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PREFACE.

THE subject of this work was the theme of an inau-
gural address to the Microscopical Society of Liverpool,
delivered by me as President for the year 1874. My
attention had been directed to the subject for several
years, and materials accumulated for the treatment of
it far beyond what could be given in the compass of a
lecture. These materials have been, to some extent,
used in the Second Part, and the rest were intended
for the Third Part of “Life, and the Equivalence of
Force,” a work in which I have endeavoured to bring
before the notice of biologists the remarkable anticipa-
tion of certain recent views on the nature of life and
other physiological questions, contained in the, partly
posthumous, works of' Dr. John Fletcher, of which I
am the sole surviving editor. It has seemed, however,
better to publish what refers to this subject complete
in itself, leaving my hands free for other matters,
especially the stimuli: hence the present book. As
no claim to original discoveries is here put forward,



iv PREFACE.

I have preferred giving extracts or full analyses of the
writings of the original observers to whom the build-
ing up of the Protoplasm theory is due, rather than
writing a compendium which would most probably
fail to give so accurate or interesting an account of
them. Also, as this work is addressed to men of
general culture in science rather than to those techni-
cally educated, I have entered on the general physi-
ology of some parts of the subject more fully than
would be required by the latter. But by these means
it is hoped that men of general scientific culture may
have the opportunity at hand of judging of the im-
portant theory attempted, however imperfectly, to be
set forth in this book, viz., that every action properly
called vital, throughout the vegetable and animal
kingdoms, results solely from the changes occurring in
a structureless, semifluid, nitrogenous matter now
called Protoplasm,

Liverroor, October, 1874,
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THE PROTOPLASMIC THEORY OF LIFE.

CHAPTER 1

INTRODUCTION, AND FLETCHER'S THEORY OF ONE ONLY
LIVING MATTER.

WERE it possible even to do so in less than a volume,
it would be tedious and unprofitable to go over the
history of all the theories of life, so I will begin at
the point where it became clearly apparent that all the
varieties of opinion might be summed up under two
heads—

1.-Those which require the addition to ordinary
matter of an immaterial or spiritual essence, substance,
or powerygeneral or local, whose presence is the efficient
cause of life ; and

2. Those which attribute the phenomena of life
solely to the mode of combination of the ordinary ma-
terial elements of which the organism is composed
without the addition of any such immaterial essence,
power, or force.

Up to the year 1835, the balance had been inclining
against the hypothesis of a vital principle, at least in
the crude form hitherto predominant, but the minds of

1
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physiologists were far from clear, and the ideas of
some central vital influence, which ruled over all local
actions, or even furnished vital influence to them, were
still in the ascendant.

In 1835, Joh. Miiller commenced an essay on
“Organism and Life” with the following words of
Kant : “The cause of the particular mode of existence
of each part of a living body resides in the whole,
while in dead masses each part contains the cause
within itself.”* The sense in which this was taken is,
that some central power or influence in each individual,
presided over the formation, nutrition, and vital action
of all parts, and correlated them into an harmonious
whole, and, in fact, furnished vital influence or power
to the separate parts. This is just what the vital
principle was assumed to effect in olden times, and, in
fact, to ascribe a power of this nature to any, even
material parts, such as a central nervous system, under
the name of “vital force and power,” or “directing
agency,” or “ directing power,” is nothing better than
the old vital prmmple with a new name.

We see, thus, in the above-mentioned work, the
author, then the highest authority in Germany, and;
at the same time, an original observer, has, as it were,
his face still directed backwards to the old theory of a
spirit, or, at least, central power of some kind animat-
ing each living individual, and, with the help of the
material organs, performing the functions of life.
Such a work soon belongs to the past.

In the same year appeared another work on physi-

¢ Stricker, Syd. Soc., vol. xlvii. p, 1.
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ology by an author whose face was directed to the
future, and who, abandoning all the ancient theories
of spiritual essences as the efficient causes of vital
phenomena, referred these latter solely to the inherent
properties of the elementary parts, and thus placed
himself in harmony with the philosophy of the
future.

In this year, 1835, in his masterly work, “ Rudi-
ments of Physiology,” Dr. Fletcher, of Edinburgh,
systematically reviewed, for the last time, the old
hypothesis of a vital spirit, or essence, or principle, as
the cause of life, and gave it, we may suppose, the
coup de grdce, for the question is seldom argued now
in physiological works, and it is the fashion to treat it
as an exploded theory, even by those who have not
clearly apprehended the alternative, and are really
still following it under other names. That alternative
was, however, clearly’ apprehended by Fletcher, and
with such force that he was impelled by the mere
course of consistent reasoning to frame an hypothesis
of the anatomical nature of the living matter which
anticipates, in a remarkable manner, the discovery of
the protoplasmic theory of life, which is our subject
here. The two chief points laid down by him are-—

1. That if vitality donot reside in a separate prin-
«ciple, but depends upon the mode of combination of
the elements of the organic parts themselves, there
can be no central vital influence communicable
to the parts and dominating them, for the vitality of
each must be inherent in itself, and, as a property of
the material compound, cannot be transferred to the

smallest distance ; each part, organ, and even cell, there-
1—2
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fore, possesses a quasi-independent life, and they are
all bound together to form an individual merely by
the ties of a central nervous system and common cir-
culation or some similar means when these are not
present. This is not taught as anything original, and
it was a view more or less distinctly expressed by
the older physiologists, e.g., Fallopius.

2. That the property of vitality does not reside
equally in the various organic structures requiring
such different physical properties, but is restricted
solely to a universally-diffused, pulpy, structureless
matter, similar to that of the ganglionic nerves and to
the gray matter of the cerebro-spinal nervous system.
This is, as far as I am aware, a perfectly original

hypothesis.

