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4 Life and Death.

at which philosophers have arrived; perhaps, 1
should rather say, convictions, seeing that they
are held conditionally only, to be confirmed or
cancelled, superseded or enlarged, as knowledge
advances. This, therefore, will be my purpose : to
review the largest and best-established truths,—
the general principles of physiology; and thus to
occupy, not, I hope, altogether uselessly, the
hours during which I shall have the privilege of
addressing you.

In the pursuit of my purpose, I shall have but
little to communicate of a new or novel nature,
for the truths of which I shall have to speak are
not the immediate objects of inquiry, but rather
generalisations drawn from the accumulation
of well-ascertained facts. Our knowledge of life
comes less by direct discovery, than as the result
of our more perfect acquaintance with subordinate
facts, and all tend to elucidate this great problem.

I do not think I can frame any definition of
life which would give you nearly so good an idea
of i1t as you already possess. A definition, even
if it were sufficiently comprehensive, and at the
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same time unobjectionable, would altogether fail
to picture at all vividly the wonderful phenomena
associated with that word.

What can we conceive more complete and in-
tricate than the phenomena of life as they ap-
pear in ourselves ? How many and various are
the actions or functions which minister to it!
A process for reducing food to a state of solution
—rthe function of digestion ; a process for convey-
ing it when so dissolved into the blood—the func-
tion of absorption ; another by which, as blood,
it 1s conveyed all over the body to nourish it—
the circulation ; another for introducing oxygen to
combine with the elements of the food and tissues,
and at the same time to carry off one of the chief
and the most poisonous of the products of that
combustion, carbonic acid—the respiration ; other
organs for excretion and secretion ; a marvellous
system of organs for motion—the muscles ; an-
other, if not more marvellous, at all events more
mysterious system—the nervous system, for sen-
sation, for consciousness, for thought and volition
—the instrument of mind.
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How shall we proceed to investigate and study
these, our vital actions—the phenomena of life ?

Let us extend our view, and we see the same
functions at play in the animals around us. Life
in them presents the same features. Their vital
actions are like ours. Digestion, absorption,
circulation, respiration, motion, and sensation are
accomplished in them as in us. And this com-
parison, this resemblance, applies not to the higher
animals only, but may be extended far and wide
into the animal kingdom. Nay, it does not stop
here. Plants are living beings, and their life pre-
sents phenomena comparable with those of our
own. However vague and far fetched the com-
parison between the vital actions of plants and
animals may, at first sight, or to superficial obser-
vation, seem, the more thoroughly the subject is
investigated, the closer does the resemblance ap-
pear. The differences which are so obvious are
of degree, rather than of kind, and mask the simi-
larity of their essential features. Plants require
and take in food and air as we do, and circulate
them through the system.
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It is true that there is not the slightest evi-
dence that plants possess sensation or the power
of voluntary motion ; and, therefore, these func-
tions are emphatically termed animal ones, to dis-
tinguish them from the rest—digestion, circula-
tion, respiration and so forth—which plants pos-
sess 1n common with animals, and which are
therefore termed vegetative. As we shall presently
see, however, the line is not thus abruptly drawn
in nature. The animal is not so separated from
the vegetable kingdom.

Thus, then, in establishing this relation, this
community of function, between man and the
animals around him, between the animal and
vegetable kingdom, a great step onwards has been
taken. The life of man is not an isolated pro-
blem, defying solution by its intricacy. Well for
the student that it is not ; for hopeless, indeed,
would be the attempt to unravel it, if no light
could be cast upon it from around.

But, although we thus meet with essentially
the same functions throughout, more or less simi-
lar in their details, yet we are at once struck
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with the different circumstances and conditions
under which they are performed. We detect a
difference in the character and arrangement of
the orguns which discharge them. Let us for a
few moments consider this.

TYPES OF ORGANISATION.

We can recognise and compare like parts in the
structure of the arm of a man, the fore-leg of a
quadruped, the paddle of a dolphin, the wing of
a bat or of a bird, the fore-leg of a reptile, and the
pectoral fin of a fish, because they are constructed
upon a common plan or pattern, and contain
homologous parts, although in the various cases
adapted to distinct and widely different uses.

But although we can compare the wing of a bat
or of a bird with the wing of an insect, function-
ally, inasmuch as they are adapted to analogous
uses, we cannot compare them in their structure.
They are not constructed out of the same ana-
tomical elements. They do not contain like parts.
They are not homologous.

Hence arise types. The animal kingdom—and,
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by the way, the vegetable kingdom also—is thus
separated into groups or sub-kingdoms, all the
members of each division being constructed accord-
ing to a common type, plan, or pattern, and con-
sequently presenting, although under widely dif-
ferent aspects, homologous parts.

But it by no means follows that the same ana-
tomical elements do not occur in creatures con-
structed according to different types. On the
contrary, type refers to the relative position of
parts—to the mode in which the organs of the
body are united together, although it 1s often
manifested in the conformation of the organs
themselves.

Now it will be observed that it is one thing to
establish the existence of distinct types or plans
of construction—ecertain unities of composition of
parts ; but it is another thing to determine what
these types are, the number of distinct types
according to which the animal kingdom is con-
structed, and, still further, the particular type to
which any given individual belongs. DBut this 1s
clear : that inasmuch as a type implies a distinct
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arrangement of parts, it must be, on that very
account, opposed more or less to all others. And
the very fact that any being is constructed after
one type, implies an absence of conformity to any
other type.

In animals, and in plants too, structures and
organs are often seen In a very imperfectly de-
veloped state. Sometimes they appear as mere
rudiments or vestiges of parts, which elsewhere
occur fully formed. In truth, in no one living
being are all the parts and organs fully developed
and equally perfected. We may imagine an
archetype, but we cannot find one. Even in the
highest we see, not complete perfection, but abund-
ant evidence of partial inferiority. We witness
the frequency of rudimentary parts and organs,

To many of these no proper functions or intrin-
sic use can yet be assigned. But their presence
is obviously in conformity to the type upon which
the animal is constructed. Now this law of con-
formity to type is generally considered to afford a
sufficient explanation of their existence. The:
idea that they fulfil any further purpose hitherto
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undiscovered is discarded as superfluous or unne-
cessary. We are told not to seek for any other
explanation of their existence—a morphological
one suffices.

But, granting its full force to this view, why
should it exclude the idea of a direct purpose, of
an intrinsic function for these rudiments or ves-
tiges of structures? Nay, even if we regard
them as structures in process of gradual reduction
or atrophy, due to long-continued comparative
disuse, through successive generations, this cannot
be considered as in any wise proving that their
present existence is purposeless.

Let me illustrate the argument. A process of
bone may exist in conformity to type—it may be
a mere rudiment of a structure elsewhere fully
developed, or a mere vestige, representing a pro-
cess of gradual atrophy—and yet it may be useful
in affording attachment to muscular or tendinous
fibres.

A far better illustration is observed in the
number and arrangement of points of ossification
in bone. They are in conformity to type, but
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who can doubt their purpose in each individual
case, in relation to the development of bone and
its results ?

Is 1t any argument against this idea, to say
that we are at present profoundly ignorant of any
such direct use for many of these structures? It
is one thing that we are unable to discern their
function, to discover their use to the individual—
even granting that we can give no satisfactory
explanation of it—but it is another thing to
assume that therefore they are useless,

Moreover, how 1s 1t that in such numerous
instances there are not in the individual any rudi-
ments or vestiges of parts or organs which we
must suppose should exist, if the question were
simply one of conformity to type? Why are they
often absent, and present only in certain cases, in
some of which we can discern their intrinsic use ?

It may be very long before we understand so
much ; nevertheless, I confess, that to me it appears
more consonant with the universal scheme—with
the complete and perfect adaptation of means to
ends everywhere set forth—to believe that even
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In a general survey of the animal kingdom,
nothing is more obvious than the various degrees
of complexity exhibited in the structures and
functions of its different members. Every grada-
tion occurs ; from forms of life so simple as to be
absolutely structureless under the keenest scrutiny,
to others the intricacy of whose structure baffles
dissection. And this diversity, be it observed, is
altogether independent of type, being exhibited
to the full amongst animals which belong to a
common type.

The difference in the two cases, between the
simplest and the most elaborate or complex being,
consists i this—that the functions of the former,
such as they are, are performed in common by
the general structure ; whereas in the latter, each
function is performed by a special instrument or
structure, and is more or less limited to it. In
this way a more complete result is attained.

Now, this difference of complexity which
different avimals exhibit, is well expressed by
the phrase—Grades of Development. The simpler
the construction of the whole animal, the lower is
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the grade of its development: the greater the
variety of its organs and functions, the more ela-
borate the structure, the more complex the pheno-
mena of life, so much the higher is the grade of
its development.

It is mecessary, however, to distinguish here
variety from number of parts. Any structure or
organ may be many times repeated, but mere
multiplication of similar parts performing the
same function does not imply any ascent in the
grade of development. But the grade of develop-
ment is higher, as different organs with special
functions are evolved. For example, a centipede
does not exhibit a higher grade of development
than a man because its limbs are far more numer-
ous. In the great number of its legs we see only
the repetition of similar parts adapted to the
same function ; they do not vary and discharge
different functions like the arms and legs of man.

Nor, again, do fishes attain a higher grade of
development than mammalia, because their teeth
are often three times, or ten times, perhaps fifty
times, as numerous. In this vast number, and
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endless repetition of simple teeth without variation,
there is no indication of progress or ascent.

You have probably heard of what is called the
principle of division of labour. It simply means
this—that where any given result can be pro-
duced only through the influence of many different
processes, these processes must necessarily be
carried on by different agencies. In plainer
language, when the work to be done is various,
different portions of it must be entrusted to
distinet workmen. I say must be—that is, if it
is to be efficiently performed and the result per-
fect. And the more various the processes, the
more elaborate the result, the further must be
carried this subdivision of labour. Now, this
great principle seems to be of universal applica-
tion. It holds good in nature; it holds good in
the arts and manufactures. Let us consider the
second case first, for it will furnish the more
readily-apprehended illustration. Take any ordi-
nary article—say a pin or a needle, as amongst
the simplest—and trace its manufacture from the
commencement to the conclusion. See through
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what different processes it passes, and how each
of these 1s entrusted to different workmen. How
much more rapidly produced and perfect is the
‘result than if the whole had been carried on by
a single labourer! It might all be accomplished
by one hand, but at what sacrifice of time and
excellence! Take any elaborate instrument—a
watch—and the illustration is much more striking:
In fact, in proportion to the elaboration of the
instrument or machine, so must the number of
hands employed in its construction be multi-
plied.

Milne Edwards happily expounds this prin-
ciple thus :—In the earliest dawn of society,
each man has to minister directly to a number
of wants by which he is incessantly assailed, and
his energy, however great it may be, hardly suf-
fices to obtain for him a mean and obscure exist-
ence. Where ecivilisation has advanced, each
member of the great association executes only a
very small portion of along series of works, which
together are necessary to his well-being, and he

relies upon the activity of others to obtain in
B
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exchange for the superfluous products of his
special industry the objects which he wants, and
which are prepared for him by the hands of his
neichbours. All improves then. Substances be-
come more abundant. A thousand products of
luxury are created, and satisfy at once new wants.
The culture of the mind is improved, and intelli-
gence advances, At last the genius of a small
number develops itself, and is exercised for the
profit of the masses. The division of labour,
carried to 1ts extreme limit, renders, it 1s true,
more cramped and less brilliant the sphere of
activity which occupies the majority of the
labourers ; but each workman, called on to re-
peat, without ceasing, the same movements, or
to meditate upon the same order of facts, becomes
from that alone more able to fulfil his task, and,
by the judicious co-ordination of the efforts of all,
the value of the total of the products increases
with a rapidity which astonishes the imagination.,

As in the productions of art, so in the works of
nature, we recognise the same great principle of
division of labour. To use the expression of Von
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A fluid to dissolve this kind of food ; another
to dissolve that ; a grinding apparatus to reduce
it ; a muscular apparatus to transmit it, and so
on. But now pass to the other extreme of animal
life, and look at the common sea-flower or ane-
mone. There is a nutritive fluid—its blood—and
this moves ; but there is no heart. It breathes ;
but there are no lungs. It digests food ; but the
whole apparatus is a simple sac. But you will
say, How are all these functions accomplished
without organs for the purpose? A pertinent
question truly. There are organs ; but not special
ones. The fluid is moved by the general contrac-
tion of the body, which is muscular. Respiration
18 performed at every part of the surface wherever
sea-water can penetrate. Thus, in the common
cavity, digestion and respiration simultaneously
proceed ; and by its contraction the fluid is pro-
pelled hither and thither. Nay, in the very
simplest forms every portion of the living mass
appears to be equally adapted to all the functions
which they possess. Every portion of the homo-
geneous substance of the Ameeba appears to dis-



Lecture 1. 21

charge in common the functions of digestion, ab-
sorption, aération, contractility, and reproduction.
Thus no one part appears to be adapted to a single
or special purpose, as in the most complex forms;
but each, in common with the rest, assists in the
discharge of several functions. But the result of
this general arrangement is, if we may dare to
say so, comparative imperfection, or, better, com-
parative incompletion. Each function, in such a
case, 1s less completely performed, although, of
course, perfectly adapted to the particular instance.

Thus, then, just asin a primitive state of society
several distinct occupations fall to the lot of one
man, and are then to a corresponding degree
rudely performed, while, as civilisation advances,
excellence is attained by division of labour ; so in
the earliest and simplest forms of life, rudimentary
functions are discharged by the general structure,
while as we advance onward we recognise division
of labour as the principle of progress: special
organs gradually evolved for special functions,
complexity arising out of simplicity, and the re-
sult becoming correspondingly complete.
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But note now that just as in society, so in nature,
division of labour by no means implies individual
independence. No person or organ, however dis-
tinct and special may be the duty discharged by
him, or the function assigned to it, is independent
of those around, or can exist without their help
and co-operation, inasmuch as while each con-
tributes his share to the general result, each lacks
that which the others supply. In fact, the greater
the extent to which division of labour is carried
out, the more special the function assigned to
each organ ; so—and for that very reason—the
oreater is the degree of their mutual dependence.

Thus, then, in a general survey of the animal
kingdom we recognise a vast difference in the
grade of development of its various members.
Independently of types, we find the utmost di-
versity in the elaboration and specialisation—or,
to use a modern phrase, differentiation—of struc-
tures and functions ; in a word, in the variety of
organs and the consequent complexity of the
animal. Nay more, within each type we find
great extremes in the grade of development—a
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fact which at once shews the impossibility of ar-
ranging the members of the animal kingdom in a
simple, consecutive, and inclusive series ; an idea
which has been for some time abandoned, but
which existed long enough to produce such theo-
ries as those of “arrest of development” and “ re-
trograde metamorphosis.”

Therefore, in the study of any living being,
these two great questions present themselves : its
type of organisation ; its grade of development.
They are absolutely distinet, and must be clearly
distinguished. This has been long since forcibly
laid down by the philosophic Von Baer. He has
admirably shewn that neither its type of organi-
sation nor its grade of development alone suffices
to characterise any living being ; for under the
same type very different grades of development
are presented, whilst conversely a like grade of
development may be attained under different
types. The type and the grade together deter-
mine the special form. And this applies not only
to the entire plant or animal, but to each system
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and organ ; for it is not more possible to follow
any of these through one uninterrupted progres-
sion, than it is to arrange either kingdom in a
single linear series.

