieved the elastic wall of the capillary contracts,

* See “ Disease Germs; and on the Treatment of the
Feverish State,”” 2nd edition.
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the fissures close up, and the circulation is restored,
and may be again carried on as if no escape of blood
had occurred.

29S8, Of the action of the bioplasm of ecapillary
vessels during life.—I have already drawn the reader’s
attention to the fact that in nutrition, bioplasm,
or living matter, is the material which is invariabl
concerned in taking up and appropriating the lifeless
nutrient pabulum, § 39. The latter, a product of
death, 1s in fact altered in composition and prepared
for subsequent appropriation by bioplasm. Indeed
“food ”” consists of materials, having a peculiar com-
position which have been formed by special kinds of
living matter. But even those constituents which so
closely agree in chemical properties and composition
with the substances of which the tissues of our bodies
are made, that the chemist believes them to be
identical, cannot be applied directly in construction. A
solution of muscular tissue, for example, cannot be
at once conveyed to the muscles and then converted
into the muscle of our bodies. The elements of every
particle must be re-arranged before it can be appro-
priated and taken up by the living matter of the
muscular tissne. Nay, there is reason to think that
substances closely resembling, or even identical with
the tissues that are to be found, are as much changed
as those materials of our food which are very far
removed chemically from the tissues. In all ‘cases
the analytical and synthetical changes occurring in
the body are effected by the bioplasm or living matter,
and in these operations the bioplasm of the capillaries
performs a very prominent part, § 296,
~ The bioplasts are exceedingly numerous, but vary
m number in different capillaries. Immense num-
her?. are fonnd in connection with the small veins, the
parietes of which indeed exhibit a structure ;rery
similar fo that of the capillary. See Plate XV, fig. 2.
I do not think that the appearance, copied in my

T
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drawing, has been previously represented, though it
18 quite constant and to be demonstrated without
difficulty if the mode of preparation I have advocated
be resorted to, § 68.

I believe that the bioplasts of the capillary vessels
play a far more important part in the changes of the
body than has been hitherto supposed. They are as.
intimately concerned in the process of secretion and
excretion as they are in the selection, preparation,
and distribution of nutrient constituents. The bio-
plasts of the capillaries of the lungs are the agents by
which certain animal matters are separated from the:
blood and transferred to the air in the pulmonary"
air-cells, and it is probable they are also concerned in |
facilitating the changes which take place between the:
gaseous counstituents of the air and blood. In con-
nection with the capillaries of all secreting organs the:
bioplasts are numerous, and they select and remove:
certain substances from the blood, and transfer them
in an altered form to the secreting cells of the gland.
They are in great number upon the vessels of the:
villi of the small intestines, in some cases being so’
very close together as to leave little membranous:
structure between them. These bioplasts of the:
intestinal capillaries receive the nutrient substances:
after they have been already once modified by the:
bioplasm of the epithelial cells of the villi, and
transmit it in an altered form to the interior of the:
capillary, where many of its constituents are at once
taken up by the bioplasts (white blood corpuscles
and minute particles of bioplasm)* in the blood’
itself. ; ,

In many diseases these bioplasts of the capillary:
walls are much altered, and in cholera I have found:
that numbers of them have been completely destroyed.|
The deterioration of the vessels succeeds, and dis=

# «“ On the Germinal or Living Matter of the Blood.”
Trans. of the Microscopical Society, 1863.
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organization of the capillaries of the wvilli, which is
constantly observed in this disease, follows.* In
every part of the body the bioplasts of the capillary
vessels, as well as white blood corpuscles, and lymph
corpuscles, are agents which take np excrementitious
matter and products of decay, and pass these on in
an altered form into the blood where they undergo
further change, being probably split up into matters
which are appropriated as pabulum, and noxiouns
substances which are very soon excreted from the
body.

209. @f the arteries.—The walls of the larger
arteries consist chiefly of elastic tissue but in the
intervals between the fibres of this structure, or in
the meshes of the elastic network, are seen in some
cases many elongated and triangular elementary
parts of involuntary muscular fibre. The so-called
muscular fibre cells were first demonstrated by
Kolliker. I have given figures of them. It is to the
presence of these bodies that the contractility of the
larger vessels 18 entirely due. That these wvessels
are capable of contraction was proved experimentally
by John Hunter, but the degree of contractile power
is comparatively slight, and as far as they are con-
cerned in the physics of the circulation the large
arterial ramifications may be considered simply as
elastic tubes.

In the smaller and smallest arteries, however, the
case is very different indeed. To such a degree are
the walls of these tubes capable of being contracted,
that the cavity of the vessel may be temporarily
obliterated. The little arteries of every part of the
body undergo great changes in their calibre. Pro-
bably many times during the twenty-four hours
the blood carrent is reduced and augmented, the
vessel changing to an extent equal to two or three

* “Disease Germs : their Nature and Origin: and on the
Treatment of the Feverish State.” 2nd aditicﬂ. 2
T 2
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times its diameter. The blood current may, indeed,
for a time, be completely stopped in consequence of
the sudden and violent contraction of the muscular
fibres which encircle the little vessel. See fig. 1,
Plate XV, page 293, fig.4, Plate XVI, also plates
XVII and XX.

It has been suggested that the encircling muscu-
lar fibres of the small arteries by their contraction
are instrumental in driving onwards the blood to-
wards the capillaries. A number of facts, however,
militate against the reception of such an idea, and
are conclusive in proving that the contraction of the
muscular fibres exerts only an obstructive influence.
The blood current may be diminished or completely
checked for a time, but under no circumstances can
it be urged on by the contraction of the arterial
walls.

The fibres of unstriped muscle found upon arteries
are of two kinds. 1. Ordinary spindle-shaped fibres,
which encircle all the small arteries of all vertebrate
animals, as has been described and figured by many
observers. 2. Fibres have three or four processes
similar to those I have described as existing in the
bladder of the frog, § 262. These last by their con-
traction would tend to shorten the vessel as well as
to reduce its calibre, and these are probably instru-
mental in preventing elongation of the tube which
the circular fibres would tend to produce when they
contracted strongly. The fibres under consideration
are found in the arteries, the coats of which are
composed principally of yellow elastic tissue. In the
coats of the veins these fibres pulling in three direc-
tions are also numerous.

300. Of the veins.—The walls of the larger veins
are composed of elastic fibres and muscular fibre cells
which are more spread out and arranged with less
regularity than those of the arterial coats. The
smaller veins are, however, completely destitute of
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any muscular fibres whatever. A minute artery
~ which is not more than the ;4;5th of an inch in
diameter, exhibits well defined muscular fibre cells,
which encircle it closely and regularly, but upon
many a vein which is as much as the #;th of an inch
in diameter, I have not been able to demonstrate one
single muscular fibre cell. The walls seem to be
entirely composed of very delicate connective tissue
with which are connected oval masses of bioplasm in
immense numbers. These are sometimes so closely
- placed as almost to tonch one another. This im-
- portant fact may be demonstrated very readily in the
small veins of the pia mater if they are properly pre-
pared with the carmine fluid Plate XV, fig. 2. The
observer will be astonished at the great number of oval
bioplasts in the walls of the small veins, as well as in
the capillaries near the veins. These bioplasts have
not, I think, been figured or accurately described, nor
has attention been drawn to the very important
offices they probably fulfil in connection with physio-
logical changes that are constantly going on as long
as life lasts. It must be obvious that bioplasts dis-
tributed in such number as are those in the wall of
the small veins, perform other functions besides
taking part in the formation of the tissue .of the
vein. As I have already endeavoured to show the
activity of change in an organ or texture, may be
Judged of by the number of bioplasts present in it.
In veins the bioplasts are many times as numerous as
would be required to produce the very small amount
of tissue entering into the formation of their coats.
The blood in these small veins undergoes important
changes, just as it does in the capillaries, and the
agents concerned are the bioplasts. In short, physio-
logically, the small veins may be considered as part
of the capillary system, and concerned in nutrition
and in the removal of products of disinteoration re.
sulting from changes in the tissues. b
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$01. Examination of arteries and veins.—The
structure of arteries and veins may be well studied
1e any of the smaller vertebrate animals, especially in
the frogs. In mammalia beautiful specimens may be
obtained from the mouse. Those in the mesentery,
the plenra, and pericardium may be subjected to ex-
amination without difficulty, but the smaller arteries
and veins of the pia mater, or vascular membrane of
the brain, and those of the folds (choroid plexuses)
of the same membrane in the cavities (ventricles) of
the brain are more free from connective tissue and
can be easily isolated.

I have obtained beautiful specimens of the muscu-
lar fibre-cells arranged circularly round the small
arteries by injecting the vessels with plain size, and
gradually increasing the force so as to distend them
as much as possible without rupture. In this manner
the cells are as it were, gradually unravelled. When
cold, thin sections may be very easily made in
various direetions, and even isolated fibre-cells can be
obtained. The arrangement of the musecnlar fibre-
cells in the smaller vessels, is well seen in the small
arteries from the frog and newt. See fig. 4, Plate
XVTI and Plate XVII.

