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PREFACE.

Tuese Lectures form the first part of my Physiological
Course at King’s College. They were published in the
Dusriy MepicarL Press, from which Journal they have
been reprinted in their present form. The first three
Lectures were reported by my friend and former pupil,
Mr. Sealy, in the year 1861, but all the rest are of
more recent date, and contain some of my latest ob-
servations. ‘

The doctrine of the formation of tissue, which was
first published in my Lectures at the College of Physi-
cians, is still further elucidated. An attentive exami-
nation of the figures in the frontispicce will enable the
reader to grasp the main points in this view with
very little trouble.

In the last Lecture I have discussed several matters
of the greatest interest in counexion with life, and
have endeavoured to show that we may distinguish the
purely vital actions from the physical and chemical
changes taking place in all living organisms. The
result of the enquiry is a theory of life which differs
in essential particulars from any one hitherto advanced,
and is opposed to the modern doctrine that life is but
another form or mode of primary energy or motion.

Since my new views were first published in 1860,
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1v. PREFACE.

they have received further confirmation from many special
anatomical investigations, the details of which are given
i several memoirs published in the * Philosophical
Transactions,” the * Proceedings of the Royal Society,”
the “ Quarterly Jowrnal of Microscopical Science,” the
¢ British Medical Journal,” and my ¢ Archives.”

My observations have been already translated into
German and Italian.  They will therefore be subjected
to free discussion and eriticism on the Continent.

I am encouraged to hope that with the aid of the
new fiftieth of an inch object-glass magnifying more
than 2500 linecar,® lately made by Messrs. Powell and
Lealand, anatomists will be enabled to prosecute inves-
tigations into yet more minute detail, and I look forward
with the utmost interest to the more minute and careful
investigation by other anatomists and physicians of the
phenomena accompanying the general morbid changes
oceurring in the higher animals, feeling sure that by
patient and careful resecarch many of the complex path-
ological doctrines now generally entertained and taught
will be much simplified, and the science and practice of
Medicine thereby greatly advanced. L. 3. B

61, GROSVENOR-STREET, NOVEMBER, 1364,

* The first fiftieth was completed for me by Messrs,
Powell and Lealand, on October 12, 1864, It defines admir-
ably, and admits plenty of light ; there is room for focussing
over the thin gluss cover, aml} the glass is in all respects a
thoroughly useful working objective.
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ON THE

STRUCTURE AND GROWTH OF
TISSUES.

+

LECTURE L

Introductory—The Cell and other Theories—The smallest
inanimate contrasted with the smallest living particles—
Structure of the simplest living organisms—Of the growth
of living structures—Of germinal matter and formed ma-
terial.

GENTLEMEN,—In my Introductory Lecture, after having
explained the meaning of the terms Physiology, Biology,
and Histology, I enumerated some of the principal sub-
jects which will be considered in this Course of Lectures,
and gave an outline of the general arrangement which I
proposed to follow. T then pointed out to you that the
organism contains many different organs which perform
various oflices, each of these being composed of a great
number of elementary organs exactly resembling each
other, and so combined that the work of all is united
together. Each elementary organ is made up of a variety
of textures differing from each other in appearance, struc-

ture, and use. For example, in the examination of this
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2 ON THE STRUCTURE AND GROWTH OF TISSULES.

limb which lies before us, we found externally a structure
which is well known to you as skin—a tissue not simple in
its structure, but made up of several parts, each perform-
ing an important office or function. DBeneath this, pro-
ceeding from without inwards, another tissue comes into
view, very different from the first, called fat, or as we shall
have to speak of it, 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 came to a peculiar tissue, which manifests vital
phenomena in a remarkable degree, and the essential pro-
perty of which is the power of contractility. Ordinarily,
this is spoken of as flesh, but we call it muscle. In con-
nexion with this we noticed certain cords which you will
remember I told you were nerves, and their office is to bring
the muscular substance into relation with the brain, and to
convey to it from the brain those voluntary impulses by
which its contractions may be excited and governed.
Besides these we observed in various parts of the limb cer-
tain tubes, and these were of two kinds—the one, with
thick, tough, and very elastic walls, and the other with
walls less elastie, thinner, and flaccid. Both sets of tubes
are in connexion with the heart, but the one set (arteries)
performs the office of conveying the blood from the heart
to the tissues:; the other (veins), that of returning the
blood from the tissues to the heart. Besides these, there
are some very delicate tubes which are called lymphatics, in
which a colourless fluid passes from the tissues to the venous
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circulation. These cannot be seen without being filled
with some coloured fluid. Lastly, we noticed the bone, a
firm solid substance, in the interior of which is a cavity
containing that peeuliar modification of adipose tissue
known as medulla or marrow,

I next spoke of Functions, and showed you that these
may be divided into two great classes, the animal and the
organic, or vegelative functions. The one class characteristic
of the higher animals only, the other common to all living
beings; the former consisting of Locomotion, Trnervation,
and Special Sense ; the latter more widely distributed, and
comprising  Digestion, Absorption, Circulation, Respiration,
Secretion, (eneration, and Development, and the decelopment
of Heat, Light, and Electricity.

We saw that in the lowest organisms some of the most
important vegetative functions are performed through the
instrumentality of the general surfaee ; while in man and
the higher animals a separate organ is set apart for the
performance of each function. Now, in considering these
different functions, I shall commence with the functions
of organic life in the order in which I have enumerated
them, for this seems the most natural mode of arrange-
ment. Iirst of all the food is introduced into the organism,
and after being altered by eertain 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 it becomes itself converted into
blood. This will bring us to the consideration of the
function of Cireulation, and as we follow the blood in its

o — — S




4 ON THE STRUCTURE AND GROWTH OF TISSUES.

course through the body, our attention will naturally be
drawn to the examination of those remaining 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, we shall consider under the head of
Gleneration, the process by which the multiplication of
individuals is effected. We shall then consider the fune-
tions of animal life.

In digcussing each one of these various operations we
shall first study the structure of the parts which are con-
cerned, and secondly, examine the function itself.

Before I proceed, however, to the functions, it is neces-
sary that we should consider briefly the nature of the process
of Nutrition—i.e., themanner in which the soluble material,
which is brought into relation with a living tissue, is taken
up by that tissue and incorporated with it; how it be-
comes converted from an inanimate into a living substance ;
how the whole organism grows; how tissues increase in
size until the adult form is attained ; how the waste result-
ing from action is supplied by the production of new
tissue. It is important that you should bear in mind what
I have already told you, that living organisms are inces-
santly undergoing change. New parts are constantly
being formed, which grow, arrive at maturity, pass through
certain stages of existence, and then having performed
their office, die, and are cast away.

It would, indeed, be difficult to answer such questions
as these. How does the body grow ? how are old parts
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removed ? and how do inanimate substances become
endowed with the peculiar properties of the living tissue
with which they are brought into contact? Indeed, many
questions of this kind which you would naturally ask, it is
not possible in the present state of science to answer con-
clusively ; but by reasoning upon facts obtained by ex-
periment, and upon the observations derived from very
minute examination of the tissues with the highest powers
of the microscope, inferences which in many cases pro-
bably approximate to the truth, have been obtained.

It has not been my custom in former years to trouble
you with any very close inquiry into the theories by which
observers have endeavoured to explain those phenomena to
which T have alluded. Of late, however, these matters
have been so freely discussed, not only in scientific books,
but even in the current general literature of the day, that
I think it very necessary you should be acquainted with
some of the argnments for and against the various theories
that have been propounded, and that you should have laid
before you as simply as possible what is known at the
present time of the minute anatomy of the tissues, and of
the nature of the changes which go on in the living body.
This inquiry has, as 1T have said, been so brought before
the public notice of late, that you will ecertainly be called
upon to give your opinion regarding various points con-
nected with it, and this seems to me a good reason why
you should give your attention to the matter ; but there is
a much stronger reason than this why it should be studied
by you—viz., that it is impossible to know anything of the
action of the body in health without investigating the
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minute changes which go on in the organism. This know-
ledge forms the foundation of physiological science, and
from this point of view the changes taking place in disease
can alone be studied with any advantage. It is the natural
introduction to the study of medicine. Most important is
it that we should investigate the minute changes occurring
in the tissues, and endeavour, if possible, to construct a
theory which will help us to understand and explain the
processes which are incessantly taking place in organized
beings.

There is, too, another reason which, I think, ought to
induce us to study earnestly, and endeavour to advance
every branch of science which bears directly or indirectly
upon medicine, and this is the influence which increased
knowledge must exert in exposing the false character of
the many plausible arguments which are brought forward
in favour of various forms of quackery. [t is quite clear
ghat if the principles upon which we act were as capable of
proof as many of the general doctrines of chemistry, quack
dogmas would very soon be exposed ; but charlatans know
well that the arguments from which our principles of action
are deduced cannot be understood by any one ignorant of
physical science, while by putting forward false premises,
and drawing from these a logical conclusion, they very
easily convince even an intelligent well-educated man, who
is unable or disinclined to analyze their premises, that there
is some reason in their statements. Depend upon it, gentle-
men, the only efficient way of opposing the spread of
ruackery among the public is fo encourage the spread of
scientific investigation and a love for rescarch among our-
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selves, and by this course alone shall we be able to shame
those amongst us who are base enough to their profession
to support and pamper an impostor or encourage a stupid
svstem of treatment because they have not the courage to
offend the prejudices, or oppose the caprices of some self-
willed, wealthy, and perhaps influential person. We must
oppose the spread of quackery, and endeavour to prevent
the harm resulting from it by increased devotion to our
profession, by prosccuting researches for the discovery of
new truths, or for confirming facts which appear inconclu-
sive, and by unremitting efforts to demonstrate simply and
most conclusively the soundness of the fundamental princi-
ples of medicine. The skill of the modern chemist exposes
the vicious refinements of the most ingenious and subtle
poisoner ; and in the same way our earncstness and gra-
dually-increasing knowledge of disease must ultimately
destroy the influence which unscrupulous charlatans have
long exerted upon ignorant persons.

The Cell and other theories.

which all living structures resemble each other—e.g., all

There are certain points in

spring from preexisting living structures, and this fact has
been proved in the most positive and satisfactory manner
by several different kinds of evidence. Again, all living
structures are perpetually undergoing change they grow,
are nourished, exist for a time, and ultimately die. They
possess the power of assimilating to themselves lifeless
matter, and communicating to it the same peculiar proper-
ties with which they themselves are endowed : and further,
they possess the power of multiplying themselves infinitely—
of giving rise to other organisms which inherit similar
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properties to those which their progenitors possessed.
Various theories have ‘been proposed from time to time
with the view of rendering the description of structures as
simple and as intelligible as possible, and for the purpose
of furnishing us with some general notion of the manner
in which tissues are built up in living beings.

The principal of these is that known, as I have no doubt
you are aware, as the Cell-theory. It was supposed by its
originators, Schwann and Schleiden, that all organized beings
are developed from cells, and that in those higher ereatures
whose organisms consist of various tissues differing re-
markably from each other in appearance and structure, the
differences are caused by certain modifications occurring
in the course of the development and growth of the con-
stant structure, the cell. Now, a cell is a small body vary-
ing, according to circumstances, in shape and size, but for
the most part of a round or oval form, and consisting
essentially of a clear transparent membrane in the form of
a minute sac closed at all points, and enclosing certain
contents. The cell during some period of its life contains
another small body, either floating free within 1t or attached
to its internal surface, and this is called a nucleus, and
sometimes, though not invariably, in this nucleus may be
seen a minute particle which is called a nucleolus; so that
if T were to represent roughly the structure of a cell on this
board, we shall have a figure somewhat of this sort. Ex-
ternally a delicate membrane enclosing certain contents,
which vary in different cases, but I will represent the cell as
it appears in its most distinet form. [Diagram of the cell

on the board.]
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The nucleus is generally darker than the cell contents,
but no ove has as yet been able to make out any definite
structure in it. All that can be said of it when examined
by the highest powers 1s, that it appears eranular. Iach
cell is supposed to be a separate centre of growth, and
to increase by attracting to itself materials from without.
The manner of cell formation is described briefly as occur-
ring thus : In a perfectly clear fluid, a number of minute
points, or, as they are termed, granules, make their ap-
pearance. Certain of these little particles become aggre-
gated together, and thus a nucleus is formed. Then as
this grows by attracting material from around, a mem-
brane is in some way formed around it, and the complete
cell is produced. Now, with regard to the multiplication
of these cells. This may be accomplished in more ways
than one. Reproduction may occur within the interior
of the old cell wall, the nucleus of the original cell divid-
ing, and each half appropriating to itself a portion of the
cell contents, giving rise to two new cells; and each of
these may again subdivide, and so on. DBut more com-
monly the process is effected by the di vision of the original
cell, and is said to occur as folloys: —A constriction oec-
curs in the wall of the cell, the nucleus at the same time
dividing into two parts, and this constriction gradually
gets deeper and deeper until the cell is completely separated
into two portions, each constituting a new and perfect cell.
There is another theory which I must briefly describe to
you. It differs materially from the first. It was first pro-
pounded by Wolff, and has recently received warm support
in this country from Professor Huxley, who has modified

E e S e — e ——
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the view in many important particulars. This theory sup-
poses that the organism at the earliest period of its exist-
ence consists of a elear semitluid material. Soon certain
changes occur in this ; spaces or vacuoles which have the
appearance of cells are formed. In these, again, nuclei
appear.  The growth and multiplication of these spaces is
effected by changes in the surrounding substance. The
division of a space is produced by the surrounding mate-
rial growing in towards its centre, and so separating the
vacuole, cell, or space, into two parts.

The chief difference between the two theories seems to be
this, that in the one the cell is the active part, while in
the other, the changes that occur are effected by the
structure which corresponds to the cell wall, or that which
1s external to the cell, and known as the inter-cellular
substance.

Now, in the organism it is certainly true that there are
structures composed of bodies resembling cells; but we
must bear in mind that there are also tissues to be found
whose origin from mere cells it is not so easy to make out.
In fibrous fasci®, tendons, and ligaments, for example, we
have a tissue containing here and there nuclei ; but it isim-
possible to demonstrate in it at any period of its existence
bodies which might be fairly termed cells. In the structures
which apparently correspond to cells in some tissues,
there is no cell wall, hence they have been termed nuclei,
while it is believed that the material, the fibrous tissue in
which they lie, is formed altogether independently of these.
In the case of many other tissues of the body, accepting
for a moment the cell theory as true, it is diflicult to con-
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ocive how the cells were formed, and to explain how by any
changes oceurring in eells, the structure which exists could
be produced. In some of the tissues, as I have said, the
explanations offered by these theories are intelligible
enough, but they seem fto be exceedingly unsatisfactory
when applied to many others, and quite inadequate to ex-
plain the changes which have occurred, or to account for
the structure which exists, even in tissues closely allied to
those composed of bodies like cells.

Let me now ask you to dismiss for the present from your
minds all theories, and to consider with me the changes
that may be actually seen to take place in the growth of
various organisms when examined under the most favour-
able circumstances by the highest powers of the microscope.
We shall, then, attempt to generalize from these parti-
cular observations, and it may be, propound some theory
which will help us to understand the nature of the processcs
by which the tissues are built up. In the first place, it is
most important that we should examine the most minute
inanimate particles and the smallest living particles.

The smallest inanimate particles contrasted with the smallest
living particles.—Suppose, then, we take a little inorganic
matter of any kind and place it under the microscope. We
will take, say, a little of this deposit of phosphate of lime
which T have precipitated from a solution of lime by the ad-
dition of a soluble salt of phosphoric acid. Now, what do
you see on putting this fine precipitate under the micro-
scope? Why, only a number of minute granules or dots
possessing no form or structure whatever. Magnify the
deposit by the highest powers at your command, and you

S
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will, indeed, increase the size of the particles you saw be-
fore, and bring into view others which were previously
invisible, but you will still be unable to recognize any ap-
pearance of structure. Points they were under moderately
high powers, and mere points they remain under the highest
magnilying powers we can obtain ; but you will observe
that certain movements are going on. Each little particle
1s revolving rapidly and oscillating in the fluid. These
movements are termed molecular, and were first described
many years ago by Mr, Robert Brown. 'We know that the
particles are inorganie, and we are therefore quite snre that
the movements we witness are due to physical forces alone.

Now, suppose we take a small fragment of dead animal
or vegetable matter, place it in a few drops of water on a
glass slide, and examine it with the microscope. The
water appears as clear and transparent as the glass on
which it rests. Next take both these slides and leave
them under the same conditions for a few hours, taking
care to allow the free access to them of light and air. At
the end of three or four hours examine them again. First
take the one containing the inorganie deposit of phosphate
of lime, which for convenience we will call (A). You
find that no change has taken place. There are the little
particles still revolving as before in the fluid in which they
are suspended. Some of them, indeed, may have become
aggregated together, so as to form little masses, but beyond
this there has been no change.

Examine the other slide, which we will call (B). You
find that the fluid which, when you first looked at it,
was perfectly clear, now contains a number of minute
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granules closely resembling those of the phosphate of lime,
and manifesting similar molecular movements. If you add
a little gum, glycerine, or any viscid material to the par-
ticles on both these slides, you suspend the movements
immediately, and if you dilute the fluid again, they recur.
This indicates that in both cases the movements may be due
to physical causes. The little particles which could move
freely in such a limpid fluid as water, have had a check
imposed upon them, as it were, by the tenacity of the sub-
stance we have added. Let both slides be again set
aside for a few hours, and what shall we find on our next
examination ? In the slide A, containing the inorganic
matter, no change has occurred ; but the case is very dif -
ferent with B. The granules have increased considerably
in number. Many of them have become altered, or their
place is occupied by little bodies, some of which have a
circular, others having an elongated form, but all exhibit
a remarkably simple structure. If, again, a certain in-
terval of time be permitted to elapse, and the slide B again
examined, we find change still going on. The little bodies
have become larger ; in fact, they have grown, and have,
moreover, inereased considerably in number. It is easy to
make out in the largest particles that the central portion
differs from the exterior; in fact, that each is composed of
at least two substances, or a substance in two different
states. The changes I have described are characteristic
of living particles. We know that the conditions under
which B was placed were favourable to the development of
certain simple living organisms. We have seen that at a
certain period the granules on the two slides were scarcely
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to be distinguished ; but while those in A have remained
unaltered, have retained the same granular form in which
they were deposited, the particles in B have not remained
stationary for a moment. They have grown, and have
givenrise to certain definite though apparently simple forms
of matter, which still continue to manifest active changes.
Here, then, you see an illustration of the fact which I men-
tioned to you at the beginning, that life is associated with
constant change.

Now, the question arises, whence have these living
organisms been derived ? The water which we examined
at first appeared perfectly transparent, and now it is filled
with living structures. How did they come there? 1
have already told you that all living beings spring from
preexisting living beings. It has been stated, as you are
perhaps aware, that simple organisms such as these may
spring up spontaneously ; but this statement is contradicted
by facts open to the observation of all, and indeed it has
been shown beyond all doubt that spontaneous generation,
as it i1s called, never does take place. This doetrine of
spontaneous gencration has again quite recently been re-
vived in France, and has of course been again refuted by
an overwhelming mass of evidence. It has been shown
that if the dead animal or vegetable matter be dried, and
although so placed that the admission of atmospheric air
which has passed through strong sulphuric acid is alone
admitted, organisms will be produced, and all those pheno-
mena, which we have already observed, will ensue. The
ova which were protected in the interstices of the vegetable

matter become developed into structures resembling those
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from which they sprung. It is impossible to destroy the
ova without destroying the vegetable matter which pro-
tects them. Thus the fact remains that living beings
spring from precxisting living beings. There is no such
thing as spontaneous generation. These forms continue
to exist and to grow so long as the conditions of life remain
favourable, but when these are removed the organisms
die. Now, if we examine one of these simple structures,
we shall find that it is not the same in all its parts. It
consists externally of a delicate membrane, and within of
a material having a granular appearance. This is a point
which it is most important you should remember, that
in the simplest ereatures two structures are to be observed,
and that they possess very different properties. We shall
‘see that this statement also holds good with regard to the
elementary parts of the higher animals,

Structure of the simplest living organisms.—Suppose we
examine a little ordinary mildew, which is one of the
lowest forms of existence, and possesses a very simple
structure. The little bodies which compose it are larger
than those we have just been examining, and will there-
fore suit our purpose better. You will observe that it
consists of a number of little round bodies. Iiach of these
has a tolerably thick well-defined outline, while the in-
terior presents numerous small particles like dots. Here,
then, are two parts, the one situated externally, transparent,
and arranged so as to form an investing membrane closed
at all points, the other lying within, appearing granular,
and presenting no form. Now, if you place these bodies
under favourable conditions, certain changes will occur.
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Let them be put, for instance, upon the moist surface of a
glass slide, and after a time let the slide be placed under
the microscope, and let us observe the changes which take
place in the round spores. First of all, they absorb mois-
ture and swell up, and the membrane appears to be thinner
than before in proportion to the whole mass, and the
granules seem to have increased in number.

Next, a new change is observed at one point in the
membrane, asmall orifice is formed, through which a little
of the granular contents of the body covered with a thin
layer of the inner part of the membrane passes, and thus
a small nodule is formed which projects from the external
surface of the membrane. By degrees this assumes a
structure resembling that of the body from which it grows;
it increases in size; the membrane around it becomes
thicker ; its point of attachment becomes less and less,
until at last it is completely separated, and becomes a free
and independent organism, exactly resembling that from
which it sprung, and capable of giving rise to new indi-
viduals like itself, by a repetition of the process by which
itself was formed.

This is one way in which the paxticles may multiply,
but there are others. In this case, too, an orifice forms in
the membrane of the particle of mildew, and a little of the
granular material escapes, but it does not separate as in
the first case ; it remainsin connexion with the mass, and
grows out into a narrow thread-like process. The mem-
brane on the external surface becomes thickened, and the
whole inercases in breadth. Within are contained anum-
ber of little spkerical bodies or spores like those observed




ON TIHE STRUCTURE AND GROWTLH OF TISSUES. 17

within the circular body from which the process has
grown. It may be that as this process grows at one or
more points a thinning occurs in its wall, and a portion of
its contents coming into more immediate contact with the
pabulum increases in amount, and thus gives rise to the
production of another process or processes growing from
and exactly similar to the first.

Of the growth of simple living structures.—Now let us
consider how this organism nourishesitself. The materials
for its growth and nourishment are certain inanimate
matters (solids and gases) existing dissolved 1 fluid in
which the organism floats. These materials must passinto
its structure and become part of it. That which is inani-
mate must become incorporated with and assume the pro-
perties of living matter. Now, if you place this structure
under certain unfavourable conditions its vital properties
will be destroyed. The granular 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 remains, that which i1s without form is
destroyed.

In the growth of the structures, then, how is the new
matter produced ? Doesit take place by deposition upon
the external surface of the investing membrane, or is the
new matter produced by the granular matter in the in-
terior? To put the question still more simply, Is the
capsule, the so-called cell wall, formed by deposition of
matter from the fluid surrounding it, or is it formed from
within? and which is the oldest part of the capsule, its
external or internal surface? If the new matter were

B
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deposited upon the external surface, we should expect to
find that the membrane would become thicker and thicker
as the growth of the organism advanced, while the central
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 is
clear, therefore, that the inerease in size cannot be due to
deposition from without. The matter deposited upon the.
inner surface of the capsule is always softer than its general
substance, and the external surface of old capsules is
. always eracked and ragged. In many of the alge this
external surface serves as a nidus for the development and
growth of smaller algae—a fact which clearly shows it has
ceased to be active and is incapable of resisting the action of
external conditions. This is the oldest part of the capsule
which is going into decay, and the small algze are living in
part upon the product thus produced. The new material
is added upon the inner surface of the capsule layer after
layer, and where there are several layers the innermost is
the youngest, and the outermost the oldest portion of the
structure. If this be so, it follows that the inanimate
material for the nourishment of these structures must pass
through the outer membrane, and be taken up by the
granular matter within, which communicates to it the
same properties and powers which this living matter itself
possesses, and which it has inherited from preéxisting par-
ticles. At present we cannot get further than this. I am
ignorant of the nature of the changes which occur, but I
believe the facts as I have stated them to be true. The
oldest parts of the organism are on the outside, the youngest
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are within, and between these there must be particles of
different ages in different stages of existence.

Now, when you examine the living granular matter
within the capsule with the aid of very high magnifying
powers (1700 diameters),* you see that the mass is com-
posed of spherical particles, and if you examine the largest
of these, you will find that it is composed of smaller
spherules; and several facts which T have observed, justify
me, I think, in concluding that all these spherical par-
ticles are composed of smaller spherules, and these of
smaller ones, although, from the imperfection of our m-
struments, it is not within our power to put this conclusion
to the test of direct observation. I believe that in the
centre of these minute spherules are particles just becom-
ing animate, particles that are just becoming endowed
with vital properties. At a short distance from the centre
are others that have existed for a little while ; further still
are particles yet older than these; and, finally, on the
exterior of each little spherule are found the oldest par-
ticles of which the spherical particle is composed. Thus
the most external portion, there can be no doubt, is formed
by the gradual growth of particles which takes place from
the centre to the circumference. The matter of which the
membrane covering the whole mass is composed was once
granular, and resembled that now in the interior, but the
particles composing it have passed through various stages
of existence. They now nolonger possess those wonderful

* The one-twenty-sixth of an inch lately made for me by
Messrs. PPowell and Lealand.
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properties which belonged to them at an early period of
their life. They are incapable of growing, incapable of
communicating vital properties to inanimate matter. The
investing membrane or cell wall is passive, the granular
matter within consisting of the so-called cell contents, and
nucleus is the active portion of the structure. Such seem
to be the changes that take place in the growth of the
simplest living structure. Crude materialis absorbed, and
passes through the external membrane or envelope ; it
appears granular, but really consists of minute sphernles;
it passes through certain stages of existence, and at last a
certain form is given to it. It may now become hard, or
may be soft and soluble in flmd, and soon converted into
certain peculiar compounds ; but it ceases to possess those
wonderful properties of communicating to inanimate matter
its powers of growth and increase which belonged to it
in the granular state.

Of germinal matter and formed material.—It is most difli-
cult from mere observation to trace in a number of dif-
ferent structures derived from organisms occupying very
different positions in the scale of created beings, the struc-
tures which exactly correspond; to show which structure
represents, according to the terms generally employed,
the cell wall, cell contents, nucleus, and intercellular sub-
stance. The discussion of this question has given yise to
the greatest differences of opinion, and in many cases the
subject has become so complex that it would require many
lectures merely to state the case. I therefore propose to
consider simply the matter in the tissues of the higher
animals which corresponds to the substance withun, and to
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that of which the external envelope of the mildew is com-
posed. Practically this is not possible by the ordinary
processes of examination, but in an ammoniacal solution
of carmine with glycerine, we have a fluid which will
always tinge the internal granular matter of a structure
for a short time after its death of a bright red colour, while
it exerts no action whatever upon the external envelope
or substance formed from this. It tinges the nucleus cf
a very dark red colour.

It would occupy too much time if I were to bring for-
ward all the arguments I could in favour of the terms I
have applied to matter in these two states, but I may men-
tion a few of them. As the matter within is the active sub-
stance—as it exists in every tissue from the lowest organ-
isms to the highest, in health and disease, and at every
period of life

as it is divectly descended from the germ,
and 1s constantly producing germs, I propose to call it
(erminal matter. As the outer structure is formed from
this in all cases, although it differgs very much in physical
properties and chemical composition, I shall call it simply
Formed material.  Germinal matter removed from any
organism which was recently alive, is tinged red with
carmine, and retains this colour permanently when pre-
served in glyecerine. [Iormed material is not coloured, but
if it be stained, owing to the solution being too strong,
the stain is removed by soaking in glycerine. I have
specimens which have been preserved nearly three years
which exhibit these characters as well as when they were
first mounted. Every elementary part of every living
organism may be considered to consist of matter in these
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two different states. Germinal matier which, from inani-
mate nutrient material, will produce new germinal matter,
and which becomes converted into formed material ; and
qhis latter substance, which was once in the state of ger-
minal matter.
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LECTURE 11

Of the tissuesof the higher animals—Examination of cuticle—
Tendon—Nerve fibre—Structure of germinal matter.

WaeN we last met, Gentlemen, we were considering, you
will remember, the manner in which the tissues of living
beings are built up. I drew your attention to some of the
principal theories which have been proposed, and pointed
out to you that although these theories might serve well
enough to explain the formation of some of the tissues, yet
that there were others in the adult organism which it was
almost impossible to conceive could have originated in simple
cells, with wall, cell contents, and nucleus. It would be
equally difficult, I think, to conceive the changes which occur,
supposing them to exist at first as a simple homogencous
plasma, or as an aggregation of particles precipitated from a
fluid. T thenwent on to say a few words on the characters of
inorganic particles of matter, and asked you to view the
changes which occurred in a drop of clear water containing
a little dead animal or vegetable matter. We saw that gra-
nules appeared in the clear fluid, and that these granules
resembled the inorganie particles in their general characters.
Both specimens appeared to consist of simple granules;
both exhibited molecular movements ; and in both these
movements were stopped by the addition of a viscid fluid ;
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but here all resemblance ceased between the two. The
inorganic particles underwent no further change, while
in the fluid containing the living particles, changes were
continually oceurring. The granules increased rapidly in
number and in size, so that you could almost see them
grow, and the fluid became darkened by their increased
number. Not only did they grow and increase in number,
but after a time they assumed definite forms, simple, indeed,
but nevertheless definite forms, oval or circular. Each par-
ticle now consists of two parts; thc one external, trans-
parent, and having the appearance of a membrane; the other
lying within this and consisting of a soft material composed
of a number of granules. 1 then explained to you that these
little living bodies formed no exception to the rule which I
laid down in an early part of my lecture, that all living
beings spring from preéxisting living beings ; that they had
been developed from minute germs which had found their
way into the fluid from the air, or existed in the dead
animal or vegetable matter. I alluded to the experiments
performed both in this country and in France which prove
this point beyond all question. I then asked you, as these
particles were exceedingly small, to observe with me, under
high powers of the microscope, the phenomena that oc-
curred in other little particles, similar to, but larger, than
the last, and therefore affording a better view of the
manner in which they grew, were nourished, and multi-
plied themselves. The particles in question were the spores
of ordinary mildew. '
The chief points we made out from the investigation were
these:—That the growth of these organisms does not de-

PR W Y T R—_——
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pend on the deposition of new material on their external
surface ; that the nutritive material, consisting of Inani-
mate matter in the surrounding fluid, passed to their inte-
rior through the investing membrane, capsule, or cell wall ;
that it is in their interior that this crude material became
endowed with vital properties ; that as the particles grew new
material became living in their centres, and the older matter
passed towards the circumference. At the cirecumference
it became converted into that substance which constitutes
the cell wall or the capsule of the spore. I tried to show
thatthis capsule was destitute of vital properties ; it was un-
affected by those conditions which would destroy the life of
the granular matter within. It was once granular, active,
and living, but the particles of which it was composed, in
assuming a form, terminated the active period of their ex-
istence. The membrane thus produced takes no part in
the vital changes which are going on in the individual ; it
serves mercly as a protection to the delicate active struc-
ture within. I alluded to certain facts which prove that
the granular matter is the active part of the structure, and
whenever any of this escapes beyond the limits of the in-
vesting membrane, it gives rise to the formation of other
bodies, exactly resembling in all essential characters the
first.

Of the tissues of the higher animals.—We may now pass
on to consider if these observations are applicable to the
tissues of the higher animals. It may be stated generally
that every living being, from the simplest creature to the
highest and most complex of all organisms, is composed
partly of granular material and partly of tissue, and 1 shall
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endeavour to show that this tissue, like the envelope of the
mildew, is formed from the granular material, and existed,
in fact, at an earlier period in this state. The granular
matter is always found within, the formed material on the
outside of an elementary part. I propose to call this granu-
lar substance, as it exists in all living structures,

(rerminal matter.—The term involves no theory, and it is
a convenient one, for in any structure, at an early period
of development, the germ consists of a granular material.
It is the formative material, and we may conclude that
from it all the tissues of the body are built up. That this
is the material which is essentially concerned in those opera-
tions which we speak of as growth, nutrition, and develop-
ment, and alone possesses the active powers of selecting
pabulum, of growth, and of production of tissue, and of
reproduction. The organism is made up of different
tissues, and these tissues are composed of elementary parts.
Each elementary part consists of Germinal maiter and Formed
material which was once in the state of germinal matter and
was formed from it.

Now, germinal matter presents the same appearance,
from whatever situation it may be obtained. Whether it be
taken from nerve tissue, or from muscle, or from the sim-
plest animal or vegetable organism, it possesses no distin-
guishing features by which its source may be determined.:
This cannot be gaid, however, of the properties it displays,
for the rapidity with which it passes through its different
stages of development varies considerably in different cases,
and the products formed by it are very different. It may
be shown that clementary structures consist of two parts—
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germinal matter and matter formed from this or formed
material. By a careful examination of tissues, both animal
and vegetable, tissues in the young, in the adult, and in
the old, in health and disease, and in those which constitute
morbid growths, the truth of the above statements may be
verified. It will be found that the proportion of the ger-
minal matter to the formed material varies greatly in dif-
ferent tissues and at different ages, but in structures which
arow quickly the proportion of germinal matter is always
very greab compared with_that in slow-growing tissues.
Eramination of cuticle.—Suppose we examine a portion
of cuticle. The oldest portions (cells) of this structure are
on the outside, and the youngest, or those which have been
most recently formed, are situated nearest to the blood, from
whence their nutritive supply is derived. If we make a
section of this structure and place it under the microscope,
we notice that different parts of it present different cha-
-acters. That portion which 1s nearest to the wvascular
surface consists of small masses of germinal matter which
are situated very close to each other. Examine a little
above this and you find that the masses have a more defi-
nite arrangement, and each consists of an oval body which
possesses an external membrane.  Sill nearer the surface
the elementary particles appear more or less flattened, and
consist of granular matter with a considerable cuantity of
cuticular substance or formed material (eell wall) ; and
lastly at the surface, the elementary parts present hardly
an indication of germinal matter (nucleus), and seem to be
composed entirely of enticular substance. Take equal por-
tions of the most superficial and deepest strata, and the pro-
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portion will be found to be considerably greaterin the latter.
Where the elementary parts are being produced the ger-
minal matler is abundant ; where they have grown old and
finished their existence, the germinal matter is reduced to a
minimum, or has allogether disappeared. Now, consider how
these particles of cuticular epithelium grow. Ilere is a
little mass of germinal matter, which grows and then di-
vides into two, each of these subdivide, and so on. Now,
cach of these little bodies absorbs nutriment from the sur-
rounding 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 mem-
brane (cell wall). As it approaches the surface of the
body the hard material becomes thicker and thicker, form-
ing the cuticular substance, until at length the germinal
matter in the centre having mnearly all undergone con-
version into formed material, and being too far removed
from the source of nutritive supply to increase at the same
rate, the remainder perishes; by this time the elementary
part in the form of a flattened scale of cuticle has reached
the surface of the body, and is to be removed. Such is
the history of the growth of cuticle.