The whole matter may be epitomised thus :—

The praN of development—from the general
to the special.

The TypE—the direction which development
takes.

The crRaADE—the degree to which development
proceeds.

But in the midst of all the vast variety hence
ensuing, is there nothing in common, save in the
earliest germ ? Is there no unity of organisation
beyond this ? Yes, assuredly. Beneath all com-
plexity and diversity we can discover a funda-
mental unity of structure—a unity of plan in the
means by which the essential portion of the several
functions 1s performed. Whenever you find cer-
tain functions discharged at all, you find them
discharged everywhere in a similar manner and
by structures essentially the same ; although, in
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consequence of the extent to which the essential
parts of organs become veiled and obscured in
the course of their development and adaptation
to special purposes by the introduction of acces-
sory parts, this fundamental unity of plan is
more generally obvious in the end than in the
means —in the function than in the structure.
Not, however, always so. Thus, infinite are the
varieties of form and arrangement of the respi-
ratory structure throughout the animal kingdom.
It presents all degrees of complexity, from a
plain and simple surface to the most elaborate
gill or lung—all imaginable forms ; each, of
course, adapted to the particular circumstances
under which aérial or aquatic respiration is accom-
plished. Yet, amidst all this diversity, the same
fundamental plan may be demonstrated to exist
throughout. Everywhere there is a permeable
membrane, one surface of which is exposed to air
or water, while the nutritive fluid is brought into
contact with the opposite one. By the extension
or inflection of such a membrane, so related to
the blood and air, the extent of respiratory sur-
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face within a given space is wonderfully multi-
plied ; but this, the essential plan of construe-
tion, 1s never lost.

It may be laid down, that throughout the whole
animated creation, the essential characters of the
organs and functions which all possess in com-
mon are everywhere the same, although they are,
under different circumstances, infinitely modified
and varied. Thus there is a radical unity in the
characters of organs, and in the nature of their
functions, wherever they are found. As in
chemistry there are compounds innumerable, ex-
hibiting all degrees of complexity, yet in their
construction conformable to certain types, and
composed of the same essential elements; so,
amidst the multitudinous products of types of
organisation and grades of development, we re-
cognise organs and functions which in their essen-
tial nature are throughout the same.

If time permitted, I might endeavour to deve-
lop more at length these grand principles : to
trace the functions from their earliest and sim-
plest to their most advanced and elaborate con-
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dition, and to endeavour to demonstrate that,
while the history of each is one of gradually in-
ereasing complexity—while completeness of exe-
cution is attained by division of labour—never-
theless, the essential nature of each, and the means
by which it is performed, remain throughout the
same. For this is of the first and highest im-
portance to the physiologist. If it were not for
this identity of structure and function through-
out, amidst divers types and grades innumerable,
no sound or secure conclusion could be drawn
from comparative research. As it is, these end-
less varieties and modifications are but different
aspects and illustrations of the selfsame thing.
Thus by comparative research is the best and
largest insight gained into human physiology.

I cannot, I need not now, enter further upon
this subject—so beautiful, so fascinating—in
which absolutely so much, comparatively so little,
is known. It is enough for the present to have
called your attention to it. I repeat, it is of sur-
passing importance to us; for upon this basis
are constructed the highest and grandest truths
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of physiology, and some of the most difficult pro-
blems have been solved by the evidence which
comparative research affords. In fact, any conclu-
sion which will not stand the test of this Inquiry
15 of no value, and falls to the ground.

If anything were wanting to enhance the im-
portance of comparative research, it would be
found in the study of Development.

This branch of Physiology, in the nature
of its evidence, is closely related to compara-
tive anatomy ; and the facts obtained from
each confirm and corroborate those derived
from the other source. For there is a natural
relation to be observed between the tissues and
organs of the higher or more complex beings in
the course of their development, and the more
advanced condition of those of the lower or more
simple ones—a relation which has been misin-
terpreted, misexpressed, and absurdly exaggerated,
but which nevertheless exists, and is pregnant
with interest and instruction. Let the following
illustration suffice :—
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In a very early stage of its development, the
heart of the chick appears as an elongated sac or
contractile tube, connected behind with veins,
and in front with an artery. Thus in its general
condition it resembles the simplest form of heart
met with amongst the invertebrata. Soon the
tube becomes bent upon itself, and divided by
two constrictions into three compartments, freely
communicating. The one i1n which the veins
terminate becomes auricle, the next ventricle, and
the third an arterial bulb. Now in its general
condition it resembles the heart of a fish. Then
the single auricle, ventricle, and arterial bulb each
becomes divided into two, so as to form the left and
right heart, as it occurs i birds and mammalia.

You may at once understand that the phases of
development of an organ or system in the higher
animals are not mere repetitions of its perfect
state in the lower ones. The relation between the
comparative anatomy and the development of an
organ or system is simply one of plan—the plan
upon or order in which the several parts are
evolved ; that is to say, in an embryo the more
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general characters appear earlier than the more
special ones,

Beyond this, the only resemblance that can be
truly drawn between the embryos of the higher
«nimals in the course of their development and
the more advanced conditions of the lower ones,
1s what may be called a negative resemblance. It
1s due merely to the absence of positive or special
characters in either case. In proportion as the
special arises out of the general, as the several parts
are evolved, the distinetion becomes manifest.

With regard to the relation between the higher
beings in the course of their development and the
more advanced conditions of the lower, perhaps
the clearest way of expressing it is this : that at
any given stage in the development of the higher,
it has attained a grade of development equal to
the more or most advanced condition of the
lower ; but, save in the equality of the grade, the
characters are more or less distinct.

Therefore “every embryo of a given animal
form, instead of passing through the other forms,
rather becomes separated from them. Thus “ the
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differ from these; so, if there were no animals,
the nature of man would be far more incompre-
hensible than it is.”

Even if it were desirable, and you attempted at
the outset to isolate man as a subject for study,
you would find your design before long frustrated
by the very nature of the faculties the inquiry
evoked. Could you study the blood, for instance,
without the questions forcing themselves upon you
—Have all living beings this most important
fluid ? Does it exist universally ? Is it always
alike %—and if there be differences, what are they?
Could any one suppress questions such as these ?
He were to be pitied who could. Would you not
endeavour to obtain answers to such questions,
and in this way to throw light, as you inevitably
would, on the study of human blood ? And what-
ever the particular subject under consideration,
the result would be the same. You could not ex-
clude such reasonable inquiries.

But 1t 18 not only in his relation to the animals
around him that man must be studied. Our grasp,
to be efficient, must be wider than this. He must
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be regarded mnot in relation to animals merely,
whether high or low, but also in relation to the
vegetable kingdom—to plants; even to the
sumplest forms of life : nay, farther still, in his
relation to inanimate bodies—to the inorganic
kingdom. Man must be considered as he stands
connected with the rest of nature. In truth, a
sound knowledge of human physiology implies of
necessity an acquaintance with the general char-
acters and mutual relation of animals, plants, and
mineral substances. Let me again illustrate my
meaning. Take, for example, the subject of food.
Suppose we have to consider the food of man, its
nature and destination. We see at once that this
food consists of various kinds of animal, vegetable,
and mineral substances. Now, what are the
characters and purposes of each of these princi-
pal classes, containing so many and such various
compounds ?  Are they related %—and if so, how,
in what manner? Are they all necessary —and
if so, are they all equally necessary? What
changes, if any, do they undergo in the system ?
Now, a correct answer to these and many similar
C
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questions, all important ones, involves a certain
amount of knowledge at least, concerning the
nature of animal and vegetable tissues, and of
mineral substances.

The method of studying man by comparison—
interpreting him through the simpler forms of life
—is not only eminently advantageous, but actually
indispensable. Suppose you had to learn algebra
over again : would you commence by taking the
most complicated equation you could find, and
devoting your attention solely and exclusively to
it 2 Suppose that your only object was to learn
equations : would you even then dismiss from
your consideration the primary rules? Could you
learn it thus? You might, possibly, with the aid
of a good memory, and under heavy pressure,
cram by rote a few formule into your head—in
the same way, for instance, as a schoolboy is
crammed with Euclid—but which would not long
remain there, and which would be utterly worth-
less while they did.

Or to take another subject—music. Would
you begin to learn its composition by studying
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It may be well, in conclusion, to refer to a
phrase with which we all are familiar: “ Law of
Nature "—what is the sense of this ?

When we speak of natural laws, of laws of
growth, laws of development, and so forth, we in-
tend to express nothing more than our idea—so
far as we are able to conceive, understand, and
interpret it—of the plan of creation; which,
because perfect and complete from the beginning,
neither requires nor gives evidence of any change.
And in truth, it seems that nothing can carry
higher our conception of Almighty power and
wisdom, than the conviction that all we are per-
mitted to behold, to study, and to enjoy—whether
we contemplate the simplicity of Nature’s oper-
ations in the humblest forms of life, or survey the
endless fertility of her resources in the infinitely
varied actions of the hichest—that all is but the
manifestation of one consummate scheme, planned
in its full comprehensiveness and perfection from
the beginning, needing no alteration, yet never-
theless a constantly-sustaining power. For if the
universe owes its creation to His will and power,
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various in form and in expression; varying
extremely, too, from absolute simplicity to the
most intricate complexity. Witness the several
types of organisation, and the innumerable grades
of development. Let us then attempt to dis-
tinguish the essential, fundamental, or primary
features of life—those which are universally ex-
hibited wherever life appears—from those which
are accessory to these, or associated with them
for special purposes in different cases.

And life, I say, even when presented in its
simplest form, constitutes the grand distinction.
The difference appears to be infinitely greater
between living and dead organic matter, than
between dead organic and inorganic substances.

And in order to appreciate this distinetion,
there is no need to exhibit one’s ignorance in any
attempt to define life, or to describe it. We are
mndeed baffled in the study of life, as we are hy
those subtler traits of structure with which vital
phenomena are associated, yet we may recognise
and distinguish it by its effects.

I would venture, then, to speak of life as being
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fifteen hundred pounds of fluid ; that notwith-
standing this vast supply, amounting in the ag-
aregate to more than three thousand pounds, his
condition during the whole period remains the
same, or nearly so; inasmuch as all this matter,
after being assimilated into his structure, and
forming a part of him, is excreted or cast off 1n
quantity exactly equal to that taken in, but
widely different in the forms which it assumes,
and in the manner in which the several elements
are arranged.

Waste or destruction is a necessary, an in-
evitable condition of the manifestation of life.
It is involved in every vital act. And the power
of compensating for this waste or change, the
repair or reproduction necessary to the con-
tinuance of life, involves that of assimilation—
that is, the power of converting foreign matters
mto the structure of the organism ;—in other
language, the power of appropriating food.

We cannot conceive life without including
both these conditions; destruction and rerewal

—consumption and supply. For instance, life is
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not a state of change only as opposed to stability,
for this is everywhere simply a question of
degree dependent on the conditions to which
bodies are exposed. Neither dead organic norin-
organic bodies are immune from change. Again,
life 1s not peculiar as a process of repair only ;
for it is well known that this may occur in
inorganic bodies. If, for example, portions of
crystals be broken off, and these, thus damaged,
be placed under favourable circumstances in
appropriate solutions, they will be repaired.
They will not at first uniformly increase, but the
edges, or angles, or portions of the surface which
have been chipped off will be restored, so that
they will recover perfectly their original geo-
metrical form. This, therefore, is repair, or
reproduction apart from life.

But in life there is the constant and concurrent
operation of these two processes. Both actions
are involved in the idea of life, whereby it is
distinguished from mere change on the one hand,
and from repair on the other. Thus while inor-
ganic and dead organic matter tend to a state of
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statical equilibrium, during life the equilibrium 1s
the result of compensatingactions. Itisdynamical.

Change, ceaseless change, then, is the necessary
condition of life. The idea of temporary un-
changeableness is altogether an illusion. We are
never quite the same even for a moment. Life
is a flame, a vapour that vanisheth away, are
images no less true than trite. A living body, an
organism, is a form through which vast quanti-
ties of matter are rapidly passing. The human
body of an average weight—say of one hundred
and forty pounds—is a form through which at
least more than a ton of material passes in a year.

I ask you to grasp this all-important and
fundamental truth. All this vast amount of
material does not merely come into contact with
the body and then pass off, but each particle in
its turn enters into the composition and structure
of the body itself, replacing others which have
gone before, to be itself replaced by others which
are to come. The body is in no sense as a vessel
in which matters are burnt ; it is itself the very
fuel which is being rapidly consumed.
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that we have a second set of teeth, or from time
to time new hair, than that we have often, much
oftener, formed, though in a more gradual and
subtle manner, new muscles, new nerves, new
hearts, and new brains.

If this constant change eludes observation, 1t 1s
mainly because the process of assimilation 1s so
exact and complete—the restoration, the repro-
duction is so perfect that no traces of the altera-
tion are left. This perfection of assimilation 1s
illustrated by a fact which might, at first sight,
appearto be inconsistent with this constant change.

The brain is the organ of the mind—of the
mental faculties ; amongst others, of the memory.
How then are the records of the past preserved if
the substance is ever thus rapidly changing ?
Doubtless every impression made upon the brain
affects some portion of its structure, alters it in
some subtle and mysterious way ; and this im-
pression, this alteration in any particle, is for a
while transmitted to its successors by the complete
and perfect process of assimilation. I say for a
while, for there is a natural tendency in all
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that aleoholic liquors, such as wine, can increase
the activity of the cerebral functions, and yet pre-
serve from corresponding waste the cerebral sub-
stance. Now, all we know proclaims the impossi-
bility of separating the one result from the other.
If you would save tissue, you must spare its
action, for exercise of function involves expendi-
ture of structure, and there is abundant evidence
that one is proportioned to the other.

To begin with an illustration from the vege-
table kingdom. A seed, if not placed under
conditions necessary to its development, may, it
is well known, be preserved for years or ages
without undergoing any appreciable change, or
manifesting any vital phenomena. We know it
1s not dead, because when placed under favour-
able circumstances it will become a plant. So
the state in which 1t exists during the interval is
aptly termed a state of dormant vitality ; and of
this I will speak again in the next lecture. But
observe now, both function and waste are in abey-
ance. No vital action—no change of structure.

But no sooner does it start into active life than



Lecture 11 51

the products of the metamorphosis of its sub-
stance appear, and throughout its future career
these products are proportioned to the energy of
- 1ts functions ; their amount is a measure of its
rate of life.

So in the animal this invariable relation be-
tween waste and vital activity appears most
strikingly under a somewhat analogous condi-
tion. KEvery one is aware that certain members
of the animal kingdom, such as the bat, dormouse,
and hedgehog, pass at certain periods of the year
into a state which may be fairly termed one of
dormant vitality, commonly known as their win-
ter sleep. Now, during this state of hybernation,
all the vital functions are reduced to their lowest
ebb. They are not absolutely arrested, but their
feeble, languid operation can hardly be detected.
The heart does not cease to beat, but its pulsa-
tions are very slicht and slow. So by certain
arrangements, feeble and imperfect respiratory
movements may be from time to time detected,
and so on. Now, in accordance with this ex-
treme reduction of all vital function, the procuets
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of waste are reduced to a minimum, and no fresh
supply of nourishment in the form of food 1s re-
quired for weeks together. But rouse the animal
into an active state, and the contrast is strikingly
shewn. A bat, or a hedgehog, or a dormouse
may, when in an active state, like any other
warm-blooded animal, be drowned in a minute
or two, but when hybernating, they will bear
submersion for perhaps the greater part of an
hour without any ill effect, so very little carbonie
acid is thrown out, so very little oxygen is re-
quired. When roused to an active state, a fresh
supply of food very soon becomes necessary ; and
if not forthcoming, they must either relapse into
a dormant state or die.