The bioplasts are to be demonstrated in specimens
prepared with carmine fluid as described in § 68.
I have made some very satisfactory preparations by
injecting the vessels first with carmine flmid and after-
wards with Prussian blue flmid, as deseribed in
“ How to Work with the Microscope,” 3rd edition,
§ 377, page 304. N

The arrangement of the numerous nerve-fibres dis-
tributed to the small arteries and veins may be
demonstrated in the frog with the greatest distinet-
ness, and in connection with the small vessels which
supply the viscera numerous ganglia will be found
from which bundles of nerve-fibres may be traced
in different divections. These often form plexuses




PLATE XVI—DISTRIBUTION OF NERVES TO ARTERY AXND TO
CAPILLARY VESSELS.

Smiull capillary witk perve fibreé run
ning overit. Hoaman subject. X TO0
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Merve Obrea distrbuted to capillary
weggels Skin of frog. X 215, p. 308,

Nerve fibres distributed Lo capillary vessel, Froj. X 700, p. 308,
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A portion of toe coat of the iliae artary of freg, Akowing muscular flbre cells. with

nerve fibres. In the centre of the drawing are some large ganglion cells in Iu'm::'zaq af

davelopmant, fromn which some of the nerve fibren arise, Under g, o fins branch of
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around the vessels and give off finer bundles, and
fibres may be followed even to the capillary vessels.

302. Of the action of the contractile muscular
fibre-cells.—Although the action of the muscular
fibre-cells of arteries is admitted by all, there still
exists in the minds of many physiologists, some
doubt concerning the precise manner in which the
contractility of the muscular fibre-cells 1s occasioned.
As will presently be shown, observers are not agreed
that all arteries are supplied by nerves, and many
still seem to think that the muscular fibres of arteries
and indeed, unstriped muscular fibres in other parts,
are vaused to contract altogether independently of
nervous influence. See page 237.

The contact of the blood with the inner wall of the
vessel, the stretching of the arterial walls by the
action of the heart upon the contained column of
blood, the movement of tissues outside of the arteries,
the action of the gases dissolved in the blood, are
some of the phenomena to which may be attributed
the contraction of the musecular fibre-cells of the
small arteries and the consequent temporary reduc-
tion of their calibre, supposing there are no nerves.

I shall endeavour to show in the course of the
following pages, that the racts now known to us con-
cerning the nerves of the smaller vessels, justify the
conclusion, that the little arteries conftract only
through nerve-influence, and that, in all cases in
which contraction of a little artery occurs during
life, there 1s reason to think that the movement which
results, succeeds to and is a consequence of a change
in the nerve-fibre. As already stated in another part
of this volume, there is reason to think, that to every
kind of contractile tissue, nerve-fibres are distri-
buted, and that these nerve-fibres are essentially the
agents t}.Jmugh which the change constituting con-
traction is brought about in the normal state. There
can, however, be no doubt that the material of which
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the muscle is in great part composed, possesses the
property of contraction when it is removed from the
muscle. Unless this was the case no influence could
be produced upon muscular tissue through nervous
agency.

Until very recently, it was concluded that the
arteries might contract independently of nervous in-
fluence, and indeed, up to this very time, the most
confused ideas prevail upon the subject.

Kolliker made the remarkablé statement that
some of the arteries are destitute of nerves, and that
the walls of arteries are not in such need of nerves
as 1s usually sopposed. But Eberth, in Stricker's
‘ Handbook,” just published, says, “with the exception
of the capillaries” the presence of nerves has been
demonstrated in (upon) all vessels, but remarks that
he has not been able to convince himself of the pre-
cise mode in which they terminate, especially as
regards the muscular fibres of the arteries and veins.
It is some years since I was led to the conclusion that
all forms of muscle are supplied by nerve-fibres, and
L am convinced that every small artery possesses nerve
networks even in those instances in which I have
myself failed to demonstrate the nerves; and it may
now be regarded as certain, not only that all forms of
muscle are supplied with nerves, but that these nerves
form terminal networks and originate in ganglia.

Arrangement of the Nerves distributed to Vessels.

303. Distribution of nerves to the arteries of the
frog.—In the external areolar coat of the larger
arteries, numerous networks and plexuses of nerve-
fibres may be demonstrated with facility, and in con-
nection with the ramifications of the vessels of the
thorax and abdomen, ganglia, and ganglion cells are
to be demonstrated in great numbers.  (Phil. Trans.)
These points may be made out without difficulty in
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the common frog, hyla, newt, toad, and in the snake,
slowworm, tortoise, and other reptilia.

I have given a drawing in P1. XVI of a small gang-
lion in course of development removed from one of
theiliac arteries of the frog. Several fine branches of
nerve-fibres can be followed amongst the muscular
fibre-cells of the artery in the same preparation. I
have seen very fine nerve-fibres beneath the circular
muscular fibre-cells, apparently lying just external to
the lining membrane of the artery, and composed
of longitudinal fibres with elongated nuclei—an
observation which confirms a statement of Luschka’s.
I have not succeeded in satisfying myself that nerve-
fibres are ever distributed to the lining membrane of
the artery, although, from the appearances I have
observed, I cannot assert that this is not the case.
In the auricle of the heart and at the commencement
of the vens cavw, very fine nerve-fibres unguestion-
ably ramify very near indeed to the internal surface,
being separated from the blood only by a very thin
layer of transparent tissue (connective tissue).

The distribution of nerve-fibres to the coats of a
small artery about the gis;th part of an inch in
diameter is represented in fig. 2, P1. V, p. 216, and to
somewhat largervessels in fig. 4, P1. X VI, and in the fig.
in P1. X V1T, p. 303. Inall cases (and I have examined
vessels in almost all the tissues of the frog), not only
are nerve-fibres distributed in considerable number
upon the external surface of the artery, ramifying in
the connective tissue, but I have also followed the
fibres amongst the circular fibres of the arterial coat,
The nerves can be as readily followed in the external
coat as 1n connective tissue generally ; and the
appearance of the finest nucleated nerve-fibres,
already alluded to, enables one to distinguish them
most positively from the fibres of the connectiv
tissue in which they ramify.

These nerves invariably form networks with wide
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meshes. I have demonstrated such an arrangement
over and over agam. A similar disposition may be
seen in the auricle of the frog’s heart, in the coats of
the ven® cavee near their origin from the auricle,
among the striped muscular fibres of the lymphatie
hearts of the posterior extremities of the frog, and in
other situations. Kolliker confesses that he has not
succeeded in observing distinct ferminations to the
nerves distributed to the vessels. He states that
some arteries are completely destitute of nerves, and,
apparently without having given much attention to
the subject, says “hence it is evident that the walls
of the arteries are not in such essential need of nerves
as 1s usually supposed.” It is easy to demonstrate
nerves in considerable number on all the arteries of
the frog, and in the case of certain vessels of man and
the higher animals in which we have failed to demon-
strate merves, it 18 more reasonable to assume that
they are there, although they have not been seen,
than to infer their absence simply becanse we have
failed to render them distinet. In the case of the
umbilical arteries of the feetus and their subdivisions
in the placenta, it is quite certain that there are no
true dark-bordered nerve-fibres, but we now know
that the active part of a nerve may consist of an
exceedingly delicate, pale, and scarcely visible fibre,
connected with a nucleus. Such delicate fibres and
nuclei are to be demonstrated amongst the musecular
fibres of these arteries, but in consequence of not
having been able to trace them continuously for any
great distance, I cannot assert that they are frue
nerves. No one, however, has yet proved that they
are not nerves, or has demonstrated their real nature.

The nerves which supply the small arterial
branches in the voluntary muscles of the frog, come
from the very same fibres which give off branches to -
the muscles. I have seen a dark-bordered fibre
divide into two branches, one of which ramified upon

e




-

———

PLATE XVI1—DISTRIBUTION OF NERVE FIBRES TO SMALL
P ARTERY.

l. L)
A small artery from the bladder of the hyln or green ties ho
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an adjacent vessel, while the other was distributed to
the elementary fibres of the muscle. In my paper
“ On the Structure of the Papille of the Frog's
Tongue ” these statements bave been confirmed ;
and in some of my specimens, nerves distributed to
arteries and to elementary muscular fibres of striped
musle are seen to be derived from the same trunk of
dark-bordered nerve-fibres.—Croonian Lecture, Pro-
ceedings of the Royal, Society, May, 1865.