"~ No doubt it is easy enough to perceive that the in-
vocation of a.spiritual principle which shall cause
common, chemically-combined matter to display the
powers of life, as an explanation, is no more philoso-
phical than to believe in the capacity of such agencies
as witchcraft and magic to do work without adequate
physical power. But when we come to particulars,
and ask the physiologist who asserts that vitality is
merely the property of a certain chemical combina-
tion of matter just as aquiosity is the property of the
chemical compound we call water, how it comes that
from no known chemical action or process can we ob-
tain results the least like living action, he is at fault.
He can name and define by chemical tests the matter
after death, which a moment before was living, but he
cannot now perform a single vital function with this
very matter presumed to be identical, and if he does
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not fall back upon the notion of some essence or prin-
ciple which escaped at death, leaving the chemical
compound the same, he speaks with extreme vague-
ness of a peculiar variety of force called vital, evolved
from the chemical force of the food by subtle chemical
processes which we cannot as yet imitate in the la-
boratory. It is easy to show that no possible form of
force, as defined in physics, could compel chemical com-
pounds, such as albumen, fibrin, and others presumedly
making up the living matter, to act differently from
the manner in which they must act according to their
molecular composition, as albumen, protein, and the
rest.

The difficulty was felt and acknowledged by
Fletcher, and instead of evading it, he met it at once,
and declared that the truly living matter was not in
simply a somewhat different chemical state from that
in which it exists after death—such a statement would
be a mere bald truism—but that the elements are ina
state of combination not to be called chemical at all in
the ordinary sense, but one which is utterly sui generis.
That,in fact, no albumen, fibrin, myosin, protagon, or fats
exist at all in the living matter, but that the sum of
the elements of all these is united into a compound,
for which we have no chemical name, and of the com-
plex mode in which the atoms are combined we can
form no idea; and it is only at the moment of death
that those chemical compounds, with which we are
familiar, take their origin. In fact, that death means
simply the resolution of this complex combination
into the simpler compounds, albumen, fibrin, and the
rest, which we find on analysis. Among the expres-
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sions of Fletcher on this point, I may quote the
following :

“It is only at the instant of the cessation of the
vitality of each organized tissue that these compounds
or reputed proximate principles are formed—at that
instant when the power called chemical affinity succeeds
another power which may be called vital affinity, and by
which it had been previously superseded, and common
chemical compounds are all that is left of that organized
mass into which the elements had been associated.”
Nor is this “power called vital aflinity ” any essence
or force added to the living matter, for “irritability or
vitality is a property of organized or living matter, as
characteristic of this as inflammability of phosphorus,
or elasticity is of ivory.” Again: “ The process of secre-
tion, by which the ultimate ingredients of all vege-
table and animal compounds, whatever they may be,
are brought together, is perhaps an infinitely more
subtle and scarching power than that of common
chemical affinity.” Nevertheless, it is not anything
foreign to the properties of matter, for he adds, “Secre-
tion is a process, although not identical with, still an-
alogous to, common chemical affinity.”*

With such sharply defined distinctions between the
chemical and vital state of combination of the atoms

* The clear expressions of Fletcher gave no countenance to any
ambiguity respecting the nature of his living or ‘‘irritable matter,”
such as has lately been experienced respecting protoplasm by the ap-
plication of that word both to living and dead matter. *‘Chemical
analysis accordingly must be considered as useful in showing us, not
what such matter was composed of while it possessed vitality, but
what it is composed of afterwards ” (135). And, he adds in a note,
¢“The grave-digger, in Hamlet, spoke more by the rule’ in these
.ms:itt:‘xis,—"‘ One that was a woman,’ says he, ¢ but, rest her soul, she
is dead.
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of matter, as might be expected Fletcher gives no
countenance to the idea of any intermediate stage
between them—any stage, as it were, common to both
which would permit the gradation of one into the
other. There is no such thing as vito-chemical in the
sense of partaking of both states. On the contrary,
the division is sharp, abrupt, and absolute, and be-
tween them is an unfathomable gulf.

Vitality is thus a property inherent in each particle
of the living matter, and as all the parts of a complex
organism differ in function, each part has a specific
kind of vitality peculiar to itself. An individual of
any species is thus a complex congeries of a number of
subordinate quasi-independent living units, whose life
is complete in themselves. It is impossible even to
touch upon the large question of the development of
the germ into the harmonious arrangement of different
organs and parts in perfect adaptation to their pur-
pose, but it may be stated that in the absence of any
central, overruling, semi-rational, vital principle, Fletcher
holds “that the development of those parts is immedi-
ately effected by certain inherent powers, of a different
nature indeed, but not less definite in their operation
than those which determine the crystahzatlon of a
mineral ” (i. 65).