Again, at different periods of life this invariable
relation may be shewn to prevail. That changes
greatly predominate during the active life of
youth in comparison with the slower life of old
age 18 proved by the amount of the products of
metamorphosis in the two cases, by the relative
rate at which the body wastes, and the relative
effect of an insufficient supply of food. So again




Lecture I1, 53

this relation is established in different structures.
Compare the rate of waste of nerves and muscles,
on the one hand, with that of ligaments and bones
on the other, whether this be estimated by the pro-
ducts of their metamorphosis, or by the rapidity
with which they waste when the means of fepair
are withheld. Even in the same structure this
fact has been beautifully demonstrated by the
researches of Valentin, Matteucei, Helmholtz, and
others, who have shewn that carbonic acid and
other products of the retrograde metamorphosis
of muscle are increased after active contraction.

Thus we can account for the relative vascu-
larity of different tissues, and their more or less
immediate dependence on a due supply of healthy
blood. For in order that the condition of a struc-
ture or organ may be maintained, the amount of
tissue consumed must be met by an equivalent
supply of new matter. The demand of an organ
determines the supply of blood to it. The supply
is not a cause but an effect.

It is important to understand the true rela-
tion which exists between the nutrition of a part
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and the flow of blood to it. It is easy to account
for the errors which have prevailed on the subject,
for there are many facts which, until they are
fairly investigated and properly understood, ap-
pear to indicate that the relation is reversed.
Hunter’s well-known experiment may be taken
as a remarkable example. He cut out the spur
of a cock, and planted it in the comb, where it
not only became united to the surrounding parts,
but grew into an enormous spiral horn, six inches
long.* Now, this great increase of size which it
attained in its new locality is a circumstance
worthy of all attention. Why did it thus grow ?
Not merely because there it received an increased
aflux of healthy blood. If it were merely he-
cause the part to which it was transferred—the
comb—abounded more in blood than the leg,
whence 1t had been removed, an increased supply
of blood should, we must conceive, affect the
nutrition of a part under other circumstances.
Yet this does not appear to be the case. In an

* See Preparation, No. 54, in the Fourth Series of the Museum
of the College of Surgeons. No. 52 is a similar specimen.
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but a limited duration of life. Each part of
the organism has an individual life of 1ts
own, and a limited period of existence. In
those structures which perish and are renewed
molecule by molecule, this natural death and re-
storation, which is constantly occurring, eludes
direct observation ; but it is obvious enough in
others which perish and are cast off in sensible
masses. In the epidermis or epithelium, for ex-
ample, we are familiar with the fact that the
oldest cells, which have reached the surface, are
being continually shed and replaced by others
from below. Desquamation of the cuticle is a
natural process which follows the decay of the
worn-out cells. The shedding from time to time
of the hair 1s a more conspicuous example of the
same process ; soof the teeth, which, in ourselves,
in common with all mammalia, are renewed but
once, but in fishes repeatedly. As with the cells
of the skin, where the process may be most
readily studied, so with cells of different kinds
elsewhere, as gland cells and blood cells ; after
attaining maturity they degenerate and die.
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Thus during life not only is molecular death con-
stantly occurring, but whole parts, entire struc-
tures, are periodically perishing. Nevertheless,
the duration of life in each individual particle is
modified by the exercise of its function. Those
parts which live fastest die soonest. The dura-
tion of life is in an inverse ratio to vital acti-
vity.

Certain members of the animal kingdom under-
g0, we know, such strange and striking transfor-
mations at particular periods of their life, that we
apply to these the term metamorphoses: for ex-
amples, insects and batrachia, as frogs and their
allies. Now, these great changes, which we call
metamorphoses, do not differ in kind from those
elsewhere occurring, but are only remarkable in
the extent to which they proceed, and the rapidity
with which they are accomplished. Observe that
they all consist manifestly in the loss of certain
parts or organs, and in the acquisition of new
ones. Thus, when the caterpillar becomes, through
the chrysalis, the perfect insect, the number of its
legs 1s diminished, and it is furnished with wings.
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When the tadpole becomes a frog, it loses its tail,
and gains legs, and so forth. And these outward
and visible changes are associated with corre-
sponding transformations of organs within.

Now, this shedding of old and developing of
new parts, from time to time, prevails more or
less throughout the whole kingdom of nature, and
may be met with in all forms and degrees. If
time permitted, I might attempt to describe the
strange and startling transformations or metamor-
phoses echinodermata undergo; how star-fishes
and sea-urchins become wonderfully changed at
different periods of their life. I might refer to
numerous other instances—such as those met
with among crustacea—in which the young crea-
ture is so unlike the old one, that many curious
mistakes have hence arisen ; the same individual,
at different periods of its life, having been re-
garded as belonging to distinet genera. But de-
scending from such extreme cases as these, of
which the metamorphosis of an insect may be
taken as a familiar example, we may pass through
various degrees of change met with among hatra-



Lecture 11. 59

chia—salamanders, frogs, toads, and their allies—
to serpents, in which the entire cuticle is periodi-
cally shed—the skin is cast; to birds, where
moulting occurs, and mammalia, whose hair is
shed and renewed, these structures being cuticular
appendages merely ; to fishes and others, where
the teeth—cuticular structures—are frequently
changed throughout the whole of their life; to
ourselves, whose teeth, in common with those of
all mammalia, are changed only once, but whose
epidermis or cuticle is continually being cast off
from the surface, and renewed from below. Fin-
ally, I might refer to more special instances, as the
antlers of the stag.

But it may be observed that the changes to
which the term metamorphosis is more properly
applied, are distinguished from the rest in this:
that there is mot a mere repetition of similar
parts or structures—as, for example, in the shed-
ding and renewal of the cuticle of the snake—but
that the loss of certain structures is associated
with the development of others more or less, per-
haps altogether, different ; that in the insect, some
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legs disappear, and wings are produced ; that in
the frog, the tail is lost, and legs acquired. But
this again is only a question of degree. Meta-
morphoses are remarkable in this respect, not be-
cause transformation is peculiar to certain ani-
mals, but because in them it is so extreme and
abrupt.

What living being can be said to present the
same invariable characters throughout the whole
of its life? Are not changes more or less gradual
or abrupt, transformations more or less marked,
common to all? Is manhood a mere repetition
of childhood ? Is old age nothing but a repeti-
tion of these? Why is it inevitably otherwise ?
Truly the transformations are too subtle here to
be detected in their progress, but the result is
obvious enough. But to pass to more special in-
stances manifest in ourselves. At different periods
of life, certain structures pass away, while others
are developed. Witness, for example, the earliest
blood cells, and those which are subsequently
formed. Omitting other more striking illustra-
tions which occur at the earliest periods, we may
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and repair may be concurrent—simultaneously
going on—is, to some extent, an open question.

The certain fact that active exercise is destruc-
tive of tissue, does not preclude the possibility
that even during its continuance repair may be,
to some extent, proceeding simultaneously with
the waste ; but 1t does involve the proposition
that during active exercise the amount of waste
exceeds that of repair.

Therefore, in order that the waste may be re-
paired, that the condition may be maintained,
there must be periods of comparative inactivity,
of more or less complete repose.

As waste, then, necessitates repair, activity,
which produces waste, involves repose, the period
of repair.

If active exercise could be continued without
interruption, it would at length wear out the tis-
sue, destroy it, and the limit to its duration is no
doubt connected with the amount of tissue con-
sumed. (The sense of fatigue in organs, as in
muscles, may be due to the want of balance be-
tween waste and repair) Exercise, therefore, is
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Certain actions are called rhythmical — that
of the heart for the grand example. Now what
is the character of this action? It consists in
a series of alternate contractions and dilatations
of its several chambers, which are produced by
equivalent contractions and relaxations of the
muscular fibres forming their walls ; and these
actions are remarkably well-defined and distinet,
rapid and regular, and therefore striking. In
other words, alternate periods of activity and re-
pose exhibited i an orderly manner. But let us
observe elsewhere. ;

The muscles of respiration obviously exhibit
the same condition, though somewhat modified,
and subjected to various interruptions and dis-
turbing influences.

In the voluntary muscles, the modification is
yet greater. The alternations of activity and
repose are less rapid, and far less regular.*

The action of the muscles of organic life is

*That is, so far as the muscle, as an organ, is concerned, But
if we observe the phenomena of active contraction in individual
fibres, we find that “ there is an alternate momentary action and
repose of every contractile particle.”







66 Life and Death.

Passing from the muscles to the nervous sys-
tem, the alternation is most marked in the higher
centres, as in the brain, by sleep.

When we pass to what are called the vegeta-
tive functions, observation becomes more difficult,
and we soon lose our way. Nevertheless, when
they appear in their least disguised form, as in
plants and the lower animals, we may detect the
same alternation ; for example, in plants during
the day and night.

Therefore, the commonly so-called rhythmical
actions are not, in their essential nature, special
or peculiar. They are distinguished merely by the
more striking manner in which the alternation is
presented to our observation. Rhythmical action

surely this is to overlook the nature of rhythmical action. Is not
every interval of contraction a period of rest ?

No ; there is no evidence of any real exception to this law, only
apparent ones. True, we say, for example, that the heart is
always acting ; but we see that its action, strictly speaking, is
not continuous, but intermittent. Every part is subjected to
alternate intervals of contraction and relaxation, to say nothing
of the possibility that only some of the fibres of each part act at
one time, while others are passive. The same may be said of the
muscles concerned in the act of respiration, and of the plain or
unstriped muscles generally,
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the familiar word, sympathy. We say that one
part sympathises with another, or that the whole
body is affected by, or sympathises with, the
morbid or unhealthy condition of any part.

Now to what is this universal sympathy due ?

The blood is a fluid of most complex composi-
tion. Necessarily so ; for it is brought into direct
relation with food and air on the one hand, and
with all the different tissues of the body on the
other, in the various processes of nutrition, secre-
tion, excretion. Therefore, 1t must contain all
the substances which the several parts require,
receiving these from food and air, and it must
receive back again worn-out or used-up matters.

Wonderful, that notwithstanding its complexity
and the sources of disturbance to which it is ex-
posed by the continual introduction of raw mate-
rial on the one hand, and of refuse matters on the
other, it can and does maintain the uniformity
which is necessary to health. Circulating through

the body at any given time, we may say, broadly
speaking, there is blood in three stages: blood
fit for present use, as it were of to-day; blood
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which has passed this stage, as it were of yesterday ;
blood for future use, as it were of to-morrow.

Now we can understand from this, that a right
state of the blood and healthy nutrition are mu-
tually dependent: the blood must be right for
nutrition to be normal ; nutrition must be normal
for the blood to be right.

Hence we can understand the aphorism, “ Each
single part of the body, in respect of its nutrition,
stands to the whole body in the relation of a
secreted substance.” For if any part fails to with-
draw from the blood its own proper materials for
assimilation, or restores to the blood substances
other than those which are the normal result of
the changes it undergoes, the blood, we believe,
must be thereby, in some measure, and for some
time, affected ; and hence, as a secondary effect,
the nutrition of other parts or organs may, through
this altered blood, become modified or disturbed.

Thus, then, distinet and distant structures or
organs may sympathise with each other, or the
whole may sympathise with the condition of any
part, through the medium of the blood. So the



70 Life and Death.

nutrition of different organs may be correlative
—their evolution and activity concurrent. The
arowth, development, wasting, or degeneration of
one determining, within certain limits, the con-
dition of another.

Hence, as Mr Paget has suggested, may be at
least one purpose accomplished by parts appa-
rently the most insignificant—by rudiments or
vestiges of structures or organs. By their nutri-
tion they may contribute to the general weal.

So too, as Mr Simon has suggested, this relation
between the blood and nutrition may have a
pathological application. Certain diseases, appar-
ently local, are generally admitted to have a con-
stitutional origin. Various eruptions, for example,
are usually recognised as the effect of a previous
abnormal condition of the blood ; but Mr Simon
extends this view to various morbid growths, such
as cancer ; such a tumour being in his view a new
excretory organ, destined to separate the materials
of 1ts nutrition from the blood.

But in all animals, save the simplest, the blood
is by no means the only channel of sympathy.
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In the more complex animals the nervous system
becomes the medium of that immediate and in-
tense sympathy which is so necessary to their well-
being. And perhaps the simplest and clearest
idea we can obtain of the prime and universal
purpose of a nervous system is that of establishing
a more direct relation between the various organs
of the body. The gradual and subtle sympathies
effected through the blood appear to be now not
enough. Hence that more marked sympathy
familiar to us all, of which the nervous system
is the channel.

No one needs to be reminded of illustrations of
the eftects produced upon distant parts through
the nervous system. The influence of various
states of the mind upon the bodily functions
is thus transmitted. Thus shame or anger red-
dens the face; thus fear blanches the cheek,
and bedews the surface with perspiration.

No additional evidence is wanting to establish
the fact that the nervous system stands in a most
important relation to nutrition. No one can
doubt that the nutrition of a part may be most
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extensively modified, or perverted, or altogether
arrested, by causes operating through the nervous
system. But granting all this, however great the
influence may be which the nervous system exer-
cises upon the changes which are involved 1n
nutrition, there is really nothing to shew that
these are absolutely or directly dependent on it.
For instance, pallor and blushing, those simple but
striking changes, may be explained by the influ-
ence which a certain part of the nervous system
exercises upon the calibre of the smaller blood
vessels. But perhaps it would be difficult to fur-
nish a better illustration of this influence than
that which is presented by the effects of the cele-
brated experiment of dividing the sympathetic
nerve in the neck. The result of this operation
on an animal is, that the corresponding half of
the head becomes excessively vascular, the vessels
are greatly dilated, the ear, the conjunctiva, and
the nasal membrane are turgid with blood. Now
by transmitting a current of electricity through
these parts, all the congestion may be made to
disappear : the vessels will contract to their ori-
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ginal calibre, and the parts will resume their
normal condition. Thus that state of all the
minute vessels, which seems normally to depend
upon the integrity of the sympathetic system,
may be induced by a galvanic current.

But let it be repeated that, notwithstanding
the vascular disturbance, the congestion due to
the dilatation of the minute vessels which results
from the lesion of the sympathetic nerve, the
nutrition of the parts concerned gives no evidence
of any alteration or modification. This abnormal
condition may be maintained for months, and yet
no visible effect upon nutrition follows.

A gain, while numerous other experiments, such
as those of Bernard, tend to shew that certain
portions of the nervous system—the sympathetic
—are especially related to nutrition and secretion,
at the same time these, and others by Brown-
Seéquard also go to shew that this relation—which
after all appears to be naturally one of control—is
only an indirect one, through the influence they
exercise upon the calibre of the small vessels, and
consequently upon the circulation through an



74 Life and Death.

organ. They shew, moreover, that connexion with
a nerve centre is by no means an indispensable
condition of nutrition and secretion.