304, Distribution of mnerves to arteries of mams-
malia.—With regard to the distribution of nerves to
the organic muscle of mammalia, I have to observe
that the extreme delicacy and translucency of the
fibres renders demonstration most difficult. I have,
however, succeeded in tracing very delicate fibres
from ganglia, sitnated between the muscular and
mucous coat of the small intestine of the white mouse
to their distribution amongst the muscular fibre-cells.
Still more recently, I have been able to fullow nerve-
fibres to the small arteries, as well as to the capillaries
(page 313) of the bat’s wing. '

In order to successfully demonstrate the distribu-
tion of fine nerve-fibres, it is necessary to have ex-
cessively thin specimens in which the relations of the
various tissues to one another have not been disturbed
by the fraying ont and pressure to which the section
must needs have been subjected.

305. Distribution of nerves to veins.—Nerves
ramify in the external areolar coat of the veins as in
that of the arteries. The thin muscular coat of some
of the smaller veins is abundantly supplied with fine
nerves, which ramify upon and amongst the muscular
fibres, and, at least in some instances, even in greater
number than upon arteries. I have also detected
nerve-fibres just outside the smallest veins, arranged
in much the same manner as those distributed to the
capillary vessels. In the bat's wing I have succeeded
in demonstrating these fibres very distinetly. As the
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small veins are allied to the capillaries in structure
fig. 2 PL XV, page 293, § 300, we may conclude
they act in the same manner, and that the nerve-
fibres distributed to them, belong to the same system
as the nerves of the capillary vessels with which they
are in fact, in direct continuity.

306. Of the nerves distributed to the capillaries,—
While studying the distribution of nerves to striped
muscle in 1860,* T had seen nerves lying close to
capillary vessels, and during the next two years
obtained several preparations from the frog, toad, and
newt, in which pale delicate nerve-fibres, which had
been followed from trunks containing dark-bordered
nerve-fibres, were discovered running by the side of
almost every capillary vessel ramifying over an ex-
tensive area of tissue. In 1863, some drawings were
published,t and in my Croonian lecture to the
Fellows of the Royal Society, in May, 1865, the dis-
tribution of nerves to capillary vessels was briefly
described, and the function performed by them dis-
cussed. Although I have incidentally referred to the
fact in several lectures and papers published since
this period, I have not collected my observations, nor
until now have I entered into the matter so fully as
1t deserves. The subject appears, however, to have
been almost completely passed over by other anato-
mical observers in this country and on the Continent.
After the paper, from which I copy these observa-
tions, had been read on December 6th, 1871, at the
Microscopical Society, Dr. Klein :_ahnwed me some
plates to illustrate a memoir. by him upon the same
subject, which was to appear in the January number

¥ “On the Distribution of Nerves to the Elementary Fibres
of Striped Muscle,” * Phil. Trans.,” June, 1860.

t * On the Structure and Formation of the so-called Apolar,
Unipolar, and Bipolar Nerve Cells of the Frog.” May 7, 1863.
“ Phil. Trans.”: PartII.,1863. Published separately. Churchill.
1864.
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of the *“ Quarterly Journal of Microscopical Science.”
His specimens were prepared by the gold process, and
give a different idea of the arrangement of the nerves
to that afforded by mine, some of which are ten
years old. I propose to restrict myself in this place
to the description of the facts I have succeeded in
demonstrating. Dr. Klein’s memoir may be con-
sulted by referring to the  Quarterly Journal of
Microscopical Science,” January, 1872, while mine,
from which the following paragraphs have been
extracted, was published in the ‘ Monthly Micro-
scopical Journal ’ of the same date.

My own conclusions on the ultimate distribution of
nerve-fibres were formed several years ago, at a time
when terminal nerve networks were denied in Ger-
many, and when it was supposed that only in a few
exceptional cases did the axis cylinder of a nerve
extend beyond the white substance. Not only are
my networks of pale nucleated nerve-fibres now
accepted, but it is maintained that much finer net-
works of merve-fibres ramifying upon and amongst
epithelial cells and other elementary parts, and even
upon an individual mass of bioplasm (nucleus), have
been demonstrated. At present, however, I cannot
regard the observations upon which it is desired to
establish this view, more conclusive than those which
a few years since led many to the conclusion that the
axis cylinder sprang from the nucleus or nucleolus of
the central nerve-cell.

I have demonstrated that nerve-fibres are distri-
buted to capillary vessels in almost all the tissues of
the frog and newt. Among these textures I would
particularly mention the skin and mucous membranes,
lung and kidney, the pericardiwm and fibrous membrane
near the liver, and the mesentery, as well as muscle and
nerve.

The nerves distributed to capillary vessels are
much more difficult to demonstrate in mammalia, but
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I am sure that they exist, and in considerable num.
ber. The tissues of man and the larger mammalia,
are very unfavourable for so delicate an investigation,
In consequence of the very diaphanous character of
their nerve-fibres and the great density of the con-
nective tissue in which they are embedded, but in the
mouse, shrew, mole, and some other small animals,
they may be distinctly seen in very thin preparations.
More recently I have obtained some most excellent
preparations from the bat’s wing. In these, nerves
to the capillaries may be demonstrated conclusively
with the aid of a Lth. The wxth brings them out
still more clearly. In the preparation I showed at
the Microscopical Society, which was placed under
the twelfth of an inch object glass, many delicate
nerve-fibres could be seen with great distinctness
running very close to almost every one of the capillary
vessels. In order to demonstrate this fact, it 1s
necessary to remove the dark cuticular covering from
both surfaces of the membrane of the wing—an
operation by mno means easy, nor always followed by
success,

307. Arrangement of the nerve.fibres distributed
to the capillaries.—With regard to the general
arrangement of these delicate nerve-fibres, it 1s to be
remarked that in many instances a fibre may be seen
running on each side of a capillary vessel. The two
fibres are often connected by short branches which
pass over or under the vessel. Plate XVI, figs. 1, 2,
3, Plates XVIII, XIX, and XX,

Not unfrequently the nerve is so close to the
capillary that it cannot be seen distinectly in all parts
of its course, but oftentimes the capillary shrinks
after death, and then a distinet interval is left between
its walls and the nerve-fibre (Plate XIX, fig. 1). In
some cases the nerves are still more numerous, and
in the bat’s wing I have seen three or four very fine
fibres ramifying over a capillary for a short distance.
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(Plates XIX and XX). Over the capillary vessels
of the mucous membrane of the frog’s palate, these
fine nerve-fibres are easily demonstrated, and often-
times may be seen a complete plexus of delicate
nerve-fibres with numerous oval and triangular
masses of bioplasm connected with them. Upon the
capillary loop of the fungiform papille of the human
tongue (young subject) I have seen very fine nerve-
fibres in considerable number. Over the capillaries
of the ciliary processes of the eye fine merve-fibres
ramify very freely. All these nerve-fibres are con-
nected with oval masses of bioplasm, which vary in
size and number in different animals and in different
tissnes of the same animal. In some cases the bio-
plasts are separated by a considerable distance from
one another (55th of an inch), but often they are not
more than ;l.th of an inch apart. At the point
where a fine branch divides into two others the mass
of bioplasm is triangular; and specimens in which
four, or even five excessively delicate mnerve-fibres
diverge from a mass of bioplasm with as many angles
is occasionally met with. Thus, as in other situations,
lax networks are formed, the meshes of which are
for the most part long and narrow.

308, Central origin and peripheral connections of
nerve-fibres distributed to the capillaries.—As regards
the origin and connections of nerve-fibres ramifying
upon the capillary vessels, I have some important
facts to record.

1. In many instances, particularly in the fibrous
membrane about the bladder of the frog, I have
followed fine nerve-fibres from ganglion cells to the
smallest arteries, where they form a plexus from
which pass branches direct to the capillaries.

2. I have traced nerves direct from the ganglia
iam}:edded in connective fibrous tissue to the capil-
aries,

3. One of my specimens proves that a fine nerve-
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fibre given off from a bundle of dark-bordered fibres
distributed to voluntary muscle may be followed
direct to a capillary. See Plate XTX: g 1. poals

4. From the ganglia between the muscular and
mucous coats of the small intestine of any small
ammal (mouse, mole) fine nerve-fibres can be followed
in considerable numbers, and traced to the capillaries
of the mucous membrane. T have never been able to
see them on the vessels of the villi, but feel convinced
they are to be demonstrated as far as this point.
Even in the human subject, I have sacceeded in
making some good, though not perfectly demonstra-
tive specimens.

9. “I have seen a dark-bordered nerve-fibre divide
mnto two branches, one of which ramified upon an
adjacent vessel, while the other was distributed to the
elementary fibres of the muscle.” Also, as already
stated, “nerves distributed to arteries and to ele.
mentary fibres of striped muscle have been seen to be
derived from the same trunk of dark-bordered fibres "
—(Croonian Lecture, Proceedings of the Royal
Society,” May 11th, 1865.)