With respect to the second proposition, that this pe-
culiar property of vitality does not reside in the tissues
indiscrimina,tely, but in one anatomical element alone,
it is sufficiently obvious that as the various tissues
differ extremely in their physical properties, and these
latter are almost exactly the same after as before
death, it is hardly to be expected that the living
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matter can die into or rearrange itself in a short time
into a number of different forms, which shall possess
exactly the same physical properties in the vital as in
the ordinary state of combination. It is likewise to
be ‘expected that as the vital or metabolic molecular
changes in the living matter must be very rapid and
complicated, the physical state of it cannot be hard or
rigid, and this agrees with what has been long known of
the parts in which life is most active and intense, viz,
the gray matter of the nervous system. Moreover,
we know that there is no example of life existing in
any gaseous or purely liquid fluid. These considera-
tions narrow the probable field of the seat of vitality
very much, and the following question thereupon
is raised by Fletcher :—*“ Admitting that irritability or
vitality, general and specific, is a property of the
organized solids alone, it becomes a question of the
highest interest whether it be directly inherent in
each of the organized tissues, either of plants or
animals, or whether it merely appears to be possessed
by them all in virtue of some one which is universally
distributed over the organized being, and inextricably
interwoven with every other” (ii. p. 55). He ex-
amines this question, and by an interesting train of
reasoning, based chiefly on arguments derived from
comparative anatomy and physiology, he comes to
the conclusion that vitality is not inherent in any
liquid, nor in any of the rigid structures, and
that it is only in virtue of a specially living matter,
universally diffused and intimately interwoven with
its texture, that any tissue or part possesses vitality.
Therefore, he “must deny any direct participation in
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irritability or vitality to those peculiar aggregations of
matter which go to form respectively the cellular,
dermoid, mucous, serous, vascular, fibrous, osseous, car-
tilaginous, or muscular tissues,” and also to the white
matter of the nerves. Thus every one of the struc-
tures possessing any degree of rigidity, usually de-
nominated the living tissues, is in reality dead just
as much as cuticle, hair, nails, and all the pure fluids.
The only truly living matter consists of the gray
matter of the ganglionic nerves, which he held to be
universally diffused, and the gray matter of the brain
and spinal marrow.

The physical and chemical description of this one
true and only living matter is that of “a pulpy, trans-
lucent, homogeneous matter, yielding, after death,
fibrin.” Thus we have the remarkable conclusion
that all that is properly called structure and gives
form and beauty and fitness for purpose to animals
and plants is dead, and composed of merely chemically
combined elements, just as we find it after death.
Here then is an ample field for the display of those
mechanical and chemical actions, which are certainly
largely represented in the functions of living beings,
without trenching on the truly vital actions. We may,
without difficulty, now perceive how the bones give
firmness and support ; how the teeth grind the hardest
substances; how the arteries and veins form a perfect
system of conduits for nutrient fluid ; how the fibrous,
elastic, and connective tissues perform their respective
physical functions; how the muscles form an appa-
ratus, admirably adapted for the physical conditions of
motion in a particular direction, while a purely vital
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process may be concerned in the perception of the
stimulus and transformation of the needful force ; how
osmosis, chemical fermentation, interchange of oxygen
and carbonic acid by the haemoglobin, and all the
various processes, strictly chemical and physical of
animals and plants, are performed in harmony with
vital actions, properly so-called. These last, residing
in this “ nitrogenous, pulpy, translucent, homogeneous
matter, yielding, after death, fibrin,” and which is
everywhere interwoven with the tissues according to
the degree to which they can be called living tissues,
of course, must vary in strict dependence on the
changes in quantity and quality of  this marvellous
combination of matter—so utterly unlike ordinary che-
mical compounds, and which alone possesses the faculty
of growth or self-renewal and increase from heteroge-
neous matter. With every vital action, including for-
mation and absorption of tissue and secretions, assimi-
lation, respiration, generation; with every evolution
of force; with every sensation, thought, and act of
volition, some portion of this wonderful substance
must pass from the vital down to the chemical state—
must be consumed, in fact—and a corresponding quan-
tity of new living matter assimilated from the pa-
bulum.

The process of assimilation, he held, was always truly
vital, and the components of the tissues were never
absorbed and merely deposited unchanged from the
nutrient fluid, but were always, however near in compo-
sition, decomposed, and their elements rearranged in the
process ; and so marvellous is the power of the living
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maiter in analysis and in producing new syntheses, that
he thinks reasons are not wanting to lead us to suppose
that it may resolve and transmute the so-called simple
elements themselves.

The intimate dependence of every phase of vital ac-
tion, and of the different properties of the living matter,
throughout the whole range of animals and plants, on
a corresponding change of molecular composition of the
living matter, made up as it is of the same few ulti-
mate elements, cannot as yet be demonstrated experi-
mentally, because finer analyses of the products of
different varieties of living matter, after death, are
still wanting owing to the difficulty of its isolation ;
and also, because this, no doubt, may, consist in the
mere arrangement of the atoms in the extraordinarily
complex molecules of the living matter, as we see in
ordinary chemistry with the various series of isomeric
bodies.

Not only is every vital action traced to molecular
change and to consumption and regeneration of this
structureless, semi-fluid matter, combined in a way
entirely sui generis, but the initiation of these changes
is brought by Fletcher into absolute dependence on
stimuli, and all spontaneity or autonomy is denied to
matter in the living just as in the dead state. Thus
every physiological action is reduced to dependence on
adequate causes exactly in the same way as the phe-
nomena of the inorganic world. The necessity for
stimuli to all muscular motion, and to the senses, and
to many secretions, is generally recognized, but that
they are equally essential for growth, develop-
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ment, and nutrition, is overlooked by many physiolo-,
gists, who still speak of certain actions and functions
as spontaneous, and as thereby manifesting a distinc-
tion between the organic and inorganic kingdoms of

nature.



CHAPTER 11
CELL THEORY BEFORE 1860.