But do not let me be understood to contend
that every effect which any portion of the nervous
system exercises upon nutrition and secretion can
be explained by its direct action on the blood
vessels. It must be confessed that there are facts
of daily observation which cannot be so explained,
to say nothing of experiments which shew that
increased vascularity of certain glands, and a more
copious secretion, follow the excitement of particu-
lar nerves. Still in none of these faets, which
beautifully demonstrate the influence of the

nervous system upon nutrition and secretion, is
there any proof of direct dependency.

But that the essential act of nutrition, apart
from the conditions which more or less imme-
diately minister to it, such as a due supply of
blood—that the change which constitutes nutri-
tion—is not directly dependent on the nervous

system, seems to be shewn by the following con-
siderations,
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The process of nutrition in all its details is
most elaborately and completely carried on in
plants, where no trace of a nervous system
appears. In the simplest animals, also, all
phases of nutrition are accomplished, and yet
there i1s no evidence of any nervous system.
Again, in some of our own tissues, as, for instance,
in cartilage, no nerves of any kind have been
found, and yet in them the same changes proceed ;
they waste and are repaired ; they grow, develop,
degenerate—in short, are nourished like other
structures. Once more. The first and all-import-
ant steps in the development of the embryo are
taken before a nervous system exists. Inthe face
of such facts as these, therefore—to say nothing

of others drawn from experiment and pathology
—the burden of proof rests on those who claim

for the nervous system, in its relation to the pro-
cess of nutrition, a power beyond any kind of
influence ; who assert that nutrition directly de-
pends on it.*

* Influence is one thing—dependence another. Yet by a
strange confusion the well-known facts which clearly demon-
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The great process of nutrition appears in differ-
ent phases. |

As simple maintenance. In this case the waste
and the repair, the consumption and supply, are
so accurately adjusted that, notwithstanding the
most active changes, there is no appreciable alter-
ation of structure. And let it be observed, in
healthy nutrition the supply is proportioned, not
only to ordinary demands, but, within certain
limits, to extraordinary ones. On the one hand,
extraordinary activity involves additional waste,
and this is associated with equivalent repair ; on
the other, with deficient exercise there is dimin-
ished consumption, and the supply is reduced ac-
cordingly. But more than this. When structures
or organs are maintained for some time in a state
of extraordinary activity, provided only that the
exercise be healthy, that the exertion be not ex-
cessive, they not merely maintain their condition
—the extraordinary loss is not only met by an

strate the vast influence which the nervous system exercises on

nutrition, and this only, have been urged as so many proofs of
direct dependence,
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circulation may be maintained, must be overcome.
To do this the heart is called upon to make un-
usual efforts—it must work harder than before.
In most cases it does so, and thus in time grows
larger and heavier—becomes hypertrophied. In
such a case the enlargement is not a disease, but,
on the contrary, in itself a conservative change,
adapted to meet a difficulty which disease has set
up—a most salutary effort of nature to avert the
impending catastrophe.

The great cause, therefore, of over-growth
18 increased exercise, within the limits of
health, by whatever means that may be called
forth.

On the other hand, deficient exercise, want of
use, leads to wasting, to atrophy, to loss of bulk
and weight, and often to corresponding impair-
ment of quality. Look at the muscles of a person
accustomed to sedentary pursuits, or, for a still
more striking illustration, at the muscles of a limb,
otherwise healthy, which, from accident or disease
of a joint, are debarred from a due amount of

exercise ; how they gradually yet perceptibly







80 Life and Death.

or repose affects our muscles and bones, so is the
condition of the brain improved by mental work,
and impoverished by idleness. Thus the brain of
the sluggard will inevitably degenerate, while no
one can be aware of what he may accomplish,
until by a system of active and sustained exercise
he has raised his mental powers to their highest
degree of efficiency.

So we are led to recognise and appreciate the
great value of education, apart from the knowledge
it bestows. It 1s the means whereby the mental
faculties are trained, disciplined, cultivated, so as
to enable them to act to the best advantage in
any case of real emergency.

But let it be remarked that this adaptation
within wide limits, much wider, I believe, than
they are usually allowed to be, of power to the
need of it—that this adaptation requires time,
often a considerable period. This is doubtless the
chief cause why the extent of this capability is
so inadequately appreciated. Such important
changes are necessarily gradual ones.

But it may be that an organ is too suddenly
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alike augmenting, the crisis, with rapidly-increas-
ing pace, is hurried on.

No organ illustrates this so strikingly as the
heart, and under no circumstances better than in
the reaction which follows a severe shock. An
inpression is produced upon the heart whereby its
power is for some time impaired. But, that life
may last, it must still, to a certain extent, circu-
late the blood. If it be too feeble to accomplish
this necessary task at its ordinary rate of action,
the frequency of its beat must be increased. But
action 1s succeeded by corresponding exhaustion ;
and so, if the supply prove unequal to the demand,
follow deficient power and excessive action ; the
pulse increasing in frequency as it fails in force.
In this way collapse may indirectly terminate in
death through excessive or exhausting reaction ;
or, if happily the power be sufficient to restore
the equilibrium, in ultimate recovery.

But beyond these various phases of nutrition
thus determmed by well-known causes, it pre-
sents different forms at different periods of life.
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As with the whole body so with every organ ;
from its first formation 1t proceeds to its maturity,
and thence to its death. Thus nutrition is pre-
sented in the first instance in the form of growth
and development ; then for a time as simple main-
tenance ; lastly in the form of wasting and dege-
neration. Observe the difference between growth
and development, and between simple wasting
and degeneration. Growth and wasting, which
are opposite conditions, refer to quantity only.
In growth there is a simple increase of bulk or
weight. In wasting there is a simple loss of it.
Development and degeneration, which are oppo-
site conditions, refer to quality. In develop-
ment, there is an improvement in the structure
of a part, in degeneration the reverse. Growth
and development may be, and often are, concur-
rent, as in the general progress of an individual
or organ from infancy, or its first formation, to its
adult condition or state of higher perfection, but
they are by no means necessarily so. Organs
may simply increase in bulk and weight—in
quantity—without yielding any evidence of cor-
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responding improvement of quality ; as, for ex-
ample, bones and museles. Or development may
proceed without concurrent growth, nay, with
even great diminution of weight and bulk. Thus,
in the case of an organ, in certain stages of the
development of striated muscular fibre, while the
fibre is obviously improving in quality, rapidly
assuming the striee, and other characters which
belong to the adult condition, it as rapidly
undergoes a decrease of bulk, so that a fibre
with well-formed striee will measure much less
than one far behind it in the stage of its develop-
ment. Again, in the case of the whole indivi-
dual, Mr Higginbottom has found that tadpoles
in developing into frogs lose two-thirds of their
weight.

So with wasting and degeneration. They may
be, and often are, as in the decline of life, concur-
rent, but by no means necessarily so. Either one
may proceed without the other. The causes
which determine one or other of these changes—
wasting or degeneration—are at present obscure.
We are more ignorant of the conditions which
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determine between these than of those which
regulate growth and development.

But in life there is a power beyond ordinary
nutrition, whether it is presented in the form of
simple maintenance, or of growth, or development ;
a power beyond all this, whereby unusual de-
mands may be supplied, extraordinary losses may
be met—the power of repair. We are wont to
speak of the wonderful adaptation of means to
ends everywhere visible in our structures and
functions. We are lost in admiration at the mar-
vellous manner in which the wear and tear of our
organs is attended by continual renewal. What
must we think then of this power of repair ? As
if it were not enough that the normal wants of the
system should be fully provided for—that natural,
daily, hourly, constant losses should be sustained
and counterbalanced—there is, as it were in antici-
pation of mischief, of injury or disease by whatso-
ever cause produced, a power in reserve by which
the loss may be restored or the damage repaired.
This power, with which all living beings are fore-
armed, varies widely in its degree in different cases.
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The vast and remarkable difference in the
effect of injuries upon the lower or simpler, and
the higher or more complete animals, depends
upon differences in the grade of development.
The less the principle of division of labour is car-
ried out—the less the several functions are sepa-~
rated and limited—the greater the extent, when
any part is destroyed or removed, to which its
functions can be performed by others. So also
the immediate effects or shock of any injury is
less felt by the simpler forms of life ; for where
there is less complexity, less division of labour,
there is less meed of that elaborate harmony,
that intimate sympathy between distinet and dis-
tant parts which, in the higher animals, is effected
by means of the nervous system ; through which
system the shock of an injury is transmitted.

But more than this. The capability possessed
by any living being of repairing injuries, of re-
storing lost parts, appears to be in an inverse ratio
to its grade of development, or to the extent
and nature of the changes which it has passed
through. (See First Lecture.)
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Thus the simplest forms of life will survive -
mutilation to any extent. Nay, each fragment,
possessing in itself the econditions of life, will be-
come a whole. Thus we may rudely imitate
nature by the artificial division of polypes and
worms. DBut as we ascend, the power of repro-
duction becomes gradually limited to certain
parts,—to legs or tails, or other appendages, as in
tritons and lizards,—until at last in man the power
of reproduction is comparatively Insignificant.
With few and slight exceptions we no longer wit-
ness the reproduction of lost parts; we antici-
pate only more or less complete repair.

These facts should be borne in mind in draw-
ing conclusions from the results of experiments
upon the lower animals in relation to man.

Observe, too, that here also type of organisa-
tion must not be confounded with grade of de-
velopment ; for under every type a vast difference
is apparent. Neither the animal nor vegetable
kingdom, even in regard to the power of restora-
tion or repair, can be represented in a single, con-
secutive, and inclusive series. It is necessary to
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- bear this in mind, for the general statement is
sometimes made, that the reparative power in
each species bears an inverse ratio to its position
in the scale of animal life. But the reparative
power of tritons and salamanders is, beyond com-
parison, greater than that of insects. Yet it
would be generally asserted that the amphibia
were higher in the scale, as it is termed, than
insects. In type of organisation 'they are ; 1n
grade of development undoubtedly below them.

This remarkable difference in the repair of in-
juries is observed, not only between different
animals, but also in the same animal in the course
of its development, and for the same reason. The
capability of reproducing lost parts, or repairing
injuries, is in an inverse ratio to the extent and
nature of the changes passed through.

For example, Spallanzani found in his experi-
ments upon the tails of tadpoles, and the legs of
salamanders, that the rate and degree of repro-
duction were in an inverse ratio to the age.
Among frogs and toads, he says, it is only in the
very young that any reproduction occurs. And
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every one is aware that children recover from
and repair injuries much more rapidly and com-
pletely than adults. Children, we say, will go
through so much ; because they have gone through
so little. The old, for the most part, can bear but
little in addition to what they have already gone
through. Surgeons, guided by this, do not hesi-
tate to adopt plans of treatment in children
which they would not venture to practise on
those advanced in life.

Thus, then, different phases of nutrition belong
to different periods of life. The seven ages of
man— infaney, childhood, youth, adolescence,
manhood, decline, senility—may, for physiologi-
cal purposes, be reduced to three—growth and
development, maturity, decline. These are dis-
tinguished by the relative degree of the construc-
tive and destructive changes. In the first, the
constructive changes are in excess; in the
second, the constructive and destructive changes
are balanced ; in the third, the destructive
changes are in excess. DBut distinguished also,
and in this more, by the relative rate at which
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these changes simultaneously proceed. In early
life changes are most active, and they diminish
in rapidity as age advances.

In the same animal or plant in the course of
its career, different organs, or systems of organs,
may attain their most perfect conditions at dif-
ferent periods of time. An illustration of this,
in a general way, is presented by what are called
the vegetative and animal functions. The former
are in full and complete operation long before the
latter. The difference is most marked in those
cases where the metamorphoses are most abrupt.
Compare, for example, a caterpillar with a but-
ter-fly, or a tadpole with a frog. In such cases,
how largely, during the first period of existence,
vegetative or organic life predominates over ani-
mal life. Almost all their time is spent in eating.
What a striking contrast to this does the last
period of existence present! How little food
comparatively is required ; in some moths none
at all. But what an exuberance of animal life ;
what energetic expenditure of muscle and nerve
force! Very many other more special illustra-
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tions of this might be pointed out. KEven in our-
selves, compare the very different periods at which
the thymus and thyroid glands attain to their
maturity ; or, again, for a more familiar example,
the organs of the senses and of the intellect. We
know very well that the senses are possessed in
all their acuteness before the intellectual faculties
are fully developed, and the senses fail before the
intellectual powers decline.

The natural course of the body and of every
organ and structure is, development and growth,
maintenance for a certain time in a state of matu-
rity or perfection, decline and death. To be born,
to live, and to die, 1s the epitome of the history,
not only of every living being as a whole, but,
within this general life, of every particle of which
it 1s constructed. “ As the race of leaves, such
is that of men.”

The fairy rings of our meadows which puzzled
and delighted us as children, illustrate simply but
foreibly the relation of life and death.

These magic circles of simple vegetable cells
are continually spreading in ever-widening curves
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present. Thirst can be borne for some little time ;

and water, as a rule, is always within our reach.
But we are constructed to support the depriva-
tion of food for a longer period, and this comes
not so directly; but it is the lot of all, of animals
in some degree, and of man more especially, to
secure nourishment by labour. “In the sweat of
thy face, shalt thou eat bread.” With all men,
whether savage or civilised, the prime object of
life is to obtain their daily bread.

What is the use of food ? This is not so simple
a question as at first sight it may appear to be.
What are the sources of demand for food ? How-
ever widely opinions may differ on the relation ex-
isting between them, there can be no doubt that
food 1s destined to fulfil these two grand pur-
poses :—

The construetion and regeneration of the tissues.

The production of heat.

In considering therefore the destination and
uses of food, the quantity and quality required,
we have to study—

(1.) Nutrition—the repair of waste—the re-
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There are limits, wide though they be, in every
case. A reptile could never be on a par with a
bird in this respect. Under any circumstance,
waste is more rapid, and the dependence on food
therefore more 1mmediate, in the bird than in the
reptile. And between other classes, or even in-
dividuals of the same class, there are differences
of the same kind, though varying widely in
degree.

(b.) The size of the animal influences its rate
of waste.—The proportion of daily waste to the
welght of the body appears to increase in an
inverse ratio to the size. Thus, from the re-
searches of Frerichs, Lehmann, Bidder, Schmidt,
Boussingault, Valentin, and others, the daily
waste of albuminous compounds, relatively to the
whole body, may be estimated, Brinton says, as
follows : in the rabbit, y15th ; cat, {14th; dog,
saoth ; horse, 7d5th. Therefore the proportion of
plastic food required must vary accordingly. This
fact deserves especial notice in regard to the
relation, to be presently alluded to, which exists
between the size of an animal and its loss of heat.

;i
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(c.) The period of life has vast influence on the
proportion of food consumed.—The young re-
quire a much larger amount than the old. This
increased demand in the early periods of life 1s
due to more than one cause. Being smaller then,
the animal is probably on that account alone
subjected to a greater waste of substance. Then,
as a growing animal, there must be a surplus of
income over expenditure. But far beyond these,
the great cause is, that in the earlier periods of
life changes are more active-—vital processes are
more energetically carried on. Growth and de-
velopment, which are phases of nutrition, demand,
of course, an extra and equivalent amount of
food ; but the addition thus required is, under
any circumstances, comparatively a very small
one. It is true, that at the time when growth
and development are proceeding most actively,
the demand for food is greatest ; but there can be
no doubt that by far the largest portion of it is
consumed in repairing the waste, which is then
most energetic, and that but a very trivial fraction
of the whole is employed in augmenting the
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weight and bulk of the body. For growth and
development, even when most rapidly progressing,
are but slow and gradual processes, when com-
pared with the amount of food which is daily
consumed.