Let us take some other structure—a portion of tendon
of a feetus.

Tendon is made up of the same firm, hard white sub-
stance of which you remember I told you fascia was com-
posed : itis the tissue upon which the toughness and re-
sisting property of skin depends, and the same tissue 1s
met with in various other parts of the body where a struc-
ture with these physical properties is required. Now, if

Loy
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vou examine a small portion of a tendon of a feetus under
a power of two hundred diameters, you find that it is com-
posed of oval masses of germinal matter, with a certain
proportion of intervening fibrous structure. At an early
period of its existence it contained a much larger propor-
tion of germinal matter. Now, the general form of the
tendon has been laid down, and it has begun to assume
the appearance of structure. If you watch its growth
vou will find that, as this proceeds, the fibrous material
increases, and the germinal matter relatively deereases,
so that when it reaches its adult form the principal por-
tion of the structure consists of fibrous material, while
there is comparatively only a very small quantity of ger-
minal matter. To state this more clearly, I may say
that in equal portions of feetal and adult tendon the pro-
portion of germinal matter is very different. There may
be five or six times as much in the former as in the latter.
The formed material increases as the tendon is developed,
and at the same time undergoes condensation. The fibrous
material has been formed from the germinal matter. It
possesses no power of absorbing nutritive material and
converting it into tissue like itself. All additions to its
substance take place at those points only at which germinal
matter exists. The little masses of germinal matter situated
at regular distances throughout 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

_* The anatomy of tendon and of various kinds of fibrous
tissue was fully discussed in my lectures at the College of
Physicians, which will be published shortly.
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layer of soft matter in a transition state. It has ceased to
be germinal matter and is about to become tendon. The
inanimate nutritive material is absorbed by the germinal
matter, and forms a part of the living matter. 1t goes
through certain changes, and then, upon arriving at the
circumferance of each oval mass, is converted into the
substance of which the tissue is composed.

Suppose we take another example. Let us examine
nerve fibre and see how an elementary part of that tissue
would be represented.

Nerve fibre.—Now it is in the terminal distribution of
the nerve fibres that the structure of the elementary part
is to be made out. The investigation is attended with
oveat difficulty, in consequence of the extreme minute-
ness of the parts to be examined, and the great nicety
required in preparing them for examination. The nerve
fibres near their termination become diffluent within a few
hours after death. Observers are not agreed as to the way
in which the final distribution of nerve fibres to the tissues
takes place. Some imagine that they end in points or In
club-shaped extremities, and others believe that they
ferminate in loops. By some it is supposed that both
these methods of termination may occur. In investigating
this point some time ago I was fortunate en ough to make
some very successful preparations of muscular tissue which
disclosed to me amethod of distribution not previously
observed.* 1 found that every elementary fibre of volun-

* Phil. Trans. for 1860, ¢ On the Distribution of Nerve to
Voluntary Musele.”
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tary muscle received a vast number of nerve fibres which
were spread out as it were so as to form a kind of net-work
on its surface. These fibres contained numerous oval masses
of germinal matter situated at short distances from each
other along the course of the fibre. The distance of the
masses of germinal matter from each other varies in pro-
portion to the activity of the changes going on in the part.
In an early stage of the growth of the fibre the masses of
germinal matter are very close together, but as the growth
of the fibre proceeds, the distance between the oval masses
1s increased. The germinal matter probably forms new
tissue at either of its extremities, so that as the quantity of
tormed material is increased, the masses of germinal matter
are farther and farther removed from each other. We see,
then, that an elementary part of nerve fibre may be re-
presented as an oval portion of germinal matter with an
exceedingly delicate fibre projecting from cither side of it.

I might go on to describe an elementary part of muscle,
or of cartilage, or of any other tissue. In every case it
would be found to consist partly of germinal matter, and
partly of a substance formed from this, or formed material,

Structure of germinal matter.—N ow, with regard to this
germinal matter. It is, as I have said, the scat of growth,
of nutrition, and multiplication, and it is met with in vary -
ing proportions in all living tissues.

You find it,in greatest amount in young tissues, and as
a tissue advances in development it diminishes. In many
slowly growing structures, the proportion is very small.
[t is more abundant in actively growing structures; and
this statement holds good in every case, at all ages, and in
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morbid growths, as well as in healthy structures, In
certain morbid growths, characterized by the rapidity
with which they increase, the elementary parts are found
to be alinost entirely composed of germinal matter, with a
very thin external investment. In those growths, on
the contrary, in which the changes are less active, the
elementary parts present an investing membrane of con-
siderable thickness, and the amount of germinal matter in
them is comparatively small.

I must now say a few words with regard to the structure
of germinal matter. I have stated that it presents a
granular appearance. It is difficult to say exactly what is
the form of the ultimate particles. If, however, you ex-
amine a portion of germinal matter, you will find it to con-
tain round particles of a determinate size ; but among these
are others so small that under the highest powers they ap-
pear as mere dots or granules. Among the particles there
is generally one considerably larger than the rest. This is
the body known as the nucleus. It is eircular in outline,
and is formed in the same way as the particles among which
it lies. It is composed of granular matter, and often a par-
ticle larger than the rest can be discerned, and this is the
nucleolus. The nucleus is a separate centre of growth,
and if all the rest of the germinal matter outside this were
destroyed the nucleus might retain its vitality. Now, I
think from the general tendency which the particles of
germinal matter have to assume the spherical form, as
observed in the nuclei and in the germinal matter of mil-
dew, and from the fact that some of the larger spherical
particles are composed of smaller spherules, we may fairly
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infer that the form of the wltimate particles of which these
are composed is also spherical. Of course this is only an
hypothesis. It is impossible to demonstrate such a point.
Yet it seems an inference which one is justified in making
from considering the facts which have been observed, and
we may suppose that each of these particles is itself com-
posed of smaller particles, and these of still smaller particles
in different stages of growth.

The smallest particle is compound, and the particles
of which it is composed are themselves compound also.
For it is impossible to conceive a living particle of matter
which is not compound. Impossible to conceive, for in-
stance, a living particle of oxygen or hydrogen, or of iron,
or of any simple substance, so that every living particle
of matter, however small, must be looked upon as of com-
plex composition. In this character it differs materially
from an inorganie particle ; and in the changes which are
continually going on in these, changes which constitute the
growth and development and multiplication of the particles,
the most varied and complex chemical combinations are
constantly occurring. These changes, however, although
necessarily associated with the life of the particles, must
not be looked upon as constituting their life.

Now, I believe that this germinal matter possesses un-
limited powers of growth. So long as it continues under
favourable circumstances it will continue to absorh nutri-
tive material, and to convert it into living matter. The
crude material being absorbed is converted into germinaj
matter, and as such has the power of animating new mate-

rial, and changing it into a substance like itself, but after
I»
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passing through certain stages it assumes a form, it ceases
to be granular, and then it no longer possesses the power
of communicating its properties to inanimate matter.

Let us now consider why it is that the particles of ger-
minal matter divide, and why it is that they never grow
beyond a certain size? Throughout the whole of Nature
this is found to be the case, and I do not know of a single
mstance of a single mass of germinal matter which can be
found to exceed the 1-1000th of an inch in diameter. This is
probably the ntmost limit to which a living mass may attain
without dividing into two, but in most ecases the division
takes place long before the masses have reached this size.
Now, what would be the result if a mass of germinal matter
went on growing until it attained a considerable size ?

It is clear that the particles oceupying the centre of this
mass would be very far removed from the source of nutritive
material. The pabulum for its nourishment would per-
meate the formed material which surrounds the mass; but
before it had proceeded far on its way towards the centre
it would be appropriated by the germinal matter lying
nearer to the circumference, and so nourishment would
never reach the centre at all. Thus, the central portion
being entirely cut off from nutritive supplies, would become
stationary. That progressive movement of the particles from
centre to circumference, without which life cannot be, would
be arrested. This central part would perish, and the pro-
ducts resulting would soon cause the death of the whole
mass of living matter.



LECTURE I1I.

Recapitulation. The process of ecrystallization contrasted
with the formation of living structures—The form of the
particles of germinal matter—Changes occurring in ele-
mentary parts resulting from the conditions under which
they grow being altered—The formation of tissues having
peculiar properties depends upon the power of the germinal
matter—Changes occurring when a blister is applied to
the skin—The formation of pus—A certain bulk of young
tissue contains a larger proportion of germinal matter than
a corresponding bulk of old tissue—Of the white blood cor-
puscles and pus corpuscles—Of the process of secretion.

Recapitulation.—In my last lecture, Gentlemen, I ven-
tured to suggest to you a theory with respect to the growth
of living tissues different from those which have been
hitherto proposed and generally received. I mentioned to
you that all tissues, whether animal or vegetable, are made
up of elementary parts, and that to these the term cells
has been applied. Now, this term, as we have seen, is a
bad one, inasmuch as the characters of the cell cannot be
demonstrated in the elementary parts of many of the
tissues of the higher and also of the lower animals and
plants. I proposed to yon, therefore, to give it up while
pursuing this subject, and stated that we should simply
consider what could be discovered of the process of growth
by actual observation. We have seen that all elementary
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parts are composed of two structures; the one having the
characters upon which the peculiar properties of the tissue
depend, the other possessing no structure, appearing
granular, and presenting the same aspect in whatever
tissue it may be examined. It has been seen that the
substance on which the properties of the tissues depends
is formed from the material with the granular appearance.
To this latter I have given the name of germinal matter.
This substance is found in greatest quantity in young
tissues, and in the earliest period of their existence tis-
sues arve entirely composed of it. The germinal matter
which is formed in the nerves or muscles of any of the
higher animals cannot be distinguished from the ger-
minal matter in the tissues of the leaf of a plant, or from
that which exists in the partiulés of the lowest fungus.
All tissues were once germinal matter, and the germinal
matter gradually becomes converted into tissue. In certain
cases in which the changes in the tissues are rapid, the ger-
minal matter of to-day becomes the tissue of to-morrow.
The pabulum of yesterday is germinal matter of to-day,
and this is all that we can say. We know that inanimate
material is absorbed into the living structure, and, under
these circumstances only, becomes endowed with the pro-
perties of the particles among which it passes, but how
the change takes place we cannot tell.

And this conversion of inanimate into animate material
takes place, I believe, in the central portions of the ele-
mentary particles of germinal matter, so that the oldest
particles are always on the outside, and the youngest
always in the interior. Whatever be the form of the
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mass, these remarks will hold good. I believe that in
those ecases in which a clear membrane, ordinarily termed
the cell wall, exists, the substance of which it i1s com-
posed was once germinal matter, and had the power of
animating crude material, converting inanimate matter
into living matter ; but as soon as it became membrane,
as soon as a form was given to it, or it exhibited structure,
it lost these powers. The thickness of the so-called cell
wall may be increased from within by the accumulation
of formed material produced by the enclosed masses of
germinal matter, or it may become thinner and much
stretched, owing to the rapid increase of the germinal
matter within, or the cell wall may be stretched and its
thickness increased at the same time. In either case this
envelope itself is passive.

The formed material which constitutes muscular tissue
possesses the wonderful power of contraction, but it is
quite incapable of converting crude material into tissue
like itself ; whereas the so-called nucleus of muscle, or as
we call it, the germinal matter of muscle, while it is con-
tinually giving up its old particles to form muscular tissue,
is always actively engaged in converting into material like
itself the pabulum supplied to it from the blood, and in
many eases it may be shown that the relative proportion
of germinal matter to the whole mass diminishes as the
growth of the tissue advances; or, in other words, as the
formed material which is produced accumulates.

In the muscular fibres of the heart, and in some other
forms of striped muscle, the germinal matter is in the very
centre of the muscular fibre, so that each fibre is continually
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growing from centre lo circuinference. The oldest part is
outside—that is, on the surface of the fibre ; while the new
contractile substance is produced in the centre.

The process of crystallization contrasted with the growth of
living structures.—Now, nothing like this occurs in the
inorganic world. The formation of organic structures has
been compared to crystallization. Dut if the account I
have given of the growth of organisms and tissues be
correct, it is clear that the two processes do not admit of
comparison. For what takes place in the formation of
erystals? A molecule of some substance held in solution
in a fluid is deposited, other molecules of the same kind are
deposited avound this, and the particle goes on increasing,
additions being made to its external surfuce until a mass
perhaps of considerable magnitude results. But observe
the portions which were first deposited ; the oldest por-
tions, as they may be called, are at the centre of the mass,
the newest portions are on the outside, and all the particles
from centre to circumference are motionless.

In living particles, on the other hand, we have seen
that the old matter is at the circumference, and that all
additions to the structure take place at the centre. The
central particles possess active powers ; they animate the
new matter, and movement in a determinate direction, 1s
constantly taking place.

Neither does the method of deposition of inorganic par-
ticles having a rounded form resemble the formation of
living structures. Inmany round caleuli, for example, the
distinct strata of which upon section they are seen to be
composed, clearly point out the method by which they have
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been formed. The nucleus of the spherical mass was formed
Jirst and the circumferential layers were last deposited. One
essential difference, then, between the formation of organic
and inorganic particles is this, that in the case of the in-
organic matter the mass increases by simple deposition of
new material on its outer surface, while the organie par-
ticles grow by absorbing into their interior erude material,
and converting it into living matter which undergoes
changes and exhibits movements and certain phenomena
which are not observed in dead or in inorganic matter,
and which seem to obey laws different to those which
govern inanimate matter.

The form of the particles of gerininal matter.—Passing,
then, from the region of demonstration, so to say, to that
of hypothesis, we might consider what forin the particles
of germinal matter assume. It seems reasonable to sup-
pose, as I have said, that they are spherical. But this is
nothing more than a supposition, for it is impossible to see
them : 1t 1s impossible to separate any portion of germinal
matter into its elementary particles. We may, indeed, see
particles that have a spherical form, but we know that
these are composed of others smaller, and these again of
still smaller particles which are themselves compound.
For it is impossible to conceive a living particle of matter
so small that it ceases to be compound. Itis impossible
to conceive a living atom. IHowever minute it may
be, if a particle of matter be living, it must consist of
more than one simple elementary substance. But even
supposing it were possible so to isolate the smallest
spherical particles of germinal matter, and so to mag-
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nify them by means of the microscope that their form
could be demonstrated with some degree of certainty, yet
it must be remembered that their condition would be very
different from that which belonged to them in the living
body. The properties of the matter would be so much
altered by the manipulation required to prepare it for
examination, that I doubt whether you could, from results
80 obtained, form any idea at all of the structure it pos-
sessed when it was living and growing in the body. For
my own part, I believe that you might as well expect to
resolve with the telescope the most distant nebule which
that instrument reveals to the eye, or attempt to penetrate
into the boundless regions of space, as think that you can
bring into view by means of the microscope the ultimate
particles of which living matter is composed. Increase the
power of your instrument, and you do but see particles
which were before invisible. You eannot hope by direct
observation to ascertain how the component elements are
related to each other in the living particles.

Changes occurring in elementary parts resulting from the
conditions under which they grow being altered.— And now 1
propose to allude briefly to some of the principal changes
which take place in the nutrition of the tissues of the body,
and next to say a few words on some of the simplest
changes which go on in disease. Why do we find the
surface of the skin perfectly smooth and even—I mean, of
course, the general surface? Why is it uniformly smooth
and not irregular,'@rowing thicker at some points, and
remaining thin at others ?  This uniformity depends
upon the maintenance, in all its parts, of an even balance
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between two opposite processes, of removal and repair,
which are always going on in tissues in a state of health.
In every tissue new particles are continually being added,
and old ones are being removed ; but the rate at which these
ch.-mge.s go on is very different in different tissues and in
the same tissue at different times. The proper activity of
these processes constitutes the normal or healthy state of
the tissue, and any influences which interrupt or suspend
the due performance of these compensating changes pro-
duces an alteration in the structure, properties, and action
of the elementary parts. I may illustrate these remarks
by reference to one or two structures.

In cuticle in a state of health there is a constant addition
of new particles taking place at its deep aspect, and these
gradually pass towards the surface of the body, and in-
crease in size as they pass outwards, in the same manner
as the elementary structures which we have been examin-
ing. At the same time the old particles on the outer sur-
face of the cuticle are being constantly removed. As fast
as the old particles are removed from the surface, new par-
ticles are produced below, and so long as these two pro-
cesses keep pace with each other the normal condition of
the cuticle is maintained. But supposing the skin to be
supplied with improper pabulum, or not supplied at all—
supposing the blood to be contaminated with some noxious
material which interferes with the due formation of new
tissue,—in any of these cascs the state of health is departed
from, and a morbid condition is established. The old
matter is removed from the surface, but nothing new may
be produced beneath to supply its place.
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A change of this sort occurs in scarlet fever. The
morbid matter circulating in the blood interferes with the
regular production of new cuticle; for a time none is
formed, but by and by, when the violence of the disease
abates, and the poison is in a great measure eliminated
from the blood, the formative process is reéstablished. A
aap, however, exists, as it were, between the tissue formed
before the interference of the disease, and that produced
after the natural process was resumed. In point of age
they are separated by an interval, so that as the new cuticle
grows up from below, the old is separated en masse. We
may suppose that some change of this sort occurs in those
creatures which, at regular periods, shed their skins as it is
called.

The formation of tissues having peculiar properties depends
upon the powers of the germinal matter.—With regard to the
development of cuticle, we have seen that it takes place
from masses of germinal matter resembling those which are
found in connexion with all the tissues of the body. The
tissues are all formed from germinal matter. From what-
ever tissue it be taken, it presents, as I have said before,
the same general appearance, and it grows in the same
way. But the results of its growth are very different in
different localities. Thus in one situation germinal matter
forms the matrix of tendon, cartilage, or bone, in another
muscle, in another nerve, and so on. And although in
all these structures it presents the same aspect, yet the
germinal matter of mnscle will not form nerve, nor will
the germinal matter of nerve form muscle, nor can either
of these tissues be produced from the germinal matter of
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bone or cartilage. It is quite clear, therefore, that the
cerminal matter from each of the localities above men-
tioned possesses peculiar and distinctive endowments,
although all these different kinds were originally produced
from a single mass in the embryo.

If you transplant a little of the germinal matter of cer-
tain tissues into the substance of others it will produce, in
its new situation, the material of the tissue from which it
was taken, Transplant the germinal matter of bone and
bone it will make.

The experiments of M. Ollier are of considerable value
in proving this fact. He removed portions of the peri-
osteum, the tissue you know which supplies the germs from
which new bone is formed, and placed them in various
sitnations among the superficial tissues of the body, and he
found that wherever the bone-forming tissue was placed, it
still produced bone. This is a very interesting fact, and 1t
seems to me impossible to explain it upon physieal grounds.
It is not a mere precipitation or aggregation of preeéxisting
particles, or crystallization, or mere secretion ; but it 1s an
actual production or formation of a structure totally dif-
ferent in chemical composition and propertics from the
matter out of which it was formed—a process of formation
very different to any phenomena oceurring in the inorganic
world. All that you can say of it is that it depends upon
certain inherent properties in the germinal matter—pro-
perties which the living particles of which the germinal
matter is composed can communicate to inanimate matter.
The germinal matter of the different structures may be
regarded as so many different kinds of germinal matter,
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each possessing a peculiar ipherent property : one to form
bone, another to form nerve, another muscle, and so on
through all the tissues, and each kind will, so long as it
preserves its normal state, produce its own tissue, without
reference to its position. There are certain morbid actions
which serve well to illustrate this truth, Look, for instance,
at what occurs sometimes in that disease which is known as
bone-cancer. Certain minute particles, the germs of the
growth, pass into the blood, and are carried by that fluid
to different parts of the body. You can imagine how small
they must be, since they pass through the finest lymphatic
and capillary vessels of the system. The vital properties of
these particles is so great, and their inherent powers of
growth are so remarkable, that when their course is arrested
i any part of the circulation, and they are deposited in
any tissue, they take root, as it were, grow and give rise to
the formation in that tissue of a structure resembling that
from which they have been derived. Ina case which came
under my notice some time since, some of these germs of
bone-cancer were deposited in the pulmonary tissue, and little
masses of bony tissue were developed in the lung. I allude
to these facts because they support the statements I have
already made with regard to the inherent properties of un-
limited growth which exist in germinal matter, and to
show that its development into this or that tissue is not de-
termined by physical causes, but depends upon some power
resident in the germinal matter, which power it derived
from preéxisting germinal matter.

Changes occurring when a blister is applied to the skin. The
formation of pus.—Now, let us consider briefly the patholo-
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gical changes which take place when a surface like that of the
skin is irritated ; as, for instance, when an ordinary blister
is applied. The skin swells, fluid 1s poured out beneath
the surface of the cuticle, so as to separate this structure
into two layers. By the accumulation of the fluid the
superficial layer of the cuticle is pushed up, and thus a
blister is raised. 1 say the upper layer, for it is not the
whole of the cuticle that is thus raised up, but only the
oldest portion. Now, if vou examine the deep surface of
this layer as soon as the blister is raised you find that 1t
consists of a number of elementary parts, each having a
thick outer wall, with a central portion of germinal mat-
ter which is very distinct. In the subjacent fluid, too,
if you look you will find a number of such particles floating
about separately. If the irritation be kept up for some
time longer you would obtain at last a viscid fluid holding
in suspension a vast number of bodies composed almost
entirely of germinal matter, and having a very thin invest-
ing membrane of formed material. They are growing and
multiplying rapidly. The débris of the tissue and the nu-
trient matter determined to the spot seem to be absorbed
by these particles, and converted into living germinal
matter. These bodies are pus corpuscles. The effect of
the irritation is such that the elementary parts of the cuticle
are produced with greater rapidity than in the normal state.
Nutritive material is supplied from the blood, and supplied
in greater abundance than usual, and this must be con-
verted into living material. If it were not so converted
the whole of the surrounding tissues would perish. ~ For if
the nutritive plasma did not become organized, it would
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undergo decomposition, and we know that the substances
produced by such a change would infallibly destroy the
vitality of the tissues amongst which they were produced.
The nutritive material, then, is converted into germinal
matter in the ordinary manner, but so rapidly do the subse-
quent changes occur that there is no time for the gradual
production of cuticle. The elementary parts of cuticle are
formed by a process of slow and gradual transformation
of germinal matter as it grows old, into cuticular sub-
stance; but in the morbid state produced by the irritation
of the blister, this gradual transformation cannot take
place, and elementary parts consisting almost entirely of
germinal matter, with very little formed material, are alone
produced. Flakes of a very soft spongy structure resem-
bling cuticle are first formed, and these give place to the
development of the substance we know as pus. In the
process of healing the order of the changeis reversed. The
formation and multiplication of germinal matter gradually
diminishes, and time is allowed for the proper cuticular
material to be formed. This is a simple explanation of the

changes which occur when a blister is applied to the surface |

of the skin as far as I have been able to observe them,

I think now we have been over some of the chief points
with regard to the formation of tissues from germinal
matter. The embryo consists almost entirely of germinal
matter, the separate masses of which divide and subdivide,
until the basis of each tissueislaid down. Then the oldest
particles of the germinal matter of each mass becomes con-
verted into the particular substance of which the tissue is

to consist,
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A certain bulk: of young tissue contains a larger proportion
of germinal matter than a corresponding bulk of old tissue.—
In all tissues the quantity of germinal matter diminishes
as age advances. The relative proportion of germinal
matter to the formed material in certain tissues is less in
the adult condition than in youth, and less in old age
than in the adult state. This may be illustrated by ex-
amining the muscles of insects in the larve at different
stages of growth, and again in the perfect state. In the
young larva you find in a given amount of the tissue a
much larger proportion of germinal matter than at a later
period, and in the perfectly formed tissue the quantity is
reduced to a comparatively small amount. The same is
true of man. 1In the embryo, germinal matter abounds,
and the development of tissues takes place rapidly. In
the adult, development still goes on, but to a more limited
extent ; and so with regard to the reproduction of lost
parts. In early life the reproduction of tissue is effected
rapidly and with wonderful facility ; but as age advances
we find this power diminishing, until in old age even union
of some tissues will not take place at all. The production
of new material for the repair of injuries in the old is a
difficult process, and on examining their tissues we find
that the proportion of germinal matter to the formed
material is small, and this active matter is often imbedded
in a very thick layer of formed material which prevents
the free passage of nutrient matter to it.

OFf the white blood corpuscles and pus corpuscles.—We have
spoken so far of the germinal matter as it occurs in the
solid tissues of the body. But it is not confined to these.
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It is to be found also in the fluids of the body. Thus, the
white corpuscles of the blood, the corpuscles of the lymph
and chyle, and the contents of the closed glands are to be
regarded as masses of germinal matter possessing important
powers of growth. The white corpuscles of the blood in-
crease in number in certain cases of disease with great
rapidity. They do not undergo the natural change into
red corpuscles at the same rate at which they are pro-
duced, and so the balance which T spoke of as existing in
health, between the opposite processes of production, of
new matter and removal of old, is destroyed.

From what I have already said with regard to the cir-
cumstances which determine the proportions of germinal
matter to the formed material in an elementary part, you
will see at once why there should be so great a resemblance
existing between chyle and lymph corpuseles, certain cor-
puscles in some specimens of mucus, the corpuscles in
certain glandular organs, white blood corpuscles, and pus
globules. All these bodies are composed almost entirely
of germinal matter, the masses of which grow and are
free to move in viscid flnid. Many of them could not
be distinguished from spherical masses of germinal matter
existing in the lower animals. They are all coloured
by carmine, and exhibit the same general characters. I
need scarcely remind you that their powers are very dif-
ferent ; and here we have one of the many instances which
might be adduced to prove that no idea of the powers of
germinal matter can be formed from its general appearance,
or from any tests we are yet able to employ.

The white blood corpuscles are simply masses of germinal

ol o o i e e s o S i

R

Y W

i s B

A e

et



ON THE STRUCTURE AND GROWTH OF TISSUES. 49

fluid, and the constant motion to which they are subjected
by the circulation of that fluid prevents their undergoing
any process of development into tissue. But let them be-
come stationary from any cause, and they give rise to the
formation of a simple kind of fibrous tissue—indeed, there
is reason for believing that fibrin is the formed material of
the white blood corpuscles.

In cases where the lymphatic glands are enlarged and
the quantity of fibrous tissue considerably increased, I
believe that the fibres in the substance of the gland are
formed from the lymph corpuscles. In the spleen I have
seen tail-like processes projecting from the white corpus-
cles, and it is easy to find corpuscles in every transition
from the spherical colourless corpuscle to the nucleus with
fibrous tissue projecting from different parts of its surface
and continuous with it. These fibres in fact seem to be
formed from it.

Of the process of secretion.—And now, before I conclude
this lecture, let me draw your attention for a few moments
to the consideration of the process of secretion. Let us
examine it in the liver. Here is a representation of a liver
cell. In the diagrams of these structures which you meet
with generally, you find a well-defined round or oval body
containing a nucleus, delineated. But in reality, when you
come to examine the structures for yourself, you find no
such regularly-formed body, and some of the cells have a
very irregular outline which is often angular and sometimes
ragged, so as to give you the idea that it is being disin-
tegrated. It contains within several smaller oil globules.

Now, one cannot demonstrate the constant existence of
D
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any membrane or cell wall around this so-called liver
cell. The cell wall is not a necessary part of the cell.
We will not speak of it as a cell, then, but rather
as a mass of formed material and germinal matter, The
germinal matter (nucleus) contains separate centres of
growth, smaller masses of germinal matter (nucleoli)
growing and appropriating to themselves new material,
and capable of becoming a structure like the whole mass,
so that all might be destroyed except the nuclei and
nucleoli, and these retaining their vitality would commence
to grow anew. Now, in the secretion of bile, this, T believe,
1s simply what takes place. The material from which the
bile is to be formed transudes from the bloodvessels, it is ab-
sorbed into the interior of the mass constituting the * liver
cel.” Here it is converted into the material of which the
germinal matter is composed. The particles of this mass
are constantly growing from centre to circumference, and
when they have reached the circumference of the mass,
having passed through various stages of their existence,
they become bile. So that in secretion the same rule is
observed that we noticed in the growth of tissues. The
conversion of new material begins at the centre, germinal
matter is the form which it first assumes, and the particles
of this substance towards the end of their life give rise to
particular tissues, or, in the process of secretion, to the
peculiar substance which is resolved into the constituents
of the secretion.

In conclusion, let me say, without employing any tech-
nical terms, that the numerous facts I have referred to
seem to show that every living being, and the particles of
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which the active portion of every living elementary part is
composed, consist of,—1. Matter which possesses the power
of forming itself into, or of altering the arrangement and
relation of its own constituent elements so as to form, matler
having eertain peculiar properties,—2, Malter or tissue
which has thus resulted or has been formed. The latter
generally forms an investment around and protects the
former ; but in certain cases, besides this investment being
formed, some of the living particles undergo change,
and become resolved into a peculiar jformed matter
which gradually accumulates to such an extent that
the forming matter, of which very little remains, is found
between the external investment and the peculiar formed
malfter within. As examples of this, you may remember 1
adduced the familiar instances of the fat-cell and the
starch-cell. In nutrition, the pabulum first becomes
Jorming matter, and in this new state passes through cer-
tain stages of existence, and at last becomes formed. The
movement of the particles always takes place in one con-
stant direction, from the centre, at which they became living.
The pabulum always passes in the opposite direction.



LECTURE 1V.

(sranules - or molecules—Dr. Bennett’s molecular theory of
organization—Globules—Cells or elementary parts—Nuclel
and nucleoli—Fibres—Membranes.

GeNTLEMEN,—Having considered some points with refer-
ence to the anatomy, modes of development, and growth
of elementary parts, and having discussed the character of
the changes occurring during nutrition, and the modifica-
tions which take place in these phenomena when the normal
conditions are altered, we may now study the anatomy of
the clementary tissues. Let me, however, in the first place,
direct your attention to some of the bodies which are seen
in certain textures and fluids of the organism.

In the examination of the tissues we meet with matter
in the form of granules or molecules, globules, Jfibres, per-
feetly clear transparent and apparently structureless mem-
branes ; as well as matter forming definite masses, which
possess vital endowments, and are therefore characteristic
of living beings, and exhibit a peculiar structure. These
are known as nucleoli, nuclei, and cells or elementary parts.

Granules or molecules.—I would define a granule or
molecule to be a patticle which is too small to exhibit any
form or structure when examined by the highest magnify-
ing powers we possess. It appears as a very minute point
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or dot. 'We cannot say that these particles do not possess
any definite form or structure, but at the present time no
optical instruments are sufliciently perfect to enable us to
arrive at any conclusions on these important questions.

With reference to the question of composition. Granules
may be simple or compound, composed of one substance
or many substances. They may consist of inorganic matter,
or they may be composed of organic matter. They may
be living or dead.

Fach living granule possesses inherent powers of growth
and multiplication. It may grow and divide, and the re-
sulting particles may become developed into structures
having very definite characters and possessing remarkable
powers.

The 1nanimate granules, on the other hand, may coalesce
to form larger masses, instead of dividing to form a greater
number of particles, they may become erystalline and un-
dergo other changes; but, it need scarcely be said, they are
destitute of all powers of growth, properly so-called, and
of reproduction.

It is of the utmost importance to draw a distinction
between living molecules or granules and inanimate matter
in this state of extremely minute division. As far as I am
aware, it would be impossible, from the general micro-
scopical appearances alone, to distinguish the living from the
lifeless molecules. Neither do the movements of the par-
ticles help us to draw any distinctions, for in both cases
movements are observed, and the motion seems to be of the
same character. This is molecular motion, which is quite
independent of vitality, and is seen to occur always when
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minute particles of any matter are suspended in a limpid
fluid. I have considered the general points observed in
the examination of living and lifeless particles at some
lengthin the Archivesof Medicine, vol. ii., p. 185. It isonly
by watching the particles for some time that we can posi-
tively distinguish between these granules or molecules
which differ in so marked a degree from each other in
power. The inanimate particles, if they alter at all, undergo
changes which can be accounted for by their chemical or
physical properties. The living particles under favourable
conditions, grow—not by the aggregation of several to
form a larger mass or collection, as occurs in the case of
the lifeless particles,—but each individnal increases in size.
It absorbs the matter which surrounds it, and causes a
complete alteration in the properties of this matter. So
far from the living particles collecting together and forming
aggregations, they increase in size and divide and subdivide.
They separate from each other, instead of collecting to-
gether, and this not by reason of any repulsion existing
between the particles, but in obedience to a power resident
in the living matter which compels the particles to move in
a direction from the centre where the matter of which they
are composed became living.

The inanimate granular or molecular matier present in
certain animal fluids, or in the tissues, may be due to
insoluble albuminous matter, faily maiter, or saline matter,
in a state of very minute division.

The granular appearance depending upon albuminous
matter in a state of minute division, is removed by the
action of acetic acid or an alkali ; that due to the presence
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of fatty matter by ether; and that depending upon saline
matter by water, acids, or alkalies, according to the nature
of the substance.

Dr. Bennetl's molecular theory of organization.—I have
endeavoured to draw a distinction between the inanumale
granules or molecules which may be precipitated from fluids,
and the living molecules which spring from preéaisting mole-
cules.  For although, as a general rule, very small particles
do not exist separate from each other in a living state, I
have adduced reasons for believing that living independent
organisms exist which are so small as not to be visible
by the highest power until they have lived for some time
and grown.*

Dr. Bennett considers that living structures are com-
posed of histolytic and histogenetic molecules, or molecules of
disintegration and molecules of formation. *The histogenetic
molecules are formed either from the union of two simple
organic fluids, or from precipitations occurring in forma-
tive fluids holding various substances in solution.” ¢ The
histolytic molecules are the result of the transformation
and disintegration of fluid and solid substances by chemical

* Dr. Bennett applies the term “ granule™ to a body with
a light centre and a darkly shadowed outline. A small
spherical particle of oil exhibiting these characters would
therefore be spoken of as a * granule,” while a larger one
would be termed a ¢ globule.” I have thought it better to
restrict the terms ¢ molecule” and * granule™ to particles of
matter which exhibit no structure, and are too small to
show a clear centre with dark outline, and that of * globule”

to bodies in which a dark outline and transparent centre can
be distinguished.
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and mechanical action.” Under the head of histogenetic
molecules, Dr. Bennett deseribes the moleeular matter pro-
duced by an admixture of oil and albumen, and shows
how the latter may be caused to coagulate in the form ol a
membrane on the surface.