With reference to the peripheral connections of
nerves distributed to capillaries, T have to remark—

1. That in the papille of the frog’s tongue, I have
followed fibres from the expansion of the sensitive
nerves above the capillary loop to the capillary
vessels, and also from a somewhat similar structure
in the mucous membrane of the snake’s mouth to the
capillaries. In both cases fibres are also given off
from the bundles of dark-bordered fihres before they
break up to form the reticulated sensitive expansion.

2. The bundles of sensitive fibres which break up
and form expanded networks in the meshes of the
beautiful capillary network at the extremity of the
mole’s nose give off fibres which may be traced to
adjacent capillaries. A

3. Branches from the nerve-fibres ramifying over




PLATE }{VIIL—DISTH:IBUTIDN OF FINE NEHRVE FIBHES TO
CAPITLLARY VRESSFIS.

Connéctive tispue covering part of the mylohyoid moacle of the frog, and extending
from its posterior portion, showing capillaries and perve.fibres distributed to them,
a, Capillary veasels, with their .nerve.fibyes, b, Bundles of fine dark bordered nerve
£hres, from which fina nerve-fibreg may be traced to the capillaries, as well as to their

distribution in the connective tissue, where they form networks of exceedingly fine
compound Abres. The engraving represents the sapecimen as if magnified only 110
diameters, but the criginal drawing was taken from it when placed under a much
bigher power. The specimen was mounted in 1863, and atill (1872} demonstrates the

pointa represented in the drawing, p. 308,
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the minute arteries may be frequently followed from
these to the capillary vessels.

4. In the case of the striped muscles of the
chameleon’s tongue, I have succeeded in following a
fine fibre from the so-called nerve tuft to the neigh-
bouring capillary vessels.

5. In the muscular coat of the frog’s bladder, in
that of the oviduect, and in the muscular coat of the
“small intestine, the fine nerves form an intricate in-
terlacement, some fibres of which are distributed to
the muscles, while others ramify upon the httle
arteries, veins, and capillaries.

These nerve-fibres distributed to the finest capil-
laries of many tissues have therefore been traced
from ganglia, from sensitive and motor nerve trunks,
from the peripheral ramifications both of sensitive and
motor nerves, and they are intimately related to the
ultimate ramifications of some of the nerves of special
sense.

These anatomical facts suggest many considerations
bearing upon the mode of action of the peripheral
portion of nerve-fibres, but the subject is too exten-
sive to discuss in this place. It may form the subject
of a separate memoir.

309. Recent observations on the distribution of
nerves to the capillaries of the bat’s wing.—More
recent observations on the capillaries of the bat’s
wing have, however, convinced me that nerves distri-
buted to the capillaries of mammalia, follow the same
general arrangement as those traced to the capillary
vessels of batrachia,

The nerves to the capillaries of the bat’s wing are
very sharp and defined in successful preparations, but
In many specimens not a trace of them is to be dis-
covered. The slightest alteration in the medium in
which the examination is made, causes these delicate
fibres to become indistinet, and unless the specimen
be exceedingly thin they cannot be seen at all.

U
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1t 1s so very difficult to demonstrate nerve-fibres in
connection with the capillary vessels of man and the
higher vertebrata, that for some time T was disposed
to doubt whether nerves were distributed to capillary
vessels generally. I had seen such nerves in the
white mounse and in the mole, also in the rabbit and
Guinea pig, but as I could not demonstrate them in
every instance, and in all parts of the body in which I
looked for them, I could not feel sure that the pre-
sence of nerve-fibres close to capillary vessels was
not owing to some special and perhaps exceptional
circumstances.  Investigations upon these nerve-
fibres in the bat’s wing were, however, conclusive.
The arrangement of the delicate nerve-fibres and
capillaries in this tissue is very beautiful. ~After long
soaking in glycerine the skin may be removed from
both surfaces of the thinnest part of membranous
tissue of the wing, and the specimen mounted under
the thinnest glass, in order that it may be examined
by the jth of an inch object glass. I have given a
figure of the capillaries and nerve-fibres as they
appear under a quarter of an inch object glass in
Plate XIX; and in the following plate is a drawing
of a portion of a capillary vessel with its merve-
fibres, as they appear under a magnifying power of
700 diameters. The division and subdivision of the
finest branches of the dark-bordered fibres is well
defined, and the distribution of some of the fine pale
nerve-fibres to the capillary is represented. The two
drawings should be carefully examined, as a great
many points of interest and importance are repre-
sented, which I cannot describe in detail here. The
arrangement here delineated is very different from
that figured and described by Dr. Jos. Schobl, in his
paper on the bat's wing, published in the first part
of the seventh volume of Max Schultze's Archives,

1870.
The method of preparation adopted by Schobl, does




PLATE XIX.—DISTRIBUTION OF NERVES TO CAPILLARY
' VESSELS.

Fig. 1.

L

From an interval between the fibres of the mylohyoid muscle of the hyla. a, Trunks
of fine dark-bordered nerve-fibres, with fine fibres coming from thiem, one of wkich
may be traced to the capillary, while cthers are distributed to the muacular fbres,
which are not represented in the drawing. The arrangement of the nerveo supplying
the capillary vessel is well seen, From o specimen nearly ten years old., X 214 p.alo

Eig. 2.

\ ; ; A

Capillaries and very fine nervefibres distributed to the bat's wi
( . : 1w distr 1/ a hi g In many paris of
the apecimen the nerve-fibre could be followed from a bundle of fine hm—m,_.'_ntbwﬂ Lo
the gapillariea. X 2156 1p. 313
ras ©f an meh 518,
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iapillary vessels with fine narve.fibres distr
. ! narve. ' atributed to tham A amall trank of ver
Eﬁ:;:-ir-""-ﬂhrﬂﬂ Crosana t.h'“!_ﬂ}ﬂ_:'llln.l'?. and gives off a branch t2it. Tn L.t11:1r|--rv:- t':"".:tllﬁ
‘en :Gm&lﬂf the fl-ll'_"F!L Qivimons of the dark-bordered fibrea, These are less thon
the yebtog of an inch in diameter. From the bat’'s wing. x 700. p, 319,
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not render clear the arrangement, even of the nerve-
fibres constituting the large trunks. Of the division
and subdivision of the nerve-fibres so very distinct in
every part of my specimens (see Plate XX) not an
indication has been given in Schobl's beautiful draw-
ings. The method of preparation I have adopted
seems, so to say, to carry one a long way further into
the wonderful details of minute structural arrange-
ments than the processes of preparing specimens
usually resorted to.

I have already described the method pursued. It
is that which I have followed for more than ten years,
and which in my hands has been most successful,
and is given imn “How to Work with the Microscope,”’
4th Edition, and in the “ The Physiological Anatomy
and Physiology of Man.” By Dr. Todd, Mr. Bowman,
and myself. Second Edition. Part I, page 57. I feel
sure that the plan is capable of further improvement
in practical details, and that, upon the principles
which I have laid down, delicate structures, which
have not yet been seen by man, will be demonstrated
by patient and well-practised observers. The process
1s troublesome, and for this reason it has not been in
much favour. In these days investigation must be
conducted with great haste, and new facts discovered
very quickly. There is therefore little chance of get-
ting many persons to spend sufficient time in mere
practice to enable them to gain the requisite skill for
the very much more minute investigation by which
alone the structure of the most delicate textures
which is now so much desired can be demonstrated,
and which must be carried out before we can hope to
arrive ab positive conclusions on fundamental anato-
mical questions of the greatest importance. At the
same time, 1t seems scarcely fair on the part of ob-
servers who object to one particular method of
enquiry, to condemn it, and to mistrust the results
without having examined the specimens.

U 2
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310. The action of the nerves distributed to the
capillary vessels.—We have now to consider the office
of the nerve-fibres distributed to the capillary vessels
j.rrhmh I have been fortunate enough to demonstrate
10 the tissues of so many vertebrate animals, as to
leave no doubt that they are constantly present and
discharge a highly important office in connection with
general physiological changes going on in all parts
of the organism. These nerve-fibres of the capillary
vessels are essential. If they are deranged or damaged
the healthy action of the tissue or organ involved is
no longer properly discharged, while if the nerve-fibre
be destroyed the nutrition of the tissues adjacent
to the capillary must suffer. If the nerve-fibres
distributed to the capillaries extending over a con-
siderable area be destroyed by disease or damaged
indirectly owing to changes having taken place in
the nerve-centres connected with them, serious de-
rangement of the function of the organ involved is
the result, and a diseased state immediately follows,
which may progress quickly or very slowly until at
last much mnormal tissue, which cannot possibly be
replaced, is completely destroyed. In many organs
such changes will cut short life, either immediately
or after prolonged suffering from progressive struc-
tural change.

It 1s very desirable, therefore, to determine the
exact action of a nerve mechanism which plays so
highly important a part in man and the higher
animals in health and in disease. With this object
I propose now to consider what is the nature of the
work discharged and the way in which 1t is per-
formed by the merves distributed to the capillaries,
the arrangement of which had been described.

Are the merve-fibves of the eapillaries sensitive P—
Considering the arrangement of nerve-fibres in the
organs of sense, no one would be likely to infer that
those distributed to capillary vessels were in any way
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concerned in special sensation. We know that many
of the ultimate parts of organs which take part in
sensation—which, indeed, constitute the active por-
tion of the sensitive apparatus, are destitute of vessels
altogether. These and other considerations render 1t
almost certain that the nerve-fibres of the capillaries
are not nerves of sense.

Are they motor ?—The capillaries are not provided
with muscular fibres, nor is there any contractile
tissue to be demonstrated in connection with them.
Although it has been confidently asserted that the
capillary walls consist of protoplasm (), anyone who
will be at the pains of examining actual eapillaries,
as, for example, those of the pia mater, will soon be
convinced that this view is a mistake. Itis, as I have
shown, one of those conjectural anatomical observa-
tions which are in favour in these days. An hypo-
thesis was advanced to account for the passage of
blood corpuscles through the capillary walls, and this
and other hypotheses rendered it necessary that some
one should demonstate the profoplasmic character of
the capillary walls. Protoplasm has been therefore
conjecturally discovered in the capillaries by more
than one microscopical philosopher.

The membrane of which the walls of capillaries are
in part composed can be seen, and the bioplasts con-
nected with it demonstrated in considerable number,
and without difficulty. The membrane is transpa-
rent, slightly fibrous in the vessels of old animals,
highly elastic, but destitute of any structure that can
be regarded as contractile. 'We may therefore, I think,
dismiss the idea that these nerve-fibres are motor,or
are in any way concerned directly,—that is, by any
mfluence exerted by them on the walls of the capil-
laries,—in reducing the calibre of these minute ves-
sels. If protoplasm could only be proved to exist in
the walls of the capillaries, the presence and action
of the nerve-fibres would be accounted for. It would
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be inferred that through their intervention the pro-
toplasmic substance was excited to contract. But if
the capillary walls do not consist of protoplasm, such
a theory is altogether inadmissible.

Are they nutritive or secretory in their action ?7—I
must ask the reader to consider with me whether it
is probable that these merves are connected with
nutritive or secretory operations. Now, although
many high authorities still hold to the opinion that
nerves do act directly upon the nutritive process,
many considerations render it at least doubtful
whether the action of secreting cells is directly in-
fluenced by nerve-fibres in any case. Nutrition and
growth and secretion are carried on at a rapid rate
in many structures which are destitute of nerves,
and at every period of life. In disease the most active
nutritive changes oceur in tissues which appear to be
wanting in nerve-fibres. For example, the formation
of pus from epithelium and the formation of tubercle,
can hardly be attributed to the influence exerted by
nerves, seeing that the phenomena occur in parts
to which nerve fibres do not reach, and yet the quan-
tity of nutrient matter taken up in a short time is
very considerable. Again, nutrition and growth are
most aetive in all living beings at a period of deve-
lopment anterior te that when nerves are formed. Se-
cretion 1s very active in glands which receive a limited
supply of nerves, and in those parts of glands to which
very few nerves are distributed. Contrast, for ex-
ample, the multitudes of fine nerve-fibres ramifying
upon the surface of a sensitive mucous membrane,
with the few that can be traced around the uriniferous
tube, or followed to the follicles of the sebaceous
glands, or to those of the salivary glands. Pfliiger’s
statements on this point have not been confirmed by
other observers, and from my own observations I am
convineed that if, as Pfliger asserts, nerve-fibres are
distributed to secreting cells, they are arranged diffe-
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rently and are in character very different from that
represented in his drawings. In those casesin which
nerves can be followed near to secreting cells, it 1s
more probable that their function is afferent as regards
the nerve-centre governing the nearest vessels, than
that they are directly concerned in the actual secern-
ing process, which I believe to be due rather to the
properties and powers of the bioplasm of the cell,
than to any mysterious, and at this time purely con-
jectural, influence of nerve force.

What is their office ?—What, then, is the probable
office of the nerve-fibres which are so freely distri-
buted to many of the capillary vessels? Upon many
sensitive surfaces the fine mnerve-fibres running very
close to the capillaries are indeed so numerous that
we can hardly avoid coming to the conclusion that
these very nerve-fibres must be concerned in sensation.
The capillaries of the mucous membrane of the frog’s
palate, for example, are surrounded by a complete
network of very delicate nerve-fibres, which lie im-
mediately beneath the epithelium. In this situation
there are no papille, nor is there any form of sense
organ to be discovered. By experiment we know
that this surface is eminently sensitive, but there is
no reason to think that it is concerned in the sense of
taste. On the other hand, 1t must be remembered
that upon the tongue of the frog are very highly
elaborate nerve organs of a special structure, which
have a very large number of nerve-fibres distributed
over a small space quite at the summit of the papilla
(*“ Phil. Trans.,” 1864:). If, therefore, the frog pos-
sesses the sense of taste, the delicate papille above
referred to are doubtless the organs concerned, and
not the general surface of the palate, the nerves dis-
tributed to which probably take part in general sensa-
tion only.

They may be concerned in general sensation.—The
nerve fibres distributed to the capillary vessels pro-



324, THE ACTION OF THE NERVES

bably in all'cases take part in what may be called
general sensation. Tt 1s through the agency of the
beautiful little * tactile corpuscles ”’ in the papille of
the skin that we are able to distinguish those very
slight diflerences of quality in fabrics when the tip
of the finger is gently drawn across them. But if
every tactile corpuscle were destroyed, we should still
be able to feel, and the skin of the finger would still
be differently acted upon by hot things and cold things.
The same sort of reasoning, justifies the supposition
that the nerves which I have shown are distributed
to the capillaries of voluntary muscle, act as sensitive
fibres, and are perhaps concerned in conveying to us
the sensation by which we are enabled fo form a
conception of the exact degree of contraction which
has been effected in the muscle under different cir-
cumstances. And in certain forms of disease in
which there is no loss in the power of contracting
the muscle, but in which the mind does mnot form an
accurate 1dea of the degree of contraction which has
been induced, it is probable that these nerve fibres,
or the centres with which they are connected, are the
particular parts of the nervous system which are
involved. The cold feeling, the chill and shivering
which precede a cold or an attack of fever, result, 1
believe, from a change brought about in these fibres
distributed to the capillaries, consequent upon dis-
turbance in the capillary circulation, and the phe-
nomena induced thereby just outside the minute
vessels.

Their connection with ganglie.—Few questions are
of higher importance than the determination of the
relationship between the nerves distributed to the
capillaries and those ramifying in such great number
on and amongst the muscular fibre cells of the small
arteries which divide into the branches from which
the capillary vessels spring. Now, I can adduce
direct anatomical observations in favour of the view
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which I have been led to accept. In the frog I have
succeeded in actnally tracing nerve fibres from a
ganglion to a nerve trunk, and from the trunk to the
capillary vessels; and in the bladder of the frog 1
have been able to follow fine nerve fibres from the
ganglion both to arteries and capillary vessels. 1t
is surely justifiable to infer that a similar disposition
exists in the higher vertebrata and in man. Such
an inference is, however, almost irresistible if we bear
in mind the vast number of ganglia existing in the
submucous areolar tissue of the intestinal canal and
the course taken by the nerve fibres from these, and
the fact of the great alteration frequently taking
place in the vascular turgescence of the mucous
membrane. But, further, there are certain physio-
logical experiments which have a most important
bearing upon the question under discussion, and to
which I will direct the reader’s attention.
Physiological Hxperiments.—Many years ago when
I possessed two living specimens of the Proteus,
which I brought home from the cave at Adelsberg, 1
often observed the change which instantly took place
when a bright ray of light was suddenly thrown upon
the vessels of the exposed branchig. The little arteries
of the gill snddenly contracted, and the entire volume
of the vascular tuft was reduced by at least one-third.
The circulation through the vessels was instantly
retarded, the diameter of the capillaries was sensibly
reduced, and the flow of the blood stream distinctly
checked. The ray of light, I conclude, acted directly
upon ecertain nerve fibres distributed around the
capillaries, and an impression being carried to the
nerve centre, the muscular fibre cells of the artery
were made to contract through the vaso-motor nerves
which are connected with the same nerve centre.
Another experiment which may be easily tried upon
the web of the foot of the living frog is almost as
conclusive, although it is open to the objection that
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the fibres which carry the impression to the nerve
centre are not those of the capillary vessels, but the
sensitive fibres distributed to the cutaneous surface.
It must, however, be remembered that there are no
special tactile organs in the part of the web experi-
mented upon, and that the capillary vessels with
their nerve fibres lie immediately beneath the thin
cuticular covering of the web.

The experiment is performed as follows : —The foot
of a young living frog is well arranged for observa-
tion and covered with thin glass, so that the cirenla-
tion in the vessels can be well studied with a quarter
of an inch object-glass. The illumination must be
good. The tube of the microscope is then lengthened
by ten or twelve inches. By this proceeding we
greatly augment the magnifying power. Next, a
small artery is brought well into the field of the
microscope, and carefully focussed. While the ob-
server is looking intently at the artery the surface
of the web near the spot under examination is very
gently touched with the point of a meedle, which
should have been already mounted in a handle made
of a piece of light wood.* Instantly the artery begins
to contract, and in a few seconds its cavity is so
narrowed that not a single blood corpuscle can pass.
The contraction is not quite even, for the outlines of
the vessel appear more or less wavy. After a few
seconds an undulatory movement of the coats is
noticed, and the artery gradually dilates to the same
degree as before the irritation of the web.

The results of these experiments, considered in
connection with the facts discovered by careful ana-
tomical investigation, prove, 1 think, conclusively the
funetion of the fine nerves distributed to the capil-
lary vessels, and indicate the precise manner in which
they act. These fibres must be afferent and carry

¥ The experiment often succeeds when the most distant
parts of the web are touched.
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impressions to the merve centres from which the
efferent or motor branches distributed to the coats of
the arteries spring. In many tissues and organs i
which the circulation is easily disturbed by peripheral
irritation the nerve fibres distributed to capillary
vessels are exceedingly numerous.

311. Of the self-acting mechanism by which the
supply of blood to tissues is regulated.— We are now
in a position to consider the probable arrangement
of the reflex nerve mechanism by which the flow of
blood in the capillaries is regulated, and the equable
distribution of nutrient fluid to the tissues outside the
capillaries is ensured in a state of health. We shall
also see how this elaborate mechanism is rendered
self-acting, self-regulating, and self-adjusting during
the healthy state.

As is well known, the nutritive operations of man
and most vertebrata have to be carried on with com-
paratively little alteration under very wvariable and
continually changing external conditions. A limited
range of variation is permitted, but if the limits
within which this self-adjusting apparatus acts per-
fectly, be overstepped in either direction, as not
unfrequently happens under the very variable and arti-
ficial conditions to which civilised man and domestic
animals are exposed, the range of the capacity for
self-adjustment is exceeded, the mechanism is strained,
and a part temporarily thrown out of order, or seriously
damaged. Unfortunately repair can only be imper-
fectly carried out, and the arrangement restored to its
normal state in cases in which the injury is compara-
tively slight. So complex is the mechanism and so
widely distributed are its interdependent parts that
renovation after its destruction is complete is im-
possible, and I doubt of its re-formation in the adult
has ever occurred, or is indeed possible.

In the diagram in Plate XXI, I have collected and
arranged the facts ascertained by anatomical investi-
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gation, and have represented the several parts of
which the self-regnlating mechanism 18, I believe,
made up. I have also indicated what I believe
to be their true relationship. By reference to the
plan the reader will observe that the artery a is sur-
rounded by muscular fibre cells which are supposed
to be contracted, and the capillaries near the artery
over the figure 2 are also represented as they would
appear when very little blood was traversin g them ;
while those to the left of the drawing, over figure 1,
are as they would appear if distended with blood.
It is obvious that in the first case an interval would
exist between the nerve fibres and the capillary
vessels, while in the latter, where the capillaries are
distended, the external surface of their walls would
be almost in contact with the nerve fibres and the
particles of bioplasm conmected with them. A dark
line on each side of the artery indicates the diameter
of the vessel when its walls are relaxed, and similar
dark lines within the dilated portion of the capillary
vessels, over ficure 1, show the diameter attained b
‘these vessels when the flow of blood through the
artery 1is checked by the contraction of its muscular
coat.

Such an arrangement as that represented we
should find would act as a self-regulating mechanism
of the most perfect kind. Suppose for a moment a
tissue is receiving more nutrimcui; than it appro-
priates, the ecapillary nerve fibre will be at once dis-
turbed, a change instantly transmitted to the nerve
centre, and the efferent nerves distributed to the
artery participating, the muscular fibres will contract.
The arterial tube will be instantly narrowed, and less
blood consequently sent to the tissne. In an opposite
state the phenomena would be reversed—the arterial
walls relaxed and the capillaries distended with blood.
Or suppose that any noxious materials or living
germs of any kind were making their way from with-




PLATE XXI —MECHANISM GOVERNING THE DISTRIBUTION OF
BLOOD IN THE CAPILLARIES.

Diagrarmn to show selfregulating rmechaniam connected with the minule arteries and
capillaries, g, artery with muscnlar fibre cells ; the dark lines show it diameter when
dilated. &, small vein. ¢, capillary network. Ower No,1 the capillaries ara dilated,
and ovar No, 2 thay are contracted, dis a ganglion cell with at leasi two sets of nerve
fibres connected with it, one of which, e, divides and subdivides, giving off nerve-fibrea
which are distributed to the artery g, while the other, f, is continuous with the plexus
of narve fibres ramifying closa to the eapillary vessels. Nearve fibros are also dis-
tributed to the small veiu, b, but thess are not represented in the drawing. The bio-
plasm of tha vessals and narve-fibres is shown. p. 327,
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out into the blood, it is obvious that if the nerve fibres
distributed to the capillaries were healthy they
would be instantly affected by the contact of the
foreign body, and the vaso-motor nerves of the
arteries would as instantly respond to the disturbance
excited in the ganglion cell. The contraction of the
arteries would follow, and the narrowing of the
capillary vessels, and a corresponding increase 1n
the thickness of their walls would result. Thas last
condition would be likely to prevent, and wounld
certainly retard, the ingress of particles to the blood.
The foreign body thus kept from entering the current
of the circulation might remain till it was destroyed
or altered by the surrounding fluid, and thus ren-
dered harmless, or, in the case of living matter, till its
death had occurred. In this way it may be that the
capillary nerves of a person in perfect health protect
him and are directly instrumental in preventing the
access to his blood of substances which are with
great difficulty changed, or which must infallibly
produce disease if they find their way into his cir-
culating flmid. The fibres distributed to the capil-
laries are probably those which are irritated or
paralyzed by certain substances which after bein
absorbed by the blood at one part of the system
transude through the delicate walls of the vessels in
other sitnations, and are thus brought into contact
with the nerve fibres just outside the capillaries.
These nerve fibres are, I believe, primarily affected in
cases of sudden death resulting from the presence of
certain poisons, such as hydrocyanic acid, and are T
think influenced in the production of those slower
changes which arise from poisonous matters of another
kind being introduced into the blood.

312. Influence of the veins.—In regulating the
flow of blood through the capillary vessels it must
not, however, be forgotten that the veins perform
an 1mportant part. By the reduction of the calibre
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of the vein the circulation of the blood in the
capillaries would be retarded; and as g given
degree of contraction of the muscular fibre cells can
be preserved for a certain period of time, it is clear
that the veins share with the little arteries the office
of regulating the flow of blood through the capillaries,
and form an important part of that mechanism
through the instrumentality of which the distribution
of blood to the tissues and organs of man and the
higher animals is constantly regulated and controlled.
By the contraction of the muscular fibres of the
small veins the lateral pressure of the blood upon
the capillary walls may be altered from time to time,
and the rapidity with which the blood traverses the
capillaries made to vary.

The smallest veins, like the capillaries, are des-
titute of muscular parietes, but are remarkable for
the great number of oval bioplasts connected with
their coats and projecting into the interior of the
vessel. In many of the smaller veins the united area
of the bioplasts would considerably exceed that of
the membranous portion of the wall of the vein.
Fig. 2, Plate XV, page 298. These bioplasts are the
agents concerned in the absorption of nutrient con-
stituents from the blood and their distribution in an
altered form to the tissues. It is these bodies which,
by removing and taking up certain of the substances
dissolved in it, promote the onward flow of the blood.
Thus, as has been already stated, the wis-a-fronte
action may be accounted for and explained. If, from
any circumstances, these bioplasts do not act pro-
perly, the blood flows through the veins at a El})‘ﬁ:er
rate, unless the force with which it is propelled is in-
creased.

$13. Action of the nerve-fibres of the eapillary
vessels in inflammation.—It is scarcely possible that
nerve-fibres lying very close to the capillary walls
should be uninfluenced when the volume of blood in
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the capillary is increased, as in congestion. By the
long-continued stretching or pressure to which these
delicate merve-fibres would be subjected, partial
paralysis would be induced.

In mnflammations and in the long-continued feverish
condition, the growth of bioplasm external to the
vessels, and which results from the multiplication of
bioplasts that had traversed the capillary walls during
the stage of congestion, must seriously impair the
action of these nerve-fibres ; and there is good reason
to think that some of the phenomena that ensue are
the direct consequence of the nerve disturbance.
Let us, therefore, consider very briefly the changes
occurring in one of the slightest and most familiar
forms of inflammation—a common flea-bite.

The tissues which are perforated by the cutting
instrument of the flea as it penetrates, would be,
first, the epithelium ; next, that modified connective
tissue with its “corpuscles”’ (masses of bioplasm)
of which the papille and the most superficial layer
of the true skin consist. Embedded in this con-
nective tissue are certain vessels and nerves. The
following tissues would be more or less damaged by
the passage of any sharp instrument through the
different layers of the skin,—cuticle, connective
tissue, the capillary vessels (lymphatiés in some in-
stances), and nerves ; and these are the only tissues
which can be affected under the circumstances
alluded to. Now the capillaries, as we know, receive
blood from the arteries ; and the calibre of the latter
vessels, and therefore, the quantity of blood travers-
ing them and the capillaries, is determined by the
state of the nerves which supply them, and the nervo
centres.

Now, it will be noticed in a flea-bite or other n-
ﬂﬂ,rpma:tum of skin, that there is a certain blush
whmh‘ is very deep in colour close to the wound. but
paler in tint extends a considerable distance ar:;-uncl |
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the point actually injured. This inflammatory blush
too, as can be easily proved, may be completely re-
moved by pressure. If I press the skin, the tint of
the portion inflamed will become pallid and of pre-
cisely the same hue as the surrounding healthy skin.
When I withdraw the pressure, and the blood s per-
mitted to return, the pallor is gone and the capillaries
of the normal skin are distended to precisely the
same calibre as before ; the dilated vessels in the seat
of inflammation are again dilated, and to precisely
the same degree as before the blood was pressed from
them. This simple experiment proves not only that
there exists some mechanism by which the calibre of
the vessels may be not only increased and reduced so -
as to allow a larger or smaller quantity of blood to
flow through the capillaries in a given time, but that
the increased quantity of blood which traverses these
tubes in inflammation is determined and regulated
by the degree of contraction maintained by the mus-
cular fibre-cells of the small arteries. The particular
state of contraction can be kept up only through the
instrumentality of nerves and nerve-centres in which
a certain temporary change has been established and
13 maintained for a time. Such an arrangement as
that described in page 327, would enable us to ex-
plain the facts above referred to.

In the early stages of inflammation probably more
blood actually flows through the capillaries of the
inflamed part than through those of the healthy
tissues; but after a time, as is well known, the cir-
culation becomes slower, the capillaries are distended,
and at last the blood ceases to flow. The self-regu-
lating mechanism fails to act, and, unless relief
speedily follows, may be destroyed.

Inflammation, as it occurs in the tissues of tl_le
higher animals is an exceedingly complex process, in
. which vessels, nerves, and many other structures take
part. But changes are also occurring during in-
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flammation which produce an influence upon the
nerve-fibires ontside the capillary vessels in an indirect
manner. If the inflammatory change is not quickly
succeeded by a return to the normal state, partial or
complete paralysis of the little arteries results; the
capillaries necessarily become distended, and their
walls so attenuated, that the passage of fluids through
them from the blood 1s very much facilitated. There
is increased exudation. Now the exudafion that
escapes 1s not simply a clear fluid from which par-
ticles are deposited after the manner of crystals, and
ageregated so as to form “cells,” but at the time it
is poured out there are suspended in it numerous
living particles. These particles are found in con-
siderable number, and are probably composed of
matter like that which enters into the composition of
the white-blood corpugcle. Moreover, the small par-
ticles detached from the white-blood corpuscles make
their way through the capillary walls, and divide,
and subdivide, and give rise in a short time to mul-
titudes of minute bioplasts which can only be dis-
timguished by the aid of very high magnifying
powers. This was referred to in a paper which was
presented to the Microscopical Society, in 1863, and
published in the *Transactions.” In many cases
where the capillary vessels are distended, living par-
ticles of bivplasm pass through. These being sur-
rounded with nutrient matter, grow, and divide, and
subdivide very freely, and in this way are produced
the multitudes of bioplasts commonly found imme-
diately surrounding the capillary vessels in the earlier
periods of inflammation of complex textures. Where-
ever fluid in which are suspended living particles
sta,gna,tt_as, the conditions are favourable for the
absorption by the living bioplasts of an increased
quantity of nufrient material. Not only may this
increased absorption of nutrient material occur out.
side capillary vessels, but it may proceed in the sub-

X
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stance of a blood-clot. The white-blood corpuscles
entangled in the clot have been known to multiply to
such an extent as to give rise to the formation of
mq]titudes of bioplasts which form a soft pale semi-
fluid mass, exactly resembling a drop of pus. Pus,
indeed, has been formed in a clot of fibrine. It is
possible, that under some circumstances, pus may be
formed in a elot of blood.

In this way I would venture to explain also the
changes which ensue in the serous or fibrinous exn-
dation which occurs in the inflammation of certain
special tissues. As is well known, serous membranes
are subject to what is known as adhesive inflamma-
tion, which is described by some pathologists as if it
were distinct from the suppurative. But pus may be
formed upon the surface of a serous membrane.
When we consider the structure of the serous mem-
brane, and bear in mind how exceedingly thin it is,
and how close the vessels are to its free surface, it is
casy to conceive that minute particles of bioplasm
would pass through, collect upon the free surface,
grow and multiply, and give rise to the enormous
gnantity of fibrinous material frequently seen, for
example, upon the surface of the pleura and peri-
cardium in inflammation. In this way is probably
produced the ‘“recent lymph.” We know, however,
that pus may be formed if the process goes on. As
nutrition increases, the little bioplasts multiply ex-
ceedingly; the *“lymph” 1s found to consist a]_mnst
entirely of bioplasts, which even take up the fibrinous
matter, as well as soluble nutrient substances by
which they are surrounded, and at last *“ pus,” which,
as I have shown, consists of multitudes of rapidly-
growing living bioplasts, results.

It is not possible that such changes as those de-
seribed could take place just outside capillary vessels
without seriously implicating the nerves themselves,
leading thereby to disturbance of the nerve centres,
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and by reflex action to the extensive and widely-
distributed nervous derangement which usnally at-
tends serious inflammations and general fevers. In
both classes of diseases the characteristic general
disturbance is due entirely to changes in the capillary
vessels and in the merves of the capillary vessels,
the arrangement of which has been deseribed.

314. Alteration of nerve fibres and capillaries in
chronic disease.—The condition of /ealth is dependent
upon the integrity of the nerve fibres distributed to
the capillary vessels. It is therefore of the utmost
importance to do all we can to keep these delicate
nerve fibres in an active state. By exercise, cold
bathing, and external rubbing, that amount of activity
of the nerve fibres and change in the capillary circu-
lation 1s ensured at least once in the twenty-four
hours that is required for keeping the nerve mechanism
which has been described in good order and activity.
These nerve fibres are, as it were, the sentinels which
give the earliest information of the dangerous proxi-
mity to the vessels of matters the entrance of which
into the blood might oceasion serious disease or cause
death. So long as these sentinels are active and in
good working order, warning is given in time for
the performance of acts which prevent the ingress of
deleterious substances; but if they act sluggishly, or
if the excitability of these nerve fibres is numbed by
certain agents, time is allowed for the poison just
outside the vessels to make its way into the blood :
while if they are paralysed, even temporarily, the
state of things is far worse. No watch is kept, and
the organism may be destroyed by an invading poison
that under other circumstances might have been
effectually excluded.

_In many forms of chronic disease the nerve fibres
distributed to the capillary vessels, as well as those
ramifying upon the small arteries and veins, de-
generate and are ab length destroyed. So that the

X 2
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variations in vascular tension and blood distribution
which occur in the healthy state through the agency
of these nerves canmnot take place. If, therefore, in
consequence of the body being exposed to very ad-
verse conditions the ecirculation be much disturbed,
the derangement cannot be compensated or the injury
repaired. It too often happens, indeed, that the
damage progressively increases until sutliciently great
to render a fatal result inevitable.

In fatty degeneration of the capillary vessels and
small arteries, the fine nerve fibres are also involved,
and the mechanism for regulating the flow of blood
through them is gradually impaired. Tn some cases
the nerve fibres snd the muscular fibres of the arterial
coats have so completely degenerated that the distri-
bution of blood is greatly impeded. The outline of
the vessels becomes uneven, their coats thicker in
some places than in others, and the lining membrane
rough. The elasticity of the vascular walls is much
impaired, and in not a few instances the tube is
actually rigid. The nutrition of every organ in the
body suffers partly from changes which act through
the circulation of the blood, and in part from the
altered composition of the blood itself, which is
gradually induced by the deranged circulation oc-
curring in the blood-forming and blood-changing
organs.

The changes in the minute vessels are, I believe, for
the most part brought about in this wise. From in-
creased nutrition the bioplasts of the capillary walls in-
crease in size and divide and subdivide. (See “Disease
Germs,” 2nd edition, page 218,) Plate XXII, figs.
1, 2. Again, owing to the dilitation of the capil-
laries and thinning of their walls, particles of bio-
plasm escape from the blood and accumulate ontside
the capillary wall. These grow and multiply, and
give rise to bioplasts from which connective tissue
may be formed, or which after a time may die, and




PLATE XXII.—COATS OF ARTERIES ALTERED BY DISEASE.
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give rise to products which cannot be readily ab-
sorbed, and which as they accumulate will seriously
interfere with the operations connected with nutri-
tion and impede the flow of nutrient fluid from the
blood to the adjacent tissues, as well as prevent the
return to the blood of the products of decay. We
see, then, that the structural alteratiens are conse-
quent upon changes occurring in bioplasm. The
bioplasm itself would not have been in the situation
indicated if the mormal action of the capillaries,
arteries, and veins had been maintained and con-
trolled by the self-regulating mechanism which has
been described.

The deterioration in structure of the coats of the
larger vessels is also due to an abnormal growth of
bioplasm, depending probably upon a previous change
in the composition of the nutrient fluid by which
their coats are permeated.

The deposition of the so-called atheromatous 3
material in the wall of the artery is due to changes
consequent upou the presence of bioplasm in undue
proportion at a much earlier period. Bioplasts grow
and multiply in the substance of the arterial coats.
By the increase of these collections the layers of elastic
and muscular tissue are separated from one another.
In consequence the tissue deteriorates. After a time
the bioplasts die. Of the substances resulting from
their death some are absorbed, but others, such as the
fatty matter and calcareous salts remain behind and
accumulate, constituting the hard or soft matter
which is found in the substance of the arterial walls
in cases of very long-standing disease. Such are
some of the remarkable alterations which take place
in the walls of arteries, and not commonly precede
rupture and the occurrence of aneurismal dilatations
in the case of the largest vessels. Changes of the
same character affecting the smaller arteries and
capillaries invariably lead to serious derangement of
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the nutritive operations, and eventually to irreparable
structural alteration in the tissues in which they
ramify. A number of fatal diseases originate in
changes in the vessels, and in many cases it 1s almost
certain that the change in the wall of the vessel is
indirectly due to an altered state of the blood, which
may have been caused by injudicious living as regards
1t]:ua (&uantity and quality of solids or liquids swal-
owed.

List or MICROSCOPICAT SPECIMENS ILLUSTRATIRG
LecTurE XII.

No. of diameters

No. magnified.
128. Frog’s foot, showing arteries, veins, and capillaries
injected - = e . 3 o 40
129. Bladder of frog, showing arteries, veins, and capilla-
ries, injected with prussian blue .. 130

130. Capillaries of pia mater injected with ]]1-uas'i:.m blue. 130
131. Capilluries of retina. Ox injected with prussian

blue .. va i o o S 2 130

132. Capillaries of lung ., s e .a i Lal
5 liver .. i i % «: 180

kidney .. =180

2 " . "
133. Malpighian bodies, showing afferent and efferent
vessels is i . S e ve 180
134. Capillaries of villus .. St = s .. 130
135. P large intestine .. i e ws, 180
136. Capillaries of the margin of the cornea, showing
mode of development, injected with prussian blue

—Guinea-pig. . 3 i i 5 .o 210
137. Capillaries of striped muscle—Frog. . v ey 180
138. Capillaries of nerve—Frog .. s o .. 130
139. Capillaries of pia mater, injected with pale prussian
blue, showing thin transparent wall 5 (L]
140. Capillaries of ciliary processes of eye, showing trans-
parent walls, with numerous bioplasts .. .. 220
141. Bioplasts of arteries, veins, and capillaries, coloure
by carmine fluid—DIia mater, lamb 4ia +» 180
142. Bioplasts, of capillaries, of nerves to capillaries, of
connective tissue, and of fat cells—Frog. . o 216

144. Bioplasts of capillary vessecls, well coloured by car-
mine—Pia mater lamb .. as . .« 000
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145.
146.

147.
148.

149.

150.

151.

152.
153.
154.

155.
156.
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No. of diameters

magnified.

Elastie tissue of large artery .. . =% L. 220
Triangular muscular fibre cells—Aorta human sub-

ject .. i 5 . .o s e 220
Elastic tissue of veins. . i e S o 220
Striated muscular tissue of cava near auricle—

Frog .. 3, 3 - o o se 220
Large arteries, frog, showing ganglia and trunks of

nerve-fibres in great number it oo : 40

Small artery of frog, showing museular fibres and
numerous nerve-fibres distributed in the connec-
tive tissue around .. o a i w1220

Nerve-fibres distributed to muscular fibre-cells—
Small artery frog. With the aid of a high power,
L, some of the finest ramifications of the nerve-
fibres may be traced amongst the muscular fibre-
cells .. o 203 i o . o

Nerve-fibres ramifying in the areolar eoat of a very
small artery—Frog .. 0 i S 3

Nerves distributed to arteries, veins, and capillaries
of bat’s-wing .. . eh 5 . k

Dark-bordered nerve-trunks and branches to capil-’
lary vessels, which run parallel to the vessel, and
are connected at intervals by communieating
branches. See Plate XIX, page 315. In this spe-
cimen fine nerve-fibres can be traced from trunks
consisting of five or six fine dark-bordered nerve-
fibres, and followed to the capillary vessels. From
the connective tissue covering part of the mylo-
hyoid muscle of the hyla or green-tree frog . 215

Part of same specimen showing nerve-fibres ramify-

ing close to capillaries ., e Wi o 00

Fine nerve-fibres distributed to the cornea. Hyla.

In this specimen numerous networks of extremely
fine nerve-fibres are seen in the substance of the
corneal tissue. Most of the masses of germinal
matter in every part of the field belong to the
corneal tissue, and are the so-called connective
tissue corpuscles, but oval masses of bioplasm are
also seen in connection with the nerve-fibres.
The nerves are not continuous with the branches
of the connective tissue corpuscles as Kiihne
supposed, nor do they give off numerous branches
to the epithelium of the conjunctiva, as recently
stated by Colmlieim ik a2 o .. 220

220

220
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No. of diameters

No. oy magnified.

157. Division and branching of fine nerve trunks, and
distribution of fine pale fibres to capillary vessel.

The portion of the specimen under the microscope
15 in an interval between two portions of a muscle.
(voluntary) from the neck , , bie i .. 220
Part of this preparation is represented in Plate XIX,
fig. 1. TIn this and several other specimens, the
fact of ihe existence of nerves to the capillary ves-
sels is positively demonstrated. I have elsewhere
adduced reasons for concluding that these with
the fine nerve-fibres ramifying in the proper tissue
of the cornea and other fibrous textures, those
around the uriniferous tubes and various gland
follicles, &e., constitute the afferent portion of the
system, to which belong, as efferent branches, the
so-called vaso motor nerves distributed to the arte-
ries. These two sets of fibres with the ganglia
common to both, constitute the self-requlating
meckanism, by which in health the equable flow of
nutrient matter to the various tissues and organs
~of the body is maintained, and through which any
temporary disturbances are at once corrected or
compensated for. Anatomical observation does
not justify the coneclusion so generally accepted,
that there is o special system of nerves presiding
n some mysterious way over the actual processes
of nutrition and change, going on in each individual
cell. And many of the facts taught us by experi-
ments on living animals receive a more satisfactory
explanation upon the view here advanced. For in-
stance, there is the interesting observation on the
foot of the living frog recorded in page 325.

158. Experiment. The frog’s foot arranged as to show the
circulation small artery is to brought into the field of
the microscope. By gently touching the surface of
the skin, even at a cousiderable distance from the
point where the small artery is situated, it may be
made to contract violently. In this experiment,
the afferent fibres are irritated, an impression is
carried to the nerve centre, and by the disturbance
produced the eflerent fibres are excited, and con-
traction of the artery results E I -

159. Fine nerve-fibres distributed to capillary vessels of
the palate of ‘the frog forming metworks and

£~
i
41}
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No. of dinmeters
No. magnified.

plex:uses of fine fibres, many of which are less than

the 55555 of an inch in diameter : 220
160. Fine nerve fibres distributed to capillary vessels of

papilla of the tongue of the hyla, or green-tree

frog .. 700
161. I"ml.. nerve fibres distributed to Eﬂpluﬂ.]‘j" vessels of

the peritoneum of the frog .. 220
162. Capillary vessels and nerve- Tibres fmm the Llp of the

mole’s nose .. 220
163. Very fine nerve- fibres distributed to the C!l.]_]lnil.ul'j"

vessels of the bat's wing .. 220

164. Another specimen, ahnwmg EEIJLH&I'IBS imrl nerve-
fibres of bat’s wing . o5 o e Ve 00
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