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AUTHOR’'S PREFACE.

It is one of the essential advantages of the present age,
that the bond of union connecting the different branches of
natural science is daily becoming more intimate, and it is to
the contributions which they reciprocally afford each other that
we are indebted for a great portion of the progress which the
physical sciences have lately made. This circumstance there-
fore renders it so much the more remarkable, that, notwith-
standing the many cfforts of distinguished men, the anatomy
and physiology of animals and plants should remain almost
isolated, though advancing side by side, and that the conclu-
sions deducible from the one department should admit only of
a remote and extremely cautious application to the other. Of
late, the two sciences have for the first time begun to be more
and more intimately allied. The object of the present treatise
is to prove the most intimate connexion of the two kingdoms
of organic nature, from the similarity in the laws of develop-
ment of the elementary parts of animals and plants.

The principal result of this investigation is, that one com-
mon principle of development forms the basis for ew;ery sepa-
rate elementary particle of all organised bodies, just as all
crystals, notwithstanding the diversity of their figures, are
formed according to similar laws. I have endeavoured to
explain the design of such a comparison more fully in the
commencement of the third section of this treatise, and will
now lay before the reader those data which are of most im-
portance in an historical point of view in reference to the
development of this idea.
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As soon as the microscope was applied to the investigation
of the structure of plants, the great simplicity of their struc-
ture, as compared with that of animals, necessarily attracted
attention. 'Whilst plants appeared to be composed entirely
of cells, the elementary particles of animals exhibited the
greatest variety, and for the most part presented nothing at
all in common with cells. This, harmonised with the opinion
long since current, that the growth of animals, whose tissues
are furnished with vessels, differed essentially from that of
vegetables. An independent vitality was ascribed to the
elementary particles of vegetables growing without vessels,
they were regarded to a certain extent as individuals, which
composed the entire plant ; whilst, on the other hand, no such
a view was taken of the elementary parts of animals. An
essential difference both in the mode and in the fundamental
powers of growth was thus maintained.

It soon, however, appeared that animal tissues do also
occur which grow without vessels; for instance, in the forma-
tion of the ovum, and the earlier stages of development of the
embryo previous to the formation of the blood ; and, secondly,
certain tissues of the adult, the epidermis for example. With
respect to the ovum, which manifested indubitable proofs of
an actual vitality, all physiologists were agreed in ascribing to
it a so-called plant-like growth. This resemblance to the plant
had reference to a growth of the conspicuous parts of the ovum
without vessels, and was in no way connected with the form
and mode of growth of the elementary particles. No one,
however, considered that the analogy of the ovum entitled him
to infer the operation of a plant-like growth of the elementary
particles in the non-vascular tissues of the matured animal;
on the contrary, the opinion rather gained ground, that these
tissues originated and grew by means of a secretion from the
surface of the organised tissucs. Such was supposed to be
the case with the epithclium, the crystalline lens, &c. This
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opinion still maintained its ground, even when the structure
of the tissues became more accurately known. Nor did the
plant-like growth of the component parts of the ovum abolish
the assumed essential difference of the growth of the vascular
tissues.

A very important advance was made in the year 1837,
when an actual growth of the elementary particles of epithe-
lium was proved to take place without vessels. Henle (Sym-
bole ad anatomiam vill. intest. Berol. 1837) showed that the
cells in the superficial layers of epithelium are much more ex-
panded than those in the deeper strata, a fact which leaves
scarcely any doubt as to their true plant-like (i. . non-vascular)
growth. Henle! says (L. c. p. 9), “Hoc in loco (in planta
pedis) cellularum (retis Malpighii) diametrum extrorsum
augeri, swmpius repetita observatione pro re certa affirmare
audeo. Quas retis cellulas non minus in feetu suillo sensim
increscentes transire in cellulas epidermidis, nunquam non
inveni.” Purkinje and Raschkow (Meletem. circa mammal.
dentium evol. Vratisl. 1835) had made the following obser-
vations upon the development of the epidermis: “In primis
evolutionis periodis—squamulee—epithelii nondum ita con-
formate sunt ut in illa periodo, quee partui preecedit, sed .
parenchyma plantarum cellulis simillimum ostendunt, cum
quzque squamula, quae postea talis apparet, tunc temporis
tanquam cellula polyedrica e membrana tenacissima constans
globosamque guttulam continens in conspectum veniat. Pressu
applicato rumpebantur iste cellule atque lymphaticum liquo-
rem effundebant, quee cellule, procedente evolutione, verisimile
complanate in illas polyedricas squamas mutantur.” Henle,
when quoting this passage, adds (l. c. p. 9): “ Hec illa num
vero sola compressio in causa esse possit, ut parva cellula

! Henle’s observations are detailed at page 76 of this treatise. The researches of

Turpin and Dumortier could not be quoted, as I only became acquainted with themn
at the conclusion of my work.
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in tantam laminam extendatur, nondum satis mihi constat :
certe principio increscere volumen cellule, nescio an imbibitione,
constabit, nisi spes fallit, promotis disquisitionibus.” The
caution with which Henle (and, indeed, every good physiolo-
gist) expresses himself in this passage with reference to the
true growth of non-vascular tissues, is the best illustration of
the state of the question. There is another observation of
Henle’s, which is opposed to the epithelium being regarded as
a lifeless substance secreted from the organised tissue; I allude
to the passage (1. c. p. 22 et seq.) where he proves that the
vibratile cilia, whose motion it is so difficult to explain by
physical laws, stand upon little cylinders which are merely a
modification of the epithelium.