He considers that the molecules are formed by a physical
process, and that afterwards they become agoregated to-
gether, so as to form masses around which the cell wall is
formed. According to these views, then, the living cell,
endowed with the power of forming peculiar substances,
and of producing other living structures like itself, is pro-
duced in much the same way as the artificial cell consisting
of oil and albumen with an insoluble envelope, which pos-
sesses none of the powers characteristic of living cells.

The living cell is formed by the aggregation of living
particles, the artificial cell by the aggregation of lifeless
particles. In each case the membrane is supposed to be
thrown around the collection, and the * cell” is complete.

Now, a living * molecule ™ placed in a fluid containing
inanimate matter will grow, and will gradually assume the
appearance of a collection of molecules, but the growth
does not depend on the aggregation of a number of mole-
cules. The substances passing into the interior are in
solution, and the molecular appearance results from subse-
quent changes. Again, a number of minute living parti-
cles being suspended in fluid never run together and form
collections. So far from aggregating together, they divide
and subdivide, and multiply enormously n number. In-
animate particles always become aggregated together, ox
coalesce to form larger masses. Living particles never
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become aggregated to form a compound living mass,
but each absorbs nutrient matter and divides into smaller
masses. The living particles multiply in number, radiating
from, instead of collecting towards, centres.

Before inanimate substances can become living they
must be reduced to the state of solution, and there is
reason to believe that at the moment when the matter
becomes endowed with vital properties the relation of its
component elements to each other becomes totally altered.
These elements being afterwards arranged in obedience to
powers resident in the living matter, in such a manner as
to give rise to the production of certain definite compounds,
and as these compounds are formed, the material ceases to
exhibit those endowments to which, it seems to me, the
term vital should be restricted.

It has been shown that the outermost part of the so-
called * cell wall” is the oldest portion of the structure,
and that it is increased in thickness from within. Hence,
according to Dr. Bennett’s view, we must suppose that
two distinet processes take part in the formation of this
structure. Matter from the surrounding medium being
first deposited over the surface of the mass, while this 1s
afterwards thickened, not by the addition of new layers
upon the external surface, but by matter which is deposited
from within.

It secems very unlikely that the outer layers should be
formed in a totally different manner to the layers within,
for very often it resembles these so closely that no line of

demarcation exists, and no difference whatever can be
demonstrated.
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Sometimes masses of living matter exhibit a stellate ap-
pearance, and are completely destitute of any * cell wall ™
whatever. Portions may be seen to project from the
general mass for some distance, as if growing from it into
the surrounding medium. These proecesses often break off,
and thus from one individual mass, many separate masses
may be formed. Each one of the resulting portions grows
and gives origin to new masses by division.

In fresh mucus, the manner in which the living masses,
which appear to be composed of molecules, multiply, can be
seen very readily. Portions project from the general mass,
become detached, grow, and divide. These masses are
always coloured by carmine, and can thus be distinguished
with certainty from the collections of inanimate oil globules
and molecules which are seen here and there, and resemble
them in general appearance.

No demonstration of the precipitation of hiving particles
from a clear fluid has yet been made by any one; while,
on the other hand, it is easy to adduce examples in which
the origin of an aggregation of living molecules from a pre-
¢xisting living mass can be traced most conclusively. The
process can be seen quite distinetly in every stage in
various epithelial structures, and in the lower plants and
animals it may be actually observed to take place under
the eye of the observer.

I have endeavoured to show that every elementary
living structure is composed of matter in two states, and
that a difference exists in the manner in which these
two portions behave towards certain colouring matters.
The differences observed in appearance, in chemical charac-
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ters, and physical properties, between the matter of which
the * cell wall” and the * cell contents,” in many cases,
is composed, are due to the different stages of existence
of the different parts at the time of examination. One
part consists of matter which is just beginning its life;
the other of matter which has already passed through the
various phases of its existence. The matter which 1s
endowed with the most active powers is darkly coloured,
while the matter which has ceased to possess the power of
multiplication and selection is not coloured at all. By
the action of carmine and some other colouring matters
the so-called * cells” formed in the living body can be
at once distinguished from structures resembling them
in form which are prepared artificially. Moreover, when
the living particles have been removed for some time from
the body they cease to exhibit these characters. They are,
in fact, dead. These and other points which I have re-
ferred to before, seem to me to militate against Professor
Bennett’s view of the formation of living molecules by
precipitation from organic fluids. Very many facts are
in favour of the doctrine, that living molecules spring
only from preéxisting living molecules, and that the forma-
tion of living cells or elementary parts takes place mn a
manner totally different to that in which bodies resembling
them may be formed artificially. The former possess in-
herent active powers, by virtue of which the matter com-
posing the living particles is caused to acquire new proper-
ties, and its elements are separated and then made to unite
to form new combinations. Particles possessing these
powers can communicate them to new particles. The
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artificial bodies have no such endowment, but any changes
occurring in them can be explained by well-known physical
laws.

(/lobules.—A globule may be defined to be a body which
appears under the microscope to be circular, with a dark
outline and transparent centre. Globules are generally
spherical, but they may be oval or irregular in form. They
differ much in size. The smallest body, which appears as a
distinet globule when examined by high powers, of course
might be termed a granule or molecule, if subjected to
examination, only by low magnifying powers. In compo-
sition, globules vary as much as granules. A little milk
placed under a power of 200 diameters affords a good idea
of the characters of globules. In this case the globules
are composed of fatty matter, but it is often quite impos-
sible to distinguish oil-globules from globules of phosphate
of lime or some other saline matters, without resorting to
chemical tests. Frequent mistakes of this kind have been
made.

You must bear in mind that the thickness of the outline
of a globule depends upon the difference between the refrac-
tive power of the matter of the globule itself and that of
the medium in which it is immersed. The same globule of
phosphate or carbonate of lime will appear almost entirely
black, when examined in air, to have a very thick dark
outline when placed in water; while in oil or turpentine, or
Canada balsam, or even in syrup or glycerine, the outline
will appear as a thin dark line. In estimating the cha-
racter of a globule you must bear in mind the influence of
the medium in which it is immersed upon its appearance.
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The term globule is only properly applied to bodies
having the above characters which are composed throughout
of one substance. A particle of mildew might be termed a
alobule, and this might be brought forward as an example
of a series of facts, the knowledge of which has led some
observers to believe that there exists a great resemblance in
structure and microscopical characters between inanimate
and living particles. Examined in air or water it might
be impossible to distinguish the inanimate globules of phos-
phate or carbonate of lime from the living spores of mil-
dew, but the greatest difference between them is demon-
strable if proper methods of examination be employed.

The inanimate globule is often of the same constitution
in all parts. If acted upon by chemical solvents it dissolves
slowly from the outer surface towards the interior, and the
part which was first deposited (the centre) is the last to
disappear. The spore of mildew, on the other hand, is
composed of matter having very different properties—ex-
ternally of a thick firm membrane, within which is soft
matter in an active living state. The membrane or enve-
lope may be ruptured, and its contents caused to escape. If
placed in carmine the membrane is not coloured, while the
soft matter within is coloured red. If placed under favour-
able circumstances the soft matter within grows. In all
these and many other important characters, the spore of
mildew differs from a globule of phosphate or carbonate of
lime, and it would therefore be uite unreasonable to say
that an inanimate globule is formed in a manner at all
resembling that in which a living structure like the spore
of mildew is produced.
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The matter of the inorganic globule is merely deposited
from its solution in fluid. The living structure which ap-
pears like the inanimate globule, when examined in a super-
ficial manner, has the power of forming the materials of
which it is composed out of matter which is totally dif-
ferent from the compounds produced. Not only does
chemical combination take place, but the elements, by the
powers of the structure, are caused to assume a certain
arrangement, the result of which is the formation of the
chemical compounds characteristic of that particular living
structure.

Cells or clementary parts.—I have already described
what is generally understood by the term cell, and have
endeavoured to show that the definition usually employed
cannot be applied to the elementary parts of many tissues.
We may, however, use this term, which is very short and
convenient, if we give to it a more general meaning. I would
venture define the cell or elementary part as a structure
always consisting of maftter in two states, forming and
formed, or germinal matier and formed material. The first
or active substance is surrounded and protected by the
outer passive matter, through which all the pabulum to
be converted into germinal matter must pass.

An aggregation of oil-globules or calcareous particles
caused to cohere by intervening viscid matter, or invested
by a similar substance, will appear very like a form of cell.
Such bodies exist in the organism and have been described
as cells, but similar appearances can be produced artificially.
Such bodies do not take part in the formation of compounds.
They may undergo chemical and physical changes, but it
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need hardly be said they have no power of growth or mul-
tiplication. No nucleus or anything corresponding to it
can be demonstrated upon the application of carmine,
This action of carmine on the living growing matter has not
been generally recognized, and inanimate structures which
do not possess any inherent powers of forining or producing
have not been distinguished from structures which possess
these wonderful properties in a marked degree. There is
often a great similarity in general appearance, but there is
a total difference in power. The agaregations of particles
under consideration may be stained by carmine and other
colouring matters, but the colour is uniform and is easily
removed, and they never exhibit those different tints which
are so striking in the true cells or elementary parts, and
which can only be explained on the view that different
parts of the living structure exhibit different properties or
possess different degrees of activity.™

Nuclei and nucleoli.—True nuclei are always coloured by
carmine more deeply than the matter which surrounds
them or in which they seem to be embedded, and nucleoli
are more darkly coloured than the nuclei. Nuclei and
nucleoli are new centres which are developed in preéxisting
living matter. In many cases mere oil-globules have been
mistaken for nucleoli. The manner in which nuclei and
nucleoli make their appearance in germinal matter has

* The varying intensity of the action of carmine on the
different parts of the vegetable cell is illustrated in the draw-
ings of the Rev. Lord S. G. Osborne.— * Vegetable cell strue-
ture and its formation as seen in the growth of the wheat
plant.”"—Transactions of the Microscopical Society, Oct. 1856,
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already been described, and these living structures can
always be distinguished by their becoming darkly coloured,
while oil-globules do not receive the colour at all. Although
we cannot in many cases distinguish living granular matter
from inanimate granular matter by mere observation, we
can always do so most positively 1f we resort to the process
of staining with an ammoniacal solution of carmine, or
some other alkaline colouring matter.

Fibres.—Anything which appears as a mere line, or solid
and thread-like, with a double outline, may be termed a
fibre. Some fibres are so fine as scarcely to be demon-
strable, others so thick as to exhibit a boundary-line on
onch side and a considerable thickness of matter between.
When a fibre is thick in the centre and gradually tapers
off into thin lines at the two extremities, it is called a
« fibre-cell,” although the meaning of the word fibre 1s
utterly opposed to that generally given to the word * cell,”
which is held to be a closed vesicle with certain contents
1 its interior. The definitions given to words in general
use in this department of knowledge are often very vague
and unsatisfactory, and in many cases the meaning be-
comes in the course of a very few years greatly modified,
although the term is still retained. Any tissue exhibiting
lines parallel to each other, and exhibiting regularity, or
arranged irregularly, crossing and interlacing in vari-
ous directions, is said to exhibit a * fibrous appearance,”
which may be due to the mode of formation of the tissue
(tendon, periosteum, &c.). Such an appearance may be
produced artificially in some perfectly clear substances by
the addition of chemical reagents.
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Membranes.—Transparent and apparvently structureless
membranes are met with in various tissues in the human
body. The outer portion of the eleméntary part exhibits
these characters in many instances (cell wall). In this
case the clear membrane is formed by condensation taking
place in the formed material, while at the same. time it
may become increased in extent by stretching, produced by
the growth of the germinal matter, or by the accumulation
of secondary deposits, within. In some instances a clear
transparent membrane seems to result from changes occur-
ring in preéxisting structures. Capillary vessels and deli-
cate nerve fibres, with a small quantity of intervening
tissue, may form a thin layer, so smooth and clear as
to resemble a membrane. There are instances in which
numerous elementary parts united together at their edges
form a membranous structure. As such a tissue grows
old, all distinction into cells is lost, and the whole appears
as a transparent membrane.

An appearance resembling a transparent membrane may
also be produced artificially by the application of certain
chemical reagents to various structures, and sometimes by
the action of acetic acid or potash, a homogeneous layer is
produced on the surface of a tissue, which is very likely
to mislead the observer, and lead him to infer that a true
membranous investment exists, while in reality there is no
trace of such a structure.
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LECTURE V.

TNE TISSUES.

OUn the classification of tissues—Of the connective tissue
theory — Cells and intercellular substance — Canalicular
System—The connective tissues—Tendon—All fibres which
resist the action of acetic acid, not elastic tissue—The fibres
of yellow elastic tissue are rot tubular—Cord-like connec-
tive tissue—Cornea—Sketch of the changes occurring
during the development of tendon and allied tissues.

I siaLL not attempt to divide the tissues into certain
specific classes, because it appears to me that it is not pos-
sible at present to suggest a classification which would be
of any real assistance to the student.

The following classification is, with slight modifications,
generally accepted by writers on the subject:—1. Cell
tissues. 2. Connective tissues. 3. Contractile tissues. 4.
Nervous tissue, or the last two are included with the vessels
in a group by themselves, and termed the  higher tissues.”

Classifications have been made according to the physical
properties of tissues, and according to the offices which
they serve. There are objections to all these plans. In
many cases a tissue would fall into a different class at dif-
ferent periods of its development and growth.

In my first lecture I discussed at some length the
anatomy of cells or elementary parts as they occur in
the so-called cellular tissues, and I propose now to de-
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seribe the anatomy and properties of the most simple
fibrous tissues of the body. Many of these are connected
with the locomotive organs. Afterwards I shall pass to the
consideration of the more elaborate structures. In the
first place, I must give a general deseription of the tissue,
then we shall be able to consider the mode of its develop-
ment, and to stady the changes occurring during its growth
and decay. Lastly, I shall briefly refer to some of the
general modifications ocewrring in its growth, and altera-
tions produced in its structure which are observed in
disease.

On the connective tissue -theory.—It 18 not too much to
say that the so-called * connective tissue series™ forms
one of the most important groups into which the tissues of
animals have been divided. Certain examples of this class
of tissues exist from a very early period of development,
and some representative of the series may be demonstrated
in all except the lowest classes of animals and plants. In
man and the higher animals, some of the connective tissues
perform most important and special offices, and some are
found in every part of the body. Soft connective tissue is
said to form a connective medium between other tissues, a
supporting tissue to higher structures. It extends with
the vessels into every organ. It is in contact with epithe-
lial structures, and in some cases is continuous with them.
It is connected with nerves and vessels, and exists between
the elementary fibres of musele. 1t is found in the most
delicate nervous structures, as the retina, brain, and cord,
and exists in considerable quantity in connexion with the
peripheral distribution of nerves.
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Firm connective tissue exists in the form of white fibrous
tissue in ligaments and tendons, in periosteum and peri-
chondrium, and in a granular, fibrous, or more or less
homogeneous form in different varieties of cartilage
and fibro-cartilace. Hard connective tissue is seen form-
ing bone and dentine. The vitreous humour of the eye
s said to resemble the so-called mucous tissue which lies
between the vessels of the umbilical cord, and these are
adduced as examples of a very simple form of soft con-
nective tissue. Contrasting with these structures, which
are so very soft and contain in their interstices such a
large amount of fluid, we have the hard and comparatively
dry osseous and dentinal tissues.

You will, no doubt, have felt some surprise that this
class of connective tissues should have comprised struc-
tures of the most different physical properties and chemical
composition—tissues which grow very quickly, and tissues
which increase so slowly that their growth is only percept-
ible at long intervals of time—tissues which, like bone,
are undergoing with wonderful regularity constant change
throughout life, and structures like the dentine of the per-
manent teeth, which remains almost without change, which
is in part worn away by friction, the remains being ulti-
mately altogether detached from the body—tissues which
are entirely composed of * cells,” like some varieties
of cartilage, or like other forms, contain cells with a certain
proportion of intervening matrix, and structures which are
destitute of cells, like some forms of fibrous tissue—tissues
which, closely surrounding capillary vessels, receive an
abundant supply of nutrient matter, as well as tissues
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which are separated a considerable distance from vessels,
and receive but a small quantity. You will see at once
that T have some reason for objecting to a classification
of such a character as this, which seems to me to fail in
fulfilling the main objects which we hope to attain by
arranging facts in separate groups or collections.

Clells and intercellular substance.—In spite of such dif-
ferent properties, offices, and composition, these tissues
undoubtedly possess certain characters in common, but it
seems to me that these common characters have been very
much exaggerated. It has been truly said that many are
very closely related to each other, and that some pass one
into the other, that in certain cases one may take the place
of the other, and all may pass into bone. It must, how-
ever, be observed that epithelium and nerves and vessels
and muscular fibre which cannot be included in this
series, are continuous with connective tissue. It has been
said that all these tissues consist of cells and an intercellular
substance, and many hold that the latter substance is
formed independently of the former ; but I shall endeavour
to show that such a distinction does not exist in nature,
and that the so-called * intercellular substance ™ corresponds
to the *“ wall ” of an “epithelial cell.”

Canalicular system.—Virchow has advanced a step further
in defining the character and raising the importance of the
so-called connective tissues. Ie states that in many of
the soft connective tissues where the cells have a reticular
arrangement, anastomoses take place just as occur be-
tween the canaliculi of bone or the branches of the dentinal
tubes, and he professes to have demonstrated such tubes in
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different forms of ordinary connective tissue, as tendon,
mucous tissue, &c. ** These anastomoses constitute a
peculiar system of tubes or canals which must be classed
with the great canalicular systems of the body, and which,
particularly forming as they do a supplement to the blood
and lymphatic vessels, must be regarded as a new acqui-
sition to our knowledge, as in some sort filling up the
vacancy left by the old vasa serosa which do not exist.
This reticular arrangement is possible in cartilage, con-
nective tissue, bone, and mucous tissue, n the most dif-
ferent parts ; but in all cases those tissues which possess
anastomoses of this description may be distinguished from
those whose elements are isolated, by the greater energy
with which they are capable of conducting different morbid
processes.”

As, however, there exist forms of connective tissue in
which no fubes can be demonstrated but which contain
fibres of yellow elastic tissue, some observers have gone so
far as to consider this yellow elastic tissue as representing
the nutrient tubes, and have not hesitated to assert that,
because in some cases a cavity can be demonstrated in the
yellow elastic tissue, there can be no doubt that this forms
part of a “canalicular system” for conveying nutrient
juices. Thus, various appearances have been interpreted
in such a manner as to accord with the views of the
structure and functions of connective tissue which have
been propounded ; but I shall show you that a number
of points far more striking, and facts easy of demonstra-
tion which cannot be explained by the favourite theory,
or which militate against it, have not been noticed in
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the same prominent manner, or have been altogether
passed over.

In every branch of natural kunowledge facts are so
numerous, that if we permit ourselves to be so misled it is
easy to select a number in favour of many proposed
theories, and thus the most conflicting doctrines sometimes
seem to be supported by positive facts. All the connective
tissues have, in fact, been brought into the same category
as bone which consists of *cells with communicating
gubes,” and * an intercellular substance.”

I have considered this question at some length elsewhere,*
and 1 shall not now attempt to repeat the facts and argu-
ments advanced in favour of my conclusions. I propose to
describe briefly the general anatomy of those tissues which
are of especial interest to us in connexion with pathological
changes, in the following order -—White fibrous tissue,
mucous tissue of the umbilical cord and the vitreous
humour of the eye, yellow elastic tissue, cartilage, bone,
dentine, muscular fibre, nerves and vessels.

Tendons, ligaments, and fascie, owe their firnmess
and unyielding properties to the white fibrous tissue of
which they are composed. This white fibrous tissue is
very widely distributed, but it differs materially in cha-
racter in different parts. The three structures above
mentioned are all composed of white fibrous tissue having
well-marked characters. TParcels or collections of finer
fibres varying somewhat in diameter are bound together

* ¢« On the Structure of the Simple Tissues of the Human
Body.” Churchill. 1861,
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with areolar tissue to constitute the tendon, ligament, or
fascia. The few vessels and nerves distributed to tendon
pass amongst these bundles, which in ligaments and tendons
run parallel to each other, so that in a transverse section
you see the different parcels packed together with the
vessels between them. In fascia the bundles cross each
other at different angles and form flattened bands.

Perichondrium and periosteum are also composed of
white fibrous tissue ; but these differ in structure from the
white fibrous tissue just described, in several important
particulars.

White fibrous tissue enters into the formation of the
areolar tissue which is found between the various elementary
organs, which make up an entive organ, and it forms a
bond of union between the different textures of the body.
This structure has of late years reccived the name of con-
nective tissue. It contains yellow eclastic tissue, but the
proportion and characters of this latter tissue differ very
materially in different kinds of connective tissue. Doth
these tissues, white fibrous and yellow elastic tissue, ex-
hibit marked differences of structure in different parts of
the organism, and I shall be able to show you that white
fibrous tissue is formed in different ways, and that its pro-
perties and offices are very different. Some forms are
developed from nuclei, like other tissues; while in other
cases the fibrous tissue scems to be but the remains of more
important tissues. Certain forms are present in the
embryo, while others which exist in considerable propor-
tion in the adult are not to be detected at an early age.
The same remarks also apply to the yellow elastic tissue.
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[t must, however, be borne in mind that the microscopical
appearances usually considered to be characteristic of these
fissues may be produced without either being present.

It will, therefore, be necessary for me to depart some-
what from the plan generally followed in describing the
anatomy of these tissues. 1 shall try to describe what
may be actually observed if the tissue under consideration
be submitted to microscopical examination. After the
minute anatomy of some of these forms of connective
tissue has been carefully considered, we shall be in a posi-
tion to discuss the connective-tissue question generally. I
may, however, as well again remind you that all the con-
nective tissues are considered to consist of * cells™ and an
“ intercellular substance.,” It is generally held that the
latter is produced independently of the former, and although
Kalliker, like Schwann, has always most positively, and I
think most correctly, maintained that the white fibrous
element of connective tissue of tendon, for instance, is not
formed independently of cellular bodies,—many of the
highest authorities hold an opposite view, and regard this
tissue as produced altogether independently of cells.

TENDON.

This structure is generally subjected to examination
after having been dried, or partially dried, and then re-
moistened with fluid, but it has been found that these
processes cannot be carried out without some consider-
able alteration in the characters of the tissue being pro-
duced. The specimens referred to have therefore been
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prepared without any desiceation at all. They have been
soaked in carmine solution, and afterwards mounted in
glycerine, according to the method already given. If a
thin longitudinal section of tendon be examined, numerous
narrow elongated bodies connected together by narrower
lines, and arranged parallel to each other, and nearly equi-
distant, will be observed throughout the fibrous substance
of the tendon. These are the “nucleated fibres of the
tendon,” or the parallel nucleated fibres, the kern-fasern of
the German writers. The parallel, wavy, and delicately
fibrillated matter between them is the white fibrous tissue
of the tendon, the so-called matriz or intercellular substance,
which is considered to be formed independently of, and
not to be connected with, the nuclei. The proportion which
the “nuclear fibres” bear to the quantity of the fibrous
substance is different at different periods of develop-
ment. If you examine the tendon of a fatus, that from a
young individual, and from an adult of the same species,
you will find that the * nuclear fibres " are nearer together
in the feetus than in the young animal, and closer together
in the latter than in the adult. In other words, as the
tendon grows the fibrous tissue or intercellular substance
increases in proportion to the nuclear fibres; or in a given
bulk of tendon, the nuclear fibres are much more numerous
in the embryo than in the adult.

If the tendon be stretched longitudinally, the nuclei
become narrower and appear as mere lines. On the
other hand, if the structure be stretched laterally, the
nuclei are made to assume an oval form, and the extension
may be carried so far as to cause them to be wider from
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side to side than from end to end. The germinal matter
thus extended forms but an exceedingly thin layer. The
cireumference is not so darkly coloured as the central
part. Passing in a longitudinal direction are a number of
lines (or rather the particles of which the germinal matter
is composed, exhibit a linear arrangement) which run
parallel with the fibres of the tendon, and these lines in the
germinal matter may be seen, if a very high power be used,
to be continued into the tendon, as imperfectly formed
fibrous tissue. The direction of the fibres of the tendon is
indicated by the arrangement of the particles of the germinal
matter. These points which bear in an important degree
upon the nature of the so-called * nuclear fibres " ean be
demonstrated very distinctly in specimens of tendon which
have been prepared in the manner I have described, and
afterwards subjected to stretching and pressure. Theap-
pearances are represented in Fig. 34, Plate VI. of my lec-
tures “ On the Structure and Growth of the Tissues,” deli-
vered at the College of Physicians in 1861.

The appearances I have deseribed will lead you to the
inference that the nuclei are continuous in all cases with
the fibrous tissue of the tendon. The fibrous tissue (in-
tercellular substance) nearest to the nuclei or masses of
germinal matter, is that which was most recently formed ;
while that which is most distant is the oldest portion of
the tendinous structure. Continuous with the particles
of germinal matter is imperfectly formed fibrous tissue.
As the germinal matter is exceedingly soft and undergoes
changes soon after death, and is destroyed by the action of
water, it is not surprising that the continuity of structure
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between the germinal matter and the firm fibrous tissue
should not have been generally recognized ; but if care be
taken to colour and harden the germinal matter, this con-
tinuity is made out very readily in every kind of fibrous
tissue.

If tendon thus prepared be carvefully torn up with
needles, very delicate bundles may be separated ; and it is
not uncommon to find the oval masses of germinal matter
with portions of white fibrous tissue projecting from either
extremity.

From the facts that these oval bodies are coloured
by carmine like the nuclei of other tissues, and the
fibrous tissue of the tendon is in direct continuity with
them, we cannot but conclude they are the masses of
germinal matter of the tendon, and bear the same relation to
the fibrous tissue that the germinal matter bears to the formed
material of other tissues. This is the living matler which
tales part in the formation of the tendon. As this view is
quite opposed to the notions generally entertained, it will
be necessary for me to discuss the anatomy of this tissue
more at length.

1f a piece of adult tendon be treated with acetic acid,
the parallel nuclear fibres become more distinet in conse-
quence of the fully developed fibrous tissue being rendered
clear and transparent by the action of the acid. Around
the bundles of fibrous tissue are, however, other delicate
fibres which resist the action of acetic acid. These appear
like fibres of elastic tissue.

First, as to the delicate fibres of yellow elastic tissue which
encircle the fibrous bundles of many specimens of tendon.—
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It has been assumed, I think much too hastily, that these
elastic fibres are in connexion with the nuclear fibres. Their
existence is undoubted, but they are not in suflicient number
to be considered as essential constituents of the tissue, and
they are not to be detected in all forms of white fibrous
tissue. For the most part they wind round the bundles.
By great patience you may occasiorally succeed in finding
a nueleus connected with some of these fibres, but when
this is so, the nucleus is very small, and quite distinet from
those I have described as connected with the white fibrous
tissue. It is, however, so seldom that I have been able to
demonstrate this nucleus in connexion with the yellow
elastic tissue in tendon, that as I have seen this appearance
result from alterations produced in an undoubted capillary
vessel, I am disposed to explain the very few cases in
which I have met with it in this manner. At an early
period of development the tendon is, comparatively speak-
ing, very freely supplied with blood, and it is possible that
some of the elastic fibres which encircle the bundles may
be the remains of nerve fibres and capillary vessels.

As a rule the fibres encircling the bundles of the white
fibrous tissue ave certainly not connected with nuclei. The
nuclei which are constantly present, exhibit a linear ar-
rangement at every period of the growth of tendon, and
they are in its substance. The yellow elastic tissue, on the
other hand, is not arranged in parallel lines, but the deli-
cate fibres of which it is composed form a lax network on
the surface of the bundles.

The masses of germinal matter which I have described
in_tendon and allied tissues are regarded by Virchow as
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arcolar or connective tissue corpuscles, ** bindegewebs-
kirperchen,” and he states that they are connected to-
gether by tubes, so as to produce a stellate arrangement.
In a longitudinal section he admits that nothing of the
kind is to be seen, but in a transverse section the stellate
arrangement is observable. It seems to me that this may
be explained thus :—It is not possible to obtain a very thin
section in which all the divided parts are in situ. In the
transverse sections made, some of the prolongations from
these bodies are altered in position, so as to make it ap-
pear as if they passed amongst the longitudinal fibres and
established a communication between the different nuclei.

If you attempt to make a transverse section, the stellate
bodies are undoubtedly seen, but it is impossible to obtain
a very thin transverse section of tendon with these nuclei in
their natural position. In trying to do so, you cut off
short picces of tendon and the included nuclei, with their
prolongations of germinal matter and imperfectly developed
formed material which resists the action of acetic acid,
being altered in relative position by the pressure to which
the specimen is subjected, appear like stellate cells or cor-
puscles with radiating processes. In all cases, however,
in properly prepared specimens, the continuity of structure
between the nuclei or masses of germinal matter, imper-
fectly developed formed material, and fully formed fibrous
tissue, can be demonstrated.

In some specimens of young tendon these prolongations
from the masses of germinal matter (cells or nuclez) are
well seen, and their communications are tolerably numer-
ous. The processes are distinct enough in some places,
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but most of them gradually become lost among the wavy
fibres with which ali are connected, and of which they are
but the early stage. Although they somewhat rescmble
fibres of yellow elastic tissue in their general appearance
and in their power of resisting the action of acctic acid,
they are not of this nature; their outline is irregular, and
when examined with very high powers they have a gra-
nular appearance, which is very different to the sharp out-
line and homogeneous appearance of the yellow elastic
tissue.

Moreover, it must, too, be borne in mind that the ap-
pearance so remarkably distinct in certain specimens in my
possession is not constant. It is not seen in a specimen ol
adult tendon where fibres of yellow elastic tissue are
found, nor in that of a kitten ; and in the fascia of the frog
there is no more indication of such an arrangement than
there is in cartilage. In some specimens of the tendon of
the child which have been stretched and pressed, the ap-
pearance of stellate cells and communicating tubes is most
distinet, but that it depends upon an alteration produced
in the nuclei, and upon the displacement and tearing of
some of the young tissue connected with them is sufficiently
proved,—Dby the appearance being produced by pressure, by
its absenee n parts of the specimen not subjected to pres-
sure, by the great variation in the appearances when the
arrangement is produced, and by its entire absence in cer-
tain specimens.

The dark lines extending between the nuclei are not
composed of elastic tissue at all, but consist of germinal
matter and imperfectly formed tendon. The structure is
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merely an carly stage of fibrous tissue.  The oval nuclei and
intervening lines may be regarded as spaces and tubes in
tendon some time after death, but in living tendon, and in
tendon shortly after its removal from the dead body, the
oval nuclei are composed of living germinal matter which
extends from one to the other in the form of a very narrow
line. Soon after death this germinal matter becomes
broken down, and there remain oval spaces and narrow {ubes
containing fluid and the products of its disinlegration. In the
case of fibrous structures like tendon, where the fibres are
parallel to each other, which are increasing in length and
breadth as development advances, we should expect that
the nuclei would multiply by transverse and longitudinal
division, but as the fibrous tissue is continuous throughout
‘the length of the tendon, the oval nuclei remain connected
together end to end, while the division laterally is more
complete. At the same time, In some cases, when the
nuclei are dividing laterally, they retain connexion with
each other. These connexions become finer and finer as
the formation of fibrous tissue continues, and i certain
specimens appear as narrow lines passing between conti-
guous nuclel.

The fibres of yellow elastic tissue are not tubular.—Not
only has it been inferred that the nuclear fibres are com-
posed of yellow elastic tissue, but it has been stated that
yellow elastic fibres are hollow and convey nutrient juices
to the tissues through which they ramify. Virchow very
cautiously expresses himself on this point as follows:—
¢ Tt has not up to the present time positively been deter-
mined, whether in the course of this transformation, the
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condensation of the walls of the cells proceeds to such a
pitch as entirely to obliterate their cavity, and thus com-
pletely destroy their powers of conduction, or whether a
small cavity remains in their interior. [In transverse sec-
tions of fine elastic fibres it looks as if the latter were the case,
and there is therefore ground for the supposition, that in the
transformation of the corpuscles of conmective tissue into
elastic fibres, nothing more than a condensation and thicken-
ing, and at the same time a chemical metamorphosis of
the membrane takes place, but that ultimately, however, a
very small portion of the cell-cavity remains.”

In yellow fibrous tissue, from many situations, I have
seen prolongations of germinal matter as in other tissues,
but I have completely failed to prove that these yellow
elastic fibres generally are tubular, and concerned in the
distribution of nutrient matter. Over and over again, I
have stained the nuclei amongst the fibres of yellow elastic
tissue with carmine, while not a single fibre exhibited the
slightest alteration. I cannot think, therefore, that these
fibres at any period of their development really consist of
tubes for the transmission of nutrient juices. The very fine
transverse lines which are seen comnecting the oval nuclei
of some specimens of tendon precisely correspond, as I
havealready stated, to the prolongations by which they are
connected together in the longitudinal direction, and in
nature there are to be found examples of every shade of
structure, disconnected masses of germinal matter, masses
connected longitudinally, masses connected laterally and
longitudinally at right angles, in a stellate, or in a most

irregular manner.
G
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All fibres which vesist the action of acetic acid not elustic
tissue,—"T'he imperfectly formed fibrous tissue (nuclear
fibres) resists the action of acetic acid, while the fully
formed fibrous tissue is rendered transparent by it.  This
power of vesisting the action of acetic acid, like true
clastic tissue, has caused observers to conclude that the
nuclear fibres ave of this nature ; but it must be borne in
mind that nucler generally resist the action of acetie acid,
and we use this reagent so much in anatomical investiga-
tion because it possesses the property of rendering the
fully formed tissue transparent, and thus the nucleus or
germinal matter, and recently formed matter around it,
become much more distinet.

[t has been assumed that all fibres which resist the action
of acetic acid ave composed of yellow elastic tissue, while
the fibrous tissue which is rendered transparent and loses
its fibrons appearance when subjected to the action of
the same reagent is regarded as white fibrous tissue, or the
intercellular substance or matrix of conneetive tissue. So
also it has been concluded on what seems to me very in-
sufficient grounds, that this intercellular substance is pro-
duced in the same manner, possesses the same physical and
chemiecal characters, and performs the same offices in what-
ever organism or in whatever part of an organism it may
be found. T think I shall be able {o convinee you that
these conclusions are premature, and I believe that a too
ready assent to this doctrine has not only prevented us
from learning the truth with regard to the nature of many
tissues, but has led us to entertain very arbitrary, and, I
think, somewhat incorrect views with reference to the
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nature of the process of nutrition in health, It has also
encouraged erroncous views as to the nature of various
pathological changes.