(d.) But we shall easily understand that,
beyond the circumstances just enumerated, which
influence the proportion of food required, there is
one most 1nfluential, and which applies to the
same animal at any given period of life. The
amount of food which any animal at any time
consumes is largely influenced by rest or activity.
It 1s well known that, in the case either of
animals or ourselves, the quantity and quality of
food which will suffice to maintain the condition
in a state of comparative repose, will prove inade-
quate to this purpose under exercise or exertion.
The additional force thus involved implies of
necessity the consumption of an equivalent
amount of structure ; which, in order that the
original condition may be maintained, must be
met by an equivalent increase of plastic food.
On the other hand, if an amount of food be

i
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assimilated over and above that required for
simple maintenance, and this be not eonsumed
by an extra expenditure of force, an increase of
substance will result, and the weight will be
augmented. Therefore, for the body to maintain
its condition, in the case of a working man or
animal, an extra and equivalent amount of food
will be required, which excess in a state of rest
would increase the weight of the body. For—

All function depends on structure, and action
involves destruction ; therefore regeneration or
renewal is necessary to the maintenance of vital
activity.

The sole source of this repair is food ; therefore
all function or vital force is dependent on food.
Thus food supplies force.

A given quantity of food of the proper quality
can form only an equivalent amount of structure,
which can produce only a corresponding amount
of function. Therefore, food and force are in-
variably related as cause and effect ; therefore,
given a certain quantity of food, and an equi-
valent amount of work can be performed.
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Ignorance of this has led to miserable mistakes
in feeding cattle, and in the construction of diet
scales for men, under different conditions of
labour and repose.

(2.) Temperature.—Food is the source of heat.
Heat is evolved by the combination of the ele-
ments of the food, and of the tissues, which are
derived from it, with oxygen. All food therefore,
sooner or later, by combining with oxygen,
evolves heat, some portion more directly, after
passing into blood ; some less directly, only
after having formed tissue. The quantity, and
still more the quality, (see further on,) of food re-
quired is therefore, in great measure, determined
by the amount of heat which must be evolved.
And this is influenced principally by—

(a) The nature of the animal—Every one
knows that there is a wide difference between
various classes of the animal kingdom, in the
amount of heat which they are able to generate,
and the temperature they maintain. We speak
familiarly of warm and cold blooded animals; and
these terms, although insufficient and erroneous,



Lecture I11. 103

refer to a most i1mportant distinction. Those
members of the animal kingdom which are termed
warm-blooded, such as birds and mammalia, have
the power of maintaining an almost uniform
temperature in the midst of extreme fluctuations
around them, and this by virtue of their great
capability of generating heat ; whereas, those
members of the animal kingdom which are less
aptly termed cold-blooded, such as fishes and
reptiles, have comparatively little power of main-
taining an independent temperature. Within
certain wide limits their temperature varies more
or less with that of the surrounding medium.
Thus the two classes, between which, however, no
abrupt line of demarcation can be drawn, are dis-
tinguished by their relative power of resisting
changes of temperature. They are also distin-
guished by their relative power of endurance ;
for warm-blooded animals appear to be deficient
in power of endurance, as cold-blooded ones are
in power of resistance. If by any extreme
means the temperature of the body of a warm-
blooded animal be raised or depressed only a few
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degrees, a fatal result will be, before very long,
produced. Thus, while the one class can resist
much but endure little, the other class can en-
dure much but resist little. The powers of re-
sistance and endurance are most variable, but
ever, it would seem, inversely proportionate. So
we can at once understand what great difference
there must be in the amount of heat-producing
food which is consumed under these different
circumstances ; how much it must be affected by
the nature of the animal.

(b.) Size has an important influence upon the
relation which the amount of heat generated must
bear to the temperature which is maintained.
As a general rule, the smaller the size, the larger
is the surface which is exposed in proportion to
the bulk of the body, and hence, the larger the
proportion of the amount of heat produced
which thereby escapes. Thus, the smallest of
the warm-blooded animals, such as mice and
singing-birds, consume, in proportion to their
bulk and weight, many times as much food as
the larger ones, such as horses and ourselves.
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(c.) The external temperature—as season
and climate—has a large influence upon the
quantity and quality of the food consumed. It
is obvious that, in order to maintain a tolerably
uniform temperature, more heat must be gener-
ated in cold than in warm weather. Hence more
heat-producing food must be consumed. A care-
ful study of the diet in different latitudes, when
all the circumstances of each case are fairly taken
into consideration, fully bears out this significant
fact. The apparent exceptions which at present
exist, and which have been made far too much
of, will probably disappear as our knowledge
advances.

Therefore, the question, What is the use of
food? what is its destination? is a large one.
Food is required for the repair of waste ; at times
for more than this, for growth and development.
Food is required for the evolution of heat. The
most economical food is that which most accur-
ately meets these two conditions. Practically
speaking, under ordinary circumstances at least,
calorifacient food cannot supply tissue. On the
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other hand, if it be deficient, plastic food must be
wastefully expended or consumed in the mere
production of heat. The grand point in practice
is to adjust the absolute and relative proportions
of the different alimentary materials to the con-
ditions required—to have enough of each, and an
excess of none.

And again, let me repeat, the quantity and
quality of food consumed is largely, very largely,
influenced by the amount of work done. The
work required to carry on the organic processes
of life 1s subjected to comparatively little fluctua-
tion, and 1ts adjustment is happily beyond our
control. But voluntary work, of whatever kind
it may be, manual or mental—for the exercise of
function involves the consnmption of structure,
whether muscle or brain—voluntary labour, which
varies so extremely, determines the demand for
food over and above the amount required to main-
tain the condition, when there is no external, no
extra expenditure of force,

The other material agent necessary to life is
atmospheric air. This, every one knows, is prin-
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cipally composed of the two gases, oxygen and
nitrogen ; for we may set aside the minute
quantities of carbonic acid, ammonia, watery
vapour, and other substances which are present.
Of these two gases, oxygen is the active, nitrogen
a passive agent. Nitrogen, so far as we know,
takes no active part in respiration. At each in-
spiration, a certain quantity passes in with the
oxygen, and at each expiration a nearly equal
quantity is expelled unaltered. The most reliable
observations seem to shew that in health, and
under normal circumstances, the amount expelled
somewhat exceeds that inhaled ; but this habi-
tually slicht excess appears to be very variable,
and is easily reduced, or even converted into a
deficiency by trivial disturbing causes, such as a
sudden change of diet. Moreover, all the evi-
dence we possess tends to shew that none of the
atmospheric nitrogen enters into any form of com-
bination while passing through the system.

But the active agent is oxygen, which is des-
tined to combine with the elements of the food
and of the tissues; for the most part, of course,
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with carbon and hydrogen, producing carbonic
acid and water ; but also, though to a far less
amount, with the comparatively small quantities
presented of other substances, such as phosphorus
and sulphur. The result of this combination,
this oxydation, is that consumption of tissue
which is involved in all vital action. By the
union with oxygen, those retrograde metamor-
phoses proceed which lead at length to the
elimination of their elements in the wvarious
forms in which they appear in the different
excretions.

Do it seems to be well established that a large
proportion of the oxygen inspired enters forth-
with into combination with the elements of
certain principles of the food, mainly with the
elements of non-nitrogenous substances, in the
blood itself; so that a considerable proportion
of the food is thus directly burnt there, and from
thence passes off in the form of carbonic acid and
-water without ever entering into the construction
of tissue. Thus while, at least, by far the largest
proportion of nitrogenous matter passes through
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excreted per hour, or, on an average, about 8
ounces in 24 hours; the quantities varying,
however, under extraordinary -circumstances,
from 7 to 14 ounces. It must be obvious that
we cannot so readily determine the quantity of
hydrogen which is oxydised, and escapes in the
form of watery vapour, for, of course, much of
the vapour which is inhaled comes from the
water taken in as food. This difficulty has even
given rise to doubts in the minds of some, whether
any water 1s formed in the system ; but the evi-
dence, direct and indirect, which we possess on
-this subject, such as the admirable calculations
of Vierordt, establish the fact.

Every one believes that the purer the air,
the better it is adapted to respiration. Of all
impurities, that which is by far the most frequently
encountered is carbonic acid, the almost universal
product of combustion—the abundant product of
every flame, of every breath, Now carefully-con-
ducted experiments satisfactorily shew, that in
proportion to the amount of carbonic acid which
already exists in the atmosphere, so is the elimi-
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nation of this poison—for if retained in the blood,
1t acts as a positive and energetic poison—from
the lungs obstructed. Therefore, if we are com-
pelled to respire over and over again the same
air, all means of ventilation being prevented, the
proportion of carbonic acid exhaled is gradually
reduced at each suceessive respiration. When the
amount present in the air reaches a certain level,
about 10 or 12 per cent., no more can be thrown
off from the lungs. While 5 or 6 per cent. can-
not exist without danger to life, half this amount
will prove fatal if formed at the expense of
the oxygen of the air. The recent elaborate re-
searches of Pettenkofer go to shew, that in order
that the carbonic acid in the air should not reach
the level which appreciably interferes with its
free evolution from the lungs, an adult person
should be supplied with at least 60 cubic metres,
or more than 2000 cubic feet per hour. This
fact of the influence of carbonic acid in the at-
mosphere upon the function of respiration should
be clearly understood.

Since, therefore, everything depends on venti-
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lation, it is impracticable to prescribe the exact
amount of breathing room which, as a minimum,
should be allowed to each person. But, at any
rate, perhaps it should not be less than from
800 to 1200 cubic feet.

There is another question, the opposite of this
one, which requires notice : the influence which
the proportion of oxygen present in the air has
upon respiration. When the proportion is dimi-
nished, there 1s no doubt that the process of res-
piration is correspondingly impaired ; yet, let it
be observed, that when the accumulation of car-
bonic acid is prevented, respiration may still be
carried on when the quantity of oxygen is con-
siderably reduced ; for an increase of carbonic
acid 1s a far more active evil than a diminished
supply of oxygen. But it has been imagined,
that by increasing the proportion of oxygen in
the air, a larger amount of it might be made
available for the purposes of life. The inhalation
of oxygen, or of air mixed with it, has been, and is
still, from time to time, confidently recommended
in cases of impending death from suffocation,
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any difference from that which occurs in our at-
mosphere. With the consumption of pure oxygen,
the result is the same. The relation between the
oxygen contained in the carbonic acid produced,
and the total amount of oxygen consumed, does
not undergo any sensible change ; the proportion of
nitrogen exhaled is the same ; finally, the animals
do not appear to perceive that they are in an
atmosphere different from their ordinary atmos-
phere. And although previous observations made
by Lavoisier and Seguin, and by Allen and Pepys,
on man, and by Marchand on frogs, seemed to
shew that when pure oxygen was breathed, more
was absorbed than under normal circumstances ;
yet they detected little or no augmentation of
carbonic acid. Perhaps, also, the well-known
facts that when animals are placed in oxygen, they
may manifest for a time unusual excitement, that
after death the blood'is intensely scarlet, and that
a similar hue prevails more or less in the tissues—
these faets may at first sight seem opposed to the
previous conclusion. But be it remembered, it is
one thing to have the blood overcharged with
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be of little avail ; but, in the absence of any
opposing evidence of a satisfactory character, we
must believe that oxygen is mnot superior, or
even equal to pure air. A careful review of re-
corded cases will, I think, furnish conclusions in
strict accordance with the evidence which physi-
ology produces. The statements advanced in
favour of oxygen as a remedial agent have failed
to convince those most competent to judge of its
utility.

The idea of the value of oxygen in therapeutics
has doubtless been founded on a misapprehension
of the conditions which regulate its consumption.
While the experiments referred to confirm the
fact, which common sense would assume, that in
the atmosphere—the uniformity of the composi-
tion of which is a familiar fact—oxygen exists in
the best possible proportion and condition for
respiration ; Regnault and Reiset, in their elabo-
rate essay, conclude—and the conclusion accords
with all the evidence we at present possess—that
the amount of oxygen consumed depends on in-
ternal conditions relating to the blood and the
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functions are most active, and will vary accord-
ingly.

But beyond these material agents—food and
air— there are dynamical agents concerned in the
production of vital action, of life. These, which
have been called vital stimuli, are external forees,
such as heat, light, and electricity ; those physi-
cal forces whose existence and action we recognise
in the phenomena by which we are surrounded,
in the endless operations of nature and art.

That all vital action depends on these external
agents, dynamical as well as material, may be
abundantly shewn.

I have already alluded to the familiar fact
that seeds may be preserved for centuries without
undergoing any apparent change, but germinating
at last when the necessary conditions are supplied
—air, moisture, and a certain temperature. Each
of these conditions is necessary to active life ; if
either be withheld, development is delayed. For
example, a seed may be supplied with air and
moisture, but development may be arrested by a
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reduction of vital activity in the highest and most
complete members of the animal kingdom. Nor
does it appear from any well-authenticated and
sufficiently trustworthy facts that these are
susceptible of a reduction of vital activity much
below that which occurs in profound sleep ; for
here life so immediately depends on certain
external agents that it soon ceases to exist when
they are withheld, and under ordinary circum-
stances decomposition supervenes.

In a state of dormant vitality, then, there is the
capacity for, but not the manifestation of life—no
vital action. Of the two necessary conditions of
active life only one—the organised structure—is
present. The other—the operation of external
forces—is wanting,.

But although this state of dormant vitality is
usually induced by the withdrawal of external
agents, it does not appear always to depend on
this cause. It may be due to some change in the
organism itself, which, when normal, generally
exhibits a tendency to periodicity. For example,
the regular recurrence of sleep and hybernation
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cannot be altogether explained by the influence
of external causes. There 1s something more
than this; some cause operating within. (See
the remarks on rhythmical action in previous
Lecture.) So too, among insects, the final meta-
morphosis of some individuals is in certain cases
delayed for many months beyond that of others
even of the same brood, under circumstances that
will not admit of explanation by the influence of
any known external cause.

So too, an abnormal state in which the wital
functions generally are reduced sometimes to a
minimum, it may be even below recovery, can
be induced by special and peculiar causes operat-
ing within. Such a state supervenes when a
person faints.

The relation of heat to vital activity is further
shewn in nature everywhere. The influence of
the seasons upon plants is an almost universal
and ever-recurring illustration. So is it ex-
emplified in the obvious relation which prevails
between the flora and temperature of different
latitudes from the pole to the equator, or at
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different altitudes from the level of the sea to the
mountain top. The influence of heat may be
examined more closely. Its dominion over the
rate of life is clearly shewn in the effects of
temperature upon cyclosis and the circulation of
latex. Any one who has watched the rotation
of the contents of the cells of chara, vallisnera,
anacharis, or other plants, will know that the rate
of movement is determined by heat—that it
may be checked or accelerated by varying the
temperature.

As in the vegetable, so in the animal kingdom.
A definite relation prevails between the fauna
and temperature of different regions. Take for
example the facts disclosed by Milne Edward’s
researches upon the geographical distribution of
crustacea. These have shewn that as we pass from
the polar seas towards the equator they become
more abundant and larger ; that varieties of form
and organisation are more numerous, characteristic,
and important, and that there is an increase in the
number of species.

Again the influence of heat upon vital activity
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1s most remarkably illustrated in those cases in
which changes or metamorphoses are most abrupt,
as in the rate of development of the larva from
the egg, of the chrysalis, and the evolution of
the perfect insect. Every one must know how
these changes are accelerated in the silkworm,
for instance, by warmth. The influence of heat
on the development of tadpoles into perfect frogs
has been clearly set forth in Mr Higginbottom’s
experiments. These have shewn more than the
bare fact that the temperature to which they are
exposed exerts a vast influence upon the rate of
their metamorphosis.

Again the influence of temperature is most
marked upon respiration—that is, upon the de-
mand for oxygen and the evolution of carbonic
acid, which may be taken as an exponent of the
rate of life. In cold-blooded animals, as fishes
and batrachia, this demand, within certain limits,
varies directly with the temperature: within
certain wide limits, for it has been found that
when these are passed the relation is reversed.
For example, when the temperature of the
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medium in which a frog is placed is gradually
lowered, its respiration declines in a correspond-
ing ratio down to a certain point which seems to
be its limit of endurance. As the temperature 1s
still further depressed, the respiration appears
gradually to rise ; an effort is then made to resist
any further reduction.

In warm-blooded animals, on the other hand,
which cannot endure internal changes of tempera-
ture, as birds and mammalia, the respiration varies
mversely as the temperature. They resist changes
of temperature, maintaining an equilibrium by
generating more heat as more is lost. But in all
animals, whether warm or cold blooded, it has
been found that the duration of life, of the body
generally, and also of individual structures, when
deprived of air, is inversely as their temperature.
This will be understood when it is borne in mind
that the vital activity of any structure or organ
varies with its temperature, and that in propor-
tion to its rate of life is it more or less immediately
dependent on a due supply of oxygen.

Lastly, let it be observed that some vital

il
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processes seem to require more heat than others.
Thus, it has been observed, an increased degree of
heat 1s furnished at the period when young bees
escape from the egg, and a higher temperature
has been detected under similar circumstances
in other instances, as in some serpents. So, too,
in Mr Higginbottom’s experiments first referred
to. He found that when tadpoles were not
supplied with a sufficient degree of heat to enable
them to develop into frogs, they still continued to
increase as tadpoles, still growing therefore in a
temperature at which they could not develop.
And again, when the limbs of young tritons are
removed, it depends on the temperature to which
they are subsequently exposed whether the mem-
ber is reproduced, such regeneration not occurring
in a temperature below about 60°, Fahr.

The influence of Light is more manifest, and
therefore more easily calculated, in plants than in
animals ; for it is through this force that plants
are enabled to discharge their -characteristic
function of decomposing carbonic acid, and
appropriating carbon. This power of assimilation
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which plants possess requires light; it only
proceeds in its presence. The production of
colour is the marked effect, and may be regarded
as a fair exponent of their vital energy. Thus
plants display the most vivid colours under the
influence of the brightest light, and become
etiolated when deprived of the due influence of
that agent. DBut it 1s difficult or impracticable, in
many cases, to separate or distinguish the oper-
ation of light from that of heat. Thus, much
light does not always appear to be necessary to
colour, for Humboldt and others have discovered
plants, highly coloured, growing in places, such as
in mines, which, at the best, could only receive
very feeble illumination.

Again, to the simple plants, intense light may
be excessive. Thus, some of the lower crypto-
gamia seem to flourish best in northern aspects,
avoiding the glare of a southern sky. Fungi
especially, as every one knows, flourish best in
darkness; but this exception goes to prove the rule.
Fungi differ in their mode of nutrition from the
vegetable kingdom generally. They do not ap-
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accomplished. Thus, it has been observed that
the operation of light has a large influence m
determining the rapidity with which the minute
entomoscracous crustacea cast their shells. DBut
it is most interesting, in relation to the influence
of light upon plants, to find it operating on the
production of colour in the animal kingdom.
Thus Milne Edwards has noticed its influence
upon the colour of the shells of some mollusca.
When the animal has lain for some time half con-
cealed under the shelter of a rock or sponge, the
part of the shell shut off from light has remained
comparatively colourless while the portion exposed
has been brilliantly tinted.

Let me here allude to the remarkable phen-
omena which have been witnessed in the cells of
the skin of various animals in connexion with the
peculiar changes of colour they from time to time
display.

In the skin of such animals, of which the well-
known chameleon is the most striking example,
are seen scattered in great abundance a vast num-
ber of cells, very variable in size and shape in
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terior of the cells, even to the very extremity of
the various processes, is more or less uniformly
occupied by the diffused pigment, and then the
irregular ramifications of the cells which anasto-
mose are most plainly seen, and the whole appears
black. In the former case the skin appears pale
to the naked eye ; in the latter, darker.

There is good reason, from observation and
analogy, to believe that in other animals in which
similar changes of colour are observed, and whose
widely-varying hues are sometimes most beauti-
ful and brilliant,—as in the chameleon, and some
other lizards, some batrachia, many fishes, some
cephalopoda,—these changes are connected with
the arrangement of the pigment in their chroma-
tophorous cells.

Now, 1t seems to be unquestionable that these
changes are mainly determined by the operation
of heat and light, although at present it is im-
practicable to estimate the relative influence of
these forces. In the chameleon, for example, the
most accurate observations shew that, contrary

perhaps to popular opinion, the remarkable
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changes of colour which this animal exhibits are
determined by the amount of heat and light
which falls upon the surface. But, again, it
seems to be beyond doubt that light alone will
effect the change. Thus, apart from any appre-
ciable variation of temperature, the skin of the
common frog will exhibit various shades of colour
according to the amount of light which it re-
ceives. When a frog passes from darkmess into
bright light, the comparatively dusky surface
may be observed to become rapidly paler and
clearer, and similar observations may be made on
many fishes.

In this passing glance at the operation of the
physical forces upon vital action, you see we are
enabled to recognise the necessity of their pre-
sence, and some of the more striking effects of
their influence. But the inquiry by no means
ceases here. In truth, these preliminary facts
conduct us only to the threshold of it. We may
now go further; for a careful study of all the facts
which we even at present possess, the evidence
before us, will lead us to the conclusion that there
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is a definite ratio between the amount of force
consumed and the results produced.

Although the data upon which it is founded
are not, as yet, rigorously exact, we cannot resist
the conclusion, that in plants and animals there
is, within certain limits, a definite relation be-
tween the vital activity of each individual and
the amount of force which it receives from ex-
ternal sources. Thus the most trustworthy ob-
servations tend to shew that every plant requires,
to pass through its career, a definite amount of
heat and light. An annual plant, for example,
from the period of its germination to the close of
its life, everywhere and under every circumstance,
consumes the same total amount, whether it passes
through its course most rapidly at the equator or
more slowly in more temperate zones ; its rate of
growth being in a direct ratio to the amount
which it receives in any given time. Or more
particularly with regard to the operation of light
on plants. There is satisfactory evidence for the
conclusion, that the decomposition of carbonic acid,
the appropriation of carbon, and the formation of






134 Life and Death.

and vital forces? True, we stand at present
only on the threshold of this inquiry, but thus
much may be safely said :—The farther we pene-
trate, the more we learn, the more are we led to
believe that the phenomena of life are produced
by the agency of the external forces, transformed
by the organised structure through which they
act. Thus, then, the vital or organic forces are
correlated to the physical forces. We believe
“that the same relation, in whatever way defined,
exists among the several vital forces as among
the physical ; and that the vital and physical
forces are themselves connected by a similar re-
lationship.”

Animals and plants have no power of creat-
ing matter. They can transform it only. Their
relative power in this respect constitutes an
important and interesting distinction between
them. And as with matter is it not with force :
not created by living beings, but by them trans-
formed? It has been well pointed out that matter
may be arranged in four planes. From below
upwards—
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An elementary plane.

A plane of chemical compounds.

A vegetable plane.

An anmimal plane.

This arrangement should be borne in mind
in the consideration of the great question of con-
servation and transformation of force—of the
relation of the vital to the external forces.

In nutrition, two series of changes are in pro-
gress—an ascending and descending one. With
the discharge of function is necessarily associated
the retrograde metamorphosis of tissue. Assimi-
lation, on the contrary, implies the progressive
metamorphosis of matter. Matter is raised to
the level of living structure, and this involves the
consumption of force; and from thence, as the
necessary condition of the evolution of force, it
descends until it reaches the level of the inorganic
plane.

This may be roughly illustrated by the winding
up of a clock, and the subsequent descent of the
weight, or uncoiling of the spring.

In winding up a clock, the weight is raised by
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an external force—muscular exertion—through a
certain arrangement of parts. Then as the weight
descends, the clock goes ; it discharges its func-
tion ; it works. And the force by which the
weight descends and produces motion of the
hands, 1s exactly equivalent in its total amount
to, although expended much more slowly than,
the external force which we had supplied, and by
which 1t was previously raised.

The weight is raised to a higher level, and this
involves the consumption of external force, as in
assimilation. Then 1t descends and evolves an
equivalent amount of force in another form, and
this is the discharge of function.

In assimilation, physical, including chemieal,
forces are consumed. But while, during life, vital
forces are evolved by the retrograde metamor-
phosis of tissue, after death, physical and chemi-
cal forces only are evolved by the retrograde
metamorphosis of tissue.

By way of further illustration, the correlation
and mutual conversion of certain vital and phiysi-
cal forces may be more particularly indicated.
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So, too, heat may excite nerve force. If ap-
plied to a motor nerve in some part of its course,
muscular contraction may be produced. It 1s
now generally held that, in relation to tempera-
ture, the function of the nervous system 1s not a
generative, but a controlling one. But nerve force
may be conceived to be more immediately related
to heat than this. Asnerve force may be produced
through heat, so it may be produced through chemi-
cal affinity, and so heat may perhaps arise directly
out of nerve force. It may be conceived, on the
one hand, that the union of carbon and hydrogen
with oxygen, may, instead of producing heat, as
out of the body, result in the production of nerve
force in the body ; and, on the other hand, con-
sidering how many points of resemblance there
obviously are between nerve force and electricity,
that nerve force, like electricity, may develop
heat.* But granting all this, which at present is
but a reasonable conception wanting proof, still

* By carrying out this idea, it might be imagined that a closer
relation, than has hitherto been shewn, prevails between nerve
force and nutrition.

—
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chemical action nevertheless remains the source
of animal heat, with this difference only, that in-
stead of the whole of it resulting directly in the
production of heat, more or less of it may pass
through wvarious intermediate forms of force;
amongst others, of nerve force.

And while light falling upon the retina excites
nerve force, some have already arrived at the con-
viction that the luminosity of certain worms and
insects 1s produced, through a special apparatus,
not out of chemical action, but, like the electricity
of certain fishes, out of nerve force.

So, too, the reciprocal relation of nerve force
and chemical affinity; of nerve force and motion,
through the medium of muscle, might be indi-
cated.

In the different movements which occur in
living beings, examples are presented of the
operation of various forces, all tending to a com-
mon result—motion. In osmose chemical force
operates. “There is,” says Graham, “a remark-
ably direct substitution of one of the great forces
of nature by its equivalent in another force—the



140 Life and Death.

conversion, as it may be said, of chemical affinity
In elasticity an example
is presented of a purely physical one. In mus-

2

into mechanical power.

cular action vital force appears, but even here
chemical force is involved. It is now universally
admitted that the amount of muscular force em-
ployed is proportionate to the amount of muscu-
lar structure consumed, so that muscular action
may be measured by the products of the meta-
morphosis of muscular tissue.

It is scarcely necessary to observe that the
pre-existence of a living organism is necessary to
the conversion of a physical into a vital force.
But I cannot here forbear quoting some admir-
able remarks by Dr Carpenter, from whose labours
I have drawn so largely in the previous pages.
He says, “It is the speciality of the material
substratum thus furnishing the medium or in-
strument of the metamorphosis which, in his
opinion, establishes, and must ever maintain a
well-marked boundary line between the physical
and the vital forces. Starting with the abstract
notion of force, as emanating at once from the

P e SV il ™ i
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Divine Will, we might say that this force, operat-
ing through inorganic matter, manifests itself
in electricity, magnetism, light, heat, chemical
affinity, and mechanical motion ; but that, when
directed through organised structures, it effects
the operations of growth, development, chemico-
vital transformation, and the like ; and is further
metamorphosed, through the instrumentality of
the structures thus generated, into nervous agency
and muscular power. If we only knew of heat as
it acts upon the organised creation, the peculiari-
ties of its operation upon inorganic matters would
seem as strange to the physiologist, as the effects
here attributed to it may appear to those who
are only accustomed to contemplate the physical
phenomena to which it gives rise.”

In conclusion, I would ask those, if any such
there be, who refuse to accept this doctrine, to
consider the alternative which they impose upon
themselves. Is any difficulty removed, any ob-
scurity cleared up, by the entirely gratuitous
hypothesis that in all matter capable of organisa-
tion the vital forces as such exist in a dormant
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or latent condition? Or if the various forces
manifested by the organism throughout life are
not derived from without, what is their source ?
Are they from time to time created anew ? Is
such a doctrine credible by any well-informed
mind ? Or are they all at first stored up in the
germ ? Such an idea has been set forth. Can
any one conceive it possible ?

At all events, philosophy has happily done with
the notion of a vital principle—of something un-
intelligible, which was, in the first place, assumed
to exist, and then to whose powers was referred
everything that was incomprehensible, that could
not be satisfactorily explained by the operation of
known causes. Nay, even actions that could be
so explained were not. Men turned with horror
from the simple idea that forces operating with-
out could be found within the living body.
There everything was mysterious, and being
mysterious was at once referred to this vital
principle.

Time forbids me to run the risk of wearying
you in any attempt to trace the history of opin-
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1ons on the nature of life, or it could be shewn, I
think, that this dogma of a vital principle was
no real advance upon, but far inferior to the yuvyn
and anima of the ancients. The beautiful and
ennobling idea of the classic poet lost all its
charms in the rude hands of the modern philo-
sopher. The “ organic agent” was after all
only a miserable vestige of the spiritus intus.™
But I need not at this time, and in this place,
observe that the investigation of the phenomena
of life has not been in any way assisted, that our
knowledge of the vital processes has not been in
the least measure advanced, by any such assump-
organic agent,” and
other like terms, when employed in physiology, are,

2 g

tion. “ Vital principle,

even at the best, empirical ones, and equivalent
to nothing more than the final letters of the
alphabet in an algebraical formula ; for they are,
when used in their least objectionable sense, mere
expressions of something unknown. But the
assumption of such an agent or principle, how-

* Compare Prout, Gulstonian Lectures, Medical Gazette, vol,
viii., with Virgil, Eneid, lib. vi.
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ever designated, annihilating or suspending the
operation of forces acting elsewhere, has not proved
altogether harmless in its influence upon the pro-
gress of knowledge. By referring all vital actions
to this obscure agency, while nothing was thereby
explained, inquiry was to a great extent, and for
a long while, checked. The final purpose was
discerned, an efficient cause was forthwith as-
sumed. Physiology fell idly back upon a vital

principle.