Turpin (Annal. des Sciences natur. vii, p. 207) showed that
the corpuscles, which Donné had found in vaginal discharges,
and regarded as cast-off epithelium, were organised cells, and
were in general oblong, and either pointed at one or both
ends, or altogether irregular in figure, and that a new gene-
ration of spherical vesicles' took place in their interior. He
then remarks (. c. p. 210): “On ne peut s’empécher, apres
avoir bien étudié les vésicules dont est formée la couche de
mucus produite par la memhrane muqueuse vaginale, d’y voir
un tissu cellulaire hien organisé et composé comme tous les
tissus cellulaires végétaux, d’un agglomérat, par simple conti-
guité, de vésicules distinctes et vivant individuellement chacune
pour leur propre compte au dépens de ’eau muqueuse, qui les
baigne de toutes parts.” Turpin then compares this tissue of
animal cells, presented under the appearance of mucus, with
what he calls “ suppurations végétales, excrétions muqueuses,
qui semblent suinter sous forme de gouttelettes, de la surface
des tissus vifs,” and which is generally comprised under the

! May there not have heen some confusion here with the nuclei of the epithelium-
cells? At present, as far as regards Mammalia at least, we know of no formation
of cells within cells in the epithelium.

L 4
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these observations of Dumortier, in as much as they regard the
tissue consisting of cells as the yelk and not the liver. (Bulletin
de P’Acad. royale de Bruxelles, tom. v, No. 5.)

Other instances of the resemblance in form between different
animal tissues and those of vegetables had already been
repeatedly pointed out. Thus it was frequently said, in refer-
ence to thickly-crowded animal cells, or even mere globules,
that they presented an appearance resembling vegetable cellu-
lar-tissue ; and Valentin (Nov. Act. N. C. xviii, P. 1, 96),
after describing the nucleus of the epidermal cells, states that
it reminded him of the nucleus which occurs in the vegetable
kingdom, in the cells of the epidermis, the pistil, &c. Nothing,
however, resulted from such comparisons, because they were
mere similarities in figure, between structures which present
the greatest variety of form.

Schleiden instituted researches into the mode of development
of vegetable cells, which illustrated the process most excellently.
This admirable work appeared subsequently in the second part
of Miiller’s Archiv for 1838. He found, that in the forma-
tion of vegetable cells, small, sharply-defined granules are first
generated in a granulous substance, and around them the cell-
nuclei (cytoblasts) are formed, which appear like granulous
coagulations around the granules. The cytoblasts grow for a
certain time, and then a minute transparent vesicle rises upon
them, the young cell, so that, in the first instance, it is placed
upon the cytoblast, like a watch-glass upon a watch. It then
becomes expanded by growth. Schleiden communicated the
results of his investigations to me, previous to their publication
in October, 1837. The resemblance in form, which the chorda
dorsalis, to which J. Miiller had already drawn attention, and
the branchial cartilage of the tadpole present to vegetable cells,
had previously struck me, but nothing resulted from it. The
discoveries of Schleiden, however, led to more extended re-
searches in another dircction.
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in their physiological signification; and the diversity in the
laws which it was necessary to assume in the development of
a cell and a fibre, was also, only in a less degree, necessarily
assumed between the different kinds of cells and the different
sorts of fibres. Cells, fibres, &c. were therefore merely natural-
history ideas, and no conclusion could be drawn from the mode
of development of one kind of cell as to that of any other kind ;
and, in fact, no such deductions were made, although we were ac-
quainted with some important points in the process of develop-
ment of certain kinds of cells; for example, the blood-corpuscle
(see p. 67 of this Treatise), and the ovum (see the Supplement,
p- 217).  Althongh the investigations quoted above determined
the important fact of the non-vascular growth, they did not
thereby effect any change in our views. The idea of proving
the similarity of the principle of development for elementary
particles which were physiologically different, by a comparison
of animal cells with_those of vegetables, was not contained in
those researches, and with these, therefore, the investigators
before mentioned might well come to a stand-still.

The discoveries of Schleiden made us more accurately ac-
quainted with the process of development in the cells of plants.
This process contained sufficient characteristic data to render
a comparison of the animal cells in reference to a similar
principle of development practicable. In this sense I com-
pared the cells of cartilage and of the chorda dorsalis with
vegetable cells, and found the most complete accordance. The
discovery, upon which my inquiry was based, immediately lay
in the perception of the principle contained in the proposition,
that two clementary particles, physiologically different, may
be developed in the same manner. For it follows, from the
foregoing, that if we maintain the accordance of two kinds of
cells in this sense, we are compelled to assume the same princi-
ple of development for all elementary particles, however dis-
similar they may be, because the distinction between the other
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particles and a cell differs only in degree from that which exists
betwecn two cells; so also the principle of development in the
latter can only then be similar, when it repeats itself in the
rest of the elementary particles. I therefore quickly asserted
this position also, so soon as I was convinced of the accordance
between the cells of cartilage and those of plants in this sense.
It now became easy to accommodate the principle which I
had laid down to the rest of the tissues, since the principle
itself had already made me acquainted with the law of their
development.  Actual observation also completely confirmed
the conclusion which had been drawn with respect to the rest
of the tissues. It was not absolutely nccessary that this
principle should recur in the elementary particles of vascular
tissues; for since no independent vitality of the elements,
and therefore no diversity in the fundamental powers of
growth, was assumed in their case, so, without prejudice to
the principle, might they be subject to entirely different laws
of development. But slight as was the probability at the
commencement, that the principle could be carried out with
respect to them, observation soon showed that vessels do not
establish any cssential difference in growth, but merely occa-
sion some distinctions, which may be explained as the con-
scquences of a more minute distribution of the nutrient fluid ;
of the change of material facilitated both by that means and
by the circulation; and of a greater capacity of imbibition
in the animal substance. Thus was the proposition ﬁrmly'
cstablished by observation, that there is one common principle
of development for the clementary particles of all organised
bodies. It had already indeed been long known that all
tissues were formed from a granulous mass; but that these
granules bore some direct relation to the subsequent ele-
mentary particles, and what that relation might be was known
in respect to but a few of the particles, and in them the mode
of development appeared to differ so much, that unity neither
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was nor could he recognised in it; for the conformity of the
principle of development consists chiefly in the similar origin of
these granules themselves, and this circumstance was not known,
indeed the term granules or granulous mass was sometimes
used to denote the entire cells, sometimes the nuclei, and some-
times granulous substances which form to a certain extent
as chemical precipitates, and have no direct connexion with
the elementary cells of organised bodies.

I communicated a preliminary review of the results gained,
and which already comprehended most of the tissues, in the
beginning of the year 1838, in Froriep’s ¢ Notizen,” Nos. 91,
103, and 112. The detailed description required a longer
time ; the first two portions of the present Treatise were placed
before the Academy of Paris in August and December, 1838.
J. Miiller and Henle have already applied the theory to the
most important pathological processes, and it now only requires
to he extended to comparative anatomy, particularly amongst
the lower animals.

At the conclusion of the Treatise I have attempted a theory
of organisms, and for that purpose have excluded everything
theoretical from the work itself, in order that facts might not
be confused with hypothetical matter. The theory has at
least this advantage, that by its aid any one may form a pre-
cise idea for himself of the organic processes, which may con-
duct to new researches; such a theory may therefore be of
use, even if assumed to be decidedly false. It contains the
principles of the organic phenomena, both of the healthy and
diseased organism. It was my intention to have added an
application of the theory to the several organic processes; but
circumstances compelled me to bring the work to a conclusion.
Perhaps at some future time I may find opportunity to fill up
the deficiency.

Berlin, March 1839.
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2 INTRODUCTION.

Wien, 1888, p. 14,) they in like manner consist of cells, the
partition-walls of which become obliterated.

Animals, which present a much greater variety of external
form than is found in the vegetable kingdom, exhibit also, and
especially the higher classes in the perfectly-developed condition,
a much more complex structure in their individual tissues.
How broad is the distinction hetween a muscle and a nerve,
between the latter and cellular tissue, (which agrees only in
name with that of plants,) or elastic or horny tissue, and so
on. When, however, we turn to the history of the development
of these tissues, it appears, that all their manifold forms originate
likewise only from cells, indeed from cells which are entirely
analogous to those of vegetables, and which exhibit the most
remarkable accordance with them in some of the vital pheno-
mena which they manifest. The design of the present treatise
i8 lo prove this by a series of observations.

It is, however, necessary to give some account of the vital
phenomena of vegetable cells. Each cell is, within certain
limits, an Individual, an independent Whole. The vital phe-
nomena of one are repeated, entirely or in part, in all the rest.
These Individuals, however, are not ranged side by side as a
mere Aggregate, hut so operate together, in a manner unknown
to us, as to produce an harmonious Whole. The processes
which go forward in the vegetable cells, may he reduced to the
following heads : 1, the production of new cells; 2, the expan-
sion of existing cells; 8, the transformation of the cell-contents,
and the thickening of the cell-wall ; 4, the secretion and ab-
sorption carried on by cells.

The excellent researches of Schleiden, which throw so much
light upon this subject, form the principal basis for my more
minute observations on these separate vital phenomena. (See his
“ Beitrage zur Phytogenesis,” in Miiller’s Archiv, 1838, p. 137,
plates 3 and 4.)?

First, of the production of new cells. According to Schleiden,
in Phznogamous plants, this%process always (except as regards
the cells of the Cambium,) takes place within the already ma-
ture cells, and in a most remarkable manner from out of the
well-known cell-nucleus. On account of the importance of the

1 [A translation of this paper forms part of this volume.—TrANSs.]
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shortly afterwards cell-nuclei, and subsequently also cells were
found in all tissues of the animal body at their origin; so that
all tissues consist of cells, or are formed by various modes, from
cells. The other proof of the analogy between animal and vege-
table cells was thus afforded.

I shall follow the same course in communicating the separate
observations, and shall speak, therefore, in the next place of the
structure and growth of the chorda dorsalis and cartilage, and
in the second section treat of the germinal membrane and the
remaining tissues.
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figure, especially in animals ; in plants they are, for the most
part or exclusively, cells. This variety in the elementary
parts seemed to hold some relation to their more diversified
physiological function in animals, so that it might be established
as a principle, that every diversity in the physiological signi-
fication of an organ requires a difference in its elementary
particles ; and, on the contrary, the similarity of two elemen-
tary particles seemed to justify the conclusion that they were
physiologically similar. It was natural that among the very
different forms presented by the elementary particles, there
should be some more or less alike, and that they might be
divided, according to their similarity of figure, into fibres, which
compose the great mass of the bodies of animals, into cells,
tubes, globules, &. The division was, of course, only one of
natural history, not expressive of any physiological idea, and
just as a primitive muscular fibre, for example, might seem to
differ from one of areolar tissue, or all fibres from cells, so would
there be in like manner a difference, however gradually
marked between the different kinds of cells. It seemed as if
the organism arranged the molecules in the definite forms
exhibited by its different elementary particles, in the way
required by its physiological function. It might be ex-
pected that there would be a definite mode of development
for each separate kind of elementary structure, and that it
would be similar in those structures which were physiologi-
cally identical, and such a mode of development was, in-
deed, already more or less perfectly known with regard to
muscular fibres, blood-corpuscles, the ovum (see the Supple-
ment), and epithelium-cells. The only process common to
all of them, however, seemed to be the expansion of their
elementary particles after they had once assumed their proper
form. The manner in which their different elementary par-
ticles were first formed appeared to vary very much. In
muscular fibres they were globules, which were placed together
in rows, and coalesced to form a fibre, whose growth proceeded
in the direction of its length. In the blood-corpuscles it was
a globule, around which a vesicle was formed, and continued
to grow; in the case of the ovum, it was a globule, around
which a vesicle was developed and continued to grow, and
around his again a second vesicle was formed.
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cells of the chorda dorsalis was compared with that of vege-
table cells. Were the cells of plants developed merely as
infinitely minute vesicles which progressively expand, were
the circumstances of their development less characteristic
than those pointed out by Schleiden, a comparison, in the
sense here required, would scarcely have been possible. We
endeavoured to prove in the first section that the complicated
process of development in the cells of plants recurs in those
of cartilage and of the chorda dorsalis. We remarked the
similarity in the formation of the cell-nucleus, and of its
nucleolus in all its modifications, with the nucleus of vegetable
cells, the pre-existence of the cell-nucleus and the development
of the cell around it, the similar situation of the nucleus in
relation to the cell, the growth of the cells, and the thickening
of their wall during growth, the formation of cells within
cells, and the transformation of the cell-contents just as in
the cells of plants.© Here, then, was a complete accordance
in every known stage in the progress of development of two
elementary parts which are quite distinct, in a physiological
sense, and it was established that the principle of develop-
ment in two such parts may be the same, and so far as could
be ascertained in the cases here compared, it is really_the
same.

But regarding the subject from this point of view we are
compelled to prove the universality of this principle of develop-
ment, and such was the object of the second section. For so
long as we admit that there arc elementary parts which originate
according to entirely different laws, and between which and
the cells which have just been compared as to the principle of
their development there is no connexion, we must presume
that there may still be some unknown difference in the laws
of the formation of the parts just compared, even though
they agree in many points. But, on the contrary, the greater
the number of physiologically different elementary parts, which,
so far as can be known, originate in a similar manner, and
the greatcr the difference of these parts in form and physio-
logical signification, while they agree in the perceptible phe-
nomena of their mode of formation, the more safely may
we assume that all elementary parts have one and the same
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molecules between the particles of this membrane takes place
in such 2 manner that more molecules are deposited between
there are between those which lie one beneath another im its
thickness, the expansion of the membrane must proceed more
vigorously than its increase in thickness, and therefore a con-
stantly increasing space must be formed between it and the
nucleolus, whereby the latter remains adherent to one side of

I have made no observations on the formation of nuclei with
more than one nucleolus. But it is easy to comprehend
how it may occur, if we conceive that two nucleoh may Le
s0 close together that the layers which form around them
become united before they are defined externally, and that by
the progressive deposition of new molecules, the external limi-
tation is so effected that two corpuscles are enclosed by it at
the same time, and then the development proceeds as though
only one nucleolus were present.

When the nucleus has reached a certain stage of develop-
ment, the cell is formed around it. The following appears to
be the process by which this takes place. A stratum of sub-
stance, which differs from the cytoblastema, is deposited upon
the exterior of the nucleus. (See pl. IIl, fig. 1,d) In the
first instance this stratum is not sharply defined externally,
but becomes so in consequence of the progressive deposition
of new molecules. The stratum is more or less thick, some-
times homogeneous, sometimes granulous ; the latter is most fre-
quently the case in the thick strata which occur in the forma-
tion of the majority of animal cells. We cannot at this period
distinguish a cell-cavity and cell-wall. The deposition of new
molecules between those already existing proceeds, however,
and is so effected that when the stratum is thin, the entire
layer—and when it is thick, only the external portion—be-
comes gradually consolidated into a membrane. The external
portion of the layer may begin to become consolidated soon
after it is defined on the outside; but, generally, the membrane
does not hecome perceptible until a later period, when it is
thicker and more defined internally ; many cells, however, do
not exhibit any appearance of the formation of a cell-mem-
brane, but they seem to be solid, and all that can be remarked
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vesicle ere it occurs; the germinal vesicle, for example; in
others, and this is the most common, the nucleus is still solid,
and its development into a vesicle does not take place until a
later period, or perhaps the change never occurs at all. When
the cell is developed, the nucleus either remains stationary at
its previous stage of development, or its growth proceeds, but
not in proportion to the expansion of the cell, so that the
intermediate space between it and the cell-membrane, the cell-
cavity, is also constantly becoming relatively larger. If the
growth of a cell is impeded by the neighbouring cells, or if
the new molecules added between the existing particles of
the cell-membrane are applied to the thickening of the
cell-wall instead of to its expansion, it may occur that the
nucleus becomes more vigorously expanded than the cell, and
gradually fills a larger portion of the cell-cavity. An example
of this was brought forward at page 23, from the branchial
cartilages of the tadpole; on the whole, however, such instances
are very rare. As the nuclei, in the course of their develop-
ment, and especially in such instances as that just mentioned,
continually lose their granulous contents and become pellucid,
"and as in some cases, the germinal vesicle for example, other
corpuscles, such as fat-globules, &c., may be developed in these
contents of the nucleus (a circumstance which never occurs
with respect to the cell-cavities) it is often difficult to distin-
guish such enlarged nuclei from young cells. The presence
of two nucleoli is often sufficient to enable us to distinguish
such an enlarged hollow nucleus. The observation of the
stages of transition, between the characteristic form of the
cell-nucleus and these nuclei which so much resemble cells,
will also aid us in obtaining the information desired. As in
the case of the germinal vesicle, however, a positive decision
can only be obtained by demonstrating that such a nucleus
has precisely the same relation to the cell that an ordinary
cell-nucleus has; that is to say, that such a nucleus is formed
before the cell, that the latter is formed as a stratum around
it, and that the nucleus is afterwards surrounded by the cell.
Whether the nucleus undergoes any further development, as
the expansion of the cell proceeds, or not, the usual result is
that it becomes absorbed. This does not take place, however,
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cover the internal surface of the cell-membrane, or not be in
contact with each other at all. I have not observed any such
secondary stratified depositions in animals.

The variations which may occur in the growth of the cell-
membrane in simple cells, depend upon the circumstance as to
whether or not the addition of new molecules takes place
equably at all parts of the cell-membrane. In the first case
the form of the cell remains unchanged, and the only other
distinction possible would be grounded upon the fact as to
whether the greater part of the new molecules were deposited
between the particles which lay side by side upon the super-
ficies of the cell-membrane, or between those which lay one
behind another in its thickness. The first mode of growth
produces an expansion of the cell-membrane, the effect of the
second is more especially to thicken it. Both modes are gene-
rally combined, but in such a manner that the expansion of the
cell-membrane prevails in most instances.

A great variety of modifications in the form of the cells may
be produced by the irregular distribution of the new mole-
cules. The globular, which is their fundamental form, may
be converted into a polyhedral figure, or the cells may become
flattened into a round or oval or angular tablet, or the expan-
sion of the cells may take place on one or on two opposite sides,
so as to form a fibre, and these fibres again may either be flat,
being at the same time in some instances serrated, or lastly,
the expansion of the cells into fibres may take place on dif-
ferent sides so as to give them the stellate form. Some of
these changes of form are, no doubt, due to mechanical causes.
Thus, for example, the polyhedral form is produced by the
close crowding of the spherical cclls, and these, when separated
from one another, sometimes assume their round figure again ;
such is the case with the yelk-cells. Some of the other
changes would scem to be capable of explanation by exosmosis.
If, for example, the contents of a round cell be so changed,
that a fluid is generated in it which is less dense than the
surrounding fluid, the cell will lose some of its contents by
exosmosis, and must, therefore, collapse, and may become
flattcned into a table as in the blood-corpuscles. Such expla-
nations, however, are unsatisfactory in by far the greatest num-
ber of instances, and we arc compelled to assume, that the
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THEORY OF THE CELLS.

The whole of the foregoing investigation has been con-
ducted with the object of exhibiting from observation alone the
mode in which the elementary parts of organized bodies are
formed. Theoretical views have been either entirely excluded,
or where they were required (as in the foregoing retrospect of
the cell-life), for the purpose of rendering facts more clear, or
preventing subsequent repetitions, they have been so presented
that it can be easily seen how much is observation and how
much argument. But a question inevitably arises as to the
basis of all these phenomena; and an attempt to solve it will
be more readily permitted us, since by making a marked sepa-
ration between theory and observation the hypothetical may be
clearly distinguished from that which is positive. An hypo-
thesis is never prejudicial so long as we are conscious of the
degree of reliance which may be placed upon it, and of the
grounds on which it rests, Indeed it is advantageous, if not
necessary for science, that when a certain series of phenomena
is proved by observation, some provisional explanation should be
conceived that will suit them as nearly as possible, even though
it be in danger of being overthrown by subsequent observations;
for it is only in this manner that we are rationally led to new
discoveries, which either establish or refute the explanation. It
is from this point of view I would beg that the following theory
of organization may be regarded ; for the inquiry into the source
of development of the elementary parts of organisms is, in fact,
identical with the theory of organized bodies.

The various opinions entertained with respect to the funda-
mental powers of an organized body may be reduced to two,
which are essentially different from one another. The first is,
that every organism originates with an inherent power, which
models it into conformity with a predominant idea, arranging
the molecules in the relation necessary for accomplishing certain
purposes held forth by this idea. Here, therefore, that which
arranges and combincs the molecules is a power acting with a
definite purpose. A power of this kind would be essentially
different from all the powers of inorganic nature, because action
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and by this second view we are just as little compelled to
conclude that the fundamental powers of organization operate
according to laws of adaptation to a purpose, as we are in
inorganic nature.

The first view of the fundamental powers of organized bodies
may be called the teleological, the second the pkysical view.
An example will show at once, how important for physiology
is the solution of the question as to which is to be followed.
If, for instance, we define inflammation and suppuration to be
the effort of the organism to remove a foreign body that has
been introduced into it; or fever to be the effort of the or-
ganism to eliminate diseased matter, and both as the result of
the ‘“autocracy of the organism,” then these explanations
accord with the teleological view. For, since by these pro-
cesses the obnoxious matter is actually removed, the process
which effects them is one adapted to an end; and as the
fundamental power of the organism operates in accordance with
definite purposes, it may either set these processes in action
primarily, or may also summon further powers of matter to its
aid, always, however, remaining itself the * primum movens.”
On the other hand, according to the physical view, this is just
as little an explanation as it would be to say, that the motion
of the earth around the sun is an effort of the fundamental
power of the planetary system to produce a change of seasons
on the planets, or to say, that ebb and flood are the reaction
of the organism of the earth upon the moon.

In physics, all those explanations which were suggested by
a teleological view of nature, as ‘ horror vacui,” and the like,
have long been discarded. But in animated nature, adaptation
—individual adaptation—to a purpose is so prominently
marked, that it is difficult to reject all teleological explanations.
Mecanwhile it must be remembered that those explanations,
which explain at once all and nothing, can be but the last
resources, when no other view can possibly be adopted; and there
is no such necessity for admitting the teleological view in the
case of organized bodies. The adaptation to a purpose which
is characteristic of organized bodies differs only in degree from
what is apparent also in the inorganic part of nature; and the
explanation that organized bodies are developed, like all the
phenomena of inorganic nature, by the operation of blind laws
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are essentially the same for all elementary parts. One can
see no reason why this should be the case, if each organism be
endued with a special power to frame the parts according to
the purpose which they have to fulfil : it might much rather
be expected that the formative principle, although identical
for organs physiologically the same, would yet in different
tissues be correspondingly varied. This resemblance of the
elementary parts has, in the instance of plants, already led to
the conjecture that the cells are really the organisms, and that
the whole plant is an aggregate of these organisms arranged
according to certain laws. But since the elementary parts of
animals bear exactly similar relations, the individuality of an
entire animal would thus be lost; and yet precisely upon the
individuality of the whole animal does the assumption rest, that
it possesses a single fundamental power operating in accordance
with a definite idea.

Meanwhile we cannot altogether lay aside teleological views
if all phenomena are not clearly explicable by the physical view.
It is, however, unnecessary to do so, because an explanation,
according to the teleological view, is only admissible when the
physical can be shown to be impossible. In any case it con-
duces much more to the object of science to strive, at least, to
adopt the physical explanation. And I would repeat that,
when speaking of a physical explanation of organic phenomena,
it is not necessary to understand an explanation by known
physical powers, such, for instance, as that universal refuge
electricity, and the like; but an explanation by means of
powers which operate like the physical powers, in accordance
with strict laws of blind necessity, whether they be also to be
found in inorganic nature or not.

We set out, therefore, with the supposition that an organized
body is not produced by a fundamental power which is guided
in its operation by a definite idea, but is developed, according
to blind laws of necessity, by powers which, like those of
inorganic nature, are established by the very existence of
matter. As the elementary materials of organic nature are
not different from those of the inorganic kingdom, the source
of the organic phenomena can only reside in another combi-
nation of these materials, whether it be in a peculiar mode of
union of the elementary atoms to form atoms of the second
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sponding to the thickness of the layer; that is to say, the
molecules which are deposited by intussusception between those
already present, must be deposited much more vigorously be-
tween those lying together along the surface of the layer than
between those which lie over one another in its thickness.
This deposition of molecules side by side is limited in common
crystals by the size of the crystal, or by that of the surface on
which the layer is formed ; the coalescence of molecules there-
fore ceases as regards that layer, and a new one begins. But
if the layers grow by intussusception in crystals capable of
imbibition, there is nothing to prevent the deposition of more
molecules between those which lie side by side upon the sur-
face, even after the lamina has invested the whole crystal ; it
may continue to grow without the law by which the new mole-
cules coalesce requiring to be altered. But the consequence is,
that the layer becomes, in the first instance more condensed,
that is, more solid substance is taken into the same space;
and afterwards it will expand and separate from the completed
part of the crystal so as to leave a hollow space between itself
and the crystal ; this space fills with fluid by imbibition, and
the first-formed portion of the crystal adheres to a spot on its
inner surface. Thus, in bodies capable of imbibition, instead
of a new layer attached to the part of the crystal already
formed, we obtain a hollow vesicle. At first this must have the
shape of the body of the crystal around which it is formed,
and must, therefore, be angular, if the crystal is angular. If,
however, we imagine this layer to be composed of soft sub-
stance capable of imbibition, we may readily comprehend how
such a vesicle must very soon become round or oval. But the
first formed part of the crystal also consists of substance capable
of imbibition, so that it is very doubtful whether it must have
an angular form at all. In common crystals atoms of some
one particular substance are deposited together, and we can
understand how a certain angular form of the crystal may re-
sult if these atoms have a certain form, or if in certain axes
they attract each other differently. But in bodies capable of
imbibition, an atom of one substance is not set upon another
atom of the same substance, but atoms of water come between;
atoms of water, which are not united with an atom of solid
substance, so as to form a compound atom, as in the water of
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gated into a fibre ; and so with the other changes of form. Divi-
sion of the cells can have no analogue in common crystals,
because that which is once deposited is incapable of any further
change. But this phenomenon may be made to accord with the
representation of crystals capable of imbibition, just as well as
the coalescence of numerous cells in the manner described at
page 184 does. And if we ascribe to a layer of a crystal capa-
ble of imbibition the power of producing chemical changes in
organic substances, we can very well understand also the origin
of secondary deposits on its inner surface as they occur in cells.
For if, in accordance with the laws of crystallization, the lamina
has become expanded into a vesicle, and its cavity has become
filled by imbibition with a solution of organic substance, there
may be materials formed by means of the converting influence
of the lamina, which cannot any longer be held in solution.
These may, then, either crystallize within the vesicle, as new
crystals capable of imbibition under the form of cells; or if
they are allied to the substance of the vesicle, they may so
crystallize as to form part of the system of the vesicle itself :
the latter may occur in two ways, the new matters may be
applied to the increase of the vesicle, or they may form new
layers on its inner surface from the same cause which led to
the first formation of the vesicle itself as a layer. In the cells
of plants these secondary deposits have a spiral arrangement.
This is a very important fact, though the laws of crystallization
do not scem to account for the absolute necessity of it. If,
however, it could be mathematically proved from the laws of
the crystallization of inorganic bodies, that under the altered
circumstances in which bodies capable of imbibition are placed,
these deposits must be arranged in spiral forms, it might be
asserted without hesitation that the plastic power of cclls and
the fundamental powers of crystals are identical.

We come now, however, to some peculiarities in the plastic
power of cells, to which we might, at first sight, scarcely expect
to find anything analogous in crystals. The attractive power
of the cells manifests a certain degree of clection in its opera-
tion ; it does not attract every substance present in the cyto-
blastema, but only particular ones; and here a muscle-cell,
there a fat-cell, is generated from the same fluid, the blood.
Yet crystals afford us an example of a precisely similar pheno-
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bodies capable of imbibition could be brought to crystallize.
So long as the object of such a comparison were merely to
render the representation of the process by which cells are
formed more clear, there could not be much urged against it ;
it involves nothing hypothetical, since it contains no explana-
tion ; no assertion is made that the fundamental power of the
cells really has something in common with the power by which
crystals are formed. We have, indeed, compared the growth
of organisms with crystallization, in so far as in both cases
solid substances are deposited from a fluid, but we have not
therefore asserted the identity of the fundamental powers. So
far we have not advanced beyond the data, beyond a certain
simple mode of representing the facts.

The question is, however, whether the exact accordance of
the phenomena would not authorize us to go further. If the
formation and growth of the elementary particles of organisms
have nothing more in common with crystallization than merely
the deposition of solid substances from out of a fluid, there is
certainly no reason for assuming any more intimate connexion
of the two processes. But we have seen, first, that the laws
which regulate the deposition of the molecules forming the
elementary particles of organisms are the same for all ele-
mentary parts; that there is a common principle in the deve-
lopment of all elementary parts, namely, that of the formation
of cells; it was then shown that the power which induced the
attachment of the new molecules did not reside in the entire
organism, but in the separate elementary particles (this we
called the plastic power of the cclls); lastly, it was shown that
the laws, according to which the new molecules combine to
form cells, are (so far as our incomplete knowledge of the laws
of crystallization admits of our anticipating their probability)
the same as those by which substances capable of imbibition
would crystallize. Now the cells do, in fact, consist only of
material capable of imbibition ; should we not then be justi-
fied in putting forth the proposition, that the formation of the
elementary parts of organisms is nothing but a crystallization
of substance capable of imbibition, and the organism nothing
but an aggregate of such crystals capable of imbibition ?

To advance so important a point as absolutely true, would
certainly need the clearest proof; but it cannot be said that
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metabolic phenomena resides in that definite mode of arrange-
ment of the molecules which occurs in crystals, combined with
the capacity which the solution has to penetrate between these
regularly deposited molecules (by means of which, presuming
the molecules to possess polarity, a sort of galvanic pile will
be formed), and that the same phenomena would be observed
in an ordinary crystal, if it could be rendered capable of imbi-
bition. And then perhaps the differences of quality in the
metabolic phenomena depend upon their chemical composition.

In order to render tenable the hypothesis contained in the
second point, it is merely necessary to show that crystals capable
of imbibition can unite with one another according to certain
laws. If at their first formation all crystals were isolated, if
they held no relation whatever to each other, the view would
leave entirely unexplained how the elementary parts of or-
ganisms, that is, the crystals in question, become united to
form a whole. It is therefore necessary to show that crystals
do unite with each other according to certain laws, in order to
perceive, at least, the possibility of their uniting also to form
an organism, without the need of any further combining
power. But there are many crystals in which a union of this
kind, according to certain laws, is indisputable; indeed they
often form a whole, so like an organism in its entire form,
that groups of crystals are known in common life by the names
of flowers, trees, &c. I need only refer to the ice-flowers on the
windows, or to the lead-tree, &c. In such instances a number
of crystals arrange themsclves in groups around others, which
form an axis. If we consider the contact of each crystal with
the surrounding fluid to be an indispensable condition to the
growth of crystals which are not capable of imbibition, but that
those which are capable of imbibition, in which the solution can
penetrate whole layers of crystals, do not require this condition,
we perceive that the similarity between organisms and these
aggregations of crystals is as great as could be expected with
such difference of substance. As most cells require for the
production of their mctabolic phenomena, not only their pe-
culiar nutrient fluid, but also the access of oxygen and the
power of exhaling carbonic acid, or vice versd; so,on the other
hand, organisms in which there is no circulation of respiratory
fluid, or in which at least it is not sufficient, must be developed
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in such a way as to present as extensive a surface as possible
to the atmospheric air. This is the condition of plants, which
require for their growth that the individual cells should come
into contact with the surrounding medium in a similar manner,
if not in the same degree as occurs in a crystal tree, and in
them indeed the cells unite into a whole organism in a form
much resembling a crystal tree. But in animals the circulation
renders the contact of the individual cells with the surrounding
medium superfluous, and they may have more compact forms,
even though the laws by which the cells arrange themselves
are essentially the same.

The view then that organisms are nothing but the form
under which substances capable of imbibition crystallize, ap-
pears to be compatible with the most important phenomena of
organic life, and may be so far admitted, that it is a possible
hypothesis, or attempt towards an explanation of these pheno-
mena. It involves very much that is uncertain and paradoxical,
but I have developed it in detail, because it may serve as a
guide for new investigations. For even if no relation between
crystallization and the growth of organisms be admitted in
principle, this view has the advantage of affording a distinct
representation of the organic processes; an indispensable re-
quisite for the institution of new inquiries in a systematic
manner, or for testing by the discovery of new facts a mode

of explanation which harmonizes with phenomena already
known.