The consideration of this question involves the anatomy
and history of the changes occurring during the life of most
of the tissues of the body, and it must, thercfore, be post-
poned until we have carefully traced the changes oecurring
in these tissues at different periods of age, but I think I
shall be able to demonstrate that nerve-fibres and the cor-
puscles or nuclei which are constantly found, and in
great number, in connexion with their terminal ramifica-
tions, capillaries and their nuclei, as well as some other strue-,
tures, have been included under the indefinite term connec-
tive tisswe. 'This phrase seems to me to have been employed
by anatomists under very much the same circumstances
as the term extractive malter has been used in animal che-
mistry. Any texture in which well known anatomical
elements have not been demonstrated has at once been
classed as connective tissue. 'We shall see that by employ-
mg different processes of preparation very definite and
highly important structures are rendered evident, and we
shall prove that the tissue possesses far higher endow-
ments than are generally attributed to any form of connee-
tive tissue.

I must now briefly refer to some peculiar forms of this
so-called connective tissue, in which certain fibres which
resist the action of acetic acid are very distinet.

Cord-like connective tissue.—There are certain cord-like
fibres in connexion with different organs of the frog in
which we are able to study the mode of production of cer-
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tain appearances which are observed in connexion with
certain forms of fibrous tissue of the higher animals. The
peculiarity T refer to consists in this, that fibres of a struc-
ture resembling elastic tissue scem to be embedded in a
mass of white fibrous tissue. Many of these clastic fibres
are connected together, and here and there nuclei are
found. Often two branches seem to diverge from a
nucleus, and the fibres vary much in diameter.

In several specimens of these cord-like fibres connected
with the arteries, from the abdominal cavity of the frog,
the following points may be observed :—

A bundle of nerve fibres is perhaps seen running in the ex-
ternal coat of an artery. Some of the fibres are seen to leave
the large trunk of the nerve and run in the central part of one
of the fibrous cords, which are continuous with the areolar
coat of the artery. A portion of one of these cords with
most distinet nerve fibres may be seen in one part of
a specimen, and in another, a transition may be traced
from most undoubted nerve fibres to the very narrow
branching fibres before described. These fibres are not
altered by acetic acid, and by careful examination 1t 1s
clearly proved that they may be split up into finer fibres
if they are not actually composed of several minute fibres
collected together; so that they are not composed of the
determinate fibres of yellow elastic tissue. Some of the
finest of these cord-like fibres of connective tissue seem
to consist of a transparent matrix in which two or three
nerve fibres are embedded. The transparent tissue might
be considered as the so-called tubular membrane of the
nerve fibre. It seems to me, therefore, that the nuclei and
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delieate fibres continuous with them, embedded in a more
or less fibrous connective tissue, are nerve fibres which,
if not functionally active, have been so at an earlier period
of life, and that the matrix in which they are embedded
corresponds to the so-called tubular membrane.

There are other cord-like fibres in connexion with some
of the tissues of the frog which are a little like those just
described, but are formed in a very different manner, and
are destitute of the peculiar fibres which resist the action
of acetic acid above alluded to. The mode of develop-
ment of these thick cord-like fibres of connective tissue
may be clearly traced in the cufis of the frog. Numerous
oval nuclei may be seen undergoing division which oc-
curs transversely and longitudinally. The distance be-
tween each gradually becomes increased, and for some
time granular matter may be seen intervening between one
nucleus and the other. In this case a reticulated arrange-
ment exists, as in certain forms of fibrous tissue; and the
fully formed tissne forms a variety of connective tissue
bétween tendon and fascia, where the nuclei form straight
lines: and the outer part of the periostenm and areolar
tissue generally, where they assume a stellate form.

It 1s difficult to distinguish the points to which I have
adverted in every individual case, but that fibres resembling
elastic tissue in their behaviour with acetic acid, are imme-
diately continuous with nerves, and remain in sitnations
where nerves had been abundantly distributed at an earlier
period of life will, T think, be fully proved in a future
lecture.
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CORNEA,

The transparent proper tissue of the cornca is a
modification of white fibrous tissue. It is composed of a
number of branching fibrous fascienli which are closely
adapted to each other. These fasciculi are for the most
part arranged in laminaz: which run parallel to the sur-
faces of the cornea. The fasciculi of one lamina are,
however, continuous with those of adjacent laminwe. The
arrangement of the bundles of fibrous tissue 1s such that a
net-work is formed, the fibres of which are so closely
adapted to each other that in the healthy cornea, interven-
ing spaces can hardly be said to exist. Between these
bundles, or amongst the fibrous tissue composing them,
are situated the so-called radiating connective tissue cor-
puscles, or nucleated cells of the cornea. These were
discovered by Mr. Toynbee in 1841. They are believed
to be peculiar to undeveloped elastic tissue, and are con-
sidered to be connected with channels for conveying the
nutrient juices. IEven Kolliker, who nevertheless maintains
that white fibrous tissne is developed from cells, considers
these cells or nuclei to be distinet from the fibrous tissue, and
accepts Virchow's explanation of their oflice. He remarks :
“It is probably beyond doubt, that the nutrient fluid,
which continually saturates the corneain large quantity, is
chiefly conducted and distributed further into the interior
by the cells in question.” If this be so, the nutrient fluids
are circulating in channels which lie between the fibrous
bundles that are to be nourished.  On this supposition it is
not easy to explain by what process the fluid is made to

-
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pass into the interior of the bundles, and by what forces
constant change in the particles of fluid is effected.

I have alveady ocenpied much time in demonstrating the
anatomy of tendon, and I must not now trouble you further
than to state as my opinion, what you will already have
concluded to be so, that these so-called radiating cells and
fibres are the masses of germinal matter of the cornea, are
continuous with the fibrous tissue, and are directly concerned
in its formation. These nuelei are much more numerous in
a given bulk of young, than of fully developed tissue.  T'e
uids attracted towards these nuclei pass through the substance
of the_fibrous bundles, and thus the integrity of the tissue is
preserved. They have, I believe, nothing in common with
yellow elastic tissue, except that, like this tissue, they
resist the action of acetic acid.

Sketeh of the changes occurring during the development of
tendon and allied tissues.—Regarding the oval nuclel as the
masses of germinal matter, and the fibrous structure which
is in all cases connected with these, as the formed material,
it is not difficult to account for the actual appearances
observed in the different forms of fibrous tissue. At an
early period of development these tissues like all others are
composed almost entirely of germinal matter. The small
masses of germinal matter inerease, divide and subdivide
in the soft imperfectly developed formed material which
exists between them at this early period. In some tissues
the masses of germinal matter soon become quite detached
and entirely separated from each other, in which case, the
tissue will consist of formed material with the separate
masses of germinal matter embedded in it.  In others the
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masses of germinal matter divide in one particular direc-
tion, and partial or perhaps complete separation of the re-
sulting masses oceurs laterally, while longitudinally they
still remain connected together 5 in which ease, as the tissue
advances in age, and the masses of germinal matter become
separated from each other by gradually increasing dis-
tanees, we should find the formed material arranged in
parallel layers between the oval masses of germinal matter
which would be connected together end to end by distinct
lines of germinal matter and imperfectly developed formed
material, and laterally, by finer and less obvious lines pro-
duced in the same manner. In other cases where the ex-
pansion of the tissue takes place equally in all directions,
or equally in length and breadth, and the masses of ger-
minal matter do not become detached, the tissue will consist
of a matrix in which stellate masses of germinal matter are
embedded.  The radiating processes gradually becoming
finer and finer as the tissue advances in age, until at last
they quite disappear or leave a narrow line of imperfectly
formed tissue which differs in chemical characters from
that external to it, and resists the action of acetic acid like
vellow elastic tissue. In tissues which are fundamentally
composed of white fibrous tissue the most different appear-
ances may result owing to the directions in which the
structure is to expand, the rapidity of its growth, and the
influence of stretching or pressure. In the structure of
various forms of fibrous tissue in the human organism, wide
differences are observed, but in some of the corresponding
tissues of the lower animals the differences are so great that
if only their anatomical characters were studied one would
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scarcely believe that they possessed any general relation-
ship. For instance, contrast tendon with periosteum, and
cither of these tissues with the imperfectly developed
fibrous tissue of the umbilical cord or placenta.

On the other hand, there are examples of fibrous tissue
which resemble each other very much in general characters,
but which totally differ in their mode of formation and in
essential particulars. Compare the cord-like fibres of the
cutis of the frog with the fibres which have a very similar
shape, and possess the same general appearance, in con-
nexion with the larger vessels. The first consist of true
fibrous tissue with its nuclei or masses of germinal matter,
The last contain nerve fibres and often capillary vessels,
and the * fibrous tissue” itself appears to result from
changes taking place in these gtructures. Again, I have
a specimen of thick false membrane which was taken from
the surface of the liver, which, in parts, so closely resembles
the proper tissue of the cornea, that without great care you
might easily mistake it for this more highly developed form
of fibrous tissue.

Before we decide upon the nature of many tissues, it is
therefore necessary to trace their mode of development and
growth, and anatomical relations, as well as to study their
physical properties and chemical characters.
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FIBROUS TISsSUES.

Connective Tissues.—Mucous tissue of the umbilical cord—
Vitreous humour of the eye—Yellow elastic tissue—For-
mation—IKslliker's new view—Objections—The author's
observations—Certain fibres of eclastic tissue not formed
directly from nueclei— Of certain changes occurring in
fibrous textures in discase—Fatty degeneration—Death of
the tissue—Iffects of an increased supply of nutrient mat-
ter—Suppuration.

Crosery allied to the so-called ordinary connective tissues
are those tissues which haye lately been grouped together
by Virchow under the head of mucous tissues, The most
important of these are the mucous tissue of the umbilical
cord and the vitreous humour of the eye. The mucous
tissues are characterized by their soft consistence and, as
the name implies, by their general resemblance to ordinary

mucus.
MUCOUS TISSUE OF TIIE UMBILICAL CORD.

The arteries and vein of the umbilical cord are connected
together by a quantity of soft tissue which seems to corre-
spond to the connective tissue external to an artery, and
serves to connect the arteries with the vein to form the cord.
This is one of the forms of connective tissue in which
Virchow maintains the existence of special nutrient chan-
nels which anastomose with each other, and thus form a
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system of communicating tubes for the conveyance of
putrient materials to every part of this tissue, which is
destitute of capillary vessels. Virchow states that n a
cood preparation *a symmetrical network of eells is
brought into view, which splits up the mass into such
reoular divisions that by means of the anastomoses which
subsist between these cells throughout the whole of the
umbilical cord, a uniform distribution of the nutritive
juices throughout the whole of its substance is in this
instance also rendered possible.” T have completely failed
in my efforts to discover anything like the arrangement
Prof. Virchow has deseribed. This * mucous tissue ” con-
sists merely of a soft form of connective tissue, in which
the fibres correspond exactly to the fibrous tissue (inter-
cellular substance, as it is generally termed) of ordinary
tendon. The interspaces between the finest of the fibres
seem to be occupied with soft transparent granular
matter.

The fibres with the numerous nuclei are for the most
part ‘arranged to form the boundaries of more or less
circular spaces. In the spaces dve seen more delicate
fibres arranged without much regularity, and the nuclei
are much less numerous in the central part of the space
than they are amongst the fibres which bound it. As the
tissue grows the formation of new fibres take$ place at the
circumference. The nuclei of the older fibres die, and a
great part of the fibrous matter itself is gradually softened
and disintegrated ; so that the circular spaces are gradually
increasing in diameter as the tissue advances in age.

An clementary part of this tissue consists of an oval mass
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of germinal matter, with ragged fibres projecting from either
extremity, and often extending for some distance. Many
of the elementary parts are triangular, and the fibres pass
off in three directions. The fibres have the general appear-
ance of fibres of ordinary connective tissue, and the
germinal matter extends for some distance in opposite
directions, gradually tapering into a very thin line, which
is at length lost amongst the fibrous tissue. In the fresh
tissue, therefore, there are no communicating tubes and
lacunz, as Virchow has deseribed. The drawings which
I have made of my specimens do not at all resemble the
diagrams he has given of the same tissue. Compare figs.
41, 42, pp. 98 and 600, of Dr. Chance’s “ Translation,”
with figs. 37, 88, plate vi., of ** The Structure of the Simple
Tissues.” What appears to be a space or cavity in the
centre of the elementary parts is really oceupied with ger-
minal matter, and the apparent tubes contain prolonga-
tions from this imperfectly-formed and soft fibrous tissue.
This soft germinal matter breaks down very soon after
death, and thus spaces and tubes may result. These tubes
do not exist as channels in the tissue during life, and the
nutrient matter permeates every part of the tissue instead
of flowing through any special channels.

Although it has been stated that the muscular fibre cells
of the artery exhibit a totally different structure to these
elementary parts of the mucous tissue, by reference to the
drawings, you will observe there is some considerable re-
semblance, and that the relation and mode of formation of
the formed material in both structures are the same,
although the properties of the formed material are very
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different in these cases. I have gone somewhat into detail
with reference to the minute anatomy of this structure,
because Virchow regards this as one of the tissucs the
structure of which specially favours his view, and there
is & most important question involved in this inquiry.
The conclusions we form will influence our views upon the
nature of the process of nutrition generally.

VITREOUS HUMOUR O THE EYE.

There still exist among observers the greatest dilfferences
of opinion regarding the anatomy of this clear transparent
tissue which contains more than 99 per cent. of water.
Many years ago Mr. Bowman showed that in the infant
at birth the vitreous was represented by a structure very
much resembling the so-called enamel organ, and com-
posed of elongated cells, with processes apparently of a
fibrous character radiating from them. Virchow regards
the vitreous as an example of ** mucous tissue,” and con-
siders that in the fully-developed vitreous humour the
cells have disappeared, leaving only intercellular substance
with mucus which he has detected in this structure. Kol-
liker agrees that at an early period the vitreous is com-
posed of embryonic connective tissue. Ile considers * that
subsequently, at least in its inner parts, every trace of this
structure disappears, so that it comes to consist of a more
or less consistent mucus.

The adult vitreous appears to be homogeneous, and
not even the remains of cell structures or any indication
of fibres can be detected in its substance. It is true
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that some observers have stated that even in the adult,
cell structures were to be found in certain parts, and
(quite recently Ii. Neumann of Konigsbherg, has stated
that he had convinced himself positively of the existence
of ecells in the vitreous of adult animals and man. I
have ecarefully examined this structure in several dif-
ferent ways, but have little to add to the observations of
Bowman and others. It seems to me that the vitreous
closely resembles the transparent tissue which surrounds
the ovasof the frog and other batrachia. This latter tissue
after having been dried swells up again to a considerable
extent when placed in water, though not to its original
bulk. Cellular elements are to be seen in this at an early
period of its formation ; bhut when fully formed it seems
to be composed of a very delicate tissue, probably the
finest fibrous tissue that can well be conceived. It con-
tains less than one per eent. of solid matter.

[Tpon the inner surface of the hyaloid membrane, which
is continuous with the vitreous, round masses of germinal
matter exist, which are separated from each other by
pretty regular intervals, and from them a very soft tissue
can be traced into the vitreous, with which it is, in fact,
continuous. In freshly effused lymph the fibres are com-
bined with so large a quantity of fluid as to be invisible,
but gradually as the matter of which the fibres consist
becomes condensed, the fluid is expressed by their elas-
ticity, and they gradually become sufliciently thick to be
seen as definite lines under the microscope. If it werenot
for the elasticity of these fibres and their tendency to con-
dense, we should not be able to form any more positive
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opinion as to the structure of lympl than we can of the
vitreous. I look upon the vitreous as a form of very deli-
cate fibrous tissue, the fibres of which are combined with a
very large quantity of water, and consider that it bears to
the so-called cells above referred to the relation of formed
material to germinal matter in other situations. I should
conceive that the oldest part of the vitreous was that
towards the centre, while the circumferential portions were
last formed, and it is probable that this structure during
life undergoes very slow change indeed. The hyaloid
membrane may, perhaps, be a highly condensed form of a
tissue resembling that of which the vitreous itsell 1s com-

posed.
YELLOW ELASTIC TISSUIR.

Yellow elastic tissue differs from the white fibrous tissue
in anatomical characters and in physical and chemieal pro-
pertics. Of a yellowish colour, very flexible, generally
composed of cylindrical fibres varying much in diameter
in different localities, it is eminently elastic, and it retains
its clastic power after removal from the body. This tissue
may be preserved for many years in preservative fluids
without its important physical property of elasticity being
in any way impaired, The elastic power of this tissue is
often antagonized by muscles, and the delicate movements
of the ponderous head of the ruminant are due to the con-
traction of the flexor muscles of the neck, by which the
clevating action of the elastic ligamentum nucha is anta-
conized.

-

[i*the following situations true yellow elastic tissue is
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found with well-marked characters: Ligamentumn nucho: :
ligamenta subjflava : chorde vocales : many ligaments about
the larynx ; in the siylo-kyoud lyament and suspensory
ligament of the penis, and a modified form ig found in the
elastic coal of arieries, in the lrachea and bronchial tubes and
pulmonary tissue. Fibres of elastic tissue occur in con-
nexion with the subcutancous, submucous, and subserous
arcolar tissue ; and fibres generally considered to be of the
same nature exist in connexion with tendon and almost
all forms of white fibrous tissue. The true clastic tissue
is always connected with, and developed from, nuclel, but
there are many fibres, ordinarily considered as yellow
elastic fibres, which are but the remains of tissues (nerves
and vessels) which were active at an earlier period of
life.

Although elasticity is the property which is universally
characteristic of yellow elastic tissue, this structure does
not exhibit an anatomical arrangement which is constant.
As there are many different forms of white fibrous tissue
distinguished from each other by the arrangement and
general character of the fibrous tissue and by the manner
in which it was produced, so we find a corresponding
diversity of structure and difference in mode of pro-
duction in the tissues which fall into the group of elastic
tissues. The parallel fibres of the ligamentum nuche, of
the vocal cords, of the ligamenta subflava, and other pure
elastic ligaments, differ widely from the lax network of long
fine fibres of elastic tissue present in the areolar tissue
beneath the skin and mucous membranes, amongst mus-
cular fibres, connected with nerve fibres, &e. Both"hese
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forms are totally unlike the thin delicate longitudinal
fibrous layer which lics just beneath the epithelium of an
artery, and this again differs in important characters from
the elastic tissue beneath it.

The circular fibrous coat of the larger arteries contains
a number of very coarse fibres, and in this situation is
often seen a form of tissue which cannot be termed fibrous
at all. The elastic structure seems to form a very coarse
network which is often spread out in a membranous form
with numerous spaces or holes in it. Mr. Quekett found
that the large fibres of the ligamentum nuchz of the giraffe
exhibited transverse markings equi-distant from each
other, almost like striped muscle. These marks are not to
be seen in all the fibres, and they are most distinet in the
oldest. They do not extend quite across the fibre, but
appear to arise from a shrinking of the central part which

auses it to break up transversely into smaller segments.

Fine elastic fibres encircle the bundles of fibrous tissue
of tendon, and there are fine fibres which resist the action
of acetic acid connected with the oval nuclei embedded in
the fibrous tissue (nuclear fibres, Kernfasern). The first
are probably the remains of vessels or altered nerve-fibres,
while the last are not elastic fibres at all, as was pointed
out when we were considering the anatomy of tendon.

FORMATION OF YELLOW ELASTIC TISSUE.

Kolliker's new views.—With regard to the formation of
yellow elastic tissue, different views are entertained. In

his * Manual,” published in 1860, and in his former editions,
11
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Prof. Kolliker states, that these fibres ave formed from
cells, and he has given a drawing of “stellate formative
cells of fine elastic fibres from the tendo-Achillis of a
newly-born child.” Ie says, that “in all parts of the
embryo which afterwards contain elastic tissue, peculiar
fusiform or stellate and sharply-pointed cells can be recog-
nized, which, by their coalescence,* produce long fibres or
networks,  The fibres not unfrequently persist in this con-
dition of stellate anastomosing cells, or conneetive tissue cor-
puscles (Virchow), as—e.g., in the tendons and the cornea,
in ligaments and ligamentous discs, in the corium, in mucous
membranes,” &e.  He also, with Virchow, considers these
cells and fibres on a parallel with the canalicular systems
of bones and teeth, and proposes to call them plasm-cells,
and their processes plasm-tubes, because they are supposed
10 convey nutrient juices.

Last year, however, Prof. Kolliker completely aban-
doned his former views as to the fibres being formed
from cells, and now maintains that the cells or nnclei
which exist in such number at an early period of develop-
ment have nothing whatever to do with the formation of
the elastic fibres. He differs from Virchow as to the
relation of the elastie fibres to the cells, and, so far from
believing that they are continuous, maintains that the

* It is doubtful if cells ever coalesce during the develop-
ment of tissue. Cells divide, and the subdivisions separate
from each other—a fibre in many cases extending between
them. This fibre of course increases in length as the cells
become separated farther and farther from each other. Cells
do not coalesce, nor do tubes or processes grow from them
and coalesce with tubes or processes from neighbouring cells.
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yellow elastic tissue corresponds to intercellular substance.
In the development of the ligamentum nuchee he says that
the cells seen at an early period of development assist in
the formation of an interstitial substance, ¢ from which by
independent differentiation both the connective tissue and
the clastic fibrous networks proceed.” By this term ¢ dif-
ferentiation,” I conclude Prof. Kolliker means that from
an interstitial substance originally homogeneous, connective
tissne and yellow elastie tissue separate or arc deposited
just as we may obtain from the same clear solution con-
taining certain substances, definite compounds having
totally different forms and chemical properties.

The Author’s observations.—I have alveady shown that the
apparent fibres (Virchow’s tubes) which resist the action
of acetic acid and are embedded in the substance of the
tendon, are not composed of elastic fibres at all, but merely
consist of imperfectly formed tendon which, like other
tissues at an early period of formation, resists the action of
acetic acid. The formation of these apparent fibres is
therefore to be accounted for without supposing that like
the gelatine-yielding fibrous tissue in which they lie, they re-
sult from the * differentiation” of an intercellular substance.
It is not possible, nor would it be advantageous, to con-
sider fully this long and very complicated question ; but
with regard to the ligamentum nuche, I would remark—

1. That even in the adult ligamentum nuchw (sheep)
nuclei (masses of germinal matter) are continuous with
the material of which the yellow elastic tissue is com-
posed.

2. That these nuclei bear to the thick elastic fibres pre-
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ciscly the same relation which the nuclei of tendon bear to
the white fibrous tissue.

3. That in the ligamentum nuche of the young sheep,
fibres of different age and size may be obtained. The
mode of development of the fibres may, in fact, be studied
as well as in an embryonic tissue.

4. That therefore in all cases the elastic substance re-
sults from the gradual conversion of germinal matter into
this structure, and in the ligamentum nuchz and other
parts where yellow elastic tissue is formed in quantity, the
tissue is continuous with the masses of germinal matter,
and never results from the differentiation of an inter-
cellular substance. The germinal matter passes gradually
into fully-formed tissue, and the oldest portion of the
tissue is that which is most distant from the germinal
matter, as in other cases.

5. What appears to be an individual fibre of such a
tissue as the ligamentum nuchwe is not so. It may be
readily torn into very much finer fibres. In the case of
young fibres, the nuclei are observed to be wider than the
fibres themselves, for, after the elastic tissue has been formed
it gradually becomes condensed, loses water, and the dia-
meter of the fibre must necessarily be less than that of the
nucleus up to a certain period of its growth. As the fibre
orows in thickness the nucleus is seen at its side just as in
tendon. One of the thick fibres of the ligamentum nuchz
with nucleus, therefore, corresponds to one of the small
bundles of fibrillated tissue of tendon with its nucleus.

Fibres of elustic tissue not formed directly from nuclet.—
We have already seen that there are fibres closely resem-
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bling elastic tissue embedded in a delicate transparent
matrix with undoubted nerve-fibres, and we were able to
trace fibres in various transitional conditions, from the
nerve-fibre 1o a structure resembling a fibre of elastic
tissue, so that there are in mucous membranes, the papille
of touch and taste, outside the sarcolemma of muscle, and
in other tissues, fine fibres, forming networks closely re-
sembling the fibres of elastic tissue in general appearance,
which are not formed from cells or nuclei, but which must
be regarded as the remains of tissues which were function-
ally active at an earlier period of life, especially nerve-
fibres and vessels (see my paper on the ¢ Distribution of
the Nerve-fibres to the Mucous Membrane of the Epiglottis
of Man,” Archives of Medicine, No. XIL., page 250 ; and
¢ Leetures on the Structure of the Simple Tissues 7).

CERTAIN CHANGES OCCURRING IN FIBROUS TEXTURES IN
DISEASLE.

In health the normal changes occurring in fibrous tissues
seem to consist of the gradual inerease in the quantity of
the fibrous formed material, and the condenzation of that
which has been already produnced. The fibrous tissues of
the adult and of aged persons contain a higher percentage
of solid matter than those of the child.

The changes above referred to occur very slowly, and it
is probable that very slight, if any, absolute disintegration
and complete removal of white and yellow fibrous tissue
takes place during life in the healthy state. These tissues
ave supplied with a very small proportion of nutrient
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matter, and the germinal matter is very slowly converted
into fibrous tissue. But the fibrous material to retain its
healthy state must be permeated in every part by fluids,
which slowly pass to and from the nuclei. 1In certain cases
fatty matters are precipitated from the fluids amongst the
fibrous tissue, or amongst the masses of germinal matter,
and in consequence the tissue deteriorates. In the low
form of soft fibrous tissue in the umbilical cord, and in
the placenta, this change is seen towards the termination
of the period of gestation. Very numerous oil globules
and pigment granules are deposited amongst the fibres and
precipitated amongst the particles of germinal matter.
No such appearances are observed in the earlier periods,
when the formation of tissue is actively taking place. In
the higher forms of fibrous tissue corresponding changes
are observed in advanced age—changes which are so con-
stant that we are almost entitled to consider them as occur-
ring normally ; but in persons of healthy and vigorous con-
stitution they are postponed to a much later period of
life than in those whose nutrient processes have been im-
paired by disease and modified by the altered composition
of the putrient fluid. We have many opportunities of
observing such a change in the case of the cornea. I have
seen the arcus senilis remarkably distinet in a man of forty
years of age, while I know an old lady of upwards of ninety-
eight in whose cornea the change appears only to have
recently commenced.

Whether these changes result from the power of the
nuclei being impaired or from an alteration in the composi-
tion of the fluids which are transmitted to the nuclei, cannot
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be discussed here; but I may mention that various facts
seem to favour the latter of these views, for, as my friend
Mr. Edwin Canton has shown, corresponding changes
occur in many other tissues of the body. That such
changes do not in all cases lead to fatal results is no more
than would be expected, but this does not in any measure
diminish their significance. Arcus senilis never occurs at
the age of forty in strong vigorous constitutions, and it is
very seldom fully developed in persons who have lived very
carefully, or who have weak stomachs, and therefore com-
pelled to do so, at the age of fifty or sixty.

Of the death of the tissue—Suppuration.—When the vitality
of the nuclei of fibrous textures is destroyed, either from
their not being supplied with nutrient matter, or In conse-
quence of being bathed with fluid of an abnormal nature,
the fibrous tissue becomes softened and undergoes decom-
position, and the dead portion is detached—in fact, slough-
ing takes place. On the other hand, if the germinal
matter (nuclei, connective tissue corpuscles) be supplied
with an increased quantity of nutrient matter, owing to
the fibrous tissue being rendered more permeable or other-
wise modified ; at first there exists a tendency to the for-
mation of new elementary parts (germinal matter and con-
nective tissue), but if the change once commenced, in-
creases, the germinal matter multiplies so rapidly that no
formed material is produced. There is not time for the
formation of any fibrous tissue whatever—in truth, the
process of suppuration is established. Those soft con-
nective tissues which contain the greater number of nuclei
(masses of germinal matter), and arc most frecly supplied
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with bloodvessels, and receive a large proportion of nutrient
matter, are most liable to suppuration. The process of
suppuration is, on the other hand, often arrested by a
living fibrous tissuc—as tendon or fascia—this fibrous tissue
resists the tendency of the pus corpuscles to grow at its
expense, and while softer and more succulent tissues are
destroyed, it retains its vitality,

- e e B i it—— .
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LECTURE VII

ADIPOSE TISSUE—CARTILAGL.

Adipose tissue—Supply of bloodvessels—The fat cell or
vesicle—Of the formation of fat and the development of
the fat vesicle—Formation of fat in the cartilage cell and
the liver cell—Tumours consisting of adipose tissue—Car-
tilage—Structure of cartilage—Formation and growth of
cartilage—Changes oceurring in fully-formed cartilage—
Minute structure and development.

Adipose tissue.—Adipose tissuc is generally associated
with arcolar tissue, and the fat vesicles lie in the spaces
which exist in the areolar tissue. These spaces can be dis-
tended artificially with air or fluid. In cases of general
emphysema air accumulates in the areolar tissue, and in
@dema and anasarca serous fluid occupies the areole of the
aveolar tissue. There are certain localities, however, in
which, even in very corpulent people, areolar tissue exists
without adipose tissue; for example, in the eyelids, be-
tween the rectum and bladder, in the median line of the
abdomen, beneath the skin of the scrotum and penis, in
muecous membranes, and in some other situations, arveolar
tissue exists without adipose tissue. In the medullary
cavity and in the cancelli of the cancellated structure of
bones of mammalian animals adipose tissue is said to exist
without arcolar tissue. Although marrow is undoubtedly
a very pure form of adipose tissue, some fibres of areolar
tissuc can almost always be detected in it.
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Supply of bloodvessels.—Adipose tissue is generally freely
supplied with bloodvessels, and in an injected specimen you
find the capillary vessels arranged so as to form the bound-
aries of spaces varying a little, but not very much, in size.
Each space contains a fat cell or vesicle, which is the “ ele-
mentary part” of adipose tissue. In the frog, in fish, and
many of the lower animals, and in man, mammala, and
birds, during development, the meshes of the vascular net-
work are much wider, so that many fat cells lie in one
space. In man and mammalia, however, the vessels are
very numerous, and grow as the fat vesicles increase in
pumber. At the margin of a collection of vesicles the
changes taking place during the increase of the adipose
tissue may be studied.

The fat cell or vesicle.—The fatty matter in adipose tissue
is always situated within a very thin membrane, vesicle, or
closed envelope. Indeed, the envelope is a good example
of a cell-wall, and its presence is constant, but its true
sigmificance and the mode of its production can only be
understood by carefully studying the changes occurring
during development. The young fat cell has neither fat
nor cell-wall! The form of the adult fat vesicle is spherical
or oval, and often exhibits many flattened sides from the
pressure of contiguous vesicles. It varies much in size, but
its characters can be well studied in a fat pig. In human
fat, the hard crystalline fat, generally termed margarine,
crystallises and separates from the more oily or fluid fat
alter the adipose tissue has been preserved for some time.

The formation of fat and the development of the fat
vesicle.—The development of the fat cell and the for-
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mation of the fatty matter are points of considerable
interest. The fat is formed and deposited in the sab-
stance of the granular material of which the fat cell is
in its early stage composed.  The deposition of the fatty
matter may be compared with the deposition of starch and
someother **secondary deposits” found after a certain period
of growth has been reached in some vegetable cells.  But
the fatty matter is not only deposited from a solution—it
is formed. Fat may be produced in a fat cell, althongh no
fatty matter has been taken in the food, and there is reason
to believe, even where no oily material exists, dissolved in
the particular fluid from which the fat cell draws its
nutrient materials.  And in cases where fat does exist in
the pabulum, the composition of the fatty matter of the
tissue is very different from that of the fatty matter of the
food ; nay, more than this, the fats of man, of the ox,
sheep, rabbit, and other animals, differ from each other
in most important characters and in chemical composition ;
neither is their composition very simple, for several different
fatty acids exist in combination in one kind of fat. We
should expect to find these specific differences just as we
find differences in the composition of the blood, milk,
arine, &c., of different animals, which in some cases are
closely allied to each other in zoological characters.

At an carly period of development, we observe a num-
ber of oval or spherical masses of germinal matter (nucler)
in those positions where fat is to appear. These divide
and subdivide, as in the development of other tissues.
The collection is freely supplied with capillary vessels. 1t
the tissue be stained with carmine, each mass is coloured



108 ON THE STRUCTURE AND GROWTI OF TISSULES.

darkly in the central portion (nuclens), and external to
this there is o layer of granular matter only faintly coloured.
The latter gradually inereases, and amongst the granules
a number of small oil-globules make their appearance, or
only one is to be scen.  This is the first appearance of fat,
and it is formed in the substance of the granular matter
external to the nuclens.  The fat gradually increases and
soon occupies the greater part of the * fat cell,” which now
consists of a large globule “or several small globules of
fatty matter, and a thin layer of granular matter around
this, which is much thicker in one spot than elsewhere
and there the original nucleus is situated. The granular
matter undergoes condensation at its outer part, and be-
comes the elear transparent cell-wall or vesicle, and in the
fully-formed fat cell the nuclens will be situated between
the fat and the wall of the cell. As long as the nucleus
or mass of germinal matter remains the fat may go on
accumulating in the interior.

Formation of fat in the * Cartilage Cell™ and ** Liver
('ell.”—Now, how is the fat formed? It seems to me
clear that some of the granules, of which the granular
matter is composed, become resolved into fatty matter,
and perhaps other substances, which, being soluble, pass
away from the cell.  The fat is not deposited upon the outer
part of the granular matter, nor quite close to the nucleus.
The outermost portion (the oldest) becomes condensed to
form * cell-wall,” and that within this gives rise to the fat.
The * matrix” in which any forms of * cells” exist, cor-
responds to the  cell-wall™ of a fat or other *cell.” Nor
i< it only in true adipose tissue that such changes occur
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Tu the interior of the so-called cartilage cell and liver ecll
fat is formed in the same manner. Thus the cavities of
cartilage may be occupied with fatty matter, as well as
a nucleus. Large oil globules may be scen in the
substance of the matter of which the body of the
“iver cell” is composed. Indeed I haveseen many * liver
cells” which could not be distinguished from the **fat
cells” of normal adipose tissue, and in extreme cases of
fatty liver, were it not for the arrangement of the vessels,
a thin section could not be distinguished from one of
adipose tissue. This was remarkably the case in a liver
which I examined many years ago for Dr. Budd. It con-
tained 65:19 per cent. of pure fat.*

In many of the lower animals some of the liver cells
become converted into fat cells, and at length ordinary
adipose tissue is formed, while others continue to be deve-
loped as liver cells, their formed matter being resolved into
biliary and amyloid matter.