Unfortunately much prejudice has been mixed
up with these doctrines. To explain any of the
phenomena of life by the operation of the physi-
cal forces, has been stigmatised as irreverent, as
an attempt to defame the highest and noblest of
the Creator’s works. But is not such a charge as
this altogether false and scandalous ? The result
being given—Life, it surely more exalts our feeble
and imperfect conception of infinite intelligence
and power to understand that the wonderful
and mysterious phenonena of vitality have been
evolved from the materials and forces around us,
rather than by the introduction of distinet and
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peculiar agents. Many, dazzled by the idea that
the nature of vital processes was exalted by thus
assoclating them with some mysterious and pecu-
liar prineiple, apart from and opposed to those
agencies which act elsewhere, missed the simpler
and grander conception that even in vital actions
may be recognised the operation of forces, some
of which, at least, are common to both king-
doms ; while between these and others which ap-
pear to be peculiar to living structures, it is more
than probable that a relation exists, like that
which prevails between the physical forces.
Moreover, it may, in reply, be asked—Is there
not much assumption involved in the confession
that we are unable to construct the simplest form
of living tissue ? Men sometimes talk as if their
powers were limited only by life. But can we
construct a crystal any more than a nucleated
cell? We may fulfil certain conditions under
which, as we have learned from experience, crystals
are formed, but what is our share in the act itself ?
In like manner we may take a seed or an egg and
place it under circumstances in which it will
K
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develope. In either case we are acquainted with
the necessary conditions, and we fulfil them. We
can do no more. Truly it is our own fault if the
fact be mnot thoroughly impressed on us that
our power does not reach to the level of life.*

Let me, in conclusion, allude to one notable re-
sult, which may be deduced from all this; one
fact which it will be well to bear in mind.

All vital action—active life depends essentially
on these two conditions : a living organism pos-
sessed of properties never seen apart from life,
and certain external agents operating through it.

Over the nature of the organism itself we have
no direct power, but within certain limits we
may control the operation of these external
agents, and it is only, yet largely, through them
that we can exercise any influence on the living
body.

This fact it is which gives so much immediate
interest to the investigation of the laws of their

* For a lucid exposition of this subject, the reader may be
referred to Mr Hinton's “ Life in Nature "—a book which is
throughout well worth reading.


















152 Life and Death.

body in which it is no longer the subject of cer-
tain processes which constituted its life.”

But death in the higher or more complete
animals 1s not quite so simple a process as,
to the first glance, it might appear to be. As
death 1s the cessation of life, so it becomes
more elaborate as we pass from the general to
the special.

After the final cessation of certain functions on
whose continuance life depends—after the last
pulse has beat, and the last breath has been
drawn—after a person has expired, and when to
an ordinary looker-on all is still within ; yet for
a while life lingers here and there in various struc-
tures and organs. After what may be called the
general death of the body, vital action still per-
sists for a time in individual parts. Vital action
may be clearly and unequivocally demonstrated
to exist, for variable, even prolonged periods, in
different structures. Thus we can understand
how certain individual functions may be dis-
charged for a while after the general death of the
body. How for a time muscles may continue to

— L -
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contract, nerves to convey impressions, glands to
secrete. How after the heart has ceased to beat,
the blood may continue to move, for a time,
through certain parts, so long as the changes
which constitute nutrition still proceed.

Hence it becomes necessary to speak of general
or systemic, or somatic death, and particular or
special, or molecular death. And observe the
kind of relation which exists between somatic and
molecular death. Somatic death is sooner or
later followed by molecular death, the interval
varying in the several structures and organs ac-
cording to external circumstances ; but molecular
death by no means necessarily involves general
death. When any organ or structure is destroyed
or removed, the effect produced will be in a direct
ratio to the importance of its function in the
economy.

Just as after the general death of the body, so
will life endure for a while in certain parts after
they are separated from the rest. And this du-
ration of function—of vital action in isolated
parts, appears to be, other conditions being equal,
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in an inverse ratio to the activity of the change
which they undergo, or in other words to the
energy with which they discharge their funetions.
Because the more active the changes in a strue-
ture, the more immediately dependent is it on
those conditions, such as the supply of blood,
which are now cut off.

The duration of vital action, or function, in in-
dividual structures or organs after general death,
or their removal from the body, is, for many
reasons, most conveniently studied in muscles.
Their contractility is a well-marked wvital pro-
perty, and it can be easily excited by various
means, but especially by galvanism.

The duration of muscular contractility, then,
after death or isolation, can be readily studied.
And let us observe, in the first place, that in
the different members of the animal kingdom
it is In an nverse ratio to the rate of change.
Compare, for illustration, birds and mammalia with
reptiles and fish, or insects with crustacea. Every
one 1s more or less familiar with the obvious dif-
ferences in these cases, and they strikingly set
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forth the relation which exists between the acti-
vity and duration of function in isolated parts,

According to the same law, the duration of
function in isolated parts is influenced by their
state, whether of repose or exercise. Other con-
ditions being equal, a structure will retain its
function longest, which under these circumstances
exercises 1t the least.

So the duration of function in isolated museles
is influenced by their condition at the time of re-
moval. If in a state of debility or exhaustion,
either from defective nutrition or from excessive
exercise, nothing but a feeble and transient mani-
festation of function remains ; and this contrasts
strongly with the vigour and endurance of fresh
and healthy structures.

So from this we can understand the influence
which the kind of general or somatic death has
upon the duration of contractility in the muscular
system ; and why the contractility after death
from lingering or convulsive diseases, which pro-
duce debility or exhaustion, is proportionably
feeble and transient.
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There can be no doubt that certain external
conditions exercise a most important influence
upon the duration of contractility after death or
isolation. The chief of these appears to be the
temperature to which muscles are exposed.
Other conditions being equal, within certain
limits, the duration of contractility appears to be
inversely as the temperature. And there is good
reason for believing that the great difference ob-
served, in this respect, between the muscles of
warm and cold blooded animals, is mainly due
to the difference of temperature. For example,
in some most interesting observations, Vulpian
found that when the heart of a warm-blooded
animal was after removal exposed to a low tem-
perature, the period of its contractility was won-
derfully prolonged. In one instance, some of the
fibres were, by means of a lens, observed to con-
tract slightly even after the expiration of ninety
hours from the time of its removal from the body.

Now the facts which are thus set forth in
muscles, may doubtless be extended to other
structures. For instance, in relation to the last
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point—temperature— Brown-Séquard’s observa-
tions and experiments “ clearly shew that the lower
the temperature, the longer sensibility persists in
parts deprived of circulation.”

But farther than this. Although in man and
the animals nearest to him the death of a part in-
evitably follows upon its isolation, yet this is by
no means the case throughout the animal king-
dom. In the simpler forms of life the several
functions are less separated—there is less division
of labour ; consequently each part possesses to a
corresponding extent the conditions which are
essential to its life. In the simplest forms, where
there is little, if any division of labour, any one
portion may live apart from the rest ; for all the
functions of the animal, such as they are, may be
said to be performed by every part of the organ-
ism. But as we pass on to the more complex
animals—as the principle of division of labour is
carried out—as various organs with special func-
tions are evolved, so to a corresponding degree is
their mutual dependence increased, inasmuch as
while each contributes its share to the general
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result, each lacks that which the others supply.
Therefore, the capability of living—of continuing
life in isolated parts—is in an inverse ratio to the
grade of development.

Thus, by division of the homogeneous substance
of the amceba, the animal is merely multiplied—
each fragment becomes forthwith a whole. So,
though not quite so directly, with the common
hydra. It may be divided and sub-divided, un-
der favourable circumstances literally minced, and
each part grows into a complete animal. Not
only can each fragment maintain its life, but it
can accomplish growth and development, the
highest phases of it. Even if we pass to animals
far beyond these, the same wonderful power i,
though to aless degree, possessed. Many worms,
when divided, have the power of reconstructing
the whole from a part, and nothing can be more
interesting and instructive than to trace the
gradual manner in which this power dies out as
we pass from the simplest to the most complex
forms—from the general to the special. Nor can
I, in relation to this, refrain from alluding to
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Vulpian’s remarkable observations. In deserib-
ing these, he says—for he shall tell his own story
—* Spallanzani has established that when one
cuts off the tails of tadpoles, the tail is reproduced.
This has been often confirmed. It occurs con-
stantly, and may be repeated many times, as [
have seen. But physiologists have not hitherto
inquired what becomes of the tail which has been
cut off. When the experiment is made upon
tadpoles already well developed, the tail rapidly
decomposes. It 1s very different, however, when
the experiment is made upon very young embryos
of frogs while they have yet their exterior
branchiee. The detached tail survives for some
time, and exhibits interesting phenomena.

“ The detached tails constantly live many days,
accomplish movements when stimulated, often
those of flexion and extension, as in swimming.
But life is manifested by more singular and im-
portant phenomena. At the time when the ex-
periment is made, the tail is formed of a median
axig and two membraneous parts—one inferior,
and one superior—the whole constituting the cau-
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dal fin. All the elements are, in these different
parts, in the rough state—the epithelial cells,
muscular fibres, nerve fibres, and blood wvessels.
Without entering now into detail, I can say that
all these systems examined day by day perfect
themselves more and more ; they lose more and
more their foetal character ; the elements multi-
ply, and at the same time the vitelline granules
which fill them tend cﬂmbletely to disappear. A
cicatrix is formed at the place of section, a new
part is added at this point to the tail, and this
portion, which can constitute an eighth part of the
total length of the tail, seems more young ; it is
more transparent ; has not a median axis ; the cells
are filled with a great number of granules.

The tail flattens without enlarging. The vessels
ramify. The stellate cells give rise to capillary
blood vessels, and probably lymphatic. Pigment-
ary cutaneous cells appear. The muscular fibres
which are separated by the intersections, and
which form a great part of the axis, acquire a
more defined character; the intersections are
traversed by very apparent vessels, which give
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rise to a network of membraneous laminee. In
these wvessels, lastly, one sees 1mmovable blood
globules, but they are modified during the time
the tail survives. In one experiment, the tail
survived from the 9th to the 27th of April 1858
—about eighteen days. Then it was about to
die, so I sacrificed it to examination. At the
time of section, the blood globules were circular,
almost colourless, and very granular. During the
latter days of life, the granules had diminished
in number, and had become extremely fine ; many
globules were oval, and lastly, they had acquired
a decidedly yellow tint. These experiments do not
succeed so well upon the embryo of tritons ; the
cohesion of their elements is weaker, and they
rapidly crumble away. However, I have kept the
tail of the larva of the triton, which has survived
gix days. It did not produce a true cicatrix; but
drawings made each day shew considerable
changes in the length, and otherwise, of the
caudal portion of the segment. The elements
of this part underwent sufficiently distinet modi-
fications, but the duration of the experiment was
L
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not sufficiently long for the same amount of
change as in the embryo of the frog.

“Thus, then, the tail of the embryo of the frog
detached from the body may live during a score
of days, and be the seat of the most incontestable
vital phenomena. This cicatrization which 1s
effected, this nmew part which is produced, are
tendencies to restoration. Life, at this period,
can segment itself, so to say, as in animals
altogether inferior. But in proportion as the
vital force operates, the elements with which it
works multiply and perfect themselves: they
attain soon a more elevated organization. The
circulation then becomes an imperious necessity,
whether for the transference of new material, or
for removing material already used. Numerous
and fine granules are deposited amongst the
tissues, Life ceases.” *

Those who still fondly cherish the notion of a
vital principle must be shocked to find it in such
reduced circumstances—compelled to reside for
a while in the tail of a tadpole.

* Vulpian Brown-Séquard’s Journal, No. 4, p. 803.
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“A very little experience,” says Dr Watson,
“in the sick chamber, or in the wards of a hos-
pital, will suffice to teach you that, although all
men must die, all do not die in the same manner.
In one instance, the thread of existence is sudden-
ly snapped ; the passage from life and apparent
health, perhaps, to the condition of a corpse, 1s
made in a moment: in another, the process of
dissolution is slow and tedious, and we scarcely
know the precise instant in which the solemn
change is completed. One man retains possession
of his intellect up to His latest breath : another lies
unconscious and insensible to all outward impres-
sions for hours or days before the struggle is over.”

Death without any change in the organism—
without any alteration of structure or composi-
tion, the body being, in this respect, the same as
in life—is a mere assumption. It assumes that
what we cannot demonstrate does not exist.

The proximate cause of death is the failure
of some function, the due performance of which
is necessary to life. When any organ or structure
is damaged, the effect produced will be in a direct
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the circulation of sufficiently pure oxygenated,
that is, arterial, blood.

Although not the sole, yet the heart is the
principal agent in the circulation of the blood.
In man and the higher animals, all the other
forces concerned are quite subsidiary to the
action of the heart, so that practically the cir-
culation depends on the force of the heart’s con-
traction, and fails when that gives way. Now,
the heart may fail to circulate the blood from
causes inherent in the organ itself. Its structure
may become so altered that it is no longer capable
of contracting with sufficient vigour ; as, for ex-
ample, when its muscular fibre degenerates into
fat. In many cases of sudden death, and in
others, too, i which death supervenes more
oradually, the structure of the heart is found
to be wonderfully changed. The fibre no longer
presents the aspect of muscle, but consists only
of granules and globules of oil ; and the marvel
of such cases as these is not why the heart ceased
at length to beat, but how, under such change, it
continued to work so long. Or, again, in conse-
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not directly. The cause acts through certain
nerve centres. Death from shock or by col-
lapse.®

So may death begin immediately at the lungs.
Venous is changed into arterial blood in the
lungs in the presence of atmospheric air. If
this change be prevented, the circulation through
the lungs, and consequently elsewhere, is checked.
Thus, death occurs in strangulation or suffocation.
Atmospheric air, which 1s essential to the change
on which the circulation depends, is shut out. If
the occlusion be complete and sudden, the circu-
lation is rapidly arrested ; if it be but partial or
oradual, for a while an impure blood languidly
circulates, and the sequence is more prolonged
and complicated ; but in either case death begins
at the lungs. Death by asphyxia, or, more pro-
perly, by apncea.

But in the higher animals there is a special
apparatus for the introduction and expulsion of
air.  Certain muscles, such as the diaphragm,

* Or by syncope. In this, as in the first case, it is commonly
said that a person faints,
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lungs, but not directly. The cause acts through
certain nerve centres. Death by coma.

When the nerve centres are affected to a de-
oree sufficient to impair their functions, but not
damaged enough to destroy them, respiration
may still be carried on, though with difficulty,
and inadequately. The breathing is laboured ;
the blood is imperfectly purified ; a dark stream
circulates slugeishly, as the dusky surface shews.
This morbidly impure blood, by the stronger im-
pression it produces at the lungs, continues for a
time to excite, to some extent, the failing nerve
centres ; but at length they cease to acknowledge
the strongest impression, and the muscles no
longer act. The seat of the mischief in these
cases 18 beautifully shewn in the effects of what
is termed artificial respiration. By certain
movements of the arm, assisted by well-directed
pressure upon the walls of the chest, its capacity
may be alternately enlarged and diminished, so
as to imitate, though but roughly and imper-
fectly, the effect of muscular action : and in this
way life may be for some time prolonged, even
when these nerve centres have heen destroyed or
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When hemorrhage—loss of blood—produces
death, it acts through the nerve centres upon the
heart and lungs, also, according to the rapidity
with which it occurs and the suddenness of its
effects. That sudden and profuse hemorrhage
produces death through the great nerve centres
is sufficiently obvious. The symptoms, the effects
of position, and other circumstances, all point to
this. When death is produced more slowly by
this means, the case is not so simple and clear ;
yet still there is evidence of the same kind that
it 1s produced chiefly through the same organs.

Hence also the immediate cause of death when
the blood is poisoned. For the reason just
given, the effects are more rapid and obvious
upon the nerve centres, which consequently fail
in that reflex action upon which the respiratory
movements depend. Thus death is produced by
coma in fatal cases of poisoning by alcohol, opium,
and oftentimes in fevers,

Let us repeat, that the distinctive features—
the symptoms during life and appearances after-
wards—of each kind of death, or mode of dying,
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are most clearly marked in those instances in
which the effects are most rapidly produced.
Usually the more protracted cases are propor-
tionately less simple ones; for during their pro-
gress one form of death is liable to be compli-
cated by the intervention of causes which tend
to produce death by a different mode. So we
often witness In such cases—in fever, for instance
—what may be called mixed forms of death.
Still, for the most part, even in these complicated
cases, the tendency to one particular mode of
death is especially prominent.

If the wvarious and manifold causes which,
however remotely, tend to death, are carefully
studied, it will be found that they at length
bring life to an end through the interruption of
the functions of one of these great organs.

Aud this directly leads me to notice what I
believe to be a widely-spread error, the idea
that under every circumstance the moment of
death—of the great change, but not the greatest
—that the moment of death is one of agony.

Now, those who have looked into this subject
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most closely agree in declaring that usually it is
not so. In certain cases, the moment of dissolu-
tion may be one of extreme anguish ; but these
are exceptional. And indeed it follows from
what has been already said—from the mode in
which death supervenes—that the actual process
of dissolution cannot be attended by pain or
suffering. Some, we know, lie insensible for
hours or days before death ; and even those who
retain in some degree the use of their faculties
almost up to the very moment of death, cannot
be in a condition to experience acute suffering,
In order that the nerve centres, which are the
seat of sensation, may discharge their functions,
they must be properly supplied with healthy
blood—no organs indeed depend so immediately
on a due supply of pure blood as these—and
when 1s this the case up to the moment of disso-
lution ? In considering the modes of death, we
have seen that it results either from deficiency or
defect of the blood—Dbecause either too little is
supplied, or that which circulates is too impure.
As a consequence of this, the brain, of all the
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wemay fairly assume that, except in extreme cases,
the actual process of dying is not one of intense
agony, or indeed, for the most part, even of pain.
Again, we know that simple faintness may pass
insensibly into death, and those who have been
recovered from the verge of dissolution long after
all consciousness and sensibility have ceased, have
borne testimony to the same effect.

Sir B. Brodie says, speaking as Ergates, in his
Psychological Inquiries, “Really, according to
my observation, the mere act of dying is seldom,
in any sense of the word, a very painful process.”

It may be that in some cases when life is sud-
denly destroyed by injury or violence, the actual
pangs of death are most acutely felt; and as a
physican will, often at a glance, read the nature
of the disease in the patient’s face, so we observe
varylng expressions of countenance immediately
after death. For example, on fields of battle the
corpses of those who died of stabs are, we are
told, easily distinguished by the countenance from
those who fell by gunshot. The painful expres-
sion which remains on the faces of the former,
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familiar with the closing scenes of life, whether
this be not so. Sir B. Brodie, with all his large
experience, speaking in the character to which I
have referred, says, “ I have myself never known
but two instances in which, in the act of dying,
there were manifest indications of the fear of
death.” And Miss Nightingale, I think, has
borne testimony to the same effect. 1 am sure
that all who are accustomed to hospital practice
must have been struck by the apparent apathy
or indifference of patients as to the issue of the
gravest injuries or diseases. The time of greatest
mental distress is perhaps when the conviction
first dawns upon us that we are about to die. The
subsequent contemplation of approaching death
seems to be far less terrible.

The dread of death is often absent, under other
circumstances, in death from old age. I do not
mean merely death in old people, but death from
old age—and age, after all, is not to be measured

only by the years attained, but rather by the

amount of work done—death from a general and
more or less equal wearing out of structures and
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Bich4t, in his work on Life and Death,
draws throughout the broadest distinction be-
tween organic and animal life ; and in a chapter
on the natural termination of the two lives,
that is, death by old age, which, as he says, is
rare, he describes how in the old man animal
life ceases before organic life, how the senses
severally fail, and the functions of the organs of
relation gradually decline ; and he passes his
days concentrated upon himself, a stranger to all
that surrounds him, deprived of desires, passions,
and sensation, isolated in the midst of nature.
Bichdt explains this want of harmony in the de-
cline of the two lives by the fact that, owing to
our social relations, we use up or wear out our
animal life much faster than the organic life.
Man, in the midst of his fellows, exerts his ani-
mal functions far in excess of his organic. The
brain and nervous system, for example, we know,
are continually subjected to an undue amount
of wear and tear. This idea is certainly an in-
genious one ; and he goes on to consider how
this social influence upon the two lives or sys-
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existence. His end finds him like a vegetable,
which fails in relative functions, having no con-
sciousness of its life or knowledge of its death.

Is there not something inexpressibly gentle 1
this gradual severance of the ties between the
conscious man and the world around him by the
decay of the senses? As the cords that bind
him to things present—and by which he was, at
first, drawn thereto—are severed, his memory
loosens its hold upon the past, and so the spirit
1s unshackled in its progress to the future.

I think some most interesting and significant
observations might be made on the time of day
or night at which death occurs. I believe a
large number of observations would shew that it
is more frequent at some hours than at others.
The impression has been entertained by some
that the greater number of deaths occur at or
about daybreak. I do not know how this may
be ; but as lending some support to the idea I
have expressed, I may say that during the months
of last October, November, and December, (1862,)
I collected from the medical and surgical wards

o — - -
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Internal conditions. The cause of the loss of
beat is the cessation of those active changes
which are characteristic of life. Changes occur
after death, but more slowly.

Sometimes, however, the temperature is main-
tained or even raised for a while in a remarkable
manner. Different observers have recorded the
fact that in certain cases the heat of the body has
been found not only to continue, but even to re-
turn at a considerable period after death has un-
equivocally taken place. There can be no doubt
that this is due to chemical action. In such
cases the combination of the oxygen with the
elements of the body proceeds after death with
extraordinary energy. And let it be here ob-
served that, in order that a temperature after
death may be sustained, nearly or quite equal to
that which prevails during life, it is not neces-
sary that an equal amount of heat be set free,
for after death the means by which the tem-
perature of the body is regulated during life are
no longer in operation.

This maintenance or elevation of temperature
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sufticient, under the circumstances, for a time,
actually to raise the temperature.

One of the surest signs of death belongs to the
muscular system. It is the peculiar state into
which the muscles pass at a certain period after
death—a state of general contraction. All the
muscles of the body—muscles of every kind—
become firm and rigid, whereby the body is stif-
fened. This condition is known as rigor mortis,
or the rigidity of death. It is very variable—

In the period after death at which it com-
mences. It may set in immediately, without the
lapse of any appreciable interval, or it may be
delayed for eighteen, twenty-four, or more hours.

In its duration and intensity, which are
generally directly proportionate. It may be
most evanescent, or it may endure for one, two,
or even three weeks.

The relation which exists between the.perind
of its commencement and its term of duration
has been well established. It may be stated as
a rule that the longer its advent is delayed, the
greater are its duration and intensity.
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“Five vigorous male adult Guinea-pigs were
asphyxiated by the application of a ligature round
the trachea, and four of them were galvanised 1m-
mediately—the first with a very powerful electro-
magnetic machine ; the second with a weaker
one ; the third with a still weaker one ; and the
fourth by only a slight galvanic current; the
fifth animal was not galvanised.

Duration of | Rigidity Com- Duration of
Irritability. pleted. Rigidity.
1st,... 4 mins, 7 mins. 15 mins.
S MG 11 Nearly 1200 , (20 hours.)
Bl 90 120 . Nearly 3600 ,, ( 3 days.)
4th,... 330 420 ,, Nearly 8600 ,, ( 6 days.)
5th,... 500 600 , | Nearly 11,500 ,, ( 8 days.)

“As regards putrefaction, it already appeared in
the first animal during the first hour after death,
and was much advanced the next day ; its pro-
gress was slower in the four others, and neces-
sarily slower in each as compared with the pre-
ceeding one in the series.” And he adds, “ Con-
sidering that the power of lightning may be
vastly greater than that of our galvanic machines,
we can easily understand that when lightning
strikes a man or an animal in the proper place, it
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determine the period of access, the duration and
intensity of rigor mortis.

Again the contrast is great between men dying
in a state of robust health, and others after pro-
longed and exhausting diseases, or from diseases
such as cholera or tetanus, or from poisons pro-
ducing convulsions. This is clearly illustrated by
the following experiment of Brown-Sequard :—

“Three dogs, as much alike as possible, and ap-
parently in perfect health, were poisoned by the
acetate of strychnine. One of them had a dose
of two grains, another half-a-grain, and the third
one-fourth of a grain. The first dog died at
once, the second after twelve minutes, during
seven of which 1t had convulsions, the third after
twenty-one minutes, during eleven of which it had
convulsions.

Duration of Muscular | Duration of Cadaveric| Putrefao-
Irritability. Rigidity. tion.
1st dog, 8 hours. 19 or 20 days. Slow.
2d dog, 2 5 days. Rapid.
3d dog, ¥ i Less than a day. | Very rapid.

He adds, “In rabbits, Guinea-pigs, cats and
birds, as well as in dogs, I have ascertained that
when they are killed by poisons causing convul-
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appeared to be resting in some strange position,
perhaps kneeling with his musket to his shoulder
as if about to fire, but on closer inspection he has
been found to be dead ; a rigid corpse with the
semblance of energetic life. Such an instance
which occurred at the battle of the Alma was
* and 1 have heard of others some-
what similar which were met with on the field
of Solferino. Nor are these cases unparalleled.

recorded,

Similar instances occurring elsewhere have been
from time to time recorded.

*The following is an extract from a letter of the special cor-
respondent of the 7%mes newspaper, as it appeared in that
journal, on Wednesday, October 11,1854. Mr Wm. H, Russell is
describing the scene after the battle of the Alma :—

“The attitudes of some of the dead were awful, One man might
be seen resting on one knee, with the arms extended in the form
of taking aim, the brow compressed, the lips clenched—the very
expression of firing at an enemy stamped on the face, and fixed
there by death; a ball had struck this man in the neck. Physio-
logists or anatomists must settle the rest. Another was lying on
his back, with the same expression, and his arms raised in a simi-
lar attitude, the mini¢ musket still grasped in his hands, undis-
charged. Another lay in a perfect arch, his head resting on one
part of the ground and his feet on the other, but the back raised
high above it. . . . Some of the dead lay with a calm, placid

smile on the face, as though they were in some delicious
dream.”
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But, again, there are cases recorded presenting
features similar to these, which have occurred
under circumstances in which there could scarcely
have been any corresponding degree of previous
muscular exhaustion. These have received a very
different explanation.

“ M. Marc relates the case of a gentleman who
went to a theatre, apparently in good health, and
after the representation was over, was found by
his friends sitting in the front of the box, with
his head resting upon his hands, and his elbows
on the ledge. He had died of apoplexy, and been
retained in that position by the tonic spasm of
his museles. This contraction is unquestionably
vital, but it ceases after a few hours, and,” Dr
Symonds adds, “ the flexibility is then succeeded
by true cadaveric rigidity.”

“A case occurred in France some years ago.
The body of a man named Courbon was found in a
diteh, with the trunk and limbs in such a relative
position as could only have been maintained by
the stiffness of the articulations. This stiffness,
moreover, must have come on at the very time
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rigidity before general death has supervened.
“In a man,” says Brown-Sequard, “ who died at
the Hopital du Gros-Caillon at Paris, in the
summer of 1849, cadaveric rigidity became evi-
dent within three minutes after the last breath-
ing, and while the heart was still beating twenty
times in a minute, z.e., while the man was still
alive, if life 1s considered to persist so long as
the heart beats. These beatings ceased only three
minutes and a half after cadaveric rigidity had
shewn itself everywhere. A quarter of an hour
afterwards there was no trace of cadaveric rigidity ;
and in less than an hour after death signs of putre-
faction had appeared in the limbs. This man
died of exhaustion after a prolonged typhoid fever.”

Kussmaul and Tenner state, in their monograph
on epileptiform convulsions from hemorrhage,
that “ It 1s sometimes observed, after the arteries
of the neck have been tied, that the muscles of
the trunk perish, and take on the rigor mortis
before the action of the left heart is extinct.
Hence the left heart is not always the primum
moriens among the muscular organs.”  This rapid
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ning, and in animals hunted to death. Others,
however, as Gulliver, have, by shewing that in
many of these cases the blood does coagulate,
rendered it doubtful whether it is entirely absent
mm any of them.

Again, Gulliver relates cases in which the blood
did not coagulate after death from carbonic acid.

Certain it 1s, that after some kinds of death and
certain diseases the coagulation of the blood is but
partial and imperfect. I, in common with others,
have observed this after death in some cases of
delirium tremens ; and after sudden or rapid death
from some active poisonsa large proportion of the
blood will remain fluid, while only here and there
dark and soft and very imperfectly-formed clots
will be found.

There is certainly in the great majority of cases
a correspondence between the coagulation of the
blood and museular rigidity in the extent to which
they occur, a correspondence which further ap-
pears in the relation which the period of advent
of each bears to the degree to which it proceeds ;
a correspondence, however, which, it must be con-
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informed by Dr Daniell that 1t is not at all un-
common, in negroes who are in the last stage of
the adynamic fevers of the African coast, for
death and decomposition to extend gradually
upwards from the extremities to the trunk, so
that the former may be in a state of absolute
putrescence before the respiration and circulation
have been brought to a stand; and he learns
from Professor Jackson of Philadelphia that he
has more than once witnessed the same occur-
rence.”

Decomposition, indeed, is not peculiar to death ;
but now there is no renewal, no longer any com-
pensation for the loss, while the products are not
excreted as fast as they are formed, so the slower
changes after death are more obvious than the
active changes during life. Moreover, the forces
thence evolved are only those common to inani-
mate matter. Thus, the decay which follows
upon death is plain to all, and everywhere recog-
nised as the clearest proof of it.

After death, then, decomposition—decay. The
hody disappears. During life also, active, cease-
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organic kingdom. See, then, we can claim no
atom of our bodies as particularly our own, or in
any sense peculiar to us. Each is but borrowed
for a time to be rapidly restored.

And of our forces. All that we know of force
tells us that it cannot, any more than matter, be
annihilated. When either disappears it assumes
other forms. Some of the forces operating within
us we know are common to the living body and
to inanimate matter. We recognise the play of
chemical and physical forces in the living body:.
And those whose operation we detect only in
living structure, in what relation do they stand
to the rest?® If the vital and other forces are
not correlative and mutually convertible, what
becomes of these vital forces after death? Are
they annihilated? Can we, in the face of all
analogy, believe this? Is it reasonable ? If not,
do they not pass into other forms of force? Do
they not then arise from them ?

Yet while science demonstrates all this change
—this transformation, this death, as the very
condition of life—we need no teaching to tell us






















