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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 caleified 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 divection 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 crusta
petrosa.—The cementum is often stated to be true osseous
tissue, but it differs from bone in many important par-
ficulars. The lacunm 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 I
have specimens cven of the 1-100th of an inch in thick-
ness in which not a lacuna is to be scen, 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 (uite to
its surface.  Nutrient fluid must be almost entirely derived
from the outer surfuce of the cementum, and hence these
channels reman as the tissue inereases in thickness until
the mass of germinal matter in the lacuna dies, and they
arve often of great length.

It is generally stated that the cementum results from
the ossification of the tooth sae, but, as remarked by Kol-
hiker, cells take part in the formation of this tissue as in
the formation of bone, and the tooth sae 1s not transformed
mto cement. The cement 18 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 18 concerned in the formation of those
exostoses which often grow upon the fangs of the teeth.

[t 15 composed entirvely 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 1s 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 distinet 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 Virehow and
his school maintain?  This tissue, it may be remarked,
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grows very slowly ; it is a very low simple form of tissue,
and probably requires but very little nutrient matter. If
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
lacunze of the cementum. 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
lacunz 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 lacuna 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 conneect the several stellate masses of
dark-red germinal matter with each other. Here and there
in the intervals between these processes small elobules of
caleareous matter have been deposited, and these increase
and completely surround the cord-like processes. DMany

of the processes gradually assume the character of the sur-
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rounding matrix, disappear as distinet cords, and like the
rest of the tissne become impregnated with  ealearcous
matter. It is in this manner that the tissue of the cemen-
tum, which exhibits a laminated arrangement, but is des-
titute of lacunae, 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 nuelei possibly remain as the nuclei of the lacuna
which are irregularly distributed through the cementum ;
but 1 cannot express myself positively on this point. It is
cortain that all the cells do not become lacunse, for in this
tissue there are half a dozen stellate cells to one lacuna in the
cementum, and many of the canaliculi are five times as long
as these tubes.  Arve these processes tubes ? This question
wonld doubtless be answered in aflirmative by every one
who examined the tissue long after death; but during life
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-
ing conversion nto formed material, and the situations in
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 caleification 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 perfeet 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 ITomo-
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 18 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 difficult subject.

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

Teeth have been regarded as papille, 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 dermic, and not in any part epidermic.
He thinks that all the dentinal tissues are produced
beneath a membrana preeformativa, and considers that the
enamel is developed not upon but beneath basement mem-
brane. He thinks that scales and feathers may come into
the same ecategory, but would admit nails to be purely
epidermie,

Although upon a guestion so very diflicult of investiga-
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tion and so complex in its bearings, 1 hesitate to express
too positive an opinion, it is right that 1 should direct
your attention to the different doctrines that arve tauaght,
and try to show which view recetves the strongest support
from a careful consideration of facts thut may be demon-
strated. T rvegret that the conclugions to which I have
been led differ in several important particulars from those
held by many authorities on this matter.

Avre the tissues of the teeth allied to epithelial or connective
tissues 7—The first question we have to discuss is to what
textures the tooth tissues are most nearly allied. A tooth
has often been compared to bone, and it has been said that
the pulp eavity 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 tnbes opening upon the
vaseular 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 1s 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 epithclial strocture. It should be premised that
there are examples of teeth which are continually being
vemoved and repluced by new ones, which grow vp
behind them, or beneath the old ones,—teeth which onece
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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, imerease 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 is produeed inereases, and if not worn away by
friction the very same tissue which was formed in youth
remains in old age. This oldest tigsue gradually passes into
that which has been lately produced. Nor is it possible,
as many have supposed, that the oldest horn or tooth strue-
ture formed is replaced by new. The very same matter
remains thronghout life, and undergoes little further change
than desiceation. 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. Even to its extremity the blood eireu-
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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inerease as the animal advances in age, but, as s 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 suec-
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 IMaversian 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 Haversian canal.

If the eclementary parts of which the horn is composed
were caleified a “tusk ” would result. But neither in
mode of development, nor in structure, nor in agrowth, 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 preformativd.—
I propose now to refer briefly to the dispute concerning
the position of the membrana preeformativa. It s, how-
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 strueture
upon or beneath its surface. Its presence, as is well known,
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is by no means constant, and with regard Lo its aetual
existence in relation to any of the dental tissues, T regand
it (s certain that no praformative membrane has been actnally
demonstrated over the enamel, as Hualey asserts, between th
enamel and dentine, as many observers hold, or beneath the
dentine,  That a transparent membranous-like strocture
may be raised from the surface of the enamel of a young
tooth by the action of chemical reagents is perfeetly true,
as stated by IHuxley; but it has been already shown
(page 163) that this is not a preeformative membrane.
It consists undoubtedly, as Mr. Tomes maintaing, 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 praformative
membrane 1s said to possess.

It is certain that no basement or praeformative 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 conneective tissue, Still,
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there can be no doubt that the position of the basement
membrane, supposing it to be a necessary and constant
anatomical structure, would be between the epidermis of the
skin and the modified connective tissue of which the body
of a cutancous papilla is composed. Most observers seem
tohave eoncluded that & membrana prazformativa was an
absolute necessity, without which different structures could
not be produced ; but these structures, it has been clearly
<hown, are the result of changes oceurring in a special
tissue, not in the so-called membrana praformativa, which
is perfeetly passive. 1t seems to me that such a mem-
hrane has no more to do with the formation of structures
heneath 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 cementunm.—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 situnated
at which the cellular or epidermic structure joins the
dermic? Upon the determination of this question will
depend the conclusion we aceept as to the true homology
of the dental tissues.
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[ have advanced facts and arguments against the view
that the enamel and dentine lie beneath basement -
brane, and are dermic 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 Jast
is the inference, which, though widely differing from any
now gencrally held, seens to me to receive the strongest
support from a careful consideration of the whole question
of the anatomy and development of the teeth.

In 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 destine as caleitied
“epithelial structures,”

Dentine.—The eells 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 arew 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 directions from the swme point.
So far from both the dentine and enamel being dermic
structures, as Prof. ITuxley concludes, they are really both
epiclermic, and the enamel and dentine are both homo-
logous with epithelium of cuticle, the first with the super-
ficial, and the sccond with the deeper layer,

LEpithehal structures may often be traced into connee-
tive tissue, and it s therefore not surprising that, sup-
posing the dentinal tissue to be modified caticle, that it
shoulld be continuous with the cementum—a strueture
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 of the dentine far more closely
resembles that observed in epithelial than in bony strue-
turcs.  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 is not possible to help
noticing many points in common. It is not difficult to
find in epithelial structure elongated epithelial cells applicd
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to each other like the anatomical elements of the dentine,
Nor do the so-called dentinal tubes present any serious
wmpediment 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 nucleus
to the deepest part of the enamel gradually increases, 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, nueleus, 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 js nourished or
appropriates nutrient matter. Doubtless it is permeated
very slowly by fluids which preserve its hardness, but these
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(luids act only as similar fluids would aet upon the struc-
ture if it was entively removed from the hody,

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 faet, the dentine grows from without
mwards, so that the part most recently formed is close to
the pulp eavity.  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
arow.

Cementunt,.—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 inereased to such a size that the surface
of the dentine of the fang, or the surface of the enamel
covering the erown, comes into very near relation with the
cells upon the inner surface of the membrane which forms
the tooth sae. 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 elosely resemble ordinary bone in character,

muportant differences may be observed, both in 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 to me incompatible with the following facts :—

1. The cementum in the herbivorous tooth covers the
enamel, and, in exeeptional eases, it occupies 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 is produced (tissue with stellate cells).

Of the forination of the so-called infercellular subsiance 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 intercellular substance ;
for it is obvious that if it can be shown that dentine agrees
in its structure with cartilage and hone, and consists of
“cells™ and “ intercellular substance,” it belongs to the series
of econnective 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
congider the matter here somewhat in detail, p:wi:iv_u]ﬂrfy

as regards bone and dentine.  And first, let me congider
N
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how far the so-ealled wall of the dentinal tube, as distinet
from the intertubular tissue, has a real existence. Those
who maintain that the lacunal cell of hone and the dentinal
tube of dentine possess specinl walls, seem to bave over-
looked the fact that the so-called * cells” of lacunz 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 atercellular substance, or
clse the eell wall must shrink in consequence of the depo-
sition of new matter upon its ecternal surface. 1f the first
view is accepted there can be no necessity for distinguishing
cell wall from intercellular substance. If the last 1s
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 calcareous matter passes through an old,
condensed, and puckered cell wall to be deposite:l 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 doctrine have met with terrible difficulties in the
attempt to apply the theory in detail, and, like the sup-
porters of many fanciful hypotheses, they avoid details
which secem 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
reasonible 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 the
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 o
gelatinous medium, holding in solution caleareous matter ;
let him further suppose that the caleareous matter was
deposited between and around the several cells, he would
then have a caleareous 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, &ec., 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 caleareous
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 lamin 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 aradually
deposited between the cells,
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Agamn, the deposition of this *interecllular substanee,”
distinet from the cell wall and independently of the cells,
involves one of the following suppositions :—

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

2. The possibility of the cell exerting some metabolic
aclion upon, or converting the matler deposited from the
Llood 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 crystalline matter may be deposited
upon any foreign substance placed in a strong solution of
the crystalline 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 thickness, not by deposit upon its outer
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. It inter-
cellular substance is deposited around the cells, it must be
shown either that it gradually and evenly inereases 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 ueither of these positions has Leen supported by facts.
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The view involves, in fact, the existence of growth ac-
cording to two distinct and opposite processes—the cell
wall being increased 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 cenfres), 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
1§ 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 ewithout inwards, while
there is not the smallest difficulty in demonstrating many
instances in which deposition most assuredly takes place
from within outwards. Tt is not in accordance with what
1s 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,

Lenee, [ cannot but feel that further investigation will
demonstrate that the deposition of intercellular substance
theory is erroncous.
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Of the development and formation of the palatine teeth of the
conmmon 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
eccupy many pages, but I may, in few words, discuss
the wmost interesting part of the question—namely, the
mode of formation of the papilla. Now, in a minute and
difficult incuiry like this, which nvolves 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 earlv 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 adulit
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 diflicult; but in studying the process asit occurs in the
fully developed newt, there is nosuch serious practical disads
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vantage. Moreover, the number of these teetl is considar-
able, and being situated in the central part of the upper
jaw, they can easily be detached as they grow, with the
muecous 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 exuact 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 oceurs in the fully formed
animal. It i1s a mistake to sappose 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 can 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 embryonie tooth, are often detached with it.
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Now, each of these lictle *sacs ™ 18 an oval mass, con-
sisting entircly of cells very closely resembling epithelial
cells in their general character (IMig. 1). At this carly
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 (triton cris-
tatus), magnified 215, and reduced to §5 a, a
very young tooth sac and tooth ; b, another, a
little older: ¢, marks the position of the base-
ment membrane ; o, capillary ramifying in the
sub-basement tissue ; ¢, the epithelial structure
in which the tooth sacs are embedded. This
lies upon the surface of the basement mem-
brane e,

out evidently arises from the first cells formed being pushed
outwards towards the cirenmference 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 mueous membrane, and the cells at the summit
of the sac are often seen to be uninterruptedly eontinuous
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 smull
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, a 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 distinet, 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 ear-
mine, surrounded by a laver 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 eells.
It is, therefore, quite certain that basement membrane
can have nothing to do with.the origin of these palatine
tecth of the newt, and it is also certain that the young
tooth is swrrounded on all sides by cells. 1t is developed in
the midst of cells, The dental tissue is formed by the
impregnation with ealearcous 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 oecupy 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 wvessels, 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 1s 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-
lection of cells in which they are embedded.
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Next comes the important question, how do these collee-
tions of cellsoriginate ? 1 feel confident that they commence
in a eellular 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, ov
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). Tt is so 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, 3, 4, 5).
Fig. 2 represents a small eollection 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.
J and 4. A further stage of the processwould 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-
liwm, 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, « is thelayer of epi-
thelinm 3 4, 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 is formed, there
is no basement membrane, there is no sub-basement tissue,
there is no indication of aline of demarcation between the
texture, which will eventually be epidermic, and that which
is dermic. 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 arcolar tissue, vessels, and nerves of the derma or
true skin. It is certain that an clevation 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 eommences to e
Juormed 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
fivst, 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 sul,-
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 memlrane :—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.

[t seems to me, therefore, that both dentine and enamel
must be looked upon as caleified 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, sucl
as the sebaceous gland cells, or the sweat gland cells, or
the calcified cells of the mantles of mollusea are recarded
as modified epithelial structures.
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The relation of' the tooth sae to the proper dental lissnes,—
Il the foregoing conclusions are correet, 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
maodified tooth sac. 1t has been shown that both the
cnamel and dentine are formed from epithelium, and it
has been remarked that the cementum, or crusta petrosa,
i 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 15 well known, this eementum is formed in considerable
quantity upon the surface of the enamel, 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
beneath 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 tissne, may become ossified.
Ilere, as in the periostenm, there are upon the deep sur-
face cell-like Dbodies which are slowly produced, and
from these the matrix results which afterwards undergoes
calcification. The germinal matter of some of these cells
remains for a time as the **nuclei ™ of the lacunce which
ave 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 vaseularity of the
so-called periosteum of the fang, which represents the
remains of the lower part of the tooth sae.

Although I have not sueceeded in demenstrating the
* periosteum ” of the tooth as a structure distinct 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 abnop-
mally as to connect two fangs, or even two teeth together
(see the figures of Mr. Martin's specimen, Tomes' * Dental
Surgery,” p. 445).

Explanation 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.



192 ON THE STRUCTURE AND GROWTII OF TISsUES.

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, 4 is 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 mucouz membrane.
This is the view entertained by most observers in the pre-

sent L]:l:r.




%

ON THE STRUCTURE AND GROWTIL OF TISSUES, 1U5

The basement membrane covering the enamel.
Dentine and enamel being both sub-basement,
The view of Huxley.

[n 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 bazement membrane beneatl the dentine.
The Author’s view.

In Fig. 8 the black line is seen passing over the shrface
ol the pulp beneath the dentine, so that both enamel and
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dentine are regarded as modified epithelial struetures,
They are both epidermic.  This is the view which 1 have
been led to advocate from recent investigations.

Ofthe death of the tooth, and of carivs.—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 corpusecles become broken down, and
the coloured solution thus formed graduvally 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
retains its vitality, and oftentimes inereases considerably
in amount. If, however, the opposite process occurs 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 strueture, 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 ecrustacea. A dead tooth may
remain for years, perhaps. firmly fixed in the socket, and
it has vecently 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 yvears, may be fixed in
the alveolus of a living person and retained there for a
long period. In this case the tooth isnot 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. Dh.
Mitscherlich’s paper, which contains many things of phy-
stological intevest, has been translated and published in
Truman’s * Archives of Dentistry,” No. TL

Of earies.—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 ealeareous matter, is a fact
known to every one; but how this change occurs, and the
precise circumstances which determine it, are still nnknown
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 canse of the disease; but fungi will invade
any tissue 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 hy suel
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 conditions
become favourable—that is, if changes tuke place in the
normal tissue wherehy its integrity is destroyed, orin con-
sequonce of which its death results.  With reference to
the nature of caries two views are cutertained ; one, that
the change depends merely upon the action of the uids 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 flud capable of injuring susceptible teetl.
That the luid which acts possesses an acid reaction has
been shown by expeviment ; but it is doubtful if, at least
in the majority of cases in which the disease ocenrs, there
is not a predisposition to it.  The enamel and the dentine
are the tissues usually affeeted, and the change goes on
much more rvapidly in the dentine than in the enamel.
According to Mr. Tomes, the central portion of the enamel
rods s that whieh is fivst attacked. In the ense of the
dentine, the intertubular substance is the first to go.

Now, as 1 have alveady shown, this intertubular sul-
stance is formed before that portion of dentine which con-
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 olten commences. The dentine here is situated
farthest from the nutrient vessels, and in cases in whicl any
defect in formation had oceurred, this would be the portion
to undergo change. Tt is quite possible that in many
istances the dentine i this situation may have been im-

perfeetly formed during the carly period of development,
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or the caleifying process may mnot 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 would 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 eurrents 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 is 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 whieh comes
on from mental anxiety seems, in some cases, to be inti-
mately conneeted with the destruction of the dentine from
caries, Nor are the dental the only tissues the nutrition
of which 1s affected under these eircumstances. Mental
anxiety seems to be a cause of many chronie diseases.
Some suppose that this arises from a peculiar and direct
action of the merves upon the process of nutrition ; but it
18 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.

AxD now, Gentlemen, I come to a part of my subject
which T feel myself incompetent to consider. Yet I would
not willingly omit all reference to the question of the
nature of life in these lectures. This most abstruse and
difficult 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
vight 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
diseipline 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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facultics. 1 may be permitted fto recount bricfly the
general mferences which seem 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 I
am the more desirous of discussing this matter because it
so happens that wmy conclusions 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 o
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 aceept an hypothesis, inconclusive though it be,
until a reasonable explanation of the phenomena under
discussion 1s offered. It 1s now four years since I advanced
arguments in favour of the view which I have been led to
entertain. My doetrine has, it is true, met with some
opposition, but its opponents have not discussed the ques-
tions involved. They simply deny the existence of vital
power, and serupulously avoud all diseussion regarding the
nature of the phenomena which are attributed by me to its

miluenee,
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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 snb-
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 maiter.

Between the time that the inanimate pabulum becomes
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 matler is known 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, cannot be
caused to commence anew. Now, those who have dis-

* For the evidence in favour of the view that the germinal
or fiving matter does undergo conversion into formed wa-
terial, as cell wall, intercellular substance, §c., see Lectures 1,

11., and 111,
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cussed the nature of vital forees, 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 s derived, not from the formed material,
but from preéxisting living or germinal matter, which exhi-
bited similar phenomena, aud so from the first ereution.
This living matter is always colourless, always contains
much water, and consists of particles, which, when free,
imvariably become spherical.

It may be remarked that lifeless matter may exhibit
many different forms, and oceurs 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
mitter consists arve composed of spherules ad infinitum—
ihat the intervals between them are oeccupied by smaller
ones separated from eaeh other by fluid which contains in
solution—1, matter about to become living ; 2, substances
which do not neeessarily form a constituent part of the
livine mass, and which are not eapable of being animated ;
and in very many eases, 3, substances resulting from the
¢hanges 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.

1 believe that all these spherical particles are free to
move in fluid, and that the movements in all living par-

gicles take place in the same direction—from the centre at
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which the particles beeameliving,—centrifiugal. 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 forees, 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 chemiecal laws. The matter
before it becomes living exhibits certain well-known pro-
perties. The formed material prodnced cxhibits totally
different properties, and the disintegration of this formed
material gives rise to the manifestation of force in the
shape of work performed; but while the matter lives
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
occurring 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 oceur in mnanimate matter.

Particles which arve lifeless attract one another, and in
many cases 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 clements in
the living particles must be totally different to that which

oxisted 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 indieate that the ordinary physical and
chemical forees of matter are in abeyvance while matter
exists in this temporary lwing state ¢ 1t seems as if there
existed at this time a power in obedience to which the
matter beecame affected m a manner we cannot explain,
It is this power which we understand as the life. It is
in obedience to this power that the living particles move
Jfrom 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 spontancous (?) 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 amaba, or in the pseudo-
podia of foraminifera, or in the white blood corpusele, pus
corpuscle, or mucous corpuscle. In 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 oceur 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 nuelens (not ex-
plained) ; butnotone explanation hasbeen offered which can
even belooked uponasplausible. The movements themselves
bave 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. DBut any part may advance
before any other part. It is certain 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
in every part. The continual variation in composition and

* See a paper “ On Contractility, as distinguished from
purely Vital Movements."—Microscopical Jowrnal, July, 1864,
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in position  distinguisheg it from every other form of
nter.

Many facts I have advanced show conclusively that
there is a general tendeney in the particles of every maos
of living matter to move in a direetion from a centre,
while the pubulum moves towards the centre.  Suppose
we assume that the particles of which a moving mass is
composcd 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 spherieal 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 advanee of others.
Nor is it possible to conceive that a mass constituted as
above deseribed would ever come into a state of equilibrinm,
beeause 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 ? 1 ecan only answer LIFE;
and T am further led to the conclusion that the in-
fluence of this mysterions 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 forees.  Such a theory involves the sup-
position of an inkerent tendency of the particles of living matter
to move from the centre at whicl they became licing, teat
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i3, tna divection the very opposite of thal dn which lifeless
particles would wmove. 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 forces 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 contains much
water, but how this water exists we have no evidenec,
We know that when it dies we can obtain water, but then
we can obtain salts, and we ean obtain a matter allied
to what is called fibrin, 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 clements of the water itself may ex.
Libit some exceptional relation to the other elements of
which this living matter is constituted. Tt is remarkable
that every kind of living. matter by immediate death be
comes resolved into very much the same kind of sub-
stances,  Fibrinons, albnminous, fatty (perhaps amyloid),
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saline matters, and water ;—while, if 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 is certain
there ave dilferences not only in the clements 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
which form its pabulum, and of causing their clements to
occupy some peculiar relation to one another; and by
death, every kind of living matter becomes resolved
into the sume 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
(quite peculiar, to which no parallel whatever can be
offered, and 1 attribute this to the operation of VITAL
prowenr. This vital power is not ordinary force, nor any-
thine that can be rendered evident to the senses. 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-
duce it artilicially. Nevertheless, some consider it pro-
bable not ouly 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 erude substances without the chemist’s
interference. And yet the simplest living matter does
this, and much more than this.

THE PHYSICAL THEORY OF LITE.

SuvirAL attempts have been made during the last few
years to show that there is no essential difference hetween
the changes ocenrring in living beings and those which
take place in inorganic matter. These efforts have heen
so far successful as to indoce 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 closcly
resembling those which take place under certain eireum-
stances in inanimate matter, and that from the action of
certain - snbstances upon each other, whether in the
body of an animal or in the lahoratory of the ehemist, the

same dehnite compound may result, is admitted by all
I_l'
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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 crust are the same
in their essential nature as those which are associated with
the formation and deve'opment of a living being.

[t iz 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 effect or consequence of these changes
alone Tt is undoubtedly easy to show that many of the
changes occurring in inorganie 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 weve 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
mind of their essentially distinet nature. But in these
days there is little prospect ol the phenomena oceurring in
a single cell being regarded with much mtevest. The
tormation and destruction of faunas and Horas, 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 leat-like bodies in the
photosphere of the sun at a temperature suflicient to con-
vert many metals into vapour, are ** organisms” which
“develop™ and ** elaborate ™ heat and light from the bosom
of a non-luminous fluid (Sir John Hersehel, ** Good
Words,” 1863, p. 282.) These * organisms " have been
compared to certain well-known forms of diatomacese,
Nay, Dr. Tyndall speaks of a watch as a * little creature ™
which shows * signs of andmation,” 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 conelusion 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
oceurring in a living organism. Such terms are, perhaps,
employed only metaphorically, and are not intended to be
accepted in 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
convineed 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 convinced were he to spend but a short time in simply
observing the changes which take place during the life of
the simplest living thing. The phenomena npon 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 suflicient for him. He
traces matter and force into o 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.
He seems to think that pabulum goes into a living thing,
and becomes 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 that the inanimate pabulum, or certuin 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 thines
existing at this period. Now, what has the physicist done
sowards the elucidation of the phenomena occurring in

shis 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, were
until recently considered as purely vital, therefuore 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
mdulge in crude fancies but must be permitted to reason

upon the results of rigid and exact experiment only, and
2 r
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yet, no sooner does he, pass from his own special depart-
ment to enter upon the consideration of the forees of
organic nature, than he abandons the principles of nves-
tication 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
doematising. The first article of the new faith is that the
unly forces in Nature ave derived from the Sun. Then, as
all vital are natural forces, therefore vital force is but solar
energy, and so the Sun is the source of all life. This
dogma being accepted it is easy L0 convinee people that in
the production of higher and more elaborate structures, &
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 divectly absorb inorganic ele-
ments and solar energy, while animals can only tuke in
matter and foree which has been first elaborated by the
vegetable kingdom. And since it bas been shown (as-
sumed ?) that in the formation of a complex cell with
hiigh endowments a much greater amount of force is re-
quired than in the production of a simple cell, it ought
to follow as a corollary that by the death and destruction
of one of the brain cells of man, for example, a much
greater quantity of force is set free in one form or other,
thao escapes at the death of an inferior structure. The
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disciples of the new 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 foree. 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 bas been compared to a steamn 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
tor the something itself. So the processes of disintegration
and chemical change occurring in fifeless 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-
tare 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 erude and formless state !



I ON THE STRUCTURE AND GROWTIL OF TISSUES.

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
Juree.

But is it not easy to show the fallacy of the views which
are now very generally entertained upon this question,

amshed from all

=

anless  the truly vital are carefully distin
other actions of living beings. If the two distinct classes
of phenomeni, to which I have many times adverted,
are confused together under the texm wital, 1t would
be difficult indeed to refute any theory of life that has
“een or may be propounded, if but very moderate in-
genuity be employed in arranging the terms in which
it 1s expressed ; but if these phenomena are different 1n
their nature—and I think from the evidence I have ad-
duced you will admit they ave different—then the vital
actions must be placed in a distinct 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 regarded as resulting from the n-
fluence of some peculiar power or agency upon ordinary
matter and its forces. This power is, in its natuve, as dif-
forent from the force as it is from the matter. 1t 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. Every 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
is in all living beings something besides mere foree 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 18 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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]H'nw:rful with that first formed. Tlis something, whch
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 1 have been able to do in
words, the phenomena which 1 think oceur in the smallest
particle of living matter,—for example, the most minute
vegetable sporule which appears under a power ot 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.
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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 viTAL 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 itsclf
is changed by prysicaL and cHEMICAL actions. It
may undergo condensation as it accumulates, or it may
gradually become resolved into new substances of simpler
chemical compoesition by the disintegrating action of
oxygen, moisture, &e.
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