It is very interesting to compare the changes taking
place in the fat cell with those occurring in the starch eell
of a plant. First, in each case, we have a layer of granu-

¥

lar matter around the ‘nucleus.” The outermost part
in each case becomes the * cell-wall;" a layer within this,
in which the nucleus is embedded, is the seat of deposition
of the fat in the one case, and the starch in the other.
This layer is called the ** primordial utricle” of the plant
cell, and exaetly corresponds to the layer of granular matter

around the fat, which is faintly coloured with carmine, in

* « Diseases of the Liver.” Dr. Budd. 2nd Edit., p. 284,
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specimens of young adipose tissue, which have been thus
prepared. The adipose tissue of the frog is very favourable
for studying these important changes. The results de-
scribed illustrate the great importance of investigating the
changes occurring in tissues from their first appearance,
and of comparing the changes occurring in vegetable with
those of animal tissues. I have endeavoured to show that
the starch of the vegetable cell corresponds in position to the
fat of the fat cell, and both substances may be said to result
from changes occurring in the particles of germinal matter.
The particles of germinal matter end their existence by
breaking up into certain substances, and starch and fat
being insoluble cannot escape, and continue to accumulate
in the cell as long as the germinal matter continues to be
produced.

Tumours consisting of adipose tlissue.—Adipose tissue,
which could not be distinguished from the normal strue-
ture, frequently forms a morbid growth. Many of the
fatty tumours seem to consist of an unusual formation of
adipose tissue at one particular spot, and such tumours
often attain an enormous size ; in fact, having once com-
menced, they continue to increase as long as they are sup-
plied with nutrient matter. 1t would seem that, in such
cases, the conditions which in the normal state cause the
formation of adipose tissue to proceed regularly and uni-
formly, are absent in one particular spot where the growth
of the tumour commences. Tumours consisting of this
structure usnally originate in adipose tissue. There are
soveral kinds of fatty tumours, so-called, which do not
consist of adipose tissue.

-
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CARTILAGLE.

Structure of cartilage.—Cartilage is one of the most
important of the tissues which have been arranged in the
serios of connective tissues. The greatest differences of
opinion exist as to the essential structure and mode of
formation of cartilage. It is generally supposed that car-
tilage consist of cells and an intercellular substance, and 1t
is maintained by many that each cartilage cell possesses a
very thin wall or capsule, distinct and separate from the
cartilage matrix. By others, it is considered that the soft
oranular matter, just within the cell-wall, corresponds to
the primordial utricle of plants—so that we may have
passing from within, outwards, nucleus, certain cell contenls
(as not unfrequently fatty matter ), primordial utricle, external
cell membrane ; and distinet from the latter, supposed to
be deposited independently of it, the so-called intercellular
substance. When these views are applied to the many dif-
ferent forms of ecartilage, fibro-cartilage, and embryonic
cartilage, the greatest difliculties are experienced. Thus,
the cell-wall cannot always be demonstrated as distinct
from the matrix. Sometimes there is no proper maftrix at
all. In certain forms, fibres, resembling those of yellow
elastic tissue, exist in the position of the intercellular sub-
stance, and in fibro- cartilage the infercellular substance re-
sembles white fibrous tissue.

The so-called primordial utricle or the * protoplasm ”
sometimes seems to be continuous in structure with the
cell-wall, sometimes distinet from it. The ecapsules or
cell-walls sometimes pass gradually into the intercellular



112 ON TIE STRUCTURE AND GUROWTH OF TISSUES.

substance, and as these are formed one within the other
from the cells,®* the latter must, therefore, at least take
part in the formation of the intereellular sulistance ;
but in some instances it is maintained that this is formed
without the agency of the cells, I might adduce very
many conflicting statements with regard to the anatomy
of the simplest form of cartilaginous tissue, but such a
course would not be advantageous in a series of lectures
like the present. I shall follow the same plan as in other
cases, and describe the appearances I have observed myself,
and which T hope to be able to show you in my next de-
monstration of microscopical specimens. I shall presently
describe, somewhat in detail, the changes which can be
observed during the formation of one kind of cartilage.
Formation and growth of cartilage.—All observers are, 1

believe, agreed that, at an early period of development,

cartilage consists almost entirely of what have been termed
« cells,” but these * cells” have no distinct cell-wall, and
the granular matter of which they are composed 1s con-
tinuous with the soft transparent material in which they
lie, or which forms a thin layer between them. Now, if I
discuss what, is nucleus, what, cell-contents, what, ceil-wall,
what, infercellular substance, I shall very much increase
the difficulty you will meet with in endeavouring to form a
notion of the history of the changes which take place in
the formation of cartilage. But, as it is literally true
that every form of cartilage consists at an early period of

* Qee a paper on “ Connective Tissue,” by Dr. Martyn, in
my ¢ Archives,” vol. ii., p. 110. -

el
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roundish masses of granular matter (germinal matter),
embedded in a small guantity of soft transparent formed
material, it is only necessary to investigate carefully the
alterations which oceur during development in this simple
typical structure. As in other cases, in the perfectly
fresh tissue the germinal matter is continuous with the
formed material. Sometimes, after death there is an ap-
pearance as of masses with a well-defined outline distinet
from the formed material, and hence has arisen the notion
of cells with distinct cell-walls. Any mass of germinal
matter placed in water exhibits a sharp outline, and this
has been considered to indicate the existence of a cell-wall.

The masses of germinal matter at first are very close
together ; they divide and subdivide as they lie in the soft
formed material, and, as development proceeds, hecome
separated from each other by gradually increasing inter-
vals. At the same time, the formed material undergoes
slow condensation, and the formation of new formed ma-
terial on the surface of each mass of germinal matter more
than compensates for the shrinking of the matrix, which
would otherwise be manifest. Iach of these masses of
germinal matter divides and subdivides, and formed ma-
terial is produced on the outer surface of each, so
that there are small collections of masses of germinal
matter separated from each other by a considerable extent
of formed material in the shape of fully-formed cartilage,
while the separate masses composing each collection are
themselves separated from each other by a very thin layer
of recently produced and much softer formed material.

Thuos the gradual condensation of the first produced
1
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formed material proceeds without shrinking of the entire
mass, and without the formation of large cavities. The
division and subdivision of the original masses of ger-
minal matter proceeds, and new formed material is formed,
but more and more slowly, as the condensation of that
already produced goes on. Ior some time the entire
mass continues to increase in bulk, and at the same time
becomes less permeable to nutrient fluids.

Changes occurring in fully:formed cartilage.—The forma-
tion of cartilage tissue even continues in adult cartilage,
although the entire mass may undergo no alteration in
size, for as the tissue advances in age it undergoes conden-
sation. Slowly indeed are these changes carried on, but
the slowness of the changes results from the slightly per-
meable nature of the * matrix.” The germinal matter still
has the power to grow rapidly, and it will grow rapidly 1if
the cartilage become more permeable to the fluids, or if the
access of the pabulum to the germinal matter is facilitated
by artificial means. As in other cases the rapidity of
the growth of germinal matter simply depends upon the
supply of pabulum. Let a thread be passed through a
healthy cartilage, so as to make artificially a channel by
which the pabulum may reach the masses of germinal
matter more quickly, and the operation will be very soon
followed by the division of the masses of germinal matter.
The formed material in their immediate neighbourhood
will be softened, and may even be appropriated by them.
This state of things continuing, pus may result, or the
masses of germinal matter not multiplying so fast as is m-
volved by this supposition, may give rise to the formation

il il
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of asoft pulpy formed material, like that of embryonic
cartilage at an early period of development. These changes
do not result, asis generally believed, from ‘¢ irritation,”
or from the cells being © stimulated™ to take up more
nutrient matter within a given period of time than in the
normal state, but they depend simply upon the restrictions
to the access of the pabulum to the germinal matter being
to some extent removed.

Minule structure and development.—Now, let me ask your
attention to the minute anatomy of one form of permanent
cartilage, in order that I may demonstrate to you the
appearances which are actually observed, and which, I
believe, can only be accounted for according to the simple
view I have proposed. As the masses of germinal matter
are very large and their arrangement distinet, and as
specimens may be obtained every where and at all seasons,
I will take the cartilage of the common frog. In the
diagram are represented different parts of the cartilage in
different stages of growth, and you shall see the actual
specimens from which the drawings have been taken in
my next demonstration. The germinal matter is distin-
onished from the formed material in each case by the
colour produced by the alkaline solution of carmine. The
different "drawings represent the cartilage in different
stages of growth,

At a, large oval masses of germinal matter are seen to
be separated from each other by a very thin layer of soft
formed material (matrix), which is slightly granular, but
not coloured by the carmine solution. At &, the mass of
germinal matter has increased in size, but as the latter
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substance grows, while, at the same time, the conversion of
its outer portion into formed material procceds, the entire
elementary part, consisting of germinal matter and sur-
rounding formed material (cell and corresponding portion
of matrix) becomes larger. The next stage is shown 1 c.
Several zones, exhibiting different shades of colour, are
now seen: the outer one, which passes into the formed
material, being the most faintly, the innermost portion of
the germinal matter (nucleus), the most darkly, tinted,
although to reach this the solution must have passed
through all the outer layers. In d, e, f, g, k, growth of the
entire elementary part seems to have ceased, but the con-
version of the oldest part of the germinal matter into
formed material proceeds, until at last only what is termed
the nucleus remains, and this in many instances dies and
o small oval collection of granules, which are not tinged
red with carmine, %, is all that marks the position of the
mass of germinal matter by which the surrounding matrix,
or formed material, has alone been produced. After this
has oceurred the matrix may become harder and undergo
other changes, but no more can be formed.  The formation
of the matrix in this particular spot has ceased. The ma-
trix, close to the germinal matter which is recently formed,
is of course soft, and when it is broken away the mass of
germinal matter within, escapes entive. In all tissues the
bond of union between the germinal matter and formed
material is very slight; a fact which receives a simple
explanation upon the view of growth brought forward.
The formation of cartilage is generally deseribed in a
very different manner. It has been said that the mem-



ON THE STRUCTURE AND GROWTI OF TISSURS. 117

branous capsule of the cartilage cell sends in septa when
the cells it contains undergo division * which serve as new
envelopes for the young cells, yet in such a way, that even
the gigantic groups of cells, which proceed from each of
the original cells, are still enclosed in the greatly enlarged
parent capsules.” (Virchow.)

Against this theory I have endeavoured to show that
the matrix or intercellular substance with the membranous
capsules of the cartilage cells corresponds with the cell-
wall of a spore of mildew. It does not possess formative
power. It has been produced. It has been formed, but
it is now passive. It may be added to, but it cannot
increase or build itself up out of pabulum. The outer
capsule of the mildew, as I have tried to prove, does not
possess inherent powers of growth. It is the internal
germinal matter which is alone concerned in the growth of
the plant. So in cartilage, the matrix was once in the
state of germinal matter. The septa do not extend them-
selves in, or grow in, but the material of which they are
composed results from an alteration taking place in the
oldest particles of the germinal matter.

In conclusion, let us consider how the matrix of carti-
lage is produced. It is certain, from the above observa-
tions, that the matrix is never produced without the
masses of germinal matter, nor can itincrease without these.
In disease change is observed in the rate of growth of these
masses. After the matrix is produced many of the masses
of germinal matter may die and disappear, but in grow-
ing cartilage they are invariably present. I have endea-
vouredto prove that granular matter, of which the germinal
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matter consists, is always directly continuous with the
more or less transparent matrix, and that this granular
matter becomes converted into the matrix. There is no
appearance of a cell-wall distinet from the matrix, nor 18
there an interval between the granular matter and the
matrix, unless post-mortem change has occurred. The
first passes uninterruptedly into the last. The ragged out-
line of many of the masses of germinal matter in the carti-
lage from the frog renders the terms * cell nucleus,” cell
contents,” or * granular corpuscle,” totally inapplicable,
and it is clear that to such masses there could be no cell-
wall. The germinal matter, therefore, gradually becomes
the matrix, and all matrix was once in the state of ger-
minal matter, as all the matter in the living or germinal
state was once in the condition of pabulum. Without
germinal matter there can be no cell-wall or intercellular
substance. In all cases pabulum is converted into ger-
minal matter by preéxisting germinal matter, and germinal
matter is at length converted in formed material, be it
fluid or solid, cell-wall, secondary deposits, or intercellular
substance.

We shall find when we come to consider the anatomy
of bone, that the first deposition of calcareous particles
takes place in the formed material at a point midway
between the masses of germinal matter—that is, in the
oldest portion of the formed material. The deposition of
the calcareous matter can be explained by physics, and
can be imitated out of the body, but the matrix which 1S
formed cannot be produced artificially. This results from
changes occurring while the matter of which it consists

Uil u
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was in the state of living germinal matter. In several
specimens I shall show you, you will see that the fibrous
tissue of tendon is continuous with the matrix of the car-
tilace, and you may trace the gradual transition from the
clear transparent cartilage matrix to the fibrous tissue of
the tendon. So, the contractile material of muscle 1s con-
tinuous with the fibrous tissue of tendon, and the so-called
nuclei in the two tissues exactly correspond. The formed
material in each tissue is continuous, and the masses of
germinal matter bear to it a similar relation. The forma-
tion of cartilage, tendon, or muscle depends—1, upon the
vital powers of the germinal matter which becomes con-
verted into these tissues; and it is influenced, by 2, the
conditions present while this conversion is occurring.®

* See also a paper “ On the formation of the so-called Inter-
cellular Substance of Cartilage, and of its relation to the
so-called Cells, with Observations upon the Process of Ossifi-

cation,” in the * Trans. of the Microscopical Society,” No.
XII., October 1863,



e ————

120

LECTURE VIIIL

BONE.

Bone composed of organic matter and inorganic matter—Of
living bone anddried dead bone—An elementary part or cell
of living bone—An clementary part of dried dead bone—Of
the formation of the lacunm and canaliculi of bone—The
views of Virchow and Iolliker—Canaliculi not processes
of a cell—The relation of the vesselsto bone—Of “ myeloid
cells,” and of the formation of the plates and spicula of
the cancellated structure. Of cancelli and of Haversian
canals and spaces—Of form, structure, and chemical com-
position—Of the periosteum, and of the so-called medullary
membrane—Of the medulla or marrow of bone—Of the
development of bone—Of assification in fibrous mem-
brane—Ossification in temporary cartilage—Of the growth
of a long bone in length and circumference—Of the ger-
minal or living matter of bone—On necrosis, caries, and
mollities ossium—Of the germinal or living matier of
bone—Of caries and necrosis,

THERE is no tissue in the organism the structure of which
has been more carefully investigated than bone. Never-
theless, there still remains much to be determined, and
many very different opinions are now entertained as to the
structure and mode of formation of this tissue, and the
views held by some observers are quite incompatible with
the doctrines taught by others.

Bone differs from any other texture which has yet come
under our notice in this important particular: that the
formed material is impregnated with calcareons salts in
such quantity as to produce a very hard unyielding tissue,
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which, however, possesses a certain amount of elasticity.
Hardness may be brought about in two ways in tissues: 1,
by the slow condensation of an organic material resulting
from a gradual process of drying, as is the case in cuticle,
hair, nail, horn, &c.; and 2, by the deposition of hard in-
organic matters in a soft organic matrix, as occurs in the
case of shell, bone, and feeth.

You may actually have bone tissue produced, but in
consequence of this secondary process of calcification not
having occurred, it remains perfectly soft and useless for
the purposes for which bone is required. We shall see
that the production of the soft bone tissue is one process, and
the precipitation of lime salts in, and their incorporation
with, the soft matrix, another process. The first cannot be
produced without vital actions. The last is due to chemical
changes, and can be, to a certain extent, imitated artifi-
cially. In the formation and growth of bone we can dis-
tinguish with great precision the results of the vital pro-
cesses from the effects of the purely physical changes.

It is easy to prove that bone consists of soft tissue im-
pregnated with hard calcareous matter. You may obtain
the soft organic matter by steeping a bone for some time
in dilute hydrochloric acid, for this acid dissolves the
caleareous salts, and leaves the tissue of the bone. This
decalcified tissue is so soft that a long bone treated in this
way may be bent or even tied in a knot, yet every emi-
nence, every minute canal, and even the slightest inequali-
ties of the surface are as distinetly marked as before the
action of the acid. Upon the addition of excess of am-
monia to the acid solution the ‘calcarcous salts are pre-
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cipitated in an insoluble form, and by applying appropriate
tests we may detect phosphates of lime and magnesia,
a little carbonate of lime, with traces of fluoride of cal-
clum.

Again, the ecalcarcous salts of the bone may be made
evident by another process which causes the destruction of
the organic matter. If a bone be subjected to a red heat
it becomes charred and black, but if kept for some time at
this high temperature exposed to the air, the carbon is all
burnt off, and escapes as carbonic acid, while the calca-
reous salts remain behind in a pure state. If the process is
conducted with care, although the bone shrinks a little, its
form is unaltered, and every eminence and every hole 1s as
distinet as in the recent bone, and the bone treated with
acid.

Of living bone and of dried dead bone.—The authors of
our manuals and treatises on minute anatomy usually
deseribe the structure not of living or recently dead bone,
but of bone which has actually been dried. This gives to
the student a notion of the structure of bone as imperfect
and incorrect as that which he would form of the structure
of skin, nerve, or muscle, if he were to examine dried speci-
mens of these tissues. We ought to endeavour to teach the
structure of tissues as they live, grow, and decay in living
bodies; but every anatomical work with which I am
acquainted describes not the bone in the state in which it
exists in the body, but bone which has been dried and
deprived of its living matter. The same highly objection-
able course is always followed also with regard to the
tooth structures ; and I believe to this system is mainly to

il ., .
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be attributed the difliculty of giving to the student a cor-
rect notion of the structure of these tissues.

I shall commence by describing an elementary part or
¢ cell” of bone, then I shall consider the changes taking
place in the formation of this elementary part. After-
wards we shall be in a position to discuss the anatomy of
the so-called cancellated structure and compact tissue of bone,
and study the changes occurring in the course of develop-
ment of mammalian bone.

An elementary part of living bone.—An elementary part
of fully-formed bone consists of a mass of germinal matter,
surrounded on all sides by, and continuous with, a thin
layer of soft formed material, which passes uninterrupt-
edly into the hard calcified formed material (matriv or
intercellular substance of authors). This hard material 1s
penetrated everywhere by very fine channels (canaliculi)
through which the nutrient material passes towards the
masses of germinal matter.

An elementary part of every kind of bone at an early
period of ils jformation, consists of a mass of germinal
matter, 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 from without inwards, and the for-
mation of the canaliculi takes place in the same direction ;
for I shall show, in opposition to the generally received
opinion, that the formation of these tubes commences not
at a point nearest to the germinal matter or ¢ cell,” as is
affirmed, but at a distance from it.

An elementary part of dead dried Dbone.—An elementary
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part of fully-formed dead and dried bone consists of a space
(lacuna), occupied in the recen t state with cerminal matter.
Numerous pores or channels (canaliculi) pass in a tortuous
manner from one lacuna to adjacent lacune. In the dry
bone the lacuna and canaliculi are both oceupied with air,
and in consequence of the great difference in refractive
power between the air and the transparent bone tissue,
the light is so bent out of its course in passing from one
medium to the other, that the cavity and tubes appear
black, just as a small air bubble in water looks like a mass
of dark solid matter. ¥rom this solid appearance the
cavities, with the enclosed air, were once called *bone
corpuscles.”

The channels (canaliculi) of one elementary part of
bone communicate with those of adjacent elementary
parts, so that if a thin section of dry bone be moistened
with turpentine, or thin Canada balsam, at one part of
the specimen, this penetrating fluid may be seen to run up
the canaliculi into the nearest lacuna, and from the latter
spaces it passes to all the neighbouring canaliculi and
lacunz. The refractive power of the turpentine so nearly
corresponds to that of the osscous tissue, that the whole
section appears homogencous, and you can with great diffi-
culty discern either lacunz or canaliculi :—so different are
the appearances produced in the same dead dried tissue by
different processes of examination.

The difference between dead bone and living bone is
{his—that in the first the formation of bone tissue has
evervwhere ceased, while in the last it is still proceeding,
and around each mass of germinal matter the formation
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of matrix and the deposition of calearcous salts in
the matrix already formed is going on. These changes
may be occurring very slowly, but in all living bone
they are taking place, so that the only matter in a
living bone which is actually alive is what is ordina-
rily termed the *nucleus™ or the “bone cell” i the
space or lacuna ; but the fully-formed osseous tissue
around is, I believe, to all intents and purposes, as devoid
of life while the bone yet remains in the living body, as
after its removal. This small mass of germinal matter,
perhaps not more than one-twelfth of the bulk of the bone
tissue corresponding to it, is the only portion which
possesses active powers. It alone can grow and give rise
to the formation of matriz. Bone cannot produce bone, but
the germinal matler of bone may become converted into
new bone tissue.

Of the formation of the lacunce and canaliculi—\What then
is the simple anatomical element of bone, the elementary
part which corresponds to a cell of epithelium for example ?
Virchow says bone contains, *in aun apparently altogether
homogeneous basis-substance, peculiar stellate bone cells,
distributed in a very regular manner.”

According to this view it is maintained that the matrix is
formed as a true intercellular substance, while from the
“ gells™ proceed processes which grow into the matrix and
anastomose with those from neighbouring cells. The
“lacuna™ is occupied with a “ cell” with stellate processes
which pass into the canaliculi. The conclusion to which
my observations have led me is very different: and the
clementary part of bone would consist of the germinal
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malter with the osseous lissue and canaliculi around it,
extending as far as the point midway between adjacent
lucunee,

In order to form a correct notion of the structure of
bone, it is necessary to study the changes taking place
in simple cartilage during its conversion into true
bone. In the frog the various changes may be accu-
rately observed from the earliest existence of the cartilage
to the formation of the perfect bone, and at no period ol
development can stellate cells, with processes correspond-
ing in number lo the canaliculi, be separated, as bas been
described.  The matrix is not formed independently of the
cells, nor do stellate cells, the processes of which anasto-
mose together, exist at all.

The diagram shows the manner in which the earthy
matter is deposited in the matrix of cartilage. It is
copied from a section of the temporal bone of a frog.
Globules of earthy matter may be seen to form imper-
fect rings around the cartilage cells. The calcareous
matter is always deposited in the matrix (formed material)
at a point midway between adjacent * cells,” that 1s, n
the oldest portion of the formed material of the cartilage.
The deposition gradually proceeds from without, inwards.
The outer part of the germinal matter of the cell gradually
undergoes conversion into matrix, which in its turn be-
comes impregnated with calcareous matter until only a
small space remains in which the nucleus still exists.

The different stages may be traced readily in frog’s
cartilage, and in many specimens, rounded globules of
caleareous matter which coxlesce and nndergo great change
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in form, can be demonstrated without difliculty in lacun:e
in an advanced state of formation. Mr. Rainey has
watched this process and seems to consider that molecular
alterations in the earthy particles are the essential changes
to which the formation of bone is due, but in every one of
the spaces which Mr. Rainey has figured, a mass of ger-
minal matter, * nucleus,” existed in the fresh specimen.*
I have examined the process of ossification as it occurs
in various animals with the aid of carmine, and have
always been able to demonstrate masses of germinal matter
in a position corresponding to the lacunal space. I believe
these masses of germinal matter to be as necessary to the
production of bone as they are to the formation of every
other tissue, and feel certain they are constantly present,
and that through their agency alone, osseous, as well as all
other tissues, is formed. They are not directly concerned
in the deposition of the calcareous matter, but the matrix
in which this 1s deposited cannot be formed without them,
and 1t is probable that by their instrumentality alone the
regular circulation of fluids holding the calcareous matter
in solution is maintained, and thus the extreme regularity
with which the growth of the tissue occurs, is ensured,

For some time after the first deposition of the calcareous
matter in the formed material, very thin fragments of the
bone torn away exhibit the appearance of fibres (a fact
pointed out many years ago by Dr. Sharpey), in the sub-
stance of which globules have been deposited, but slowly

* % On the Mode of Formation of Shells of Animals, of
Bone,” &c., Figs. 7 and 8, pages 118, 119,
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ihe calearcous matter becomes more homogencous, in con-
sequence, probably, of changes occurring in its substance,
and its more perfeet incorporation with the organic matrix,
and ultimately the hard mass appears even in texture,
uniformly transparent, and penetrated everywhere by
minute canals.

These tubes or channels are the altered spaces which
are left botween the ealcareous globules originally deposited,
and through them pass fluids to and from the germinal
matter. They were at first triangular in outline, but
gradually they have become altered by the filling up of the
angles, until at last they become pores, the section of which
ig nearly circular.

Irom appearances I have seen in some preparations of
{he bones of the frog’s skull (frontal, parietal), I feel sure
that in this case the bone results from changes in the
original cartilage.  The nucleus of the cartilage cell
remaining as the nucleus in the lacuna. The calcareous

matter deposited in the matrix around a cartilage cell

undergoes changes. It slowly becomes incorporated with
the orgauic matter, and gradually ceases to exhibit the
appearance of being composed of separate masses, and
becomes more homogeneous. The spaces become canaliculi,
and the mass at last assumes the structure of perfect bone.
For some time separate caleareous particles are seen within
the outline of the lacunze, which gradually diminishes in
<ize as calcareous matter is deposited in the matrix from
without inwards. These views accord more nearly with
{hose of Henle, who compared the formation of the lacunwe
to the changes which oceur in the walls of certain vegetable
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cclls through the secondary deposits of which pores are left,
than with the opinion entertained by any other observer,

The views of KNolliker and Virchow.—Iolliker considers
that the capsule of the cartilage cell and the matrix be-
come impregnated with ealeareous matter, while the
granular cell corresponding to the primordial utricle of the
vegetable cell, and with the endoplast of Prof. Huxley,
remains within unaltered. e thinks that the canaliculi
extend through the matrix by resorption.

Virchow regards bone as consisting of cells and an inter-
cellular substance, and he considers the canaliculi to he
processes which grow from the cells. In the following
note, copied from page 417 of Dr. Chance’s translation,
he expresses himself very clearly as to the manner in which
processes are formed from cells:—* The cartilage cells
(and the same holds good of the marrow cells) during ossi-
fication throw out processes (become jagged) in the same
way that conmeetive tissue corpuscles, which are also
originally round, do, both physiologically and pathologically.
These processes, 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 mucous membrane andinto the vessels of
the uterus, or like the Pacchionian granulations (glands) of
pia mater of the brain into (and oceasionally through) the
calvarinm.”  Again, * the cells which thus result from the
proliferation of the periosteal corpuscles are converted into
bone corpuscles exactly in the way I described when speak-

ing of the marrow. In the neighbourhood of the surface of
i
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the bone the intereellular substance grows dense and be-
comes almost cartilaginous, the cells throw out processes,
Lecome stellate, and at last the caleification of the inter-
cellular substance ensues.”

There are few points in minute anatomy upon which
such different views have been advanced as the one under
consideration, and you cannot fail to notice that observers
differ not only in the explanations and opinions they have
put forward, but that there are irreconcilable differences
in their statements of the facts. It is mere assertion to
speak of the cells as throwing out processes, there are no
facts whatever to justify such an inference.

Canaliculi not processes of a cell—Although many
observers have described and somewhat faintly expressed
in their drawings the growth of the processes referred to,
all agree that they are most difficult to see in healthy
growing bone. My own observations compel me to oppose
most carncstly the statements generally made with regard
to these processes. As far as I Lave been able to sce,
neither the cartilage cell, nor the medullary cell, nor the
periosteal eell, nor indeed any cell in the organism becomes
stellate by the * shooting-out process.”  That cartilage
and the other “cells” may become angular is perfectly
true, and that a few little projections may be seen from
different parts of their surface is also true, but these pro-
jections and angles have nothing to do with the formation
of canaliculi, nor do they correspond with them in number.
The appearance is exceptional instead of being constant,
and a lacuna with numerous canaliculi may be produced
without the existence of an angular cell at all.  The mass of
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eerminal matter is m'-:}l from the perviod it first existed as
a separale object to the time its nucleus 1s seen in the
lacuna. TInto each lacuna forty or fifty or more canaliculi
open, and these communicate with those of adjacent
lacune.  Surely, if these were formed in the manner
described we ought to be able to demonstrate something
like this during the formation of the lacunsw, but nothing
of the sort has been seen, and the warmest advocates of
the theory have only been able to observe a very faint
indication of the arrangement which they believe actually
exists. Their drawings only show these processes projecting
a very short distance from the cells, and no one, I believe,
ever pretends to have seen processes from two neighbour-
ing cells in process of communicating with each other, as
exists constantly in the perfect canaliculi of bone. I
would ask, why, if the tubes grow centrifugally from the
cells they do not pursue the shortest route and pass in
straight lines? By what force of attraction do opposite
tubes come into contact, and how is the barrier interposed
between the two, dissolved ? But the impossibility of such
a theory is shown thus, that it only accounts for the
structure of the fully-formed bone which is about to die,
and does not explain how the bone passes the earlier
period of its life. It is not only very difficult to conceive
such channels formed by an out-growth, but it is incon-
sistent with what is generally observed. The tissue during
is formation requires channels, and it possesses channels,
for the trabsmission of nutrient matter just as much as
after its formation is complete. The portion of the canali-
culus which is first formed is that which is most distant
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from, not that which is nearest to the lacuna and its
contents. The formation of canaliculi takes place in a
direction towards not from the so-called * bone ccll™ or
“nucleus.”

1f the canaliculi were formed as deseribed it is quite
impossible that every observer should have failed to see
the prolongations of the cell undergoing development and
coalescing with those of neighbouring cells. The extremi-
ties of these tubes which were gradually extending through
the matrix would be rounded, and would contain germinal
matter which would absorb the solid matrix, and thus the
tube would extend through its substance. No such ap-
pearance has ever been secen. The canaliculi are no more
processes of the cell which bore their way through the hard
material than the canals which are left in the masses of
secondary deposits in the hard walls of certain vegetable
cells are processes of the germinal matter in the centre of
the cell.

It may be said, if you please, that the growing matter
extending from a spore of mildew bores its way into the
soft material, at the expense of which it grows, but here
this soft material is clearly appropriated by the mildew,
and becomes converted into the germinal matter of the
plant, but this process is totally different from that by
which canaliculi are produced.

No stellate corpusele has been produced, but the stellate
appearance results from the circumstance that the calca-
reous matter has been deposited in the matrix in such a
manner as to leave intervals arranged in a more or less
stellate manner, as has been explained.
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There is room for some difference of opinion with regard
to the contents of the canaliculi. In dead dry bone it is
certain they are simple tubes containing air. In young
bone it is clear that all nutrient matter which reaches the
germinal matter must permeate the matrix, and, therefore,
there are no absolute **fubes™ at all. This matrix must
remain as the canal contracts by the gradual encroach-
ment of the calcareous matter, and it is possible, and
indeed likely, that after a time, by the constant passage of
fluid, it may be gradually dissolved away, and thus a tube
may result. But supposing it to remain, this portion of
the matrix which occupies the canaliculi cannot be cor-
rectly termed ** processes of the bone cell.”

The relation of the vessels to bone.—The bony tissue with
its canaliculi and germinal matter always has a certain defi-
nite relation to the vessels. It may exist asa simple thin
lamina, covered upon each side with a highly vascular
membrane, or as solid eylindrical processes often arranged
so as to form a network, also invested with a wvascular
membrane ; or the osseous tissue may be arranged in con-
centric laminsz around a central canal (Haversian canal),
which in the living bone is occupied by a capillary vessel,
around which are numerous fine granular cells. These
cells are concerned in the removal of the osseous tissue.
Each Haversian rod with its series of laminme, and its
capillary vessel in the centre, being about the one-five-
hundredth of an inch in diameter. The diameter of the
Haversian rods or systems varies, however, very greatly,
some being less than the one-fifteen hundreth of an inch,
while others are more than the one two-hundreth of an
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inch in diameter. Of a thin plate of bone the tissue in
the centre is the oldest. Of a solid eylinder, that in the
centre was first formed, while of the lamina of the Iaver-
sian system, those at the circumference are the oldest, and
the laminwx close to the eentral vessel were the last deve-
loped. The first two forms of bony tissue constitute the
cancellated structure, and the last (IIaversian systems)
make up the compact tissue of bone; but as you would
suppose, transitional forms exist, and if you imagine thin
laminze of bone forming the boundaries of spaces, to be
very much thickened by the formation of new lamina
within them, you approach the arrangement of the IHaver-
sian system ; while, on the other hand, if the canal in the
centre of several adjacent IMaversian systems be very
much inercased in size, in consequence of the multiplica-
tion of the cells and the removal of the bone tissue, we
should get an arrangement very like that seen in the can-
cellated texture. These differences are not fanciful, but
such transitions can actually be demonstrated in almost all
bones.

Of myeloid cells and of the formation of the plates and
spiculee of the cancellated tissue.—The little plates or eylin-
drical spicul@e of bone which enter into the formation of
the cancelli are represented at first by soft masses, con-
sisting of several elementary parts of bone. These masses
may often be detached, and have the appearance of
large compound cells, consisting of many smaller ones.
They are found beneath the periosteum as well as in the
medullary cavity, and in discase the soft spongy tissue which
is formed in connexion with the bone consists of masses of
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this kind. These are the so-called myeloid cells, which are
composed of the anatomical elements, “ cells” of bone.
At this carly period of the development of bone, the so-
called myeloid cell consists only of several small oval
masses of germinal matter, the outer part of each of which
is undergoing conversion into the formed material. This
eradually increases, and at a subsequent period becomes
impregnated with calcareous matter, as has been already
deseribed.

In the diagram a good specimen of the so-called
myeloid cells from one of the cancelli of the bone of the
great toe is represented. Two or three of the masses
are elongated and much bent. These might afterwards
become ossified and give rise to the spicule of bone which
form the imperfect septa between the cancelli. Around
these are many small granular cells, and it is interesting to
notice the fact, that while the first structures are of a
dark-red colour the latter are scarcely tinged with the
carmine, although both have been exposed to its influence
in the same way. The first is growing actively, the last is
comparatively inactive, and there can be no doubt that it
is being gradually removed as the former structure ad-
vances. What remains will become the medulla, and
many of the “cells” will become * fat cells.”

Of eancelli and Haversian canals and spaces.—The ele-
mentary parts of bone are arranged so as to form the
small eylindrical masses or plates, constituting the cancel-
lated tissue, or more consolidated tissue, called the com-
pact tissne, of which the shaft of a long bone is composed.
It has been stated that in health a transition may always



136 ON TIHE STRUCTURE AND GROWTH OF TISSUES.

be traced from the compact tissue to the cancellated struc-
ture, and in disease, the compact tissue may become, and
may be represented by, this form of spongy bone structure.

Now, not only does the compact tissue gradually pass
mto cancellated structure, but there are comparatively
large spaces, like cancelli in the compact tissue of a long
bone. These are the Haversian spaces of Messrs. Tomes and
De Morgan, who have proved most conclusively that, during
the life of the bone, canals are becoming larger, and are
converted into spaces by erosion. Absorption of the bone
tissue takes place from within outwards, while in adjacent
spaces an opposite process is going on, and in the opposite
direction. The formation of bone takes place from without
inwards, and an Haversian space gradually contracts to
form a canal. The Haversian canals and spaces are seen
in a section of dry bone as openings, but in the recent
bone they are occupied by a wvessel surrounded by soft
pulpy tissue, consisting of a little connective tissue near
the vessel, but mainly composed of small granular cell-like
bodies. Such bodies are found on the deep layer of the
periosteum and medullary membrane, as has been de-
scribed. They are found in considerable number wherever
bone is being formed. These cells are the active agents
in the proeess in all cases.

Now, the process of erosion or removal of an Haversian
system does not take place quite regularly, for part of the
Haversian system may be left while portions of neigh-
bouring systems may be removed. When the formation
of the new system commences in the space produced, 1t is
obvious that new lamine will be deposited over those
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which originally belonged to the old system. This is why
¢ interstitial laminge ” arealways secen between the Haversian
systems in a section of the compact tissuc of bone, and we
are indebted to Messrs. Tomes and De Morgan for their
very clear and satisfactory explanation of this most im-
portant fact.

Of form, structure, and chemical composition.—The form
and the structure of this and other tissues, and the che-
mical composition of the substances of which they consist,
do not result from any fortuitous coalescence of particles,
nor can it be explained by saying that, under such and
such conditions, matter must so arrange itself, because
the so-called * conditions” are present. But these so-
called * conditions™ are themselves but the result of a
condition of things which existed previously, and so we
may proceed backwards until the structure under our con-
sideration was represented by a little granular matter,
exhibiting neither peculiar form nor structure, and having
a composition very different to that of the tissue 1% 1s to
form.

Now, why does it form? We may answer, that in
“ formation” living particles die under certain condi-
tions, and it is clear that the materials formed depend
partly upon the conditions under which death takes place,
and partly upon the relations which the elements were
constrained to bear to each other just before the change
occurred. Next we ask, what determined the definite
relation of the elements just prior to their union to form de-
finite structure possessing a definite chemical composition?
To this we are unable to give a satisfactory answer. We
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have gone back and back until we are obliged to confess
our inability to explain the changes we observe. All we
can say is, that the elements scem constrained to take up
certain relations in obedience to some pecnliar force or
power (vital power). The matter of which * germinal
matter” is, in all cases, composed, is for a time under the
influence of vital power, while the formed material 15 not,
“living,” and is the seat of physical and chemical changes
alone.

Of the periostewmn and so-called medullary membrane.—
The periosteum is usually deseribed as a fibrous mem-
brane. Tts outer layers exhibit simply a fibrous structure,
but its deeper portion, which is continuous with the bone
tissue, exhibits a totally different anatomical arrangement.
Here are seen a number of elementary parts of unossified
bone tissue, each consisting of an oval mass of germinal
matter, surrounded by a granular-looking formed mate-
rial. The periosteum is freely supplied with bloodvessels,
and nerves are distributed to it. The substance or rather
the deeper layer of the periosteum of a young animal 1s
the seat of the formation not only of new bone but of
complete Haversian systems. The clementary parts mul-
tiply and gradually enclose the capillary vessels in bone
tissue, which at length undergoes ossification. This process
has been fully described by Messrs. Tomes and De Morgan.

The medullary membrane is a highly vascular mem-
brane resembling periosteum, but it is more delicate and
contains less fibrous tissue. The vessels from both perios-
toum and medullary membrane pass into the openings of
Haversian ' canals, and when these_membrancs are gently
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torn away from recent bone tho smali vessels may be seen
without difficulty.

Of the medulla or marrow of bone.—The medulla, as
stated in a former lecture, is a form of adipose tissue, but
the interesting question is, how is it formed ? It exists in
the cancelli, in the medullary cavity, and even in the
Haversian canals. There is no doubt that the elementary
parts which form at length the fat cells of the marrow,
are direct descendants from the same elementary parts as
those which gave origin to the cells converted into bone.
The proper marrow cells (myeloid cells) may become con-
verted into bone tissue or into marrow. During develop-
ment, as would be supposed, these myeloid cells contain
little or no fat, but as the bone attains its full develop-
ment, many of the cells become fat cells instead of being
converted iuto 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 and passes off as
carbonie acid.

Of the development of bone.—In mammalia bone com-
mences to form at an early period of intra-uterine life in
two ways: 1. By the ossification of fibrous membrane.
2. By the ossification of temporary cartilage.

Most of the bones of vertebrata are represented, in the
first instance, by cartilage. This cartilage exhibits the
form the bone is to assume, but it contains no medullary
cavity. It gradually undergoes conversion into a tempo-
rary and imperfect kind of osscous tissue. 'This is after-
wards destroyed, and true bone formed in its stead. These
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changes occur in all cascs in which the bone is represented
in the first instance by temporary cartilage in mammalia,
but in the frog the cartilage becomes gradually converted
into fully-formed permanent bone, and in many of the
lower vertebrata the bones continue to grow during a con-
siderable period of life, and the formation of the perfect bone
results from gradual and uninterrupted changes occurring
in the cartilage, new cartilage being formed as the bone
inereases.

The formation of the permanent bone in mammalia cor-
responds in all essential and important particulars to the
formation of bone in fibrous membrane, which is not re-
presented by any form of cartilaginous structure i the
first instance.

Of ossification in fibrous membrane.—Now, the bones of
man, which are not preceded by temporary cartilage,
which in its turn is converted into a soft spongy form of
bone, are the flat extended portions of the cranial bones ;
for instance, the parietal, frontal, expanded portion of
temporal and occipital.

The only bones and parts of bones of the cranium
existing originally as cartilage, are the base of the occi-
pital, the sphenoid, except the external pterygoid plate,
the mastoid and petrous portions of the temporal, the eth-
moid, the inferior turbinated bones, the ossicles of the ear,
and the hyoid bone.

The flat bones at first appear to be composed of a
form of tissue closely allied to fibrous tissue. This mem-
branous structure grows at the edges, just as the cartilage
increases at the edges of the cranial bones of the frog.
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Thus the gradual increase in the size of the flat cranial
bones is provided for. The first deposition of the calea-
reous matter takes place in the central part, which is
clearly that portion of the membranous tissue which was
first formed. This is called the centre of ossification, and
from this centre the process gradually extends towards
the circumference. The deposition of the calcareons par-
ticles in the matrix between the masses of germinal mat-
ter, their gradual encroachment upon these, the formation
of the so-called canaliculi and lacunz has been fully dis-
cussed ; nor do the changes which occur differ in their
nature from those which may be observed in the process
of ossification, as it occurs in some of the fibrous tissues,
in old age, or in certain morbid growths. The process of
formation of lacune may in fact be more easily investi-
gated as it proceeds during the ossification of the fibrous
walls of certain cysts, than in the formation of normal bone.

Ossification in temporary cartilage.—The temporary car-
tilage of the fetus undergoes most important changes
prior to the deposition of the calecareous matter in the
matrix. The cells near the spot where ossification is pro-
ceeding are seen to be arranged in lines, and those close
to the ossifying surface are much larger than the more
recently formed cells in advance of them. It 1s probable
that the matrix becomes more readily permeable to nutri-
ent matter, and hence the cells increase in size. The ves-
sels advance close to the seat of these changes, and it is
possible that the passage of the nutrient pabulum in linear
streams parallel to the long axis of the bone from the
vessels, as from a base, may determine the linear arrange-
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ment and the enlargement of the cells. Moreover, as the
calearcous matter must have been earried in a state of
solution to the matrix, whereit is precipitated, it 1s obvious
that at the point where the cells are the largest, much
fluid has been set free, and it is probable that this may in
part be taken up by these cells.

Temporary cartilage contains many vaseular canals, and
the youngest cartilage cells are ncarest to these. The
rate of growth of the cartilage cells and the formation of
matrix gradually diminishes as we pass from the canals,
The vascularity of the bone is far greater than that
of the cartilage, and thus the greater supply of pabulum
and the more rapid change at the ossifying surface are
explained.

The calearcous matter is mainly deposited in the matrix
between the lines of cells, so that a network of brittle
spongy bony matter is formed. In these crypts or spaces
the cartilage cells remain, and their nuclei still retain
their vitality. Calcarcous particles are also deposited in
the material of which the outer part of the cell is com-
posed.

It has been said that the nucleus becomes stellate, and
‘that by the shooting out of these processes the canaliculi
are formed, but this strange view has evidently been
accepted without proper consideration. It would be quite
as unreasonable to assert that the stellate form assumed
by a blood corpuscle after its removal indicated a ten-
dency in it to ‘“shoot out” tubular processes, which
would gradually extend and communicate with the pro-
cesses of neighbouring cells,
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Of the growth of « long bone in length and circumference.—
The long bores grow in length by the formation of new
cartilage cells at the point where the shaft (diaphysis)
joins the *epiphysis,” and each * epiphysis™ inereascs in
all directions by the formation of new cells at every puit
of its cirenmference, and by the slower multiplication of
those already formed. The central part of the shaft
(diaphysis) of a growing long bone, midway between the
growing extremities, is clearly the part which was first
formed, or the oldest portion of the shaft. The oldest
part of an epiphysis must be the centre. In these earliest
developed portions of the cartilage, bone is first formed
(points of ossification). When the increase of the bone
ceases after puberty, the epiphyses become connected with
the shaft, and are then termed apophyses.

The temporary bone produced as above described is
soon removed in order to make way for the more perma-
nent structure, and this seems to be produced by the
changes already considered which occur beneath the
periosteum,

As the bone grows in circumference it is clear that all this
spongy bone must be got rid of, for the medullary cavity
with its marrow is about to be formed in the very spot
where their temporary structure exists. The formation of
Haversian systems and the exact position of the vessels is
determined by the changes proceeding beneath the perios-
teum,

But, you will ask, what becomes of the nuclei of the
original cartilage cells during and after the formation of
the temporary bone in the fwetal cartilage? That they
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remain active while the disintegration of the temporary
bone is proceeding, I have most conclusively demonstrated,
and in all probability they afterwards multiply and pro-
duce formed matter, which may in its turn undergo
ossification. They also give rise to the formation of
“ myeloid cells,” some of which take part in the formation
of cancelli, while others degenerate and only produce the
marrow fat cells,

It will no doubt have occurred to the reader to ask if
every cell in the temporary cartilage and in the ossifying
fibrous matrix is represented by a lacuna in the perfect
bone? TFrom what I have seen I think it probable that,
as a general rule, this is the case; but it is quite possible
as in cartilage, in tendon, and in muscular fibre, that
some of the “nuclei” situated at the greatest distance
from the nutrient surface may gradually undergo transfor-
mation into the formed material, as I have described in
the case of permanent cartilage, with the exception of a
very small portion of germinal matter which dies and
leaves a small space occupied with fluid. Such *cells™
would, thercfore, be obliterated, and would not be repre-
sented by lacune.

Of the germinal or living matier of bone—Of caries and
necrosis.—In the development of bone, in the removal of
old Haversian systems, and in the formation of new ones,
in the union of fractured ends of bones, in caries and in
the formation of bone cancer, ‘¢ cells,” or rather masses of
germinal matter are the active agents. 1f bone is to be
absorbed these little masses of germinal matter multiply
very rapidly and increase at the expense of the surround-
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ing bone.  On the other hand, if bone is to be furmed, the
masses of germinal matter, having inereased in number for
a time, cease to multiply, but each increases in size, and
the outer part of each slowly undergoes conversion into
formed material, which in its turn becomes graduoally im-
pregnated with hard caleareous salts. The harder the
bone is to be, the slower must this process proceed.

In rickets, caries, and cancer, the vital changes going
on in osseous tissue are too active. Inercase is proceeding
too fast, for the condensation of the tissue which is pro-
duced, to take place. Ilere, as in all other cases, rapid
change is associated with brief duration, while the well-
developed normal lasting tissue is formed very slowly, and
the changes succeed each other in the most gradual,
orderly, and regular manner.

In caries, the germinal matter of a part of a bone
veceives too large a supply of nutrient matter, it STOWS t00
fast, and lives upon the surrounding tissue which has been
already formed.,

In necrosis, the death of the germinal matier of many
lacunze takes place. It is easy to conceive that such a
result must ensne if the supply of blood be cut off, for the
currents of fluid, which during life permeate every part of
the bone, cease, and the entire mass which has been
affected by these changes must die.

Changes in the small trunks which supply the Haversian
vessels, ending either in their obstruction, as, for example,
by clots, or in their obliteration by pressure exerted upon
them, as from the arowth of adventitious tissue around,

may cause necrosis of a considerable extent of osseous
L
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tissue. Thus effusion into the deeper and more spongy
portion of the periosteum, as oecurs in the formation of a
node, may cause the occlusion of some of the vessels pass-
ing from this membrane into the compact tissue. The
passage of blood through these vessels being interfered
with, the germinal matter of all that portion of bone
receiving nutriment from them must die, and a piece of
bone of considerable size may become ¢ necrosed.” Im-
mediately around this the nutrient matter would flow more
freely, but of course less regularly. In consequence the
germinal matter of the neighbouring lacunwe would grow
much faster, and thus a number of granular cells would
result. These would even eat away, as it were, but of course
very slowly, the dead bone, which soon becomes sur-
rounded with such cells. After these 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 becomes surrounded, and at length embedded
in new irregularly formed bone. This process goes on,
unless the whole of the dead bone (sequestrum) is re-
moved by the process above referred to, or by surgical
interference. Before the dead bone can be removed
by the surgeon, he has 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 why the bone
increases around it, and this view 1s still strongly main-
tained, although no one has been able to show exactly
what is meant by the supposed “irritation.” It has
been assumed that an irritant or exeitant 1s always neces-

I S ———
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sary to increased action, that by this ‘“irvitant™ the
living cells are * excited ™ to live faster than usual.  But
I have shown that for this increased activity all that is
required is a more free access of nutrient matter. The
so-called * irritant,” instead of * exciting,” acts in the
most passive manner possible. It allows pabulum to have
freer access to the living or germinal matter. It removes
to some extent the restrictions under which growth nor-
mally takes place. There is no * excitation to increased
action " at all. The more freely living matter is supphed
with pabulum the faster it grows. * Increased action™
in a living structure results from the removal of restrictions,
as occurs in the rupture, perforation, or softening of the
“cell wall” or **intercellular substance,” when, of course,
the nutrient pabulum comes more readily into contact with
the germinal matter, not from * stimulation,” ** excitation,”

or ““arriation.”



LECTURE IX.
TELETH.

On teeth—The dental tissues not disintegrated and reno-
vated—Of the dental tissues—The development and for-
mation of teeth—The structure and formation of the
dentine—Of the pulp of the tooth—The structure and
formation of the enamel—The structure and formation of

the cementum or crusta petrosa—Of the nature of the
teeth—Are teeth entirely epidermic, orin part dermic and
partly epidermic, or are they entirely epidermic struc-
tures ?— Are the dental tissues allied to epithelial or con-
nective tissues ?7—Of the membrana preformativa—Of
the homology of the dentine enamel and cementum—Of
the formation of the so-called intercellular substance of
dentine—Of the development and formation of the palatine
teeth of the newt, which are formed entirely from epithelial
structure—The relation of the tooth sac to the proper
dental tissues—Summary of the different views now enter-
tained upon the development of teeth—Of caries.

GeNTLEMEN,—Although I am unable to give a clear or
complete account of the changes occurring during the
formation of a tooth, I shall have no difficulty in convincing
you that the study of these dental tissues is of the utmost
interest and importance, not only to those who are to
devote themselves specially to dental practice, but to every
student of physiology and medicine.

We shall necessarily be led to discuss most important
questions connected with Formation, Nutrition, and
Growth, and the anatomy of the tooth structures is of
special interest to me, because the changes I shall have to
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deseribe receive, I think, a most satisfactory explanation
upon the new views I have propounded in this course of
lectures.

You will find that, as in the caseof bone, many authors,
in describing the anatomy of tooth structure, have described,
not the living growing tissue, but dead and dried texture.
In dentine, tubes or canals containing air have resulted
from the drying up of the soft matter which occupied them
during life, and to these artificial channels the office of
transmitting nutrient fluid to every part of the tissue has
been assigned, but, as it seems to me, upon most insufli-
cient grounds.

The dental tissues not disintegrated and renovated.—
These dental tissues of all the textures in the body are
those which undergo the least amount of change, and the
statement that the material of which our teeth are composed
1s being continually removed and renewed, is a mere asser-
tion, and utterly unsupported by facts or by sound argu-
ment. -

It has often been asserted that al tisswes in the organism
undergo constant change during life; but this statement
is only in part true. Nevertheless, observers have, one
after the other, received if in its widest signification, and,
accepting the dictum as true, have allowed inferences
derived from actual observation to be modified by it. Thus
it has been asserted that both bone and teeth have a
system of tubes throngh which new particles are carried to
all parts of the structure to replace the old ones which are
removed by the same channels. But I will assert the very
eontrary, and I am sure no one will contradict me when I
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say that the very particles of calcarcous matter which
exist now in the enamel and dentine of our teeth will be
there until they are destroyed by disease, worn away by
friction, or removed bodily by extraction. It cannot be
too distinctly stated that there are tissues in the body
which are so slowly changed that it is not possible to
demonstrate that they change at all, save in undergoing
some degree of condensation after their formation, and there
is matter which seems to be destroyed as fast as it is pro-
duced—probably so very fast that we cannot even obtain
for examination, the matter itself, but only the substances
which result from its decomposition. Between these two
extremes there are tissues which exhibit very different
rates of change. There is no evidence of addition and
removal of material going on in the enamel and dentine
after the completion of their formation, and it is probable
that the matter upon which the hardness of these tissues
depends is not removed at all after its deposition.

Of the dental tissues. — The structures of which the
human teeth are composed are three in number—1, dentine
or tooth bone ; 2, enamel; 3, cementum or crusta petrosa.
Of these the two first are the most important. The third
exists as a thin layer over the fang of the tooth.

The enamel is the hardest of the three structures. The
dentine is the next in hardness, and the cementum is the
softest of the dental tissues.

At an early period of development all these tissues were
quite soft. Their hardness, like that of bone, is due
entirely to the deposition of calcarcous salts in the soft
tissue. The formation of soft matrix in the case of the
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dentine, and its impregnation with calcareous matter con-
tinues to take place even in the adult, for there exists in
the dentine a cavity which is occupied in the recent state
by a soft and very highly vascular structure in which nerves
are very freely distributed. This is called the “ Pulp.”
Upon the surface of this pulp the formation of dentine
continues to go on. As age advances, the pulp shrinks
and the pulp cavity becomes smaller, but the pulp & nof
itself converted into dentine, as some have taught,

The greater part of the tooth is composed of dentine,
and this may be regarded as the most important as well
as the most constant of the dental tissues.

The development and formation of {eeth.—At about the
sixth week of intra-uterine life little papillee may be seen
rising from the mucous membrane of the dental groove.
Each papilla is said to consist of the epithelium and sub-
basement tissue, with its vessels and nerves. The mucous
membrane around each papilla is deseribed as rising up
and gradually enclosing it in a sort of follicle. The lips of
the follicle rise higher, and at last reach above the summit
of the papilla and close over 1t. The papilla thus becomes
enclosed in a capsule. From the side of this follicle,
before it is completely closed up, a portion is, as it were,
pinched off, so that a second cavity is gradually formed
by the side of the larger one, and at the bottom of this
second sac or cavity another papilla makes its appearance
and undergoes similar changes. This is the papilla which
at length becomes the permanent tooth. My own conclu-
sions differ in some essential particulars from the above
views of Professor Goodsir, which are generally accepted
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and taught ; but I will defer stating the differences until
the anatomy of the dental tissues has been deseribed.

The formation and structure of the dentine.—Iiven by the
fourth month of intra-uterine life the formation of the
dentine has commenced quite at the summit of the papilla.
This thin shell of dentine does not change, nor is it altered,
but it remains as the summit of the dentine when the tooth
is fully formed. Asitextends gradually at the circumfer-
ence the whole papilla increases in size, so that by the
time a thin shell has been formed corresponding to the
surface of the crown of the tooth, the pulp corresponding
to this has already attained its full size. Aeross the fully-
formed dentine, near the summit, lines may be observed
which mark the different diameter of the pulp, and the
varying degree of convexity of the upper surface as the
formation of the tooth progresses.

It must be distinctly borne in mind that the dentine
grows constantly in one direction only, from without in-
wards, and therefore, when the extreme eircumference is
once formed, it is not possible that the tooth can increase
in diameter by dentine, since dentine is never normally
formed upon its outer surface. These processes continue,
and the tooth gradually increases in depth by the forma-
tion of the fang which projects downwards towards the
socket which is being formed for its reception

The actual tissue which becomes the dentine differs
materially from that of which the great body of the papilla
is composed. Before any dentine is formed, and imme-
diately beneath the dentine last formed at all ages—between
it and the vascular and mervous pulp—is a layer of what
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looks something like nucleated columnar epithelium.  This
tissue consists of elongated cylindrical bodies, or cells with
“ nuelei,” which are placed at right angles to the outer
surface of the pulp. Although the pulp diminishes in
size while the formation of the dentine proceeds, the pulp
does not become the dentine. Nor is the dentine formed
by the deposit of calcareous matter beneath the ** basement
membrare,” as has been asserted by Prof. Huxley; but
this dentine results from changes occurring in a tissue
which lies upon the surface of the pulp. This consists of
cells like columnar cells. These elongated cells are not
separated from the nerves, vessels, and connective tissue of
the pulp by a demonstrable basement membrane, but their
extremities pass amongst the fibres of the connective
tissue, and in some instances seem to be continuous with
them. The relation seems similar to that which exists
between the epithelial cells in contact with and adhering
to the tissue of a papilla of skin, or of the tongue, or of
the mucous membrane of the fauces, and as in these cases
prolongations from the cells seem to pass amongst the
fibres of the connective tissue. It is possible that some
may be continuous with the so-called connective tissue
corpuscles. As new dentine is formed, these cells encroach
upon the pulp, the constituent tissues of which gradually
diminish in amount.

The changes taking place in the calcification of the
organic matrix, after it has been formed by the cells, can
be studied quite as satisfactorily in a fully formed as in an
embryo tooth. The changes occurring during the forma-
tion of the dentine us it proceeds in the adult tooth are,
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indeed, of the same nature as those which take place
during the development of this tissue in the embryo.

There are few anatomical questions which have given
rise to more controversy, than the structure and mode of
formation of the dentine, and the very last writer on the
subject, M. Lent, describes the dentinal canals as consist-
ing of direct processes of the whole dentinal cells. “The
matrix of the dentine is not formed of the dentine cells,
but is a secretion of these cells and of the tooth pulp—in
other words, an intercellular substance.”* Now, Mr. Tomes
has shown that the * dentinal tubes” are occupied with
a soft solid structure which may be seen projecting in the
form of solid processes from the broken ends of the den-
tinal tubes. The truth of these observations has, however,
been doubted by several observers. I have been able to
verify Mr. Tomes™ statements as to the dentinal tubes
being occupied with this soft structure, and now pass
round a preparation in which this material has been
coloured red with carmine, and is most clearly demon-
strated. The dentinal * tubes” of a living tooth are never
empty ; indeed, they are not tubes, nor are they canals for
the transmission of nutrient substances dissolved in fluid,
but they contain as already stated a soft solid substance,
a portion of which, near to the pulp, isin a state of active
vitality.

Imagine for a moment one of the ** soft nuclear” fibres
of tendon surrounded with a matrix impregnated with
calearcous matter, and you will form, I believe, a good

# Kolliker's Manual of Microscopic Anatomy, p. 307.
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idea of the structure of the * dentinal tube ™ and its con-
tents.

The wall of the tube with the matter between the tubes
corresponds to the * wall ” of an ordinary cell, or to this
and the intercellular substance (my formed material), and
the central part of the contents of the tube to the granular
cell contents with the nuclei (my germinal matter). 1If you
look at the tissue of the pulp just beneath the surface of the
dentine you find a number of oval masses of germinal matter
coloured intensely red by carmine. These are nearly equi-
distant and separated from one another by a certain quantity
of material which is only very faintly coloured, and in cases
where the solution was not very strong it remained colour-
less. This colourless matrix is continuous with the inter-
tubular dentinal tissue, while the intensely red germinal
matter, or rather a prolongation from it, extends into the
dentinal tubes. The germinal matter with a thin layer of
soft and imperfectly developed formed material is easily
detached from the more condensed formed material around
it, and thus its continuity with the dentinal tubes may be
destroyed. The whole then appears as an oval mass (cell)
with a prolongation or process which occupied the dentinal
tube.

The general description given of the manner in which
these dentinal tubes open upon the walls of the pulp cavity
is certainly true, but it is true only of the dry tooth. In
the living tooth a prolongation from one of the “ cells” on
the surface of the pulp is prolonged into each tube. The
tubes cannot, therefore, serve as mere conduits for nutrient
fluids which transude through the walls of the vessels, and
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are supposed to pass along the tubes to the outer part of
the tooth. Moreover, in some cases certain of the so-called
dentinal tubes become completely solidified, the tube being
obliterated. These points receive a ready explanation
from a careful consideration of the facts I have brought
forward.

The specimens which I have shown prove, I think,
that the formation of the dentine and the so-called tubes,
is effected in a much more simple manner than is usually
believed.  The elongated masses of germinal matter first
of all produce formed material, which gradually increases
as in other cases, upon the outer surfaces of the germinal
matter. The formed material of the adjacent elementary
parts is continuous, and caleareous matter isfirst deposited
in the oldest part of this formed material. The calcareous
matter appears in the form of small globules, which gradu-
ally inerease in size, and often several coalesee. Thus the
formed material, or matrix of the dentine, becomes
calcified.

Not unfrequently, however, several of the calcareous
globules increase in such a way as to enclose a portion of
uncaleified matrix. This being, as it were, imprisoned by
hard impermeable structure, retains its soft primitive state.
If the tooth be dried the soft matrix in these spaces
shrinks and air rushes in. Thus the appearance known
as * globular dentine” is produced, and the reason why
uncaleified tubes are seen traversing these spaces becomes
manifest ; as in the formation of bone already described,
spaces or pores are left through which nutrient matter
passes towards the germinal matter. In this way very fine

———
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channels result, which may be secen in the dry tooth pass-
ing from one dentinal tube to the other.

After the “ matrix’
germinal matter still slowly undergoes conversion into more

L]

of the dentine is ealecified, the

formed material, which in its turn becomes impregnated
with calecareous matter. The germinal matter diminishes
in thickness. The formed material is produced more
slowly after the general basis has been laid down, and
hence the dentine immediately surrounding the tube seems
to be distinet from that lying in the intervals between the
tubes. Itisprobable that the difference in compactness and
hardness results merely from the so-ecalled * matrix™ which
was first produced, having been formed more quickly than
the so-called wall of the dentinal tube.

The germinal matter which takes part in the formation
of the matrix gradually becomes changed into dentine,
from the outer part of the dentine (the oldest portion)
towards the pulp-cavity, where these changes still go on.
In the dry tooth the same fact may be expressed by saying,
that the narrowest part of the dentinal tubes is at the circimn-
ference of the dentine, and this part was the first formed :
the widest part is that which is in contact with the pulp, and
this is composed of dentine most recently developed. In-
ternal to this is a narrow layer, the formed material of
which is not yet calcified.

The varying diameter of the tubes in different parts of
the dentine may be seen in sections, and the facts demon-
strated are confirmatory of the views offered.

The appearances 1 have described can only be demon-
strated in perfectly fresh teeth, which bave been placed
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incarmine solution very soon after extraction.  The
principal changes in such a tissue as dentine seem to
consist of the conversion of germinal matter into formed
material, and the impregnation of this formed material with
calcarcous matter, rapidly at first, but more slowly as the
quantity of calcareous matter increases. In the adult, the
remains of the germinal matter slowly undergoes conver-
sion into formed material, and this slowly becomes
impregnated with calearcous cells. In old age, although the
pulp is very much reduced, this conversion is not complete,
and a certain amount of germinal matter still remains in
the tubes and in the pulp cavity from which dentine might
liave been produced. ‘

Of the pulp.—The tissue of the pulp,it must be distinctly
borne in mind, is not converted into dentine ; neither does
dentine, nor the tissue from which it is formed, exhibit any
characters which justify our classifying it with the connec-
tive tissues. Itisnot, however, formed independentlyof any
of the histological elementsof the pulp, asasserted by Huxley,
for no dentine was ever produced except by the agency of
the so-called * cells” above referred to (see figs. 57, 63, and
64 in “The Structure of the Simple Tissues™). I agree
with Kolliker and Lent that the dentinal cells are the only
active agents concerned in the formation of the dentine,
but cannot regard the canals as direct processes of the
whole dentinal cells, nor admit that the matrix is an inter-
cellular substance, the * secretion of these cells and of the
tooth pulp,” as they maintain. I have advanced already
many facts against the general views regarding this so-
called intercellular substance, which I need not repeat here.
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The assertion that the matrix is a seeretion from the cells
and the tooth pulp, accords with the dictum that the inter-
cellular substance of cartilage and bone arises partly as a
secretion from the cells, and partly from the blood indepen-
dently of them (Kolliker). Such statements can scarcely be
considered as hypotheses. They are mere authoritative
assertions, in support of which no facts are given or argu-
ments advanced.

As the tooth advances in age the pulp becomes smaller.
The relation of the nerves and vessels to the youngest
dentine always remaining the same. The nerves may be
seen in vast number, forming bundles, composed of numer-
ous large dark-bordered fibres, which interlace freely with
each other, and divide near the surface of the pulp into
bundles, composed of fibres, which become finer and finer.
The ultimate fibres with their oval nuclei are very freely
distributed upon the surface of the pulp just beneath the
large oval nuclei or cells, which take part in the formation
of the dentine, and the fibres run among the prolongations
of these cells. The nerves and vessels pass in a direction
at right angles to the dentinal cells and tubes. The mass
of the pulp is composed of a simple form of connective
tissue, with numerous oval and triangular corpuscles (ger-
minal matter), not unlike that of which the mucous tissuc
of the umbilical cord consists. There are no true fibres of
yellow elastic tissue, but many of the fine nerve fibres
which run in bundles of white fibrous tissue might easily
be mistaken for them. In many old teeth the pulp cavity
is almost obliterated.

Of the formation and structure of the enamel.—Great dif-
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ference exists among observers with regard to the forma-
tion of enamel. It is said that after the tooth sac has
completely closed a change takes place upon its inner sur-
face, and a quantity of a very peculiar form of connective
tissue is produced. It seems to consist of stellate cells,
almost like those composing the pith of the rush, a form
of vegetable tissue termed actinenchyma. This tissue has
been well deseribed and figured by Todd and Bowman,
who regard it as composed of a web of fibres, the meshes
of which contain a clear fluid (** Physiology of Man,” vol.
ii.) It has, however, been clearly shown by Huxley that
the actinenchymatous tissue of the calf’s tooth does not
correspond to the stellate tissue of man. The first is a
modified sub-mucous conneetive tissue, while the last is an
altered epithelial structure. This peculiar tissue has been
considered by John Iunter and by the majority of ob-
servers since his time, as an organ concerned in the for-
mation of enamel (enamel-organ). Upon its inner sur-
face is a layer of clongated cylindrical cells, arranged pre-
cisely as columnar epithelium. These cells constitute the
so-called enamel membrane, and it has been generally be-
lieved that in the formation of enamel the cells become
caleified, and that, in fact, the prisms of enamel are nothing
more than the calcified cells of the enamel organ. If this
be true, it almost follows that the enamel corresponds in
its position and structure to the epithelium of a mucous
“membrane, while the deatine must be regarded as a modi-
fication of the sub-basement tissue, and the position of the
basement membrane would be between the enamel and the

dentine.
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It is, however, quite certain that the pulp is not more
directly concerned with the formation of the dentine than
the enamel pulp is with the formation of enamel. Both
dentine and enamel are formed from elongated nucleated
bodies which have been spoken of as cells. These cells,
which form the matrix of the dentine, as has been shown,
gradually move inwards, while the pulp diminishes in pro-
portion. The power of change resides in the germinal or
living matter of the cell itself, not in the membrane above
or below it, or in any other matter.

Professor Huxley, however, asserts that the enamel is
not produced by ‘any conversion of a cellular structure.
* The fibres of which it is composed are structureless and
almost horny.” Its existence and its structure are to be
considered as ultimate facts not explicable by the cell
theory.* Mr. Huxley's view has not been confirmed by
Mr. Tomes (* Dental Surgery,” pp. 265, 270), and I
have had no difficulty in demonstrating elongated hodies,
each having a distinet nucleus, the portion nearest the
dentine being calcified while the greater part still remains
granular. I have some specimens preserved in which the
whole process can be demonstrated. These bodies are as
much ** cells” as epithelial particles are * cells.”

Professor Huxley maintains that all the dentinal tissues
are dermic and not epidermic. By the action of acetic acid
he raises a membranous structure from the outer surface
of the enamel, and, moreover, asserts that the cells of

* “On the Development of the Teeth,” &c. Quarterly
Journal of Microscopical Science, vol. i., page 149, 1853,
M
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the so-called enamel membrane are not direetly concerned
in the formation of enamel, but that the enamel rods are
produced beneath it,

The * membrane ” thus raised by the action of acetie
acid really consists of the altered outer uncalcified part of
the columnar cells already described, and the * enamel
rods™ seen * beneath ™ it, are really the caleified portions of
these very same cells, Mr. Tomes has, in fact, shown that
this so-called ““membrane™ is to be split up into columns,
and rightly maintains that it cannot therefore be a * mem-
brana preformativa,” as it is considered by Huxley.

The outer extremities of the prismatic,calcifying cells of
the enamel are of course composed of soft material. It is
this superficial uncalcified portion which may be torn away
from the deeper and calcified portion in the form of an
expanded membrane. By the action of acids it swells up
and becomes transparent, and seems to be a membrane
covering the enamel rods. Mr. Nasmyth was the first to
draw attention to the existence of such a membrane, which
was to be demonstrated by the action of an acid, covering
the enamel even when fully formed, but before it had suf-
fered from friction. This was considered by him to be the
persistent dental capsule ; but Mr. Tomes has shown that
this, Nasmyth’s membrane, is continuous with the cementum
of the fang of the tooth, and is rather of the nature of
uncalcified cementum than praformative membrane.

The elongated cells which become calcified to form the
enamel rods or prisms are, however, situated entirely
beneath a thin membrane, to the under surface of which
the most superficial portion or summit of these cells adleres,
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This membrane is highly vascular, and I have succeeded
in making beautiful injections of it in the canine tooth of
a young pig about three months old, In the same speci-
men there are numerous enamel cells which are calcified in
the lower part near the dentine, while the more superficial
portion remains granular and still contains a very large
nucleus. The enamel cell increases in length as the so-
called nucleus moves away in a direction from the dentine.
The calcareous matter is deposited first in that part of the
*“cell” which is nearest to the dentine, and which was first
formed, and it is deposited as small columnar masses in
successive layers, which are indicated by transverse lines in
the fully-formed enamel rods.

Of the structure and formation of the cementum or erusta
petrosa.—The cementum is often stated to be true osseous
tissue, but it differs from bone in many important par-
ficulars. The lacunz which it contains are often very
much larger than those in bone, and they are most irre-
gularly arranged. The *“ matrix” of the cementum is more
transparent and harder than that of bone, and much of
it consists of a very clear transparent structure of a re-
fractive power and hardness much resembling dentine,
with small tubes traversing it here and there, but their
arrangement 1s most irregular. Thin layers of cemen-
tum, it is well known, are destitute of lacunz, but T
have specimens even of the 1-100th of an inch in thick-
ness in which not a lacuna is to be seen, and even in
cementum much thicker than this very few lacunal spaces
are sometimes to be found. The canaliculi are often of great,
length, and many are seen to extend almost in a right line
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from a space in the substance of the cementum quite to
its surface.  Nutrient fluid must be almost entirely derived
from the outer surface of the eementum, and hence these
channels remain as the tissue inereases in thickness until
the mass of germinal matter in the lacuna dies, and they
are often of great length.

It is generally stated that the cementum results from
the ossification of the tooth sac, but, as remarked by Kol-
liker, cells take part in the formation of this tissue as in
the formation of bone, and the tooth sae 1s not transformed
into cement. The cement i1s continuous with the dentine,
and, as observed by Tomes, the dentinal tubes may often
be traced into the structure. Cementum is formed much
more slowly than bone.

If the fang of an adult tooth properly prepared be
examined, a very beautiful soft tissue will be found upon
the surface. This takes part in the formation of the
cementum, and is concerned in the formation of those
exostoses which often grow upon the fangs of the teeth.

[t i1s composed entirely of what may be deseribed as
branching cells (elementary parts), the processes of which
anastomose freely with each other. It is from this tissue
that the crusta petrosa is formed. It is a most perfect
example of a tissue consisting entirely of cells, the cavities
of which communicate with each other by tubes. The stellate
cells are here as distincet as they are in the pith of the rush.
But do these cells and tubes merely constitute an elaborate
system of channels for the distribution of nutrient material
to the tissue which intervenes between them, as Virchow and
his school maintain ?  This tissue, it may be remarked,
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arows very slowly ; it is a very low simple form of tissue,
and probably requires but very little nutrient matter. 1f
the above view is adopted it must be admitted that the
means for nourishing the structure are far more elaborate
than would be expected, supposing the conclusion is ac-
cepted that there ought to be a constant relation between
the activity of change in a tissue and the mechanism for
bringing new matter to the elementary parts and carrying
off the effete material from them.

Neither does it appear that all these bodies become
lacunz of the eementum. The stellate cells just described
for the most part have not more than from ten to twelve
processes or tubes projecting from them, while many of the
lacune of the cementum have as many as thirty or forty,
hence these tubes are certainly not an early stage of the
canaliculi, and the cells cannot become lacunz simply by
the deposition of calcareous matter in the intervening
matrix or intercellular substance.

This stellate tissue on the surface of the fang neverthe-
less undergoes calcification. The processes of the stellate
masses become narrower and narrower until the germinal
matter which they contained, having undergone conversion
into formed material, they cease to be coloured by carmine.
They now look like roundish, highly refracting cords, which
are colourless, and connect the several stellate masses of
dark-red germinal matter with each other. Here and there
in the intervals between these processes small globules of
caleareous matter have been deposited, and these increase
and completely surround the cord-like processes. Many
of the processes gradually assume the character of the sur-
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rounding matrix, disappear as distinet cords, and hke the
vest of the tissue become impregnated with calearcous
matter. It is in this manner that the tissue of the cemen-
tum, which exhibits a laminated arrangement, but is des-
titute of lacunze, 1s produced.

Many of the stellate masses of germinal matter (cells)
shrink and disappear in consequence of the same changes
having occurred.  Others remain with their processes, and
their nuclei possibly remain as the nuclei of the lacuna
which are irregularly distributed throngh the cementum ;
but 1 cannot express myself positively on this point. It is
cortain that all the cells do not become lacunge, for in this
tissue there arve half a dozen stellate cells to one lacuna in the
cementum, and many of the canaliculi are five times as long
as these tubes.  Are these processes tubes ? This question
would doubtless be answered in aflirmative by every one
who examined the tissue long after death; but during hfe
they contain a solid or semi-solid substance corresponding
to that which occupies the so-called dentinal tubes. They
contain portions of the germinal matter which is undergo-
ng conversion into formed material, and the situations n
which these * tubes " existed are the last portions of the
formed material to undergo calcification.

This is precisely the same change which takes place in
the calcification of the dentine, the only difference being in
the form which the masses of germinal matter assume in
the first instance. Cementum is a more permanent but
less perfect tissue than bone.

On the nature of teeth and of the tooth structures.—It is
impossible for any one who has studied anatomy, even in
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the most superficial manner, not to feel interested in Iomo-
logy. Every student delights in tracing out the different
organs in the several classes which correspond in essential
structure and mode of development, or are homologically
related to one another ; so one of the highest aims of the
minute anatomist i3 to define the particular elementary
structures or components of the different textures which
correspond.

The homological relations of the teeth as organs, or of
the dental tissues, have not yet been positively determined,
and several different views have been taught and are enter-
tained by high authorities upon this very diflicult subject.

Teeth have been considered to be part of the skeleton.
Many think they are closely allied to bone.

Teeth have been regarded as papillee, the enamel cor-
responding to the epithelium. The dentine and pulp to
the papilla itself. According to this view the enamel lies
external to the basement membrane, and the dentine
answers to the submucous tissue. A certain general agree-
ment in arrangement and mode of growth hasbeen admitted
to exist between teeth and hairs. Prof. Huxley admits
that teeth are homologous with hairs ; but he thinks that
both these organs are dermie, and not in any part epidermie.
He thinks that all the dentinal tissues are produced
beneath a membrana preformativa, and considers that the
enamel is developed not upon but beneath basement mem-
brane, Ie thinks that scales and feathers may come into
the same category, but would admit nails to be purely
epidermie,

Although upon a guestion so very difficult of investiga-
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tion and so complex in its bearings, 1 hesitate to express
Loo positive an opinion, it 1s right that 1 should direct
your attention to the different doctrines that are taught,
and try to show which view receives the strongest support
from a careful consideration of facts that may be demon -
strated. 1 regret that the conclugions to which 1 have
been led differ in several important particulars from those
held by many authorities on this matter.

Are the tissues of the teeth allied to epithelial or connective
tissues ?—The first question we have to discuss 1s to what
textures the tooth tissues are most nearly allied. A tooth
has often been compared to bone, and it has heen said that
the pulp cavity corresponds to the Haversian canal, and
the comparison has been made still more precisely. It has
been said that just as we find a vessel in the Haversian
canal, so we find vessels in the pulp cavity, and just as we
have the canaliculi opening upon the walls of the Haver-
sian canal, we have the dentinal tubes opening upon the
vascular surface of the pulp. The fluid nutrient plasma
passes along the canaliculi of the bone, and thus every
part is nourished, and in dentine the tubules are the
channels by which nutrient matter is distributed to the
hard dentinal tissue.

Let us consider if the tooth is more closely allied
to the antler, which is composed of bone, or to the
horn, which, as is well known, is but a modified cuti-
cular or epithelial structure. It should be premised that
there are examples of teeth which are continually being
removed and replaced by new ones, which grow vp
behind them, or beneath the old ones,—teeth which once
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removed are never replaced,—and teeth which continue to

grow regularly throughout life from a persistent pulp, as
it has been called. Some of these teeth are worn away as
fast as they are produced, while others, as tusks, increase in
length as the animal advances in age.  With reference to the
tusk and the horn it will be remarked that both continue
to grow on from the nutrient pulp. That tissue farthest
from the pulp is the oldest, that nearest to it was only
recently produced. The vessels of the pulp do not pene-
trate into the substance of horn, or the tusk, or tooth.
Morcover, the oldest part of these organs is the narrowest,
and as the creature grows, the diameter of the horn and
tusk which 1s produced increases, and if not worn away by
friction the very same tissue which was formed in youth
remains in old age. This oldest tissue gradually passes into
that which has been lately produced. Nor is it possible,
as many have supposed, that the oldest horn or tooth struc-
ture formed is replaced by new. The very same matter
remains throughout life, and undergoes little further change
than desiccation. Even in very old animals, both horns
and tusks continue to grow slowly. There are, therefore,
important points connected with their mode of growth,
form, and general changes, in which tusks and horns re-
semble one another, We shall presently consider if they
agree in their minute structure.

On the other hand, every part of the bony antler is pene-
trated by vessels. Xven to its extremity the blood eircu-
lates. It grows in every part, nor is there the remarkable
difference in diameter at its apex and base, as observed in
the case of horns and tusks. It does not continue to
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increase as the animal advances in age, but, as is well
known, drops off at intervals, and is replaced by an
entirely new structure. The horn of the young animal
passes uninterruptedly into the horn formed in old age;
but the bony antler of youth is separated from that pro-
duced in old age by many entire organs which have sue-
cessively been developed, grown, reached maturity, died,
and have been cast off.

If any analogy exists between the pulp cavity of the
tooth and the ITaversian canal of bone, it is clear that the
tusk and horn correspond, not to the entire antler, but
only to that small portion of bony tissue which surrounds
each IHaversian canal.

If the elementary parts of which the horn is composed
were calcified a “tusk ” would result. But peither in
mode of development, nor in structure, nor in growth, nor
in its persistent character, does the antler agree either with
horn, hair, tusk, or tooth. So far, therefore, it would
appear that the hard calcified texture of which the tusk or
tooth is composed correspends more closely with that of
the epithelial or epidermic horny tissue than with osseous
texture. We will now discuss the position of the basement
membrane of the tooth.

Of the basement membrane, or membrana praformativa.—
I propose now to refer briefly to the dispute concerning
the position of the membrana pr wformativa. It is, lmw-
ever, necessary to remark, in the first place, that in no
case has any such transparent membrane, as that supposed
to exist, anything to do with the formation of the structure
upon or beneath its surface. 1ts presence, as is well known,
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1s by no means constant, and with regard to its actual
existence in relation to any of the dental tissues, I regard
1t as certain that no praformative membrane has been actually
demonstrated over the enamel, as Huxley asserts, between the
encamel and dentine, as many observers hold, or beneath the
dentine.  That a transparent membranous-like structure
may be raised from the surface of the enamel of a young
tooth by the action of chemical reagents is perfectly true,
as stated by Huxley; but it has been already shown
(page 163) that this is not a preformative membrane.
It consists undoubtedly, as Mr. Tomes maintains, of the
outer as yet uncalcified part of the columns or columnar
cells, which take part in the formation of the * enamel
rods.” This, then, is but a membranous appearance pro-
duced artificially, not a natural membrane taking any
active part in the formation of the enamel, or even a
membrane beneath which enamel is deposited. 1 have
already shown that there is a vascular membrane external
to the enamel cells, but this does not hold the relation to
the formed enamel tissue, which the supposed praeformative
membrane is said to possess.

1t is certain that no basement or preformative membrane
exists between the enamel and the dentine, for in many
instances the latter tissue actually extends into the former,
as was first shown by Mr. Tomes (Phil. Trans.)

With regard to the existence of such a structure upon
the surface of the pulp—that is, beneath the enamel_—I
have already stated that, as in the case of the papille of
skin, the cells seem to dip down, as it were, into the substance
of the so-called sub-basement conncetive tissue, Still,
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there can be no doubt that the position of the basement
membrane, supposing it to be a nceessary and constant
anatomical structure, would be between the epidermis of the
skin and the modified conneetive tissue of which the body
of a cutanecous papilla is composed. Most observers secem
tohave concluded that a membrana praeeformativa was an
absolute necessity, without which different structures could
not be produced ; but these structures, it has been clearly
cshown, are the result of changes oceurring in a special
tissue, not in the so-called membrana prazformativa, which
is perfectly passive. It seems to me that such a mem-
brane has no more to do with the formation of structures
beneath it than the capsule of a seed with the formation
of the seed itself. Membranes where they do exist are
the most passive of structures. Neither the dentine, nor
the enamel, nor the cementum, are formed by any mem-
brane. ‘The active matter concerned in the formation of
this, as in all other cases, is that part of so-called * cells ™
which I have deseribed as * germinal matter.”

The homology of the dentine, enamel, and cementunt.—Still
the question of the situation of the basement membrane
must not be thus dismissed or the real question at issue
avoided. We will, therefore, proceed to the consideration
of the larger question regarding the actual relation of the
enamel and dentine to the tissue of which the pulp of the
tooth is composed.  Where, in the tooth, is the line situated
at which the cellular or epidermic structure joins the
dermic? Upon the determination of this uestion will
depend the conclusion we aceept as to the true homology
of the dental tissues.



ON THE STRUCTURE AND GROWTI OF TISSUEs. 173

L have advanced fucts and arguments against the view
that the enamel and dentine lie beneath basement mem-
brane, and are dermie structures, and I have shown that
there is great improbability in the view that the dentine
itself is a form of connective tissue; but this part of the
question will be more carefully investigated in the next
section.

It remains, then, to be considered if the dentine, like
the enamel, is allied to an epithelial structure. This last
is the inference, which, though widely differing from any
now generally held, seems to me to receive the strongest
support from a careful consideration of the whole question
of the anatomy and development of the teeth.

[n many epithelial structures, as is well known, the cells
or elementary parts upon the surface exhibit a difference
in arrangement and form, from the deeper ones, at least
as remarkable as that observed between the dentine and
enamel. I look upon both enamel and dentine as ealcified
“oepithelial structures.”

Dentine.—The cells from which the dentine is formed
exhibit some analogy to elongated epithelial cells, and
there are not wanting instances where the deep extremitics
of epithelial cells may be traced for a considerable dis-
tance, and may even be followed in * sub-basement
tissue,”

In many cuticular structures great difference is observed
between the cells upon the surface and those beneath, so
that it would seem that the outer cells grew outwards,
while the inner cells grew inwards towards the sub-base-
went tissue. It seems to me that in dentine and enamel
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we have a somewhat similar arrangement.  These two
tissues grow in opposite dircctions from the same point.
S0 far from both the dentine and enamel being dermic
structures, as Prof. ITuxley concludes, they are really both
epidermic, and the enamel and dentine are both homo-
logous with epithelium of cuaticle, the first with the super-
ficial, and the second with the deeper layer.

Epithelial structures may often be traced into connee-
tive tissue, and i1t 1s therefore not surprising that, sup-
posing the dentinal tissue to be modified cuticle, that it
should be continuous with the cementum—a structure
closcly allied to bone. Just as we have bone projecting
outwards upon the surface, so we may have tissues, which,
although formed upon the surface, extend for some dis-
tance into deep parts, and thus come into very close rela-
tion with deep structures.

The general arrangement cf the dentine far more closely
resembles that observed in epithelial than in bony struc-
tures.  The hair grows from the surface of a pulp like the
tooth. Many hairs and many teeth grow from persistent
pulps. The pulp undergoes but slight change in size,
although the bulk of tissue produced upon its surface is
enormous, The vessels and nerves of the papilla no more
penctrate to the ‘extremity of the hair than do the corre-
sponding structures pass towards the extremity of the tooth.
There is, as has been shown, the strongest analogy between
the growth of a tusk and that of a hair, and if we compare
the textures of the two structures it 1s not possible to help
noticing many points in common. It is not diflicult to
find in epithelial structure elongated epithelial cells applied
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to each other like the anatomical elements of the dentine.
Nor do the so-called dentinal tubes present any serious
impediment to the acceptance of this view, for it has been
positively demonstrated that they are not tubes for the
circulation of nutrient fluid, but are always occupied with
solid matter. Moreover, as the elementary parts of the
dentine advance in age, the soft solid matter in the centre
(occupying the supposed tube) gradually undergoes con-
version into dentinal tissue, just as the germinal matter of
an epithelial cell gradually undergoes conversion into hard
tissue as the cell advances in age.

Enamel.—The cells which become the enamel, grow from
within outwards, and the distance from the so-called nuclens
to the deepest part of the enamel gradually inereases. The
germinal matter (* nucleus”) gradually moves outwards,
deriving its nourishment from the outer or upper surface,
and producing formed material at the opposite extremity,
This formed material takes the form of a prism, and its
oldest portion—that is, the part nearest to the dentine—
gradually becomes impregnated with caleareous matter,
When the enamel thus produced has reached a certain
thickness, the germinal matter, nucleus, dies, the tooth passes
through the gum, and the vital changes oceurring in the
enamel cease for ever. No new enamel is formed, but that
produced is gradually worn away: but in the rodent Incisors,
the formation of enamel like that of dentine proceeds from
the persistent pulp. Nor is there any reason whatever for
believing that the fully formed enamel is ¢ nourished" or
appropriates nutrient matter. Doubtless it is permeated
very slowly by fluids which preserve its hardness, but these
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fluids act only as similar fluids would act upon the strue-
ture if it was entirely removed from the body,

Let me again impress upon you the fact that the forma-
tion of the enamel is complete, and ceases at an early
period of development, while the formation of dentine con-
tinues throughout the greater part of life.  The oldest part
of the enamel is its deepest part, where it is in contact
with the dentine.  Its surface was the last part formed.
The oldest part of the dentine is that nearest the surface
of the tooth. In fact, the dentine grows from without
inwards, so that the part most recently formed is close to
the pulp cavity. The enamel grows from within outwards,
so that the enamel of most recent formation is that which
forms the outer surface. These two structures at one
period of development actually grow in opposite directions
from the same neutral point where each commenced to
grow.

Cementum.—With reference to the cementum, it should
be remarked that this tissue 1s not formed until after much
of the dentine and enamel has been produced—in fact, not
until the tooth has increased to such a size that the surface
of the dentine of the fang, or the surface of the enamel
covering the ecrown, comes into very near relation with the
cells upon the inner surface of the membrane which forms
the tooth sac. It has been said that this membrane be-
comes itself ossified, but the changes occur in a tissue
which is produced beneath it, and which in certain cases is
formed in very large quantity. Although some forms of
cementum closely resemble ordinary bone in character,

nuportant differences may be observed, both i structure
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and mode of formation, in the teeth of man and many
mammalian animals.

The view of Prof. Huxley that, in a morphological point
of view, the cementum is homologous with the enamel,
seems te me incompatible with the following facts :—

1. The cementum in the herbivorous tooth covers the
enamel, and, in exceptional cases, it ocenpies the same
position in the human tooth.

2. Its formation does not commence until the formation
of the enamel is completed.

3. The character of the soft tissne (columnar cells) which
precedes the enamel is distinet from that which exists before
cementum 1s produced (tissue with stellate cells).

Of the formation of the so-called intercellular substance of
dentine.—Intimately connected with the question of the
nature of the dental tissues, is the question relating to the
mode of formation of the so-called interccllular substance ;
for it is obvious that if it can be shown that dentine agrees
n its structure with cartilage and bone, and consists of
“cells™ and * intercellular substance,” it belongs to the series
of connective tissues.  If dentine is a connective tissue,
without doubt it is formed beneath the line which cor-
responds to the position of basement membrane, and must
be considered as a dermic and not as an epidermic
structure.

Although in my earlier lectures I have advanced
facts and arguments against this view of the struc-
ture of connective tissues, it is necessary for me to
consider the matter here somewhat in detail, particularly

as regarde bone and dentine. And first, let me consjder
N
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how far the so-called wall of the dentinal tube, ag distinct
from the intertubular tissue, has a real existence. Those
who maintain that the lacunal cell of bone and the dentinal
tube of dentine possess special walls, seem to have over-
looked the fact that the so-called *cells” of lacune and
‘“ soft contents ™ of the dentinal tubes become smaller and
more contracted, or shrink, as the tissue advances in age.
Lt, therefore, follows either that what at one time was cell
wall must become at a later period intercellular substance, or
clse the cell wall must shrink in consequence of the depo-
sition of new matter upon its external surface. 1f the first
view is accepted there can be no necessity for distinguishing
cell wall from intercellular substance. If the last 1is
reccived, the cell wall must, as it shrinks, gradually
become puckered, which is not the case. There would be,
morcover, upon this view great difliculty in explaining
how or why the calcarcous matter passes through an old,
condensed, and puckered cell wall to be deposited outside it.

The theory of the formation of intercellular sub-
stance as a process distinet from the production of cell
wall is now generally received, but the advocates of
the docirine have met with terrible difliculties in the
attempt to apply the theory in detail, and, like the sup-
porters of many fanciful hypotheses, they avoid details
which scem adverse to their favourite theory. This
doctrine rests upon the most gratuitous hypothesis, that
intercellular substance is deposited around and between
cells. If such a deposition really occurred, it is surely
reasonable to conclude that we ought to be able to find at
least one example in nature in which such deposition was
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unquestionable ; but not one has been pointed out by tha
many supporters of this favourite but fanciful doctrine,
Let the reader suppose, for example, a number of spores
of mildew arranged at a short distance from each other in a
gelatinous medium, helding in solution calcareous matter ;
let him further suppose that the caleareous matter was
deposited between and around the several cells, he would
then have a calecareous intercellular matrix, in which
masses of protoplasm, each being surrounded by a distinet
cell wall, were contained, and if he supposed the cells to
have communicating processes, he would have a tissue
much resembling bone. To some, such a theory may seem
plausible enough, but let the reader further remember
these facts :—

1. That in the formation of bone, cartilage, &c., the
so-called cells are gradually becoming separated farther
and farther from each other.

2. That up to a certain period they are increasing in
size, and that after this they diminish in size.

3. That in ossification, the deposition of the calcareous
matter occurs first In the very centre of the cartilage, not
upon the surface of the cell.

4. That * intercellular substance ” gradually increases as
the tissue advances towards its perfect state, and that it
exhibits differences in refractive power in the forms of lines
around the cells, almost resembling lamine in some cases.

It will be observed by any one who considers these
points carefully, that they are incompatible with the
supposition that the intercellular substance is gradually
deposited between the cells,
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Again, the deposition of this “intereellular substance,”
chstinet from the cell wall and independently of the cells,
involves one of the following suppositions :—

1. The existence of an analogous substance in the blood
itself ; or,

2. The possibility of the cell exerting some metabolic
action upon, or converting the matter deposited from the
blood into the peculiar and characteristic matter consti-
tuting the * intercellular substance.”

All attempts to prove the first position have failed.
The second supposition is opposed to broad facts. It is
well known that various matters may be deposited upon the
outer surface of cells, as erystalline matter may be deposited
upon any foreign substance placed in a strong solution of
the erystalline material ; but there is no evidence what-
ever that the cell exerts any mysterious metabolic action
upon them. The matters deposited here must be simply
precipitated from a solution, the cell wall being merely
incrusted with them.

I have shown in my earlier lectures that the so-called
cell wall increases in thickuness, not by deposit upon s ouler
surfuce, but by the successive deposition of matter upon its
inner surfuce, so that it is caused to expand by distending
force exerted from within. The outer part, or that most
distant from its centre, is invariably the oldest. If inter-
cellular substance is deposited around the cells, 1t must be
shown either that it gradually and evenly increases in every
part of its substance, or in the part midway between the
respective cells only, or upon the outer part of the cell wall ;
but neither of these positions has been supported by facts,
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The view involves, in fact, the existence of growth ac-
cording to two distinet and opposite processes—the cell
wall being inereased by deposition from within—the inter-
cellular substance being increased by deposition from
without. The fact, that in many cases the so-called * cell
wall ™ does not exist as a structure distinet from the ¢ in-
tercellular substance,” and does not differ from it in
chemical composition or properties, renders such a position
untenable, since it is unreasonable to infer that two layers
of matter, in all respects the same, and contiguous to one
another, should be produced by antagonistic operations
(deposition in a direction from centres and deposition
towards centres), while upon such an hypothesis, the
objects fulfilled by the cells are not explained. If the
cells take no active part in the formation of the intercellular
substance, why are they constantly present while this process
is going on ?

It has yet to be shown that the formation of any tissue
peculiar to living beings, proceeds in a direction with re-
spect to the germinal matter, from without inwards, while
there is not the smallest difficulty in demonstrating many
instances in which deposition most assuredly takes place
from within outwards. It is not in accordance with what
18 yet known to believe that so universal a process as
growth occurs according to two such opposite and physically
incompatible processes as attraction towards, and evolution
from, a centre,

Lence, [ cannot but feel that further investigation will
demonstrate that the deposition of intercellular substance
theory is erroncous.



182 ON THE STRUCTURE AND GROWTH OF TISSUES.

Of the development and formation of the palatine teeth of the
conimon newt.—1 must not attempt to discuss the various
changes occurring in the course of development of the
mammalian tooth, for to do so, even cursorily, would
occupy many pages, but I may, in few words, discuss
the most interesting part of the ¢uestion—namely, the
mode of formation of the papilla, Now, in a minute and
diflicult inquiry like this, which involves an examination
of some of the most delicate tissues at an early period of
development when they are exceedingly soft, the observer
endeavours to discover one example in which the various
anatomical points are very distinet, and then he may, with
the aid of the positive facts already ascertained, study
higher and more complicated phenomena of the same kind
with considerable advantage.

After examining the tecth of a number of animals at a
very early period of development, prepared in the most
careful manner for the purpose of investigating the nature
of the carliest changes occurring in the formation of the
papilla, I found that the process of development could be
studied in its simplest condition with comparative facility
in the palatine teeth of the common newt (triton cristatus).
As young teeth are being continually formed in connexion
with the mucous membrane of the upper jaw of the aduli
animal, their development could be investigated under
great advantage. In the embryo the tissues around the
developing teeth are as soft, or softer, than the dental
papillee themselves, and this rendersthe investigation exceed-
ingly difficult ; but in studying the process as it oceurs in the
fully developed newt, there is no such serious practical disad~
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vantage. Moreover, the number of these teeth is considar-
able, and being sitnated in the central part of the upper
jaw, they can easily be detached as they grow, with the
mucous membrane itself. Sometimes ten or a dozen teeth,
in different stages of development, can be isolated in a
single specimen. The vessels of the mucous membrane
can be minutely injected without difliculty, so that we can
ascertain with considerable precision the exact relation of
the capillaries to these teeth, and the follicles in which
they are developed.

In investigating the changes taking place in the develop-
ment of a tissue, great advantage will always be gained
by studying the process as it occurs in the fully formed
animal. It 15 a mistake to suppose that the process of
development of tissue can be studied only in the embryo.
Every stage of development of fibrous tissue, cartilage,
bone, muscle, nerve, ganglion cells, fat cells, and many
other tissues, may be seen in the fully formed frog, and
the changes observed far more distinetly than in the
embryo. In the adult newt the development of the teeth
may be watched from the very earliest stages, and in the
same animal may be demonstrated the changes which
occur in the development of a complicated gland like the
kidney, testicle, and ovary.

The very youngest palatine teeth ecan be detached from
the surface of the mucous membrane covering the palate
of the newt, and it is to be noticed that in attempting to
remove the epithelium from the surface of the mucous
membrane, a number of entire tooth sacs, many of which
contain each an embryonic tooth, are often detached with it.
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Now, each of these little “ sacs™ is an oval mass, con-
sisting entircly of cells very closely resembling epithelial
cells in their general character (Fig. 1), At this early
period there is no actual capsule, or external membrane, but
the most external cells are somewhat flattened and spread
out, asshown in the figure. This flattening and spreading

Two very young tooth sacs, with developing
teeth, from the palate of the newt (tritun cris-
tatus), magnified 215, and reduced to §; a, a
very young tooth sac and tooth ; b, another, a
little older; e, marks the ]1051t1un of the Imse.
ment membrane ; . d, capillary ramifying in the
sub-basement tissue ; e, the epithelial structure
in which the tooth sacs are embedded. This
lies upon the surface of the basement mem-
brane c.

out evidently arises from the first cells formed being pushed
outwards towards the circumference by the growth of new
cells in the eentre of the collection. These little collections
of epithelial-like cells, which would be termed sacs, are
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entirely surrounded by and seem embedded in the epithe-
lium of the mucous membrane, and the cells at the summit
of the sac are often seen to be uninterruptedly continuous
with those outside. The cells* of which these collections
are composed differ somewhat from those in which they
are embedded. It need scarcely be said that neither these
nor the cells external to them are ciliated. They are of
a more oval form than the ordinary epithelial cells cover-
ing the palate. The general appearance of each collection
of cells is such as would be expected to result if at an
earlier period one epithelial cell amongst its fellows had
increased in size, divided, and subdivided, and so formed
a compact collection of cells in the substance of a cellular
layer. At this time the entire mass is composed of small
cells only,

The tooth itself is formed in the very centre of the oval
mass composed of cells, after cell multiplication in this
part has ceased (Fig. 1, @ and ). As I have already
stated, at this time the oval mass has no fibrous or mem-
branous capsule. The most external cells are a little flat-
tened, but after the tooth has become quite distinct, the
entire mass may be broken up by very slight pressure, and
nothing but cells result. Moreover, cells are formed to
the extent of two or three layers upon the surface of the

* By the word “cell,” as has been already stated, is
meant an elementary part, consisting of a mass of germinal
matter which, in the preparation, is coloured red with car-
mine, surrounded by a layer of soft formed material. Each
of the little bodies which compose the oval mass gac, in the
centre of which the tooth appears, and each of those around
the sac (Fig. 1) is a ** cell.”
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mucous membrane beneath these oval collections of ecells.
It is, thercefore, quite certain that basement membrane
can have nothing to do with.the origin of these palatine
teeth of the newt, and it is also certain that the young
tooth is swrrounded on all sides by cells. It is developed in
the midst of cells. The dental tissue is formed by the
impregnation with calearcous salts of a soft matrix, pro-
duced, as in other cases, by change occurring in the outer
part of masses of germinal matter ; and cells which take
part in forming new matrix occupy the cavity of the shell
of dentine, even when its formation is considerably ad-
vanced, No vessels are near the collection of cells in the
midst of which the young tooth is growing, nor do they
pass into the pulp until some time after the tooth has
reached a considerable size, and the formation of the fang
has commenced. The first part of the tooth which is
formed is the summit, and the fang grows downwards fron
the epithelial surface towards the vessels, and the bone
into which it is to be received.

The tooth is not developed from a papilla consisting of
sub-basement tissue, but it is formed in the very centre of
a collection of cells, and it is clear that these cells have
been formed in the central part of a preéxisting cellular
mass. So that the oldest cells, which seem but to perform
the oflice of a protecting envelope, are outside, and as new
ones have been produced in the centre, these oldest cells
have been somewhat flattened upon the surface, thus giving
the appearance of a boundary or an imperfect capsule,
which enables us to distinguish these masses from the col-
leetion of eells in which they are embedded.
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Next comes the important question, how do these collec-
tions of cells originate ? I feel confident that they commence
in a cellular mass, which, to all appearance, is an epithe-
lial structure. I have seen a single cell differing from its
neighbours, in its larger size, dividing to form three, or
four separate cells, and I believe this was the original
cell from which all those which constitute the collection
in which the tooth at length appears, resulted.

The cellular mass is certainly uncovered by basement
membrane (Fig. 1). It isso easily torn away from the
surface of the fibrous tissue upon which it rests, that it is
often destroyed in preparing it for examination.

The stages which occur in the development of these
teeth may be represented as follows (Figs. 2, 8, 4, 5).
Fig. 2 represents a small collection of cells embedded in
the epithelium upon the free surface of the mucous mem-
brane. As the sacs grow, they may become partially
enclosed in follicles, by the growth of the mucous mem-
brane around them, as shown in different stages in Figs.
3 and 4. A further stage of the process would bring about
the very condition of things which occurs in the develop-
ment of the mammalian tooth, the enclosure of the so-called
papilla in a sac (Fig. 5). The palatine teeth of the newt,
however, are not enclosed in a sac at any period of their
development,
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Fig. 2. Fig. 3.

Diagrams to show the manner in which the
¢ papilla,” which takes part in the development
of the tooth, is formed in the midst of epithe-
lium, and how this “ papilla™ may be enclosed
in a sac. It will be observed that the vessels
o not come near to the tooth until its formation
is considerably advanced. a is thelayer of epi-
thelium 3 8, a black line corresponding to the
position of the basement membrane; ¢, vessel.

Now, it must be borne in mind, that at the time the so-
alled * papilla™ of the mammalian tooth 1s formed, there
is no basement membrane, there is no sub-basement tissue,
there is no indication of a line of demarcation between the
texture, which will eventually be epidermic, and that which
is dermie. There is a time when the cells, from which the
epithelium of the epidermis is to be developed, cannot be
distinguished from those which take part in the production
of the areolar tissue, vessels, and nerves of the derma or
true skin. It is certain that an elevation or * papilla”
occurs when a tooth is to be formed, but I think that in
the central part of these * papille,” which consist of collec-
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tions of cells, new ones appear, and that this process con-
tinues, until at last the tooth structure commences to be
Jormed in the last collection of cells in the central part. 1 con-
sider that the dental * papilla™ is entirely composed of
modified epithelium, developed from what might be termed
an epithelial cell. The collection of cells afterwards be-
comes enclosed in its sac by the growth of the mucous
membrane over it, as represented in Fig, 5.

So that at every stage of development, the cells which
take part in the formation of the dentine, are above the
position of the basement membrane, but as the process is
generally described, these cells must be, from the very
first, beneathit. We have, according to the view generally
entertained, first, the epithelium upon the summit of the
papilla, then the basement membrane, and next the sab-
basement tissue, in which it is supposed that the dentine is
developed. According to this view, when the papilla is
being enclosed in the sac, there would be above the dentine
three layers of basement membrane :—1. That of the papilla.
2 and 3. The reduplicated mucous membrane which rises
up around it, and ultimately encloses it. According to
my view, there never can be more than the two last, as
shown in Fig. 5.

It seems to me, therefore, that both dentine and enamel
must be looked upon as calcified epithelial structures, and
I think they may be regarded as epithelial, in the same
sense that a hair, or the cells in a glandular follicle, such
as the sebaceous gland cells, or the sweat gland cells, or
the calcified cells of the mantles of mollusca arve regiarded
as modified epithelial structures,
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The relation of the tooth sac to the proper dental tissues.—
IT the foregomg conclusions are correct, the relation of the
tooth sac to the dental tissues is casily understood. It
has been shown that the enamel is covered superficially by
a vascular membrane.  This vascular membrane is the
modified tooth sac. It has been shown that both the
enamel and dentine are formed from epithelium, and it
has been remarked that the cementum, or erusta petrosa,
is sometimes developed upon the outer surface of the
enamel, as well as upon the dentine of the fang of the
tooth. In the complicated molars of the large herbivora,
as is well known, this cementum is formed in considerable
quantity upon the surface of the emamel, and in some
teeth the amount of the cementum 1s equal to, or greater
than, that of the dentine and enamel together.

It is often said that the cementum is formed by the
ossification of the tooth sac, just as bone is formed by the
ossification of periosteum ; but it has been shown that
Leneath periosteum a number of bodies resembling cells
are produced, and that these are the agents directly con-
cerned in the production of the osseous tissue. Although
the fibrous tissue of the sac of the tooth does not normally
undergo ossification, there can be no doubt that this, like
many other forms of fibrous tissue, may become ossified.
Ilere, as in the periostenm, there are upon the deep sur-
face cell-like bodies which are slowly produced, and
from these the matrix results which afterwards undergoes
calcification. The germinal matter of some of these cells
yemains for a time as the * nuclei ” of the lacunw which
are sparingly scattered through the cementum. The very
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slow formation of this tissue, as compared with that of
the enamel and dentine, is, doubtless, dependent upon the
diminished proportion of nutrient matter distributed to
the tissues as the tooth advances in development. In
certain morbid conditions, a more rapid production of
cementum is associated with increased vascularity of the
so-called periosteum of the fang, which represents the
remains of the lower part of the tooth sac.

Although I have not succeeded in demonstrating the
** periosteum ™ of the tooth as a structure distinet from the
*periosteum ™ of the bony socket, as Mr. Spence Bate
maintains, there can be no doubt whatever that, however
closely these two structures may come into contact, continu-
ous ossification never takes place. The cementum, however
closely it resembles bone, never becomes structurally con-
tinuous with the bone of the socket, while the formation
of cementum sometimes proceeds to such an extent abnor-
mally as to connect two fangs, or even two teeth together
(see the figures of Mr, Martin’s specimen, Tomes’  Dental
Surgery,” p. 445).

Ezplanation of the different views now held upon  the
development of teeth.—The different opinions now enter-
tained by observers upon the development of the dental
tissues and their relation to basement membrane, or to
the position which such a tissue ought to occupy, are
clearly shown in the following diagrams representing the
tooth and its follicle,
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The basement membrane between the enamel and
dentine. The view generally entertained.

In each figure ¢ points to the black line which marks
the position of the basement membrane, & 1s the enamel,
and ¢ the dentine. The bony socket is represented by the
structure shaded with crosses; above are the soft parts
forming the lips of the follicle, the epithelium of the sur-
face of the mucous membrane being only represented on
the right side. The vessels in the substance of the pulp
are also represented in each diagram.

In Fig. 6 the black line is situated between the dentine
and enamel. The enamel corresponds to the epithelinm,
the dentine to the connective tissue of a mucous membrane.
This is the view entertained by most observers in the pre-

sent l‘_]:l‘i‘.
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The basement membrane covering the enamel.
Dentine and enamel being both sub-basement.
The view of Huxley.

In Fig. 7 the black line corresponding to the basement
membrane is seen to pass over the enamel, so that both
the enamel and dentine lie beneath this structure. They
are both dermic structures. This is the doctrine of Huxley.

The basement membrane beneath the dentine.
The Author’s view.

In Fig. 8 the black line is seen passing over the sirface
ol the pulp beneath the dentine, so that both enamel and
L8
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dentine are l‘l?g.'ll‘f]{:-il as modified r*lxitlmlinl structures.
They are both epidermie.  This is the view which 1 have
been led to advocate from recent investigations.

Of the death of the tooth, and of caries.—Teeth, like some
other tissues, may die and be cast off. The circulation in
the vessels of the pulp being interfered with, the entire
pulp dies, the blood corpuscles become broken down, and
the coloured solution thus formed gradually stains the
dentine.  Still the tooth may be retained in its place for a
long period of time, for although the pulp and surrounding
dentine are dead, the cementum deriving its nutriment
from the vessels distributed to the bone of the socket still
refains its vitality, and oftentimes increases considerably
in amount. If, however, the opposite process oceurs and
absorption takes place, the tooth soon falls out. Now,
it would be said that when the vessels of the pulp are
destroyed, and nutrient matter no longer permeates the
tooth structure, that the entire tooth is dead; but it is
doubtful if in such a case the enamel, the outer part of the
dentine, and the inner part of the cementum, are more in-
animate than when the tooth formed an integral part of
the living body, and was supplied with nutriment from
the same living blood as the soft parts. The tooth, although
dead, remains firmly attached to the living parts, and con-
tinues to perform its important functions, like those hard
organs which are connected with various parts of the
surface of insects and crustacea. A dead tooth may
remain for years, perhaps. firmly fixed in the socket, and
it has recently bLeen proved by the highly interesting re-
searches of Dr. Mitscherlich that teeth which have been
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removed from the body, even for years, may be fixed in
the alveolus of a living person and retained there for a
long period. In this case the tooth is not renourished, but
remains as lifeless as it was before. It appears that by
the agency of some of the cells of the periodontal mem-
brane remaining in the socket, little cavities are formed upon
the surface of the old cementum and dentine, and that
afterwards new cementum is produced as a counterpart,
and thus the dead tooth is firmly held in its place. Dr.
Mitscherlich’s paper, which contains many things of phy-
siological interest, has been translated and published in
Truman's ¢ Archives of Dentistry,” No. IT.

Of caries.—There are few subjects which have been
more carefully studied than caries; but we have yet very
much to learn with reference to the exact nature of this
morbid process. That the dentine becomes very soft,
owing to the removal of its calcarecous matter, is a fact
known to every one; but how this change occurs, and the
precise circumstances which determine it, are still unknown
te dentists and physiologists.

Oftentimes low vegetable organisms may be detected
in the carious matter, and by some, these have been sup-
posed to be the cause of the disease; but fungi will invade
any tigsue which is in a softened state and not permeated
by the normal fluids. Such fungi grow in vast numbers
in all the old epithelial cells upon the surface of the
mucous membrane of the mouth, and if the deeper cells
suffer in nutrition, they often become invaded by such
fungi; not only so, but the minute germs of such simple
vegetable organisms exist even in the soft tissues in the
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meerior of the body, and they germinate if the eonditions
become favourable—that is, if changes take place in the
normal tissue wherehy its integrity is destroyed, orin con-
sequence of which its death results. With reference to
the nature of caries two views are entertained ; one, that
the change depends merely upon the action of the fluids of
the mouth 5 the other, that some alteration in the nutrition
of the tissues precedes the morbid change. Mr. Tomes
has shown that the mucous membrane under irritation
pours out a flund capable of injuring susceptible teeth.
That the fluid which acts possesses an acid reaction Las
been shown by experiment; but it is doubtful if, at least
in the majority of cases in which the disease occurs, there
Is not a predisposition to it.  The enamel and the dentine
are the tissues usually affected, and the change goes on
much more rapidly in the dentine than in the enamel.
According to Mr. Tomes, the central portion of the enamel
rods 1s that which is fivst attacked. In the case of the
dentine, the intertubular substance is the first to go.
Now, as 1 have already shown, this intertubular sub-
stance is formed before that portion of dentine which eon-
stitutes the *“ wall ™ of the dentinal tube: and the oldest
part of this intertubular substance is that which lies just
beneath the enamel,—a part of the dentine in which caries
very often commences. The dentine here is situated
farthest from the nutrient vessels, and in cases in which any
defect i formation had occurred, this would be the portion
to undergo change. It is quite possible that in many
instances the dentine in this situation may have been im-

perfectly formed during the carly period of development,
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or the caleifying process may not have been properly
carried out. These circumstances render the dentine very
liable to disintegration if exposed to the action of acid fluids,
or to saliva which was not perfectly normal. Perfectly
sound tissue wouid resist the action of fluids which would
certainly cause destruction of imperfectly developed den-
tine. The dentine is probably permeated very slowly by
fluids which pass through the vascular walls from the alka-
line blood. Inthe normal healthy state these alkaline fluids
gradually pass from the pulp towards the outer part of the
tooth ; but if from any cause the currents flowing in this
direction cease, the fluids of the mouth may attack the
surface, and thus give rise to caries.

Although in this way local actions may alone determine
caries, it 1s probable that in almost all the cases in which
it occurs, there 1s some defect in the formation of the den-
tine which renders it predisposed to decay ; not only so,
but caries is often associated with some temporary derange-
ment of the health. That form of dyspepsia which comes
on from mental anxiety seems, in some cases, to be inti-
mately connected with the destruction of the dentine from
caries. Nor are the dental the only tissues the nutrition
of which is affected under these eircumstances. Mental
anxiety seems to be a cause of many chronic diseases.
Some suppose that this arises from a peculiar and direct
action of the nerves upon the process of nutrition ; but it
1s much more probable that this influence is indirect, that
the derangement of the digestive process and the action of
the liver lead to changes in the composition of these
nutrient fluids, and that in this way the results we have
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been considering are caused.  Those tissues which ex-

hibited any imperfections of structure or composition
would be the least able to resist the deleterious influence
which must arise from such changes in the composition of
the fluids by which they were permeated.
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LECTURE X.
ON LIFE.

AND now, Gentlemen, I come to a part of my subject
which T feel myself incompetent to consider. Yet 1 would
not willingly omit all reference to the question of the
nature of life in these lectures. This most abstruse and
diffeult subject has been very freely discussed of late in
many works intended for public reading, and has engaged
a large share of attention. It would not, therefore, be
right in me to pass the matter over. Moreover, it is cer-
tainly true, and the remark applies even to those who are
most determined to avoid mere speculation, and endeavour,
as far as possible, to be influenced only by the results of
observation and experiment, that the thoughts will some-
times stray, perhaps against the will, into distant and
speculative regions. Nor am I sure that the chief reason
why science is becoming so popular is not that the mind
of a well-educated person, after a certain time spent in
discipline and training, may delight itself by wandering in
that region which connects the known with the unknown,
where the most thoughtful of every age have found sub-
jects for never ceasing contemplation, and where the
human intellect may exercise without restraint its highest
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faculties. T may be permitted to recount briefly the
general nferences which secem to me justified by observa-
tion, and to give a brief outline of the views I have been
led to entertain upon this most diflicult question ; and 1
am the more desirous of discussing this matter because it
so happens that my econclusions are opposed to those
generally entertained and taught by contemporary scientific
men.

In this course of lectures I have shown that all discus-
sions with reference to vital actions must be restricted to
the consideration of the changes which take place in the
particles of germinal matter only, for here the inanimate
matter certainly becomes living, and after retaining for a
time the active power of animating new matter, the par-
ticles most distant from the centre where they became
living lose all vital power, and become resolved into vari-
ous substances, which, there can be no doubt, are again
under the influence of physical and chemical laws.

I attribute these changes to the influence of a peculiar
power, which may be called vital power, and feel com-
pelled to accept an hypothesis, inconclusive though it be,
until a reasonable explanation of the phenomena under
discussion 1s offered. It is now four years since I advanced
arguments in favour of the view which I have been led to
entertain, My doctrine has, it 1s true, met with some
opposition, but its opponents have not discussed the ques-
tions involved. They simply deny the existence of vital
power, and scrupulously avoid all discussion regarding the
nature of the phenomena which are attributed by me to its

imfluence,
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We are able to investigate the composition of matter
before it becomes living, and we can study the forces
which are in relation with it. So, also, we have learned
much from the wonderful advances of organic chemistry
during the last few years, of the nature of the chemical
compounds which are produced when germinal matter be-
comes formed material, and when formed material is dis-
integrated by the action of water, oxygen, and other sub-
stances.*

We know something, too, of the compounds resulting
from the sudden or slow death of germinal matter.

But we know literally nothing of the relations existing
between the different elements which constitute a particle
of living germinal matter.

Between the time that the inanimate pabulum beecomes
living and the time that the living matter becomes formed
material, there is an interval in which the matter exists in
a very peculiar and exceptional state. This is the living
state—a state which is to be distinguished from every other
state in which matter is nown to exist—a state not deter-
mined or caused by external circumstances, not capable of
being communicated to matter through space, nor of being
excited in matter by any known agents or combination of
circumstances—a state which may cease to be manifested
at any moment, but which, as far as is known, eannot be
caused to commence anew. Now, those who have dis-

* For the evidence in favour of the view that the germinal
or lving matter does undergo conversion into formed ma-

tertal, as cell wall, intercellular substance, &c., see Lectures 1.,
11.. and III,
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cussed the nature of vital forces, have not alluded to this
Lemporary state. They have restricted themselves to the
consideration of the matter before it assumed this living
state, and after it had passed through it.

[ have shown that every particle of matter exhibiting
vital phenomena is derived, not from the formed material,
but from preéxisting living or germinal matter, which exhi-
bited similar phenomena, and so from the first creation.
This living matter is always colourless, always contains
much water, and consists of particles, which, when free,
invariably become spherical.

It may be remarked that lifeless matter may exhibit
many different forms, and occurs in a variety of different
states, but the living matter of the different beings in
creation always exhibits the same general characters. I
have adduced facts which, I think, justify the conclu-
sions that the spherules of which the living or germinal
mautter consists are composed of spherules ad infinitum—
that the intervals between them are occupied by smaller
ones separated from each other by fluid which contains in
solution—1, matter about to become living ; 2, substances
which do not necessarily form a constituent part of the
livine mass, and which are not capable of being animated ;
and in very many cases, 3, substances resulting from the
changes ensuing in particles which have arrived at the end
of their period of existence, and the compounds formed by
the action of oxygen upon these.

I believe that all these spherical particles are free to
move in fluid, and that the movements in all living par-
sicles take place in the same direction—from the centre at
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which the particles becameliving,—centrifugal. The smallest
living particle must be of complex composition ; but how
the elements are related to each other, how they are influ-
enced by their forces, or whether they affect or are affected
by matter at a distance from them, there is no evidence
toshow. It seems to me probable that the ordinary forces
of the matter of which the active living particles are com-
posed are in abeyance. The changes which occur cannot
be explained by physical and chemical laws, The matter
before it becomes living exhibits certain well-known pro-
perties. The formed material produced cxhibits totally
different properties, and the disintegration of this formed
material gives rise to the manifestation of force in the
shape of work performed; buat while the matter flives
actively the most wondertul changes of place and chemical
decompositions of new matter are silently and imperceptibly
taking place, and these changes may be communicated to
new particles of matter, and so on for ever, or the changes
oceurring may suddenly and abruptly cease, in which case
they can never recur in those particular particles or masses
of matter. It need scarcely be said that such phenomena
are not known to occur in Inanimate matter.

Particles which are lifeless attract one another, and in
many ecases act upon each other, producing compounds
which exhibit well-defined characters. The living par.
ticles seem neither to attract nor to repel each other, but
they possess the power of moving from the centre at which
they were produced. The arrangement of the elements in
the living particles must be totally different to that which
cxisted before the matter became living, for all living par-
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ticles, however they may differ in chemical composition
and properties, exhibit the same form, and behave towards
certain reagents in precisely the same manner.

Does not all this indicate that the ordinary physical and
chemical foreces of matter are in abeyance while matter
exists in this temporary lwing state ¢ It seems as if there
existed at this time a power in obedience to which the
matter became affeeted in a manner we cannot explain.
It is this power which we understand as the life. It is
i obedience to this power that the living particles move
from centres instead of gravitating towards centres, like the
particles of ordinary matter. Nor can these centrifugal
movements be accounted for by any physical laws vet dis-
covered.

VITAL MOVEMENTS.

Perhaps the spontaneous (?) movements observed during
life in many forms of living matter from different living
beings are among the most simple of vital phenomena—
simple, as, for example, when compared with the wonderful
chemical changes which take place, or with the marvellous
actions which result in the production of a special tissue with
some special property, as, for instance, that of contractility.
Perhaps of these movements the most simple are such as
may be observed in the common amzaba, or in the pseudo-
podia of foraminifera, or in the white blood corpuscle, pus
corpuscle, or mucous corpuscle. 1In these cases a part of a
mass of matter, the general form of which may be spherieal,
moves in advance of the general mass, and then perhaps
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becomes again incorporated with it, or it may move away
to a considerable distance and then be detached. Such
movements may occur in every part of the mass, and may be
seen at opposite points of the circumference at the same mo-
ment. Particles which at one moment may be on one side,
the next may pass over to the opposite side. Now, these
movements have been accounted for by endosmose, by dit-
fusion, by electricity, by an inherent power of contractility
(whatever this may be), by the attraction exerted by sur-
rounding matter, by the influence of the nucleus (not ex-
plained) ; butnotone explanation hasbeen offered which can
even belooked uponasplausible. The movements themselves
have been but very imperfectly considered, and movements
of several kinds essentially different from one another have
been included under the same head.” . We shall find
that the more carefully and minutely we investigate this
apparently very simple phenomenon, the more inscrutable
it will appear to us. It is obvious that if one part of the
mass is pushed onwards by another part, the process of
pushing has yet to be explained. But any part may advance
before any other part. It iscertain that gravity has no in-
fluence, for the particles move quite as quickly from as
towards the earth. A living particle suspended in fluid
often germinates by producing branches radiating from it
in every direction, Living matter cannot be termed a
colloidal form of matter, because it is not in the same state
i every part. The continual variation in composition and

* See a paper “ On Contractility, as distinguished from
purely Vital Movements.”"—Microscopical Journal, July, 1864,
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in position distinguishes it from every other form of
matter,

Many facts I have advanced show conclusively that
there is a general tendency in the particles of every mass
of living matter to move in a direction from a centre,
while the pabulum moves towards the centre. Suppose
we assume that the particles of which a moving mass is
composed consist of particles every one of which exhibits
the same tendeney to move from centres.  We know that
in a mass of living matter are spherical particles varying
much in size, and it seems not impossible that the varying
intensity of invisible movements in the different component
particles may cause the movements which we observe in
the mass of germinal matter. The particles being all free
to move in fluid, some would move in advance of others,
Nor is it possible to conceive that a mass constituted as
above deseribed would ever come into a state of equilibrium,
because every particle is undergoing change, and at a dif-
ferent rate at every moment of its existence. New par-
ticles are being formed, old ones are dying, and being
resolved into new materials.  You ask me what causes
these particles to move thus? I can only answer LIFE:
and I am further led to the conclusion that the m-
fluence of this mysterious agency upon the movements
diminishes as the particles move farther and farther from
the centre, until at last it ceases. The particles die, and
then their component elements come again under the in-
fluence of ordinary forces. Such a theory involves the sup-
position of an inkerent tendency of the particles of living matter

to move from the centre at whick they became living, that
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i3, in a direction the very opposite of that in which lifeless
particles would move. This is the hypothesis which I ven-
ture to advance, and which is supported by many broad
facts alluded to in these lectures.

CHEMICAL CONSTITUTION OF LIVING MATTER.

I am led to conclude that all chemical forees are
likewise in abeyance. We cannot say living matter is
composed of this or that substance, for we cannot sub-
ject it to chemical examination. What we test is not
the living matter, but the substances resulting from its
death. It is certain that all living matter containz much
water, but how this water exists we have no evidence.
We know that when it dies we can obtain water, but then
we can obtain salts, and we can obtain a matter allied
to what 1s called fiorin, which becomes solid spontane-
ously, and shrinks of its own accord into a smaller space
than it occupied when it was first produced; and we
can obtain another substance dissolved in water which
resembles what we call albumen. But it would be ab-
surd to say that the living matter was composed of fibrin,
albumen, and salts, dissolved in water; and it is most
probable that the eclements of the water itself may ex-
Libit some exceptional relation to the other elements of
which this living matter is constituted. It is remarkable
that every kind of living. matter by immediate death be
comes resolved into very much the same kind of sub-

=,

stances,  Fibrinous, albuminous, fatty (perhaps amyloid),
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saling matters, and water ;—while, 1f the particles are
allowed to die in the organism very different compounds
result, according to the different conditions under which
the masses of living matter are severally placed. You
must not infer that T consider that all forms of living
matter consist of the same clements, for it i1s certain
there are differences not only in the elements present but
in their relative proportions.  Still there are characters in
which all forms of living matter agree, although the results
of their living are so very different.  All living matter is
colourless, structureless, formless; all possesses inherent
power of movement, of decomposing certain substances
whieh form its pabulum, and of causing their elements to
occupy some peculiar relation to one another; and by
death, every kind of living matter becomes resolved
into the same classes of substances chemically speaking.
During this living state I believe the elements of the
matter and the forces associated with them are maintained
in some remarkable and exceptional condition which is
(uite peeuliar, to which no parallel whatever can be
offered, and T attribute this to the operation of VvITAL
rowenr. This vital power is not ordinary force, nor any-
thine that can be rendered evident to thesenses. Notone
of the very simplest of the phenomena called vital can be
explained without admitting its operation. For instance
neither chemist nor physicist, nor the two combined, can
explain the formation of organic matter so low and simple
as the envelope of the common ‘yeast plant ; far less pro-
duee it artificially. Nevertheless, some consider it pro-
bable not only that simple organic matter will be pro-
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dueed in the laboratory, but that the matter so formed
will give rise to other matter like itself, and this to more,—
in short, that man will some day succeed in making an
organism out of lifeless inorganic materials. I am not
aware of any chemical facts which justify in any degree
the position which has been assumed by some in the dis-
cussion of this question. No chemist has ever prepared a
compound which will afterwards prepare more matter
like itself from crude substances without the chemist’s
interference. And yet the simplest living matter does
this, and much more than this.

THE PHYSICAL THEORY OF LIFE.

SEVERAL attempts have been made during the last few
years to show that there is no essential difference between
the changes ocecurring in living beings and those which
take place in inorganic matter. These efforts have heen
so far successful as to induce many scientific men to
acknowledge the importance of the views advanced, while
some have even given their assent to the dietum that vital
force is physical force, and have not failed to assist in pro-
pagating it.

That chemical changes occur in living beings closely
resembling those which take place under certain eircum-
stances in inanimate matter, and that from the action of
certain  substances upon each other, whether in the
body of an animal or in the laboratory of the chemist, the

sawe definite compound may result, is admitted by all ;
P
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but this is a very different proposition to that which asserts
that the phenomena accompanying the changes in the
inanimate matter forming the earth’s ernst are the same
in their essential nature as those which are associated with
the formation and development of a living being.

It is true that physical and chemical changes are con-
cerned in the building up and breaking down of every
living tissue, but does it therefore follow that the formation
of the tissue is the cffect or consequence of these changes
alone 7 It is nndoubtedly easy to show that many of the
changes occurring in inorganic matter resemble changes
which take place in living organisms ; but it is surpris-
ing that many devoted to physical science, who have
scarcely acquainted themselves with the physiological
bearing of the question, and have only considered the
phenomena as they occur in the fully developed man or
animal, should have gone so far as to assert that all the
changes were due to physical and chemical actions alone.
When we come to a very careful examination of the phe-
nomena in their simplest condition, as manifested n a
single cell, the remarkable differences which really exist
between physical and chemical, and vital actions present
themselves in a sufficiently striking form to convince the
wmind of their essentially distinet nature. But in these
days there is little prospect of the phenomena occurring in
a single cell being regarded with much mterest. The
formation and destruction of faunas and floras, asteroids
and worlds. suns and systems, absorh the attention.

The very terms formerly applied exclusively to the

changes occurring in living things are now used in speak-

=
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ing of lifeless bodies. The willow leaf-like bodies in the
photosphere of the sun at a temperature suflicient to con-

bl s Ty . 1 = ]
OF(nsmnes which

vert many metals into vapour, are
“develop ™ and * elaborate ™ heat and light from the bosom
of a non-luminous fluid (Sir John Herschel, * Good
Words,” 1863, p. 282.) These * organisms ™ have been
compared to certain well-known forms of diatomace:.
Nay, Dr. Tyndall speaks of a watch as a * little creature ™
which shows * signs of animation,” and is ** restored to life "
by the application of its key! When philosophers speak
thus, it is not to be wondered at that students should be
led to the conclusion that vital and physical forces are one
and the same in kind and essential nature, and that there
1s no real distinction between a mechanism made by
human hands and a mechanism resulting from changes
occurring in a living organism. Such terms are, perhaps,
employed only metaphorically, and are not intended to be
accepted 1n a literal sense. Still they are open to much
misconception, and without doubt give rise to very erro-
neous conclusions.

At the same time I would remark that, while I am fully
convinced that wital, as distinguished from physical force,
exists in all living matter, I might go farther than
many of those who adopt the physical theory of life, and
admit not only that muscular and nervous action, but that
the production of many of the compounds found in
the secretions and in the blood are due to physical
and chemical changes alone. T would admit that many of
the phenomena which are now generally considered to

make up “the life”

of the fully-formed organism are
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physical phenomena.  But how very much there remains,
nevertheless, to be explained ! Of this any physicist would
be convineed were he to spend but a short time in simply
observing the changes which take place during the life of
the simplest lving thing. The phenomena upon which
some physicists dwell are but the consequences of prior
changes, which changes are of a very complex nature.
The physicist does not inquire how the matters which are
decomposed were produced.  He regards their formation as
nothing. They are there, and that is sufficient for him. He
graces matter and force into u fully developed organism,
and obtains matter and work from an organism, and this
to him seems to be all that is worth inquiring about. He
aflirms that the organism is formed or built by the sun.
IHe seems to think that pabulum goes into a living thing,
and beecomes changed chemically, just as it may be changed
in his laboratory, and the results of this change are work
and certain new compounds which are got rid of.

Yet how widely different are these conclusions from
those which are arrived at from an actual investigation
of the phenomena as they occur in living things, from
which we learn thet the inanimate pabulum, or certain of
its elements, passes through a certain transitional stage in
which very peculiar actions take place. The subsequent
phenomena could never have occurred unless the matter
had passed through this prior stage : everything which
oceurs afterwards is a consequence of the state of things
existing at this period. Now, what has the physicist done
sowards the elucidation of the phenomena occurring in
this state? Absolutely nothing ! And not only so, bus
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he has ignored it as if it did not exist. To him there
can be no phenomena occurring in living beings which
are not of a nature identical with those occurring in
the external world ; so he abstains from investigating
any of the phenomena which occur in living organisms,
save those which take place in matter that has really
ceased to live. Then he argues that, as all these phe-
nomena, which he has shown to be purely physical, wera
until recently considered as purely vital, therefure all
the phenomena of living beings must be physical. Nor
does he even hint at the possibility of the existence of any
other phenomena in living beings than those to which he
refers.

Now, no one knows better than the physicist how very
wexact and imperfect our knowledge even of the physical
phenomena of living beings really is, and how very much
yet remains to be discovered before we can explain that
apparently very simple phenomenon_—muscular contrac-
tion. One would have concluded, therefore, that physi-
cists would have exercised the utmost caution in drawing
inferences respecting the nature of the more abstruse
and complex phenomena of living beings. No one knows
better than the physicist that the force of muscular con-
traction very far exceeds that which can be obtained from
any known arrangement containing the same weight of
matter. The physicist prides himself upon never ad-
vancing to a second position until the first one has been
clearly established. His mind must not be allowed to
indulge in crude fancies but must be permitted to reason

upon the results of rigid and exact experiment only, and
2 p |
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yet, no sooner does he, pass from his own special depart-
ment to enter upon the consideration of the forces of
organic nature, than he abandons the principles of inves-
tigation laid down, allows his funcy to indulge in the
wildest theories, and puts forward as rigid facts what
his sober reason would tell him are but the most vague
and ill-defined assumptions.

Nor can it be denied that some of the disciples of the
new philosophy, not content with the slow advance of
real earnest research, have adopted the very old system of
dogmatising. The first article of the new faith is that the
only forces in Nature ave derived from the Sun. Then, as
all vital are natural forces, therefore vital force 1s but solar
energy, and so the Sun is the source of all life. This
dogma being accepted it is easy to convince people that in
the production of higher and more elaborate structures, a
greater amount of solar energy must be absorbed and ren-
dered latent, than in the formation of very simple living
organisms. It is admited by all that the comparatively
simple vegetable structures directly absorb inorganic ele-
ments and solar energy, while animals can only take in
matter and force which has been first elaborated by the
vegetable kingdom. And since it has been shown (as-
sumed ?) that in the formation of a complex cell with
figh endowments a much greater amount of force is re-
quired than in the production of a simple cell, it ought
to follow as a corollury that by the death and destruction
of one of the brain cells of man, for example, a much
greater quantity of force s set free in one form or other,
than escapes at the death of an inferior structure. The



ON THE ATRUCTURE AND GROWTII OF TISSUES, 215

disciples of the vew school having assumed that the
brain cell in its formation absorbs a greater amount of
force than a cell of lower organization, argue that the most
kighly endowed brain eell must have absorbed more force
than an ordinary cell of the same character.”

Every one knows that a picture, a steam engine, a
lifeless plant, animal, or man, is the result of the action
of something more than ordinary force. And there is this
obvious difference between the lifeless animal or man and
the steam engine, that whereas the latter can always be
made to work, there are no means of causing the former
to resume work after it has once stopped, and yet a skele-
ton has been compared to a steam engine with the fires out !
The results of the action, in the production of tissue, of the
something more than mere force have been made to stand
for the something itself. So the processes of disintegration
and chemical change occurring in lifeless matter, the direct
result of prior changes oceurring while the matter was yet
alive, have been regarded as the life itself.

It would seem rather that the marvellous endowments
of a cell have nothing whatever to do with ordinary force.
The liver cell does not differ, as far as is yet known, from
the nerve cell in the different amount of force it contains,

* It might be further argued that, since in a great pic-
ture which results from the working of such highly endowed
cells, must be accumulated a far greater amount of force
than in a daub, it ought to follow that when the work of a
great artist is subjected to combustion, more energy in the
form of motion, heat, or light should be set free, than from
the oxidation under precisely similar conditions of the same
amount of oil, paint, and canvas in a crude and formless state !
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but in the power resident in that part of it which consists
of living matter. Some seem to ignore everything that
cannot be put into a bottle or exhibited upon a screen, and
naturally deny the existence of power as distinguished from
foree.

But is it not easy to show the fallacy of the views which
are now very generally entertained upon this question,
unless the truly vital are carefully distinguished from  all
other actions of living beings. If the two distinct classes
of phenomena, to which I bhave many times adverted,
are confused together under the texm wvital, 1t would
be difficult indeed to refute any theory of life that has
“een or may be propounded, if but very moderate in-
senuity be employed in arranging the terms in which
it is expressed ; but if these phenomena are different in
their nature—and I think from the evidence I bave ad-
duced you will admit they are different—then the vital
actions must be placed in adistinet category, and cannot
be confounded with, or included under, physical pheno-
mena.

[ am quite unable to define the nature of the sup-
posed vital power, but I think I have shown that the phe-
nomena, which may be observed by all, cannot be ex-
plained, unless they are recarded as resulting from the n-
fluence of some peculiar power or agency upon ordinary
matter and its forces. This power is, in its nature, as dif-
ferent from the force as it is from the matter. It is one of
the immaterial agencies in Nature, the existence of which
has been admitted by philosophers of every school and
by the disciples of every faith, save by those few per-
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sons who have embraced the dogma that in Nature
there exists nothing but matter and force, and who
profess to believe that the formation and action of the
simplest organisms, as well as the working of the human
intellect, are to be explained by the operation of ma-
terial forces alone. KEvery one, however, who is a simple
student of Nature, whether he regards her operations
from a general point of view, or penetrates to her in-
most mysteries, soon arrives at the conclusion that there
15 1n all living beings something besides mere force and
matter. True, he finds in living beings only the ordi-
nary elements of matter, and he demonstrates the action
of ordinary force, but he discovers that even in the lifeless
matter from organisms, the elements are combined in a
peculiar and subtle manner which he can imitate in very
few instances, and he finds force producing results which
are immeasurably beyond the results which the power of
man can produce by directing the same forces. There
seems to be something which controls the matter and
directs the force, and this something acts in a peculiar
and marvellous way, so that where work is required, this
work is performed by self-made mechanism, without that
waste of material and waste of force which occurs in the
construction and working of every machine made by man.
The amount of work produced by the expenditure of the
same quantity of material is in fact many times greater
than can be obtained in the most perfect machine, to say
nothing of the unexplained marvel of the self-manufacture
of the machinery, its constant repair, and the endless
production of new machinery equally perfect and equally
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powerful with that first formed. This something, which
we may call vital power, or essence or spirit, or by any
other name, influences the formation and action of every
kind of living thing, from the simplest to the most com-
plex. The production of the cell wall of the despised
fungus cannot be accounted for without supposing such
power any more than the complex mechanism of the

human brain and its marvellous actions.

The figure below may, perhaps, enable me to explain
with greater clearness than I have been able to do in
words, the phenomena which 1 think occur in the smallest
particle of living matter,—for example, the most minute
vegetable sporule which appears under a power of 10,000
diameters as a mere point. It will also represent what I
believe takes place in the ultimate particles of every form

of living or germinal matter.

The most minute living particle.



ON THE STRUCTURE AND GROWTH OF TISSURS, 219

In the central part are spherules which have recently
assumed the living state, consisting of matter which was
but just before inanimate pabulum. Beyond these are
older and larger spherules which are still absorbing pabu-
lum and growing. In many of these latter new centres
are being developed. 1In all these virar phenomena are
going on. As the particles move further from the
centre, they undergo changes of another kind. They
gradually cease to manifest vitar phenomena. They lose
the power of animating lifeless matter, and become re-
solved into passive formed material. This is represented
in the drawing by fine lines. The formed material itself
is changed by PEYSICAL and CHEMICAL actions. It
may undergo condensation as it accumulates, or it may
gradually become resolved into new substances of simpler
chemical composition by the disintegrating action of
oxygen, moisture, &c.
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