THE progress of physiological knowledge from the
time of Fletcher may be said to be bound up in the
history of the cellular theory, which may be con-
sidered practically to have begun in 1838, when the
microscope was sufficiently perfected to give a solid
basis for the observation of facts. The hypothetical
anticipation of it by various authors in preceding
times, although interesting, need not detain us, and I
may merely refer those desirous of studying it to Pro-
fessor James Tyson’s excellent work on the cell doc-
trine. Taking up the subject from 1838, I will
endeavour to select from the bewildering mass of
details and conflicting statements which have accumu-
lated since then those points which have a definite
bearing on the principles of the question. This may
be best done by tracing the cell doctrine in its com-
plete form up to the time when the cell was generally
accepted as the ultimate elementary unit of life;
then, by tracing again from the beginning the doc-
trine which is believed by many to have now sup-
planted it, viz, that the place of the cell is to be
taken by one of its constituents—the protoplasm.
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‘This may be given up to the period of its full develop-
ment by Dr. Lionel Beale, and after that a review of
the present state of knowledge upon these, in some
respects, rival theories. This method will, I think,
conduce to clearness of understanding the subject,
better than the strictly chronological method in which
both are mingled together.

Schleiden, who was the founder of the cell theory,
though by him restricted to plants, defines the vegetable
cell as “ the elementary organ which constitutes the sole
essential form-element of all plants,and withoutwhich a
plant cannot exist ; and as consisting, when fully deve-
loped, of a cell wall composed of cellulose, lined with a
semi-fluid, nitrogenous coating.” With him, therefore,
the cell consisted of two parts, viz, a vesicle and semi-
fluid contents. In plants the cell forms are distinct, and
easily recognized, and thus, when the conception of a
similar elementary organ was extended to the animal
kingdom by Schwann, in 1838, it is not to be wondered
at that the cellular form was expected to be universal,
Schwann added to Schleiden’s two elements a third—

_the nucleus—which he deemed also of essential im-
portance, and to be present in all cells, if not always,
at least in some stage of their existence. On his
authority this threefold doctrine of the cell became
universally prevalent for a time. I give here Schwann’s
original definition of his theory, as some points in it
have been overlooked or forgotten in the mass of
controversial writing this subject has provoked :—

“The following admits of universal application tothe forma-
tion of cells :—There is, in the first instance, a structureless
substance present, which is sometimes quite fluid, at others



SCHLEIDEN, SCHWANN, HENLE. 15

more or less gelatinous. This substance possesses within itself,
in a greater or lesser measure, according to its chemical quali-
ties, and the degree of its vitality, a capacity to occasion the
production of cells. When this takes place, the nucleus usually
appears to be formed first, and then the ccll around it. The
formation of cells bears the same relation to organic nature that
crystallization does to inorganic. The cell, when once formed,
continues to grow by its own individual powers, but is, at the
same time, directed by the influence of the entire organism in
such manner as the design of the whole requires. This is the
fundamental phenomenon of all animal and vegetable vegeta-
tion. It is alike equally consistent with those instances in
which young cells are formed within parent cells, as with those
in which the formation goes on outside of them. The genera-
tion of the cells takes place in a fluid, or in a structureless sub-
stance in both cases. We will name this substance in which
the cells are formed, cell-germinating material (zellenkeimstoff),
or cytoblastema. It may be figuratively compared to the
mother-lye from which crystals are deposited ” (Syd. Soc., 1847,
p. 39).

We perceive that Schwann added little to the conception of
Schleiden, but he extended it to all organisms, whether animal
or vegetable, and applied it with considerable success to the
details of the formation of animal tissues, in which process the
whole three cell elements were assumed to play a part, and a
distinctively vital one. Schwann was also more decided in ad-
mitting the free origin of cells in a blastema than Schleiden.

However, in proportion as the cell theory was ap-
plied more extensively in the animal kingdom it
became more and more difficult to maintain the three-
fold nature of the cell.

In giving now a general view of the development of
the cell theory I will not attempt to give a complete
history, apportioning to each observer his share of the
merits in the building up of the theory. I will merely
quote in full, or analyze, those memoirs which mark
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the chief stages in its progress, with a few connecting

observations.

Several important changes were introduced into the above
theory before it became for a time established, in spite of these
changes, still as a cell theory. In 1841 Henle adopted the cell
theory of Schleiden and Schwann, but pointed out the multi-
plication of cells by division and budding. In the same year
Dr. Martin Barry showed the reproduction of cells by division
of the parent nucleus, and confirmed Schleiden in the im-
portance of the nuclei, as new cell-formers. But the first im-
portant contributions to the cell theory, after Schwann, were
the memoirs of J. Goodsir, in 1842 and 1846 (‘“‘ Anatemical
Memoirs,” vol. ii.), and they still remain probably the most im-
portant till the time of Dr. Beale. The first was on secreting
structures, and as growth and secretion are substantially the
same vital processes the theory of Schwann received elucida-
tion and development from another side, as it were. Since the
time of Malpighi, the secreting glands were known to be com-
posed essentially of tubes with blind extremities, but the
exact seat of the vital process of secretion was not agreed upon.
By Fletcher, and probably the majority of physiologists, it
was supposed to be the walls of the capillary vessels. Schwann
suggested it was in the epithelium of the mucous membrane
of the ducts, and Purkinje hypothetically placed it more
definitely in the nucleated epithelium, but did not verify that
hypothesis by observation. Goodsir brings together a number
and variety of observations on the secreting organs of animals
from the mollusca up to mammals, and finds a common cha-
racter running through them all, viz., that the specific secretion
is found inside the nucleated epithelial cells, between the
nucleus and the wall of the cell. The animals were selected
on account of the striking colour possessed by the secretion,
such as the Loligo sagittata, on account of its ink-bag ; the
Phallusia vulgaris, for the dark-brown fluid of its hepatic
organ ; the Janthina fragilis, for the purple fluid secreted by
the inner surface of its mantle, and which is the source of the
Tyrian dye, &c. In many cells the secretion is so transparent
and colourless, that ocular proof of its formation within the
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cell is impossible, and no chemical test could be applied. In
the first publication of this memoir, in the “ Transactions of the
Royal Society of Edinburgh,” he follows mainly Schwann,
thinking that the nucleus is the reproductive organ of the cell,
and has nothing to do with the formation of the secretion. He
adds—* I believe that the cell wall itself is the structure by
the organic action of which each cell becomes distended with
its peculiar secretion at the expense of the ordinary nutritive
medium which surrounds it” (p. 417). But in the republica-
tion of the article, in 1845, he says—* The ultimate secreting
structure is the primitive cell endowed with a peculiar organic
agency, according to the secretion it is destined to produce. I
shall henceforward name it the primary secreting cell. It con-
sists, like other primitive cells, of three parts—the nucleus, the
cell wall, and the cavity. . . . The secretion within a primitive
cell is always situated between the nucleus and the cell wall,
and would appear to be a product of the nucleus” (p. 417).

He then states at p. 426 :—‘“Since the publication of
my paper on the secreting structures, in the ¢Transactions
of the Royal Society of Edinburgh,’ in 1842, I have satis-
fied myself that I was in error in attributing to the cell
wall the important function of separating and prepar-
ing the secretion contained in the cell cavity. The nucleus
is the part which effects this. The secretion contained
in the cavity of the cell appears to be the product of the solu-
tion of successive developments of the nucleus, which in some
instances containg in its component vesicles the peculiar secre-
tion, as in the bile cells of certain mollusca, and in others bes
comes developed into the secretion itself, as in seminal cells.
In every instance the nucleus is directed towards the source of
nutritive matter, the cell wall is opposed to the cavity into
which the secretion is cast. This accords with that most im-
portant observation of Dr. Martin Barry, on the function of
the nucleus in cellular development.”

Having, as above, described the nucleus as the generative, or
reproductive organ of the cell, he now shows that repro-
duction and secretion are in reality varieties of the same pro-
cess. “There are, in fact,” he says, * three orders of secretions

2
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—1. A true secretion—s.e., matter formed in the primary se-
creting cell cavities ; 2. A mixture of fluid formed in these cell
cavities, with the developed or undeveloped nuclei of the cells
themselves ;and, 3. It may be a number of secondary cells passing
out entire.” These he supports by observations on the testicles
of the Squalus cornubicus, which show a continual production
of cells within cells, which become developed into complete
spermatozoa and are thrown off, the glandular parenchyma
being in a constant state of change, contemporaneous with and
proportioned to the rapidity of the secretion ; therefore “ there
are not, as has hitherto been supposed, two vital processes
going on at the same time in the gland, growth and secretion,
but only one, viz., growth—the only difference between this
kind of growth and that which occurs in other organs being,
that a portion of the product is from the anatomical condition
of the part thrown out of the system” (p. 422).

In 1845 he adds the following :—

“T have also had an opportunity of verifying, and to an ex-
tent which I did not at the time fully anticipate, the remark-
able vital properties of the third order of secretion, referred to
in the memoir to which I have just alluded. The distinctive
character of secretions of the third order is, that when thrown
into the cavity of the gland, they consist of entire cells, instead
of being the result of the partial or entire dissolution of the
secreting cells. It is the most remarkable peculiarity of this
order of secretions that after the secreting cells have been
separated from the gland, and cast into the duct or cavity, and
therefore no longer a component part of the organism, they re-
tain so much individuality of life, as to proceed in their deve-
lopment to a greater or less extent in their course along the
canal or duct, before they arrive at their full extent of elimina-
tion. The most remarkable instance of this peculiarity of
secretions of this order is that discovered by my brother, and
recorded by him in a succeeding chapter. He has observed
that the seminal secretion of the decapodous crustaceans un-
dergoes successive developments in its progress down the duct
of the testis, but that it only becomes developed into sperma-
tozoa after coition, and in the spermatheca of the female. He
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has also ascertained that, apparently for the nourishment of
the component cells of a secretion of this kind, a quantity of
albuminous matter floats among them, by absorbing which they
derive materials for development after separation from the
walls of the gland. This albuminous matter he compares to
the substance which, according to Dr. Martin Barry’s researches,
results from the solution of certain cells of a brood, and affords
nourishment to their survivors. It is one of other instancesin
which cells do not derive their nourishment from the blood, but
from parts in their neighbourhood, which have undergone solu-
tion ; and it involves a principle which serves to explain many
processes in health and disease, some of which have been re-
ferred to in other parts of this work.” )

From these it appears obvious that much of what was only
plainly understood long afterwards is anticipated, particularly
that the vital action resides in one constituent of the cell,
chiefly if not entirely, here called the nucleus, and also the in-
dependent life of detached and migratory particles of living
matter.

The paper on “Centres of Nutrition,” 1845, does not bear so
much on our subject, except in the unqualified assertion that
cells never arise except from pre-existing cells, which was after-
wards adopted by Remak and Virchow. It contains, probably,
all that is true in the theory of cell territories which Virchow
puts forth without sufficient acknowledgment of Goodsir’s
priority, and does not contain the addendum of Virchow, viz.,
the juice canals which Beale has shown to have no existence.

The comparative unimportance of the cell wall was also shown
by Naegeli in 1845, and by Alexander Braun in 1851, who both,
in fact, maintained that it was non-essential. The credit is
usually, however, given to Leydig, of having, in 1857, first de-
cidedly declared that the cell membrane was non-essential, and
that the cell consisted of “a soft substance enclosing a nucleus.”
This was confirmed in 1861 by Max Schultze, who observed
that very many of the most important kinds of cells were
destitute of membrane, and he defined the cell as “ a little mass
of protoplasm, inside of which lies a nucleus. The nucleus, as
well as the protoplasm, are products by partition of similar

2—2
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components of another cell.” The cell wall being given up, the
threefold nature of the cell as the elementary vital unit disap-
pears, and physiologists go back to Schleiden’s idea of its dual
nature ; but the two elements are now nucleus and cell con-
tents, and as long as the cell theory is maintained, the import-
ance of the nucleus becomes essential. “A plasma-lamp
without a nucleus is no longer a cell,” says Hiickel (““ Gen.
Morph.,” i. 273). Upon the consistence, and structure, and
physiological nature of the nucleus, the most conflicting and
manifold statements and opinions are given by botanists and
zoologists. It would be tedious and superfluous to go into
these in detail, so I will merely note here the position it occu-
pied in the cell theory up to 1860. It is said to be always
round, or a more or less prolonged oval, whatever be the shape
of the cell, and to be of the same chemical composition as the
protoplasm in which it lies embedded, or hardly distinguish-
able from it. It frequently contains within it a smaller similar
body, the nucleolus, and sometimes within that may be detected
a still smaller one, the nucleolinus. The essentiality of this
body, and its supposed functions in the cell theory, were thus
summed up by Virchow, in 1858 :(—

“The nucleus plays an extremely important part within the
cell . . . . less connected_with the function and specific office
of the cell, than with its maintenance and multiplication as a
living part. The specific (in & narrower sense, animal) function
is most distinctly manifested in muscles, nerves, and gland cells;
the peculiar actions of which—contraction, sensation, and secre-
tion—appear to be connected in no direct manner with the
nuclei. But that whilst fulfilling all its functions the element
remains an element, that it is not annihilated nor destroyed by
its continual activity—this seems essentially to depend upon
the action of the nucleus” (“ Cellular Path.,” p. 10). Doubts,
however, were thrown before this on the universality of the
nucleus, and in 1854, Max Schultze had described a non-nucle-
ated Ameeba found in the Adriatic—the Ameeba porrecta. The
phenomena spoken of by Virchow will afterwards be seen to
be capable of quite different explanation, nevertheless, the cell
theory in the altered form (contents and nucleus) above noted
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was accepted for many years in medicine ; the cell being in the
words of Virchow “the ultimate morphological unit in which
there is any manifestation of life.” The development of cells
form a free blastema was again favoured by Todd and Bowman
in 1856, but since the adoption of Goodsir's proposition by
Virchow, it has been finally abandoned, and the aphorism of
that author omnis cellula e celluld has been substantially ac-
cepted by all. It must be borne in mind that while the non-
essentiality of the cell wall to the completeness of the cell was
generally accepted, nevertheless, as yet, no one had distinctly
denied toit in all cases the participation in truly vital functions
when present, and it is especially to the cell membrane that
Schwann attributes the power he first named metabolic, and
which it is here proposed to accept as synonymous with vital.

By the cell theory, we have thus arrived at a system
by which “every animal presents itself as a sum of
vital unities, any one of which manifests all the cha-
racteristics of life ” (Virchow, p. 13). Likewise the
specific characters of the life of each part is inherent
in these unities themselves, and is not assigned to them
by any central life or power of a spiritual or other
nature. Nor can anything of the nature of life be
communicated from one of these unities to another
except by way of growth and subdivision. By the
general acceptance of this theory the first of the prin-
ciples contended for by Fletcher is thus seen to be
established, and the hypothesis of a single central
vital principle, or anima, or spirit which gives the
unity and vital character to individuals in the animal
kingdom is shown to be superfluous and inconsistent
with the facts. As observed by Schwann, “the
whole organism subsists only by means of the re-
ciprocal action of the single elementary parts”—the
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expression reciprocal action, being taken in its widest
sense as implying the preparation of material by one
elementary part, which another requires for its own
nutrition. Thus the majority of the individual cells
may be unable to subsist when separated from the
whole organism, because it is only while together
they can obtain the nutriment and other conditions
requisite for continued life.  Therefore, “the cause of
nutrition and growth resides, not in the organism
as a whole, but in the separate elementary parts—
the cells. The failure of growth in the case of any
particular cell, when separated from an organized body,
is as slight an objection to this theory, as it is an
objection against the independent vitality of a bee,
that it cannot continue long in existence after being
separated from its swarm. The manifestation of the
power which resides in the cell depends upon con-
ditions to which it is subject only when in connection
with the whole (organism) ” (Syd. Soc., 1847, p. 192).
Nevertheless when we see that in the cell theory
proper, the smallest living unit is a compound possess-
ing structure, viz, the wall and contents which are
differently constituted both physically and chemically,
we can no longer conceive that its vitality can be the
property of the matter of which it is composed. For
a property must be present in full measure and in-
separable from the smallest indivisible molecule of
which any mass is composed. For instance, no one
would think of attributing aquosity or the distinguish-
ing properties of water to it only in the form of single
liquid drops or single crystals of ice, far less to a drop
surrounded by a coating of something else, but always
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to the smallest indivisible molecule of hydric oxide
in whatever physical state. Therefore we are again
thrown back upon the notion of a concrete life added
to a certain compound organized structure, a notion
not more conceivable or more tenable for simple cells
than for the whole individual. Hence if vitality is to
be a property of matter at all, it must be of a physically
homogeneous substance, every molecule of which must
possess that attribute. Moreover, in all modifications
of the cell theory, even those which allow for the
occasional absence of the cell wall, that part when
present is believed to take an active part in the strictly
vital process of transformation into tissue. Now the
cell wall is in all cases solid and possessing a certain
rigidity, and in different cells it passes by insensible
shades through an infinite variety of degrees of hard-
ness, and of states, many of which are known to be
incompatible with life. Likewise it is continuous
with, and shades off into, the intercellular substances
which offer an infinite variety of composition, many
of them being non-nitrogenous—a composition which
we know is incompatible with life; further, the cell
wall, or what corresponds to it functionally, passes
in other cases by insensible degrees into an infinite
variety of true fluid secretions which are soluble and
diffusible—which no living thing is.

For these reasons, and that given at p. 7, we are
driven to the conclusion that the attribute of vitality
cannot reside in anything of the nature of a cell wall,
and therefore of a cell taken as a whole.



CHAPTER I11.
THE PROTOPLASMIC THEORY BEFORE 1860.

EVEN before the supremacy of the cell was shaken,
biologists began to notice that the cell theory most in
vogue through Virchow’s compendium was not the
theory of Schwann in its complete form, and the
opinion was expressed by Max Schultze* that “in
many points we must go back to the purer form of
the doctrine.”+ Now what is the pure form ? At
P. 165 of Schwann’s work we read “that in the fun-
damental phenomena attending the exertion of pro-
ductive power in organic nature a structureless sub-
stance is present in the first instance, either around or
in the imterior of cells already existing ; and cells are
formed in it in accordance with certain laws, which
cells become developed in various ways into the ele-
mentary parts of organisms.” ,

In respect to this cytoblastema, or amorphous

* ¢ Protoplasma der Rhizopoden,” p. 63.

+ Perhaps we should go further back to C. F. Wolff, who traced
back the point of departure of all development, both animal and
vegetable, to a ‘¢ clear, viscous, solidescible nutritive fluid possessed
of no organization.”
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substance, in which new cells are to be formed, he
states that it may exist within ready-formed cells,
and outside of them, before they are formed; that it
is the matrix and also the nourishment of cells; that
it draws its own nourishment from the blood, but that
it differs chemically in different parts from that blood,
although how that difference is produced he does not
explain, for it is afterwards referred to the metabolic
power of the future cell wall and nucleus. ‘Moreover,
the cytoblastema is said to possess vitality in various
degrees, but that may also be totally destitute of it,
as, for example, a boiled infusion of malt is said to be
the cytoblastema of yeast cells. Now, if we subtract
from these opinions what relates to the implied origin
of living cells from dead chemical matters, which part
has been eliminated by nearly all men of science, we
find that the primary formative matter is a structure-
less substance, possessing vitality, and proceeding
from pre-existing living matter. And it will not be
difficult to explain the confusion of the above statements
by the simple supposition that portions of it (even if
too minute to escape detection with the then existing
microscope) were present or not in the different cir-
cumstances: and we may thus reconcile the observa-
tions of this great pioneer with the discoveries of
future investigators. Let us see how far this is borne
out by the subsequent history of this structureless
living matter,

The first notice of what appears to be identical with the
structureless living matter of Schwann, and the irritable or
living matter of Fletcher, is found in a memoir by Dujar-
din, in vol. iii. of the “ Annales des Sciences Naturelles,” in
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1835. When speaking of the Rhizopoda, which he thus names
for the first time, he says, “ On ne peut voir 14 de véritable
tentacules, c’est une substance animale primaire qui s’ctend et
pousse en quelque sorte, comme des racines.” And he speaks
of the simplicity of the tissue, calling it a “sorte de mucus
doué du mouvement spontané et de la contractilité” (p. 314).
His next mention of the subject is in vols. iv. and v. of the
same work. In this paper which treats of certain Rhizopoda,
chicfly the Gromia oviformis, and Miliola and Ama:bea, he shows
the absence of any investing membrane. He first uses the term
sarcode in describing the movements of the Proteus tenaur,
stating that, before its death, “il se montre entouré de cette
maticre diaphane glutineuse que jappelerai sarcode, et qui
exsude & travers le sac membraneux” (p. 354).

. In another lively individual he notices and figures two glo-
bular exudations of sarcode, which changed their place during
the movements of the animal, and his subsequent descriptions
and plates give those movements and bulgings which all who
have observed Amoebz and similar organisms, are familiar with.
He attributes the movements to an inherent force in the mass
of the sarcode, but that it is rather a force of extension than
contraction which enables the Rhizopoda to push out these
prolongations (359).

He then enters on a treatise in detail (364) upon the sarcode.
I propose to name thus, what others have called a living jelly,
viz., that glutinous substance, diaphanous, insoluble in water,
contracting into globular masses, sticking to the dissection
ncedles, and thus capable of being drawn out into thread like
mucus, and, finally, which is found in all the inferior animals
interposed between the other structural elements” (367). He
then describes its contractile movements, and thus accounts for
the formation of vacuoles, which had been erroneously taken
for stomachs by Ehrenberg. The rest of the memoir is devoted
to the description of various flagellate infusoria, and to demon-
strating the absence of those organs which had been given to
them by Ehrenberg.

The next in chronological order, viz., 1838, were the views of
Schleiden, which are peculiarly interesting as prefiguring the
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conclusions ultimately come to by Dr. Beale. Schleiden was
struck by the observation by Robert Brown, in 1833, of the
frequent presence of an opaque spot in the cells of the epi-
dermis of the orchidez, which he named the nucleus, but did
not follow out the matter further. Schleiden, on the other
hand, finding it constantly present in the cells of young em-
bryoes, and in the newly-formed albumen, perceived its signifi-
cance in the development of the cell, and, finally concluding
that it was an universal elementary organ of vegetables, and
that by which all cells were formed, named it the cytoblast, or
cell bud. The colour of this is yellowish, or white, or at times
so transparent that in some plants, e.g., the helvelloids, it is
scarcely perceptible from that cause. He observed, also, what
had escaped the notice of Robert Brown, that some contain one
or more circular bodies which correspond to what have been
since called the nucleoli, and that these were formed earlier
than the nuclei, or cytoblast, and can develop into them, and
hence into cells.

In his first description of the formation of cytoblasts he is
not very clear. He states that in the gunmy matter from
which the tissues of plants are formed a number of granules
make their appearance ; and in this mass organization takes
place, and a gelatinous matter is formed which is ultimately
converted into cellular membrane and fibres. In the above
gummy mass, after the granules, cytoblasts make their appear-
ance, and when full-sized they form cells, as described thus at
p. 238 : “ A delicate transparent vesicle rises upon the surface.
This is the young cell, which at first represents a very flat seg-
ment of a sphere, the plane side of which is formed by the
cytoblast.” The vesicle gradually expands and increases be-
yond the margin of the cytoblast, and quickly becomes so large
that the latter at last merely appears as a small body enclosed
in one of the side walls between the lamine., *In this situa-
tion it passes through the entire vital process of the cell which
it has formed ” if it be not dissolved and absorbed as a useless
member. As a general rule, this last happens; but there are
exceptions in which it remains, such as the orckidee and
cactece, which continue through life in a lower stage of develop-
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ment, and in some other plants, and also in pollen granules.
In all this is prefigured the more modern doctrine which makes
the nucleus, here alluded to, the truly vital part: but that is
not distinctly recognized by Schleiden, although, in the remark
which immediately follows, he comes very near to the general
principle : “ Lastly, many hairs, particularly such as exhibit
motions of the sap within their cells, retain the cytoblasts. It
is at the same time remarkable, and a proof of the close re-
lationship which the cytoblast bears to the whole vital activity
of the cell, that the little currents, which frequently cover the
entire wall like a network, always proceed from and return to
it, and that when ¢n statu integro it is never situated without
the currents” (p. 240).

From the foregoing account of the origin of cytoblasts in the
gummy fluid, Schleiden is generally stated to be an advocate
for exogenous free cell-formation, and Tyson (p. 33) says, “that
it involves a spontaneous generation of the cell.” On an atten-
tive study of the original memoir on Phytogenesis, this seems
to me not borne out, although Schleiden is not so clear as
might be wished. For, farther on, he repeats an account of
the process, stating that it takes place in the gummy matter
within the embryonal cell first, and then in the cells descended
from that. The origin of the granules remains doubtful, as from
their extreme minuteness, and often transparency, they cannot at
first be detected ; and frequently a cell will be found to be
absorbed, and two new ones appear in its place, without our
being able to detect the stages of the process: and as we know
that the smallest nucleolus is capable of becoming a cytoblast,
“then indeed we are forced to confess that the imagination
obtains ample latitude for the explanation, in every case of the
generation of infusorial vegetable structures, even without the
aid of a deus ex machind (the generatio spontanea).” He traces
the growth of the whole plant to a repetition of what takes
place in the growth of the embryo, which consists in the forma-
tion of cells within cells. * After the first cells, generally few
in number, are formed, they rapidly expand to such an extent
that they fill the pollen tube, which soon ceases to be per-
ceptible as the original enveloping membrane ; but at the same
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time, several cytoblasts originate in the interior of each of these
cells, and generate new cells, on the rapid expansion of which
the parent cells also cease to be visible, and become absorbed.
The same process is repeated indefinitely” (p. 253). From all
this it is not difficult to see that, without full appreciation of
the fact,—his mind being occupied with the idea of cell-form—
his observations of nature are in harmony with the doctrine
that all these granules, nucleoli, and cytoblasts are masses of
living matter directly descended from pre-existing living mat-
ter, furnished by the germ, and which not only form but sustain
all the vital processes in the formed cells.

The next contribution to the subject is one of particular in-
terest as here for the first time we meet with the word proto-
plasm. It consists of a memoir by Hugo von Mohl, first pub-
lished in 1844, but we may give an analysis of his views taken
from his later work on the “ Vegetable Cell,” 1853, p. 36.

“If atissue composed of young cells be left some time in
alcohol, or treated with nitric or muriatic acid, a very thin
finely granular membrane becomes detached from the inside of
the wall of the cells in the form of a closed vesicle which be-
comes more or less contracted and consequently removes all the
contents of the cell, which are enclosed in this vesicle, from the
wall of the cell. Reasons hereafter to be discussed haveled me
to call this inner cell the primordial wutricle. Iodine colours
it yellow, and it is therefore probably always nitrogenous.
Cellulose cannot be found in it, and the compound of which it
is composed is as yet unknown. The primordial utricle disap-
pears again with the thickening of the walls, of the vessels, the
cells of the wood, of the pith, of the inner part of the petioli,
and of thick leaves. . . . In the centre of the young cell, with
rare exceptions, lies the so-called nucleus of Robert Brown.
« + . » The remainder of the cell is more or less densely filled
with an opaque viscid fluid of a white colour having granules
intermingled in it, which fluid I call protoplasm. This fluid is
coloured yellow by iodine, coagulated by alcohol and acids, and
contains albumen in abundance, whence young organs are
always very rich in nitrogen. . . . During the growth of the
cell, irregularly scattered cavitie