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ON

THE PHYSIOLOGY

OF THE

CIRCULATION IN PLANTS, IN THE LOWER
ANIMALS, AND IN MAN.

INTRODUCTION.

Mr PrESIDENT AND GENTLEMEN,—The circulation of the blood
forms such an important factor in the animal economy that I feel
I need offer no apology for making it the subject of the present
lectures. The heart, its nerves, bloodvessels, and wvalves, supply
a theme of unusual interest not only to" the ‘anatomist and phy-
siologist, but also to the practitioner, especially since the infro-
duction of the stethoscope. In order to give an intelligible account
of the ecirculation, and the apparatus b}' which it is effected in
man, it will be necessary to avail myself of whatever collateral in-
formation is within reach. This will lead me to speak at more or
less length of the so-called circulation in plants—of the circulation
in the lower animals, and in the feetus.

By adopting this method, I hope to be able to lead up to the
complex eirculation as it exists in man, by a series of steps, which,
when taken together, will form a sort of royal-road to the goal at
which we would ultimately arrive. The time devoted to the
journey will not be lost if T succeed in placing hefore you the links
(fearfully and wonderfully made) of a chain, on the integrity of which

A
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life itself may be said to depend. In some cases we will find only
one link of the chain present ; in others, two; in others, three;
and so on until we arrive at a de"me of differentiation and com-
pleteness which, while it commands the reverence, must elicit the
admiration of every one who reflects. In the human ecirculation
nearly all the links are present, and it is only by a knowledge
of these, as they exist in the lower grades of life, that we can
hope to put them in their proper places, when we come to general-
ize. In the plant and medusa there is no trace either of a heart or
pulsatile vessel. In the insect the heart is absent, but a pulsatile
vessel makes its appearance. In the fish a heart, consisting of two
cavities, is found. In the serpent those cavities are increased to
three ; and in birds and mammals to four.

The number of the cavities depends to a certain extent on the
nature of the respiration, and this in its turn modifies the tem-
perature of the blood. In the fish, breathing is effected, and the
blood aerated, by the gills; one cavity (the auricle) receiving the
blood from the system; the other (the ventricle) forcing it directly
into the gills, and, thmuﬂh them, indirectly into the system. In
the serpenn breathing is effected, and the blood aerated, by the
aid of lungs; two cavities (the auncles) receiving the blood from
the lungs ‘and from the system ; one cavity (the ventricle) foreing
it through the lungs and thruugh the system. In the reptile the
circulation is of a mixed character, the arterial and venous blood
blending in the ventricle of the heartt In the bird and
mammal the heart consists of four cavities—two auricles and
two ventricles; the auricles receiving the blood from the
tem and from the lungs ; the ventricles propelling the blood through
the lungs and through the system. This object is attained by a
cross circulation—the right auricle receiving venous or dark blood,
the left auricle arterial or bright-red blood ; the right ventricle pro-

pelling venous or dark blood, the left one arterial or bright blood.

The differentiation observable in the cavities of the heart is
ceded bya similar differentiation in the channels and vessels through
which the nutritious juices flow ; the elaboration of the heart and
vessels necessitating the preseuce of valves, which vary in number
according to the complexity of the circulatory apparatus. “In the
lowest organized plants, such as the fungi, alge, ete, and in the
lower classes of animals, as the polypi, actini®, and a great part
of the intestinal worms, the nutritions materials are transmitted
through their substance without any distinet canals or tubes;
while in the higher classes of plants, and in the meduse, etc.,
among animals, vessels are present, but these are unprovided with
any pulsatory cavities. In the articulated animals, the vessels are
still without any pulsatory cavities, but to make up for the defi-
ciency the dursa.{
and relaxation.”?
' Cye. of Anat. and Phy., art. “ Heart.” By Dr John Reid, p. 577.

vessel itself has a distinct movement of contraction

d
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With regard to the valves, it may be stated that they are only
found in well-formed vessels, and at the orifices of canals or
cavities having a definite structure. They are so placed that they
compel the circulating fluid always to move in the same direction,
They are consequently not found in plants, for in these, as will be
shown presently, the nutritions saps at one period of the year flow
from below upwards, and at another, from above downwards. A
cross eirculation, 4.e., a eirculation across the stem, and a circulation
within the cells of the plant, are likewise to be made out. The
valves vary in number and in the complexity of their structure.
In the veins, they usnally consist of from one to four segments.
In the arteries, as a rule, they consist of three segments.! “In the
heart they may vary from two to three, and to these as many in-
termediate segments may be added. The number, however, may
areatly exceed this, for in the bulbus arteriosus of the American
devil-fish (fﬂplmlﬂpterus giorna) we find as many as thirty-six seg-
ments. The valves may be placed within comparatively unyield-
ing structures, as the fibrous rings found at the beginning of the
pulmonary artery and aorta of the mammal ; or they may be placed
within yielding and actively moving structures, as the bulbus arte-
riosus of the fish, and the base of the ventricles of the bird and
mammal. In the former case the structure,of the segments is
comparatively simple, and their action to a great extent mechani-
cal ; in the latter case the structure of the segments is more com-
plex, the segments being provided with tendinous chords which
vary in length, strength, and direction. The tendinous chords are
necessary to restrain the action of the segments within certain
limits, and to co-ordinate the movements of the segments with
the movements of the structures within which they are placed—
the bulbus arteriosus and ventricles, opening and closing alternately.
The forces engaged in carrying on the circulation increase in direct
proportion to the number and complexity of the hearts, vessels, and
valves, and the number and variety of the tissues to be nourished.
It is with a view to reducing those structures and forces to their
simplest expression, that I propose to treat the subject of the cir-
culation comparatively. What is true of the particular is neces-
sarily true of the general ; and if we succeed in comprehending a
simple structure, and in following a simple action, the knowledge
acquired will greatly assist us in comprehending complex struc-
tures and combined actions. It is comparatively an easy matter
to understand a purely mechanical act. Here the forces and re-
sistances can be appreciated with something like mathematical

! The valves of the arteries, in the mammalian adult, are confined to the
origins of the pulmonary artery and aorta. They are termed semilunar from
their shape. It happens occasionally that only two segments are El'esent, the
number increasing at times to four. In such cases a segment may be absorbed
or divided into two by disease. It ought to be observed, that rudimentary
valves are found in the umbilical arteries. These are, strictly speaking, fotal
structures.
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accuracy. It is comparatively a very difficult matter to understand
a vito-mechanical act, for in this case we are never exactly sure
what is vital and what vito-mechanical. This is especially true of
the circulation, where we have on some occasions to deal with
ricid tubes and cavities, such as exist in plants, and which are
incapable of receiving an impulse from without; while in others,
we have to deal with flexible elastic tubes and ecavities, such as
are found in animals, and which are not only capable of receiving
an impulse, but of storing up the impulse or power communicated,
and of expending it as required. :

If to the foregoing we add that the action of museles, which,
in animals, are the chief motors in the circulation, is com-
paratively unknown, we conclude a list of difficulties which it will
require time, patience, and perseverance to overcome. These diffi-
culties were present in force to the ancients, as a brief résumé of
the history of the circulation will show.

Epitome of the History of the Circulation—We are in the habit,
and very properly, of attributing the discovery of the circulation to
the illustrious Harvey. It ought, however, not to be forgotten that
there were many pioneers in this field before Harvey. The Chinese,
for example, believed that the circulation of the vital heat and
radical humours commenced at three o'clock in the morning,
reached the lungs in the course of the day, and terminated in the
liver at the end of twenty-four hours., This was a very vague and
visionary notion of the eireulation certainly ; still, it embodied the
idea of fluids circulating within the body. The first rational
attempt at unravelling this great mystery was made in the time
of Hippocrates and Aristotle. It consisted of a description, ap-
parently from dissection, of the principal bloodvessels. Galen, to-
wards the end of the second century, described the course of the
bloodvessels in many of the lower animals, and appears to have
known the structure and uses of the foramen ovale in the foetus,
and that the arteries and veins anastomosed. He was also cognisant
of the fact that the arteries contained blood, and deseribed them as
arising from the heart; the veins, in his opinion, arising from the
liver. He thought that the blood passed through the septum of
the heart; and this is actually true of the heart of the serpent.
Neither Hippoerates, Aristotle, nor Galen, however, were aware
that the blood circulated ; 7., started from one point, and returned
to the same point after making the ecircuit of the body. Galen
believed that the blood simply oscillated ; and it is a curious eir-
cumstance that, in plants and some of the lower animals, this is
what actually occurs.

Mr Herbert Spencer, for instance, states that in plants the saps
ascend and descend in the same vessels, and that their movements
are interrupted at irregular intervals. Joannes Miiller, in like
manner, affirms that, in the leech, the bloodvessels on one side of
the body contract and force the blood into those of the other and
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opposite side, and that these in turn contract and force it back
again, the blood being made to oscillate transversely across the
animal. The celebrated Vesalius examined the subject of the
circulation afresh in 1542. He pointed out the difference between
the arteries and wveins, and showed that the veins and the heart
contained valves. He also explained that the arterial pulse depend-
ed upon the systole of the heart. Here was a decided advance.
Servetus, that martyr to science,! had, as early as 1531, actually
described a pulmonic circulation. He says, Whereas, in the adult,
the vital spirit (blood) cannot pass from the right auricle into the
left, because of the imperforate natureof the auricular septum, it must
go through the lungs, where it is changed, <.e., undergoes a transfor-
mation by coming in contact with the vital spirit which resides in the
air, after which it returns to the heart. Servetus expressed his
belief that the pulmonary artery and vein had some other function
than that of nourishing the lungs—an inference deduced from their
comparatively large size.

Cesalpinus, in 1583, described the pulmonic circulation more
carefully than Servetus had done, and showed that he had some
knowledge of a double circulation. Nor did the feetal circulation,
with its several peculiarities, escape the lynx eyes of the anatomists
of the sixteenth century. Galen, as has been pointed out, had a
knowledge of the foramen ovale. He had also a partial knowledge
of the ductus arteriosus. The ductus arteriosus was carefully de-
seribed by Fallopius, Aranzii, and Vesalius. The last observer like-
wise discovered the ductus venosus, which was ficured by Fabricius
and Eustachius. It was reserved, however, for the immortal Harvey
to place the coping-stone on the magnificent edifice of the circula-
tion, and to this philosopher we owe our knowledge of the circulaton
in ifs entirety, and as at present accepted. Harvey was the apt
pupil of a celebrated master. He studied under the famous Fabri-
cius of Padua, for the protracted period of six years, viz., from 1596
to 1602. Fabricius, although entirely ignorant of the circulation
as subsequently developed and explained by Harvey, had, fortu-
nately for Harvey, an intimate knowledge of the valves of the
veins, of which he published an account in 1603. From Fabricius,
then, the illustrious Harvey derived much of that information
which enabled him to astonish the world by his brilliant dis-
covery. Harvey, on his return to England, instituted a series of
experiments with a view to determine the exact nature and uses
of the venous valves. The inquiry was laborious and long ; and it
was not till the year 1619, ¢.e., seventeen years after he left Padua,
that he ventured to teach the doctrine of the double eirculation
publicly. Other nine years elapsed before the Exercitatio Anafomice
de Motw Cordis ef Sanguwinis in Animalibus saw the light. This
celebrated work was consequently published in 1628, and, curiously

! Servetus fell a wictim to relizious persecutiom, and was cruelly burned
alive at Geneva in 1553.
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enough, not in England, but in Frankfort. It therefore took Harvey
some twenty-six years to mature and perfect his views,

Harvey left little to be done, but that little fell to the lot of a
worthy successor, the renowned Malpighi, who, in 1661, by the aid
of the microscope, discovered the ecapillary mmula,lunn and the
presence of blood-globules within the vessels. Harvey’s views,
thoroughly matured, and sound in warp and woof as they were,
met with a determined opposition, and it was only after many an
unseemly conflict between really great men, that the blood was
allowed to flow quietly in the double channel which he had taken
such pains to discover and describe. There is little chance of its
changing its course now ; and the task which I set myself in the
pI‘LhEIlt Tectures, is to pomt out the course which the blood and
other nutritious juices pursue, as they meander about in the organie
world, now free, now confined; now checked by the presence of
\-‘Eﬂ‘v’ﬂ-’i, now hurried forwards b}r the pressure of vessels, hearts, and
other forces, to which I shall have occasion frequently to allude
as the subject becomes more complicated.

Definition of the Cirewlation.—The term eirculation, in the present
day, 1s employed in a double sense. In its wider sigmification, it
embraces the course of the nutritious juices through plants and the
lower orders of animals; in its more limited signification, and as
applied to man and the higher orders of animated beings, it in-
dicates the course of the blood from the heart to the capillaries,
and from these back again to the heart. The word circulation
literally means a flowing round—a going and returning ; and it is
well to bear the original meaning in mmd as we shall find that a
single circle aptly represents the circulation in most of the lower
animals ; a circle with one or more accessory loops, representing
the circulation in the higher ones. In man, the chief circle re-
presents the systemie circulation—two accessory loops representing
the pulmonic and portal circulation. The accessory loops may be
increased indefinitely to meet the requirements of any particular
case.

CIRCULATION IN PLANTS.

In plants, the circulation is in its most rudimentary form ; in
fact, it 1s incomplete as a circulation, ., as a continuous flow of
nutritious juices in a circle. My meaning will be obvious when I
remind you, that in trees, the sap flows steadily upwards in spring,
and steadily downwards in autumn. The chain is, as it were,
liroken at both ends. There is, in addition to the upward and
downward cwrrents, a certain amount of transfusion, ¢.e, of cross
currents running in the direction of the breadth of the stem ; but
the transfusion referred to is trifling when compared with the two
prineipal, and as regards time, interrupted currents! In order to

' #The nutrient fluids in plants follow certain directions according to the
structure and arrangement of the tissues, the Iucnlny of the sources of nutrition
and of growth, or other actions ; and as 1‘(;::ml.~ he elaborated Auid, the move-
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comprehend the true nature of this interrupted, and, so to speak,
disjointed circulation, it is necessary to remember that trees have
a season of activity and a season of repose; that they increase in
an upward direction by means of shoots, in a downward direction
by means of roots, and laterally by branches.! In other words, they
increase in every direction; and this holds true of growing animals
as well as growing plants. The shoots, by their upward growth, tend
to draw up the sap ; the roots, by their downward growth, to draw
it down ; and the branches, by their lateral growth, to draw it
transversely. Here, then, are the materials for an interrupted or
digjointed circulation with a certain degree of oneness about it.
Nutrition is a principal factor in the process. The idea of a plant
or tree increasing in an upward and downward direction and
laterally at one and the same time, is consistent with fact. When
a seed grows, it extends itself into the ground and into the air; e,
it spreads from a centre in an upward and outward direction, and
in a downward and outward direction.* (Figs. 1, 2, and 3.)

Fig. 2. Fig. 3.

e

EF?. 1.—* A seedling dicotyledonous plant with an aseending and a descending axis"—
e ey

Fig. 2.—" Pandanus odoratissimus, the serew-pine, with adventitions roots supperting the
trunk.”—Henfregp.

Fi1o. 3~" Rhizophora mangle, the mangrove-tree, supported as it were npon piles by ita
numercous roots, which raise up the stem. ‘The plant grows at the muddy months of rivers
in warm climates."—FBalfour,

If, bearing this fact in mind, yon imagine that as the tree grows,
the eentral point from which it had its being moves upwards (it
must do this if it is to maintain its central position with reference
to the tree as a whole), then we are forced to conclude that the

ment may be—1sf, from the place of formation to that of consumption ; or, 2d,
to the stem, cells, or reservoirs ; or, 3d, from the latter to the place of con-
sumption."—Henfrey's Botany, as edited by Dr Masters, F.R.S., p. 570.

! % The sap will flow to the several parts according to their respective degrees
of activity—to the leaves while light and heat enable them to discharge their
funetions, and back to the twigs, branches, stem, and roots when these become
active and the leaves inactive, or when their activity dominates over that of the
leaves. And this distribution of nutriment, varying with the varying activities
of the parts, is just such a distribution as we know must be required to keep up the
organic balance,”—Principles of Biology, by Herbert Spencer, Eaq., vol. 1. p. 557.

The hydrogastrum, one of the algme, consists of a single cell, but this cell is
so differentiated as to simulate a perfect plant, with root, stem, bud, and fruit.
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stem of the tree itself is sending off processes in an upward and
downward direction, and likewise laterally. That the eentral or
germinal point recedes in an upward direction as the stem grows,
is rendered almost certain by the researches of Henfrey, who has
shown that the root, in growing, exercises an upward pressure as
well as a downward one ; and that if the upper part of the root be
relieved from its load of superimposed earth, and the weight of the
plant balanced, the root, in virtue of its elongation alome, will
cause the whole mass of the plant to rise bodily upwards. This is
particularly well seen in the mangrove-tree and screw-pine, where
the stems are raised completely out of the ground, and supported
as it were upon piles. (Figures 2 and 3, page 7.)

Two Different Systems in Plants—The embryo, according to
Petit Thouars and Gandichaud, consists of two portions, a
caulinary and radicular; the one having a tendency to ascend,
the other to descend. These portions, which may be taken to
represent different systems, have different sets of cells and
vessels; the ascending system in the dicotyledons being con-
nected with the medullary sheath, and passing into buds and
leaves ; the descending system, which 1s situated between the sheath
and the bark, being connected with the woody tissue sent down
from the leaves. The woody fibres of the leaves, aided by the
cambinm, are developed from above downwards. This belief in a
double system in plants, is confirmed by numerous facts, and in
especial by the vascular bundles in palms, ete. ; these bundles pro-
ceeding from the base of the leaves, and interlacing in a curved
downward direction, as shown in the accompanying figures.

Fig. 5. Fig. 6.

il
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i
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Fia. 4.—" Slip or cutting of root of Maclura, showing a number of buds, £, from which pro-
caod radienlar Ehmp., a, which are interposed between the bark, b, and the fbres of the old
waood. The young fibres are traced to the buds, and, in their progress downwards, thay re-
rain distinef. This example is brought forward by Gandichauod as illustrating his vertical
theory of wood formation."—Balfour, ;

Fic. 5.— Truncated gtem of & dracmna after maceration, showing the traches, &, , of the
ascending system of the stem and branch, The radicular system of the old stem, ) is seen in
the form of fibres, and the radicular woody bundles, v, of the branch are disposed in amiug
manner over those of the old stem. The fibres, according to Petit Thouars and Ga i
come from the bases of the leaves, and belong to the descending system."— Falfour,

Fio, B.—% Vertieal geetion of the stem of & palm, showing the vascular bundles, fir,
enrving downwards and interlacing. This peculiar arrangement suggests the idea of Toote
ramifying."—FBalfour.
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It is also confirmed by the development of aerial roofs, from
different parts of the stems of screw-pines, tree-ferns, vellozias, figs,
ete. ; the stem of the screw-pine actually becoming less in proportion
to the number of adventitious roots given off. (Fig. 2, p. 7.) In some
palms, moreover, the descending fibres burst through the stems ex-
ternally, and appear as roots. If further confirmation of this view
was necessary, it is to be found in the fact, that oceasionally sound
wood at a higher level of the stem, sends down roots into rotten
wood on a lower level. Mr John Lowe gives a curious example
of this in the Saliz viminalis, a species of willow. The trunk
decayed in the centre, and from the sound wood above the
decayed part, a woody root 18 inches in circumference descended.
It penetrated the rotten mass, and when it reached the sound wood
beneath, gave off branches which reached the soil. The radicular
stem ultimately produced leaf-buds and leaves. That two distinet,
and in some respects opposite, systems exist in plants, is rendered
exceedingly probable, by the researches of De la Hire, Darwin,
Knight, Aubert du Petit Thouars, Gaudichaud, and Macaire ; the
last observer believing that even the roots of plants have a twofold
funetion, the one to extraet moisture from the soil, the other to
return excess of moisture to it. The presence of two systems in
plants, or what is equivalent thereto, is, in a measure, necessary to
explain the phenomenon of their general circulation. Without
some such arrangement, it would be difficult to account for the
ascent and descent of the sap, and, at certain periods of the year,
the deposit, storage, and subsequent removal of starch corpuscles ;
the simultaneous inerease of a tree, by shoots, branches, and leaves
in the air, and by roots and spongioles in the ground.

Lo Pi'mﬂjmi Currents in Plants—Proof that the Saps asr:eaﬂd
and deseeng.—The existence of two principal currents can be readily
detected, for it is found that if a tree or its branches be cut in the

-spring, its sap flows in an upward and outward direction ;

whereas if eut in the autumn, the sap flows in a downward
and ountward direction. The spring and autumn correspond to the
bleeding seasons of trees. Walker,! Burnett,” and others have
shown that in trees there is no descent of sap.until after the
development of the leaves, This was ascertained by making in-
cisions or notches into the bark and wood of trees in spring and
summer. From numerous experiments these investigators came to
the conclusion, that in all instances the spring sap begins to flow
at the root, and that it rises slowly but surely to the very ex-
tremity of the tree. This was proved by the tree bleeding at the
lowest notch first, and at the under side of the notch before the
upper. It was further ascertained that the upward eurrent ex-

EE Walker's Experiments on the Motion of Sap in Trees. Trans. Roy. Soc.
i, L3 :

# Burnett on the Development of the several Organic Systems of Vegetables.
Jour. Roy. Instit., vol. L

¥YOL. XYIHI.—XO. I. E
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tends from the stem to the branches. To these interesting ex-
periments Mohl added another of great value. He showed that if
a ring of bark is removed, the sap flows up as before the mutila-
tion, but that if a portion of wood is removed without injury to
the bark which covers it, the part of the wood above the wound is
no longer supplied with sap, and dries up.

A converse experiment was performed to prove the descent of
the sap in summer. When a ring of bark is removed, the girth of
the tree increases in volume above the injury, and remains in statu
guo below the injury. If, moreover, as Henfrey states, bark is re-
moved in patches and the surfaces become gradually grown over by
new wood, the greater part of the mew growth comes from the
apper  side  This shows not only that the erude sap ascends,
but that the elaborated sap descends, and that starch granules
and other matters are stored up or converted into wood, in the
part above the injury. If the tree be cut In summer, the nutri-
tious juices, owing to their greater viscidity and other changes, do
not flow outwards ; which shows that the nature of the circulation
and the material circulated at this period, is somewhat different.
from what it is in spring and autumn. In summer the crude
sap, which is absorbed by the roots, rises to the leaves, where, by
evaporation and other processes, it is elaborated into the succus
proprius or proper food of the plant. The suceus proprius, which
differs in its constitution from the erude sap, subsequently descends
into the stem, through which it diffuses itself by a collateral eircu-
lation, to be stored up for future wants. M. A. Gris was con-
vinced that the sap ascends and descends, from finding that in
winter, the medullary rays, wood, and pith, are filled with starch
grains, which disappear in a great measure during the spring,
and are replaced during the summer. He was led to conclude,
that there are two special movements of the nutritious juices, as
illustrated by the formation of starch granules in summer, and their
absorption in spring. That the sap ascends, there can be no doubt,
for the plant derives its nourishment chiefly from the earth; and
that it descends, is proved by the experiments referred to. In
spring, the cireulation is mainly concerned with the elongation of
the stem and branches, the development of the buds, and the
evolution of fhe leaves, its course being for the most part up-
wards? In summer, it is chiefly concerned with the functions of
the leaf, the elaboration of sap, and the stering up of food for the

! % Tn dicotyledons the elaborated zap descends in the fibro-vascular bundles
of the ecambium layer of the wood and in the internal tissue of the bark.
It also passes inward <by lateral transfusion. In dicotyledons the inner layers
of wood generally become converted in course of time into heart-wood, the solid-
ity of which obstruets the passage of fluids, which then ascend chiefly in the
younger outer layers of the wood which constitute the alburnum or sap-wood.”
—Henfrey's Botany, pp. 568, 569, y

* To the progress of the sap in the direction of the axis in spring, Burnett
aseribes the early development and vigour of the terminal buds.
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plant, its course being partly upwards and partly downwards ;.
while in autumn, owing to excess of moisture, a diminution of
temperature, and other changes, the course of the circulation is for
the most part from above downwards ; the circulation having, so to
speak, completed its work for the season.! Much more sap is taken
up than is given off in spring in order to administer to the growth
of the plant. In auntumn, when the period of growth is over, this
process 1s reversed—more sap being given off by the roots than is
taken up by them. The circulation in a tree, as will be seen, is
interrupted or non-continuous, and this is accounted for by the tree
having periods of greater and less activity. This holds true also
within certain limits of animals ; the eirculation in animals being
most vigorous when the animal is awalke, or when excited ; and least
so when it is in a quiescent state, when sleeping or when hibernating.
I have attempted to convey an idea of the scheme of the cir-
culation in plants, by the aid of the subjoined figures. (Figs. 7 and 8.)

Fig. 7. Fig. 8.

Fi6. 7.—Endosmometer, showing endosmotic and exosmotic enrrents. 7, Glass vessel con-
taining water. g, Expanded portion of glass tube bent upon itself atiand &; its under
surfaces being eovered by a piece of bladder, &, Columnof mercury. The apace hetween the
column of mercury and the bladder (g} is filled with syrup at sperture 7. Immediately the
water and syrup act upon the bladder or interposed membrane, opposite currents are induced,
the water rising throngh the bladder and syrop with great energy, as indicated by the
arrows b, ¢ (endosmosis), the syrup settling down into the water more feehly, as indicated by
the arrows a, a (exosmosis).  The water sets towands the syrup with auch force as to elevate
the column of mercory &, in the tube !, in the direction £ In addition to the principal
currents, indieated by the arrows @ and b, there are minor enrrents which proceed trans-
versaly. These are hest seen when the bladder is made to project beyond g, so as to digplay
a certain amount of lateral surface. : :

Fro. 8.—Diagram, representing the ascending, descending, and transverse currents in the
plant. @, Ascending or spring current. b, Descending or autnmn current, ¢, o, Ascending
and descending currents of summer; these being continnous in the direction of the leaves
and roots.  a e, Transverse currents. The arrows in this diagram represent the endosmotic
currents, the darts the exosmotic cnes.

In contemplating Figure 8, we are at once struck with
the diversity in the direction of the currents; one ascends,
another descends, and a third runs transversely, or at right angles
to both. The ascending and descending currents are most strongly

1 Tt may be well to state, that the ascending current of spring is accompanied
by aslight downwand current, the descending current of autumn being accom-
ied by a slight upward current, the spring and antumn currents ﬁiﬂ’using
E;J;melv&a as they go. This follows because of the share taken by endosmose
and exosmose in the circulation.
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pronounced. These currents—and it is a remarkable cireumstance
—are found in all the higher plants and animals, up to man himself.
The object to be attained is manifest. The circulation is instituted
expressly for the purpose of carrying matters of divers kinds to and
from the tissues. DBut to give to and take from, implies movements
in diametrically opposite directions. In animals with hearts and
bloodvessels supplied with valves, we can readily understand why
the eirculating fluids should pursue two directions, the one eurrent
setting from the heart, the other towards it; but in trees and ani-
mals without hearts, the explanation is not so obvious. The de-
scending cwrrent could readily be accounted for by gravitation ; but
oravitation can take no part in producing the upward current.

Endosmose and Exosmose as Adjuncts of the Cirenlation—Without
a knowledge of the physical forces, the true nature of the ascending
and descending currents in plants! would for ever have remained
amystery. Dutrochet,? however, made the important discovery, that
if a watery or tenuous fluid be placed on one side of a membrane,
animal or vegetable, and a thick or mucilaginous fluid on the other
(the fluids having an affinity for each other, and for the interposed
membrane), two counter or opposite currents are at once established,
the thin fluid setting with a strong cwrrent in large quantity
towards the thicker fluid, which it penetrates; the thicker fluid
setting with an equally well-marked but more feeble eurrent, and
in smaller quantity, towards the thinner fluid, with which it in turn
intermingles. This mingling or diffusion of the fluids through each
other occasions a multitude of minor, and what may be regarded
as transverse currents. (Figure 7, page 11.) i

In endosmose and exosmose we have physical forces which bear
the same relation to each other, that the ascending, descending, and
transverse currents of plants bear to each other. In fact, we will
not be overstepping the limits of legitimate inference if we state
that the forces of endosmose and exosmose form important factors
in the circulation of plants, and work in the same direction or
alongside the vital forces. The probabilities, indeed, are that the
physical and vital forces here referred to are separate manifesta-
tions of one and the same. force; the vital forces contrelling the
physical forces within certain limits to a desired end. From these
remarks, it will appear that the living plant takes advantage of
existing forces when it grows or builds itself up; that, in fact, the
plant has its parts arranged expressly with a view to availing itself
of those forces; the living as it were arising out of the dead,
according to fixed laws which govern alike the organic and inorganie
kingdoms. It is this circumstance which enables the plant to

' In animals, the currents are ascending and descending only when the
creatures assume a vertical position. In animals whose bodies assume a hori-
zontal position, the terms ascending and descending are obviously inap-
plicable. The great feature in the cirenlation to be kept constantly in view,

15 that one current goes in one direction, and another in an opposite direction.
? Recherches sur ’Endosmose et 'Exosmose, Paris, 1828,
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reciprocate with the external world, and which in some senses fixes
its place in nature. Very similar remarks may be made regarding
the cireulation in animals, inasmuch as in their ultimate tissues
the advancing and receding currents referred to, invariably exist.

Such being the nature and general course of the circulation in
plants, we naturally turn our attention to the channels and forces
by which the circulation is inaugurated and maintained.

In the cellular plants, such as the fungi and lichens, and even in
the mosses and hepatice, there are no distinet channels for the
transmission of fluids ; the sap passing from cell to cell in a more
or less complex series by a process of imbibition, much in the same
way that water spreads in a piece of blotting-paper. In such cases
the cwrrents set most strongly towards those spots where growth is
proceeding most rapidly. Precisely the same thing happens in
rapidly growing or secreting tissues. Thus, the blood is deter-
mined to the stag’s horn when growing, to the mamma when
suckling, and to the stomach when digesting. This constitutes
the vis @ fronte of modern physiologists.

Fig. 9. Fig.10. Fig. 11, Fig.12. Fig.13.  Fig. 14, Fig. 15.

Fig. 16. Fig. 17. Fig. 18, Fig. 19.

Fra. 9.—"Cella of the pith of dcanthus molliz, seen in a vertical section. Mapgn. 200
dinm."—Hen frewy.
H.FIG. 10.—* Cells of a filament of sprregyre, with spiral green bands. Magn. 200 diam."”—
enfreag.
EF::—.. 11.—*Cells from the sporangium of marckantic polymorpha. Magm. 250 diam."—
em Fres.
1G. 12 —Woody tissue or plenrenchyma, eonsisting of fusiform or spindle-shaped tubes
overlapping each other. The walls of the tubes are thickened by deposits of lignine.
F1a. 13.—* 3piral vessels, consisting of elongated cells which assume a tobular and fusiform
shape, and have a spiral fibre formed on the inside of their walls."—Balfour,
Fias. 14, 15, and 18.—" Spiral veasels from Sambiecis ebufus,  Magn, 400 diam," —MHenfrey.
Fra. 16.—" Fragment of 2 veasel from the stem of a gourd. Maggl. 400 diam."—enrrey.
Fio. 17.—Fragment of the wall of a retieulated vessel of chobarh., Magn. 400 diam,
HFI.G. 19.—**Fragment of the wall of a reticulated vessel of rhubarh. agn. 400 diam."—
ey, 4

The Vessels of Plants—their Function.—In plants with well-
defined stems and branches, there are more or less perfect channels
for the circulation of the nutrient material. Thus, there are the

-
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so-called vascular tissues formed by the fusion of perpendicular
rows of variously-constituted cells.! The walls of those cells are in
many instances furnished with vertical, annular, spiral,® reticulated,
or other fibres;* the cells by their union originating the spiral*
annular, reticulated, scaliform, and other vessels® (Vide Figures
from 9 to 19 inclusive, p. 13, and Figures 20 and 22, p. 16.

Doubt has been expressed as to whether the vessels in question
are actually engaged in the transmission of saps, but the pre-
ponderance of evidence is in favour of this belief. Mr Herbert
Spencer has been able to show by recent experiments that the
passage of fluid through the spiral and other vessels is much more

1 # A number of cells permanently combined form the tissues of plants. If
the cells entering into the composition of a tissue are essentially alike, they
form a simple tissue. The simple tissues are divided into the cellular and
vascular tissues. In the former (cellular tissues) the cells, however firmly
coherent, are ﬂu]{ e confact by their walls, which form a persistent boundary
between them. In the latter (vascular tissues) the cells enter into closer rela-
tion, becoming confluent by the absorption of their contiguous surfaces, and
thus converted into more or less extensive tubular bodies, which in their
various conditions form what are ealled the duets and wvessels of plants, T
vessels, it will be seen, are in reality compound elementary organs.”—Henfrey®
Botany, p. 471.

2 Thepnmsence of spiral fibres in cells is most instruetive, for in this we see
the foundation of a numerous class of structures which were otherwise inexpli-
cable. A series of cells with spiral cell-walls originate a vessel with spiral
walls ; these vessels may twine in a certain direction and produce a spiral
stem—the stem itself may twine around another tree in a spiral manner ; leaves,
flowers, fruit, may all be arranged in spirals of various orders. The spirals of
plant structures may be traced to animal structures. The shell of the nautilus
is rolled up in a most graceful spiral ; the heart (ventricles) of mammals is a
double continuous spiral of exquisite beauty. The wings of birds and the ex- -
tremities of bipeds and quadrupeds are distinctly spiral in their nature, and
their movements are curved spiral movements ; nay, more, the vertebral column
itself is a spiral of very unusual but delightful curve. The soft cell fibres,
equally with the bony s{elﬁtﬂn, are twisted upon themselves morphologically.
Thiz iz a point of great interest. It is important physiologically, as spiral con-
tinuous structures give rise to spiral continuous movements, as seen in walking,
swimming, and flying, and in the movements of the hollow viscera. Dutrochet
(Braun sur les Torsions Normales dans les Plantes) states that there is a revolving
movement in the summits of stems, a spiral rolling of the stems round their sup-

rts, a torsion of the stems upon themselves, and a spiral arrangement of leaves -
—all these being, in each plant, in the same direction. These phenomena, he
avers, are owing to an internal vital force which canses a revolution round
the central axis of the stem.

3 #The annular thickenings arve less common than the spiral ones, but some-
times oceur in the same cell with reticulated ones.”—Henfrey's Botany, p. 484.

+ The spiral vessels are found in the youngest and most delicate parts of

the plant.
& % In the young =oft part of the ghoot, as in all normal and abnormal growths

that have not formed wood, the channels for the passage of sap arve the spiral,
annular, fenestrated, or reticulated vessels. . . . The sap-carrying function
is at first discharged entirely by the walls of the medullary sheath, and they
cease to discharge this function only as fast as they are relatively incapacitated by
their mechanical circomstanees. . . . Itis not the wood itself, but the more
or less continnous canals formed in it, which are the subsequent sap distribu-

tors.”"—Principles of Biology, by My Herbert Spencer, Lond. and Edin. 1867, p. 549,
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_rapid than through the cellular tissue. By soaking young shoots
which develop little wood in decoctions of logwood and other dyes,
he discovered that the only channels stained by the process were
those corresponding bo the spiral, fenestrated, scalariform, and other
vessels of the vascular system. Through these vessels consequently
the coloured fluid must have passed. Nor is it wonderful that the
fluid should have preferred open capillary channels, such as those
formed by the vessels of the vascular system, to interrupted or
non-continuous channels such as are supplied by cellular tissue, or
any tissue not differentiated into continuous canals. Mr Spencer
took the precaution to immerse whole plants in his dyes, as well as
parts of plants. He obtained the same results in both cases, so
that it is natural to conclude the coloured fluids traversed the
same channels traversed by the erude and other saps when sub-
mitted to the action of the plant. The spiral, annular, and other
vessels of the vascular system, are most engaged as sap-carriers
when new wood is being formed in their vicinity, in which case
also they are most porous.!

o When new wood is being formed the dye escapes from the

essels of the vascular bundles into the cellular and surrounding
tissues in such quantity as to lead to the belief that the said tissues
and not the vessels transmit the sap. This was the opinion of
Hoffman and Unger, who held that in plants possessed of fibro-
vascular bundles, the sap in the first instance passes up from the
roots chiefly in the parenchymatous cellular constituents of the
bundles, and that these juices do not pass by the spiral vessels
themselves* There are many circumstances which induce me to
believe that the vessels and intervascular spaces are both engaged
in the cireulation.

Mr Spencer’s explanation of the passsge of sap through the
vascular tissues has been objected to on the ground, that the
spiral and other vessels of the vascular system frequently contain
air. To this he replies, that they only do so during periods of
drought, and when they are old—their function as sap-carriers
having virtually ceased. The canals which ramify through the
stag’s horn, he observes, contain air after the horn is fully developed,

1 According to Mr Spencer, there is no direct connexion between the age of a
vessel and its porosity ; those vessels being always the most porous around
which a formation of wood is taking place. Profeszor Balfour, on the other
hand, states, “that the tubes forming the wood are Fcrvious to fluids in their young
state, but that their walls soon become thickened by deposits of lignine, and in
the heart-wood of trees their cavities are obliterated. This filling up of the tube
takes place often in a concentric manner, and when it is mmplel:eg the active
life of the cell or tube may be considered as having terminated.”—Class-Book
of Botany, p. 420.

* The difference between the cellular and vascular tissues may be briefly in-
dicated. In cellular tissues the cells firmly cohere, the cell-walls being persis-
tent. In the vascular tissue, the cells run together by the absorption of their
contiguous surfaces to form the tubes, ducts, or vessels known as the vascular
tissues.
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'I?ut it is not thereby rendered doubtful whether it is the funetion
of arteries to convey blood.'

It ought, moreover, not to be overlooked, that while the presence
of air in the vessels is fatal to the circulation in animals, it does
not of necessity follow that it is so in plants. The conditions are
not identical. In animals, the walls of the larger vessels are not
permeable by fluids, so that air admitted into them has no means
of escaping therefrom ; in plants, on the contrary, the walls of the
vessels are especially permeable, a free egress being provided by the
pitted and other vessels® The presence of air in the vascular
bundles of plants is therefore a natural condition at certain periods
—a plant requiring air as well as sap.
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F1g. 20.— " Vertical section of an orchis root, highly magnified. The cells, ¢, gradually
1;‘;:;} inta d;tﬂt.ed cells and vessels, fp, the extremity of the root, called & spongiole, sp."—
wur, p. 52,
Fre. #1.— Magnified representation of two plants of Lemna minor, or lesser dockweed—
the green mantle of pools—showing the extremities of the roots coverad by a callular sheath

{spongiole)."—Balfowr.

Fia. 22— Monocotyledonous fibro-vasenlar bundle (from the spadix of Phenix dacty-
lifera). WVertical seetion. p, Parenchyma, in which the bundles He; o, wood cells; 2w,
spiral vessels; o) retienlated ducts; o p, vase propriz; I, liber cells.  Magn. 100 diam."—

enfrey.

Points of Resemblance between the Vessels of Plants and Animals.
—Making allowances for difference of opinion as to the function
performed by the vessels of plants, there ean be no doubt
that the vascular tissues of the vegetable kingdom, bear a close
analogy to those of the animal kingdom. In the vessels of
plants we have structures remarkably resembling those of the
bloodvessels of animals. In an artery, as you are aware, we have
straight, annular, and spiral fibres, these being present in variable
proportion, according to the thickness of the vessel, and its distance
from the heart. Thus, in the aorta, the longitudinal, spiral, and
annular fibres are all present; whereas in the capillaries, fragments
of the annular fibres alone appear. Very similar remarks may be

1 Principles of Biology, vol. ii. p. 357. .

? Globes of air in a ecapillary tube with rigid impervions walls re‘g;.ﬁre,nﬂ
Jamin has shown, a pressure of three atmospheres to force them on. , how-
ever, the walls of the vessels of plants are porous, a much smaller force suffices,
the air escaping in every direction.
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made regarding the vessels of plants. In these the spiral vessels
are found in the youngest and most delicate parts of the plant, the
annular vessels being developed a little later in the same bundles,
and in similar situations. The reticulated vessels are found in
guantity with the spiral and annular kinds in suecculent stems,
roots, and petioles. The vessels of plants, like those of animals, are
usually of a cylindrical form.

While the vessels of plants and animals may be said to
be formed upon a common type, there is this great difference
between them, and it is important as far as the circulation is
concerned :—The vessels of plants, unless when quite young,! are
rigid and have no independent movements; the vessels of animals,
on the other hand, are flexible and elastic, and are in many cases
endowed with independent motion. This is especially the case in
the dorsal vessel of the inseet, the veins of the bat’s wing, the
saphenous veins of the rabbit, the web and mesentery of the frog,
the bulbus arteriosus of the fish, and the venz cave and pulmonic
veins of the mammal where they join the heart. There is this
further difference, the principal vessels of animals, unless where refe
mirabile® are present, ave isolated, .., they occur at intervals, with
muscular, bony, and other tissues between. The vessels of plants, on

Fig. 23. Fig. 24. Fig. 25.

Fra. 23.— Absorbent organ from the leaf of Euphaerdic neriifoliaz. The clnster of fibrons
cells, forming one of the terminations of the vascolar system, is hera embedded in a golid
parenchyma.”— Herbert Spercer. .

Fig. 26— A longitudinal section through the axis of an absorbent organ from the root of
a turnip, showing its annali of reticulated eells when cut through. The cellular tissue which
fills the interior is supposed to be removed.”—Herbert Spencer,

Fro. 25.—" A less developed absorbent, showing its approximate connexion with a doet. In
their simplest forms, these structures consist of only two fenestrated cells, with theirends bent
round so as to meet. Snch types occur in the central mass of the tornip."—Herler? Spencer.

! The spiral vessels are found in the youngest and most delicate parts of the
plant.  As these vessels are formed originally by the confluence of cells which
?re elastic and flexible, a certain degree of movement may reasonably be elaimed

or them.

* In this remarkable arrangement, the bloodvessels sometimes run parallel
to each other, and sometimes interweave in a most perplexing and unaccount-
able manner. The vessels are =0 numerous and so close, that they form one
continuons mass. [ have had opportunities of injecting them in the sloth,
;,pi&er-monkey, and dolphin. They are found in various animals, their precise

unctions being at present undetermined.

VOL. XVIIL.—NO, 1. i C
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the other hand, are in contiguity, and touch each other. (Figs. 20
and 22, p. 16; Figures 23, 24, and 25, p. 17.)

The vessels of animals may be divided into three sets,—the
arteries, the veins, and the capillaries; and to these may be added a
system of vessels lately discovered, the perivascular canals. The
arteries conduct from the heart or centre to the periphery; the veins,
from the periphery to the centre; the capillaries uniting the veins and
arteries together. Outside, or between the capillaries, so to speak,
are the perivascular canals. In like manner, plants may be said to
have three sets of vessels; an ascending and a descending set,
which, as has been shown, radiate in the embryo from a central
point. They have also what may fairly be regarded as a capillary
system in their leaves, and also in their stems and branches. (Figs.
23,24, and 25, p. 17.) 'Whether, therefore, we compare the actual
structure, situation, or functions of the vessels of plants and animals,
we will find they have many things in common. The walls of the ves-
sels in plants are flexible and elastic when young, those of animals
being permanently so; the vessels of plants and the capillaries of ani-
mals are permeable by liguids and gases.! The veins of animals con-
vey impure blood ; corresponding vessels of plants, erude sap. The
arteries of animals convey pure blood; corresponding vessels of
plants, elaborated sap. The capillaries of animals expose the im-
pure blood to the influence of the air; the capillaries in the leaves
and other parts doing precisely the same thing for the plant. An
animal may be said to breath at every pore,® and so of the plant—
a poisonous atmosphere being destructive to both. In animals it
is necessary that the vessels extend to the part to be nourished, in
order that the growing portions may absorb or imbibe from the

' In the young cells of plants, the cell-wall consists apparently of a homo-
geneons membrane which 1s elastie, flexible, and freely permeable by water.
When the cells become older, the cell-wall becomes firmer and opposes a greater
obstacle to the entrance of water into itz substance. This leads me to conclude
that the cell-wall is porous—a point difficult to determine, as the finest microscope
fails to detect the pores. The molecular strocture of cell-membranes has been
investigated by Nigele. From a careful examination of the cell-membrane of
starch %.}y polarized lizht, he came to the conclusion that all ergande substances
are composed of crystalling molecules grouped in a definite manner—that these
molecules when dry have no interspaces, but that when moist each molecnle
is surrounded by a thin film of water. The epidermis of the young leaves of
the leek, as Garrean has shown, is freely permeable by fluids ; while the epider-
mis of the older leaves is either not permeable or very sparingly so. Garrean
attributed a decided endosmotic pr{l%erty to the cuticle, which is greatest in
young parts and least in old ones. When leaves are so old as to have lost the
power of absorbing water, they can still take up carbonic aeid.

? Bpallanzani was the first to point out that the tissues respired. The
subject has likewise been investigated by G. Liebig. M. Paul Bert (Legons sur
la Physiologie comparée de la Respiration, Pariz, 1870) shows that the
muscles of cold-blooded vertebrate animals consume, relatively to their weight,
less oxygen and evolve less carbonie acid than muscles of warm-blooded ani-
mals ; also that the muscles of adult animals absorb much more oxygen and
evolve more carbonie acid than those of young animals. He proves that all
the tissues of the body absorb oxygen and give off carbonic acid.
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blood what is required, while they return to it whatever is super-
fluous. In the brain and in bone, this absorption or imbibition
takes place through considerable spaces. This is especially true of
the so-called non-vascular tissues, as the cornea and lens of the eye,
and the articular cartilages. The difference between the vascular
and non-vascular tissues is only one of degree. In either case the
elementary structures lie outside the vessels, and obtain new material
from the blood by imbibition. There is, therefore, an obvious
analogy between the nutrition of plants and animals. In both
cases the nutritious juices are presented to the growing tissues, im-
mediately or remotely, by vessels or their representatives. In the
capillaries of animals and the cells of plants, the limiting mem-
brane is composed of an exceedingly delicate and apparently homo-
geneous substance, which greatly facilitates imbibition,

Respiration of Plants and Animals—DBy means of the capillaries
of the lungs, the blood of animals is aerated, carbonic acid and
other matters being given off and oxygen taken in. By means of
the capillaries of the system, nutritious juices and white blood-cor-
puseles, also concerned in nutrition, are supplied to the tissues and
effete matters taken up. By means of its vessels,' intervascular
spaces, and leaves, a tree is nourished, grows, and breathes ; it gives
off oxygen and takes in carbonic acid® and other matters. It stores
up starch and other compounds, and uses them as occasion demands.
The tree, like the animal, may be said to breathe at every pore ; by
the stomata of its leaves, by the vessels,® intercellular passages and
cavities of its stem and branches, and by its bark when this is
areen. There is yet another point of resemblance between the res-
piration of plants and animals—the air given off by both is laden
with moisture. The oxygen given off by trees and plants com-
. municates to the atmosphere of the forest its peculiarly exhilarat-
ing qualities; the carbonic acid given off by the lungs of animals
producing, on the contrary, a depressing effect.

Cells"of Plants, their Nature and Function.—As the cells of
plants play a most important part in the general eirculation, and
have a circulation of their own, it is necessary to direct attention

! Some authors are of opinion that the spiral vessels and their allies are re-
ceptacles for gaseous matter formed in the course of the movement of the sap
within.

* #“Leaves have the power of abzorbing carbonic acid, ammonia, water, and
aqueons solutions. They also inhale a certain amount of water, and they give
off gaseous matters, especially oxygen. Thus leaves, in the performance of their
functions, absorb and inhale watery and gaseous substances.”—Class-Book of
Botany, by J. H. Balfour, A.M., M.D., F.R.5., etc., 1871, p. 451.

® In spring the vessels are found gorged with sap, but later on in the seazon
they usually contain air. The intércellular passages are also filled with air.
Professor Passerini, of Parma, has succeeded in showing that gases are exhaled
through the stomata. He obtained his results by cansing a plant to absorb a
solution of sulphate’of sodium, and then placing slips of paper saturated with
acetate of lead to its leaves. The parts of the paper corresponding to the sto-
mata were coloured dark, clearly showing that a reaction taken place.
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to them at this stage. “The cell is the elementary organ of a
vegetable structure, but is not the smallest or most simple definite
form in which organic matter may exist; it is not to be regarded
as the ultimate structural unit, because detached fracments of it
are capable of independent existence under certain circumstances,”
and a living plant may exist, at least for a time, in the absence of
a bounding cell-membrane.

A vegetable cell may be defined as a closed sae, containing
fluid or semi-fluid matter. It may represént an entire plant,
or only part of a plant! It contains, or may contain, proto-
plasm, a nucleus, a primordial utricle, starch and chlorophyl
corpuscles, etc., ete. Here, then, is a mixture of heterogeneous
material, each substance varying in density, and having its own
peculiar properties and actions. The cell-wall is also of uncertain
and varied constitution. It is regarded by some as originally con-
sisting of a homogeneous membrane, in which spiral, annular, and
other fibres are subsequently developed; others believing that
these fibres are present in the cell from the first, and form an
integral part of it. Agardh, e.g, is of opinion that the cell-walls
are made up of bundles of solid fibres interwoven together. He
therefore attributes to the cell-wall a structure resembling that of
the bloodvessels and hollow viscera of animals® However this
may be, the cell-wall in the young state is elastic, flexible, and
freely permeable by water; and this is important, as rendering the
cell liable to all kinds of hygroscopic influences.

As the cell-wall becomes older, it usually thickens and becomes
more rigid ; in which case water permeates it with more difficulty.
We have, therefore, in any single cell, or in any combination of
cells, the conditions necessary for a great variety of vital, mechani-
cal, and chemical changes; the presence or absence of heat and
moisture accelerating and retarding the changes in question,
It may happen that the cell-wall, while thickening, remains soft
and flexible, and, if so, it swells up the instant it comes in contact
with water. If a unicellular plant be placed in a dense liquid, its
contents escape, and it becomes shrivelled ; if, on the other hand,
it is put in a thin fluid, it imbibes the fluid and increases in volume.
The red blood-globules do the same. These changes are principally

1 The red snow plant and oscillatoria consist each of single isolated cells, the
cell performing the function of nutrition and reproduction. The fungi and sea-
\‘l'i}ur}s—thﬂ so-called cellular plants—are composed of numerous ecells, arra
according to a definite order, some of the cells discharging the nutritive and
others the reproductive functions. The higher or vascular plants have vessels
“'Il.‘]ml t]u the cells, the organs of nutrition and reproduction being more com-

1cated.

. ? In the cell-walls of Polysiphonia complanata, Conferva mﬁlgrfrﬂnjﬂm, and
Griffithsia equisetifolia, Agardh has demonstrated numerous bundles of fibres,
which eross each other at the joints to form the diaphragm. Between them
finer fibres oceur, the whole being united by a gelatinous substance.—dgardh
de Cellula Vegelabili Fibrillis tenuissimis Contextu. Lundee, 1852.
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due to endosmose and exosmose. The effect which changes of tem-
perature have upon cells is very remarkable. The stomata of the
leaves of plants close in dry weather and open in moist, so that
the opening or closing of a part, while due in the first instance to
the presence or absence of moisture, is due in the second to
structural peculiarities in the cells themselves. Thus, in some
species of Mesembryanthemum, the seed-vessel is closed when dry,
and open when moistened ; whereas, in the spores or germs of
horse-tails (equisetum), the cellular club-shaped filaments, which
form a part of it, are widely expanded when the spore is dry,
and closed when it is moistened. This would seem to imply
the existence of two forces in plants,' portions of certain plants
having the power, not only of closing, but also of opening.  This
appears to follow, because the presence of moisture in the one
case produces the closing, and in the other the opening. The
same. cause, if I may so phrase it, produces opposite results. A
similar phenomenon is witnessed in the action of hollow muscles
with sphincters, where, apparently under precisely the same con-
ditions, the sphincter opens or expands when the viscus closes.
I am inelined to infer from this, that heat or dryness, and mois-
ture or wet, do not act as irritants, and that plants and certain
parts of animals move without being irritated. If moisture, for
example, acted as an irritant, and caused one plant to close, it
could scarcely be regarded as the cause of another opening.
Moisture and dryness, moreover, act upon dead vegetable tissue,
where the idea of irritability is inadmissible. Thus, a hempen
rope shortens when wetted, and elongates when dried. The
manner in which cells of wood, liber, etc., swell up on the appli-
cation of moisture, is deserving of attention. They expand in the
- direction transverse to their axes, i.e, they shorten in a longi-
tudinal direction as they bulge or swell out laterally.® Shortening
in one direction is consequently elongation in another. . Precisely
the same thing takes place in the action of the sarcous elements
- of a muscle. When a muscle or an elementary muscular fibre
contracts, as it is termed, it decreases in the direction of its length,
and increases in the direction of its breadth,—in fact, the decrease
in one direction is accompanied by an increase in another and oppo-
site direction, the volume remaining always the same. It is
therefore better, when speaking of the movements of long muscles,
to say they shorten and lengthen, and of hollow muscles that they
close and open, than that they contract and relaz. The vegetable
cell-wall, when dried, becomes smaller, so that the mere application

! In the hygrometer composed of fio pieces of wood, each having different
absorbing powers, a certain amount of moisture in the atmosphere produces
curving to the one side, a certain amount of dryness a curving to the opposite
gide. :

* Henfrey’s Botany, p. 470.
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or withdrawal of moisture suffices for conferring certain movements
upon 1it.

These movements are to be regarded as extraneous, for the presence
or absence of moisture may be an acecidental circumstance. Cells,
however, are living things, and they have living contents endowed
in many cases with independent motion. The necessity for such
an arrangement is obvious, inasmuch as “ the vital and chemiecal
phenomena exhibited by plants depend in the first instance upon
operations which have their seat in the interior of those strue-
tures.” Kiihne proved the vitality of cell contents by a very re-
markable experiment. He collected a quantity of protoplasm from
a living plant, and placed it in a cockchafer’s intestine. When he
applied the stimulus of galvanism to the intestine so distended, it
shortened like a muscle. The protoplasm possesses remarkable
properties. Insome plantsit is endowed with distinet movements,
rendered apparent by the granules which float in it. The source
of these movements is at present a mystery; some authors con-
tending that the protoplasmic mass can change its shape at
any moment; others, that the movements are due to increase or
decrease in the amount of protoplasm contained within the cell at
any given time.! Similar remarkable properties are to be attributed
to the primordial utricle which has the power of moulding itself
into new external forms. The primordial utricle constitutes an
envelope for the zoospore of the alga, when it escapes from the
parent cell ; the vitalized contents of the cell establishing a sepa-
rate existence. The substance of the primordial utricle greatly re-
sembles that of the ameeba and the soft parts of sponges, all three
being endowed with independent movements. The starch granules
of cells are developed from the chlorophylle corpuscles, and these
last owe their existence to the elaboration of protoplasm. There
is thus a variety of movements going on within the cell during the
period of growth.

The Intracellular Circulation of Plants—The intracellular eir-
culation, or gyration, as it is called, is most interesting, and in some
respects most mysterious. There can be little doubt that it is
referable to wvital, chemical, and physical changes occurring in
the cell-contents; but the precise nature of those changes is
unfortunately at present undetermined. Some investigators
believe that the circulation is traceable to the nourishment
of the cell, and the commotion consequent on its reproduc-

1 & There is reason to believe that, in some instances, the cell-wall thickens at
certain seasons, and becomes thinner at others ; but this appearance may arise
from an alternately swollen and contracted stafe, and not from absorption and
re-deposition.”—Henfrey's Botany, p. 450.

2 “ During the time when the protoplasmic contents of yuunﬁ cells are be-
coming gmﬁuall hollowed out into spaces filled with watery cell-sap, a regu-
lar movement of this protoplasm takes place, which may be observed wv
readily in young hairs of E:h:l.[l&l‘ﬂganliﬂ- plants, and which probably takes place
in an early stage in all other structures.”—Henfrey's Botany, p. 551.
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tion; others to electrical or galvanic agency; others to the
presence of invisible cilia;' and others to endosmose and exosmose,
depending upon the different densities of the fluids presented from
without to the cell-contents. It is therefore referred by one sect
to a vital, and by a second to a physical action. Under these cir-
cumstances we can only refer to the phenomena as observed; and it
is not a little humiliating, to think that at the very threshold of
the circulation we are confronted with difficulties of such magni-
tude, and obliged to confess, that even in a cell there are hidden
powers which neither the microscope, physies, nor chemistry, can
as yet explain. From experiments which I have made recently,
and which are fully deseribed further on, it appears to me that the
intracellular eirculation is due in a principal measure to physical
causes, such as absorption and evaporation, endosmosge and exos-
mose, capillarity, chemical affinity, ete.

Fig. 27. Fig. 28. Fig. 29.
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Fis. 26— A small portion of a chara, magnified to show the intracellular circulation.
The arrows mark the dircction of the finid and granules in the different cells. The clear
spages areé parts where there is ne movement., The circalation in each cell is independant
of that in the others,”—Ralfour.

Fia. 27 —Shows the course of the circolation in the stem of the polype ( Tebularia indivise).
&, @, Horny tube, containing & soft substanece, eontinaous with stomach (¥), and mouth (e},
¢, d, Tentacula or arms. The ascending and descending eurrents in the stem of the poly pe
are indicated by the arrows. They porsue a slightly spiral direction, as indicated by the
dotted lines in figure—the one setting towards the polype, the other away from it. At m
and a there were vortices in the tube. The arrows to the right of the figure indicate the
continuons nature of the corrents within the tabe.

Fra. 28— Large internal cell of vallisneria, showing the direction of the currents in intra-
cellular rotation. There is an cecasional nucleus seen in the course of the eirculation, along
with the chlorophylle grains.'—Balfrur,

Fra. 2% —* Branching and anastomosing tubes of lactiferons vessels. In them there is an
evident movement of granules of latex, as represented in some of the tubes o the figare, the
arrows marking the direction of the eurrent.”—Balfour.

In many cells a distinct movement of fluids and granules is
perceptible ; and Schleiden and Mohl are of opinion that these
movements take place in all active formative cells, at one period

! Movements analogous to the intracellular ones oceur within the mouth,
stomach, and rectum of certain polypes. Dr Grant was of opinion that these
movements were due to the lashing of cilia ; and Dr 8 ey subsequently
demonstrated that cilia actunally did exist in the situations indicated.



24 DR J. BELL PETTIGREW ON THE

or other of their growth. The intracellular circulation is seen
to advantage in many aquatic plants. It was discovered by
Corti in chara, in 1774' 1In this plant (chara) the move-
ments are of a spiral nature, as indieated by the arrows in Figure
26, page 23.

It is not a little remarkable, that in the stem of the Tubularia
indivisa, a form of polype, precis&ly analogous movements oceur,
as was pointed out by Mr Lister® (Figure 27, page 23.)

The movements in chara are made visible by the presence of
granules, which rotate on their own axes, travelling in a spiral
direction, up one side of the cell and down the other. Observe,
up one side of the cell and down the other. The currents in
opposite directions, characteristic of the general circulation, re-
appear. The same currents are perceptible in our own stomachs
during digestion. In the case of Alexis St Martin, who had his
stomach perforated by a gunshot wound, the food, when intro-
duced into the stomach, was seen to circulate first along the greater
curvature from left to right, and then along the lesser curvature
from right to left.

It may seem far-fetched to trace an analogy between the gyrating
of the contents of the human stomach and the gyrating of the con-
tents of a vegetable cell; but, in some of the lower animals, the
contents of the alimentary canal transude through its walls and
circulate through the body ; in others (polypes) the gyrating move-
ments occur within the mouth, stomach, and rectum. I am, more-
over, satisfied, from dissection and experiment, that the stomach
and heart, even in ourselves, are in some senses identical both in
structure and function ; these organs being endowed with a pushing
and pulling power, which enables them to manipulate their contents
and to propel them in given directions. When the cesophagus is
engaged in transmitting food, it pinches on the bolus by opening
before and closing behind it simultaneously—the expanding or
pulling, and piuching or pushing action, accompanying the bolus
from the time it enters the cesophagus proper, until it reaches the
stomach. This compound movement can transmit fluids with equal
dexterity and precision, as is well seen when a horse or other large
animal is drinking. Every part of the cesophagus has the power
of opening and closing, so that the part which is opened the one
instant is closed the next, and vice versa. The opening and closing
movements which constitute the cesophageal rhythm, travel, in
normal swallowing, in the direction of the stomach ; but the
direction of the movement in abnormal swallowing or vomltmg,

1 & In chara the axis is composed of elongated cells, placed end to end, sur-
rounded by a number of small secondary cells, whic]l: take a spiral course
round the primary cells from left to right, and which are often incrusted with
carbonate of lime.”

* Movements somewhat resembling the above were found by Dr Sharpey to
oceur in the tentacula of the actinia.—Cye. of Anat. and Fhy., art, ©Cilia,” p. 615.
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is reversed ; showing how perfectly the opening and closing power
is possessed by the cesophagus. Those animals which ruminate
swallow in both directions: first, from the mouth towards the
. stomach ; second, from the stomach towards the mouth ; and, third
and finally, from the mouth back again to the stomach. This power
is possessed by man himself, some individuals being able to vomit
at pleasure, and others confirming the habit to such an extent as to
be actually able to ruminate. The power possessed by the alimen-
tary canal of opening at one part, and closing at another, is well
seen in invagination ; the closing portion of gut forcing itself into
or within the opening portion—the act of expansion assisting the
movement in virtue of the opening and elosing portions travelling
in opposite directions. The act of invagination is produced by
a double movement, similar to what would be produced in the
cesophagus of a ruminating animal if the swallowing and rumi-
nating movements occurred at the same time. This power which
the intestine occasionally exerts of shortening its length by in-
vagination is, I apprehend, a power possessed, within certain
limits, by all muscles—the sarcous elements of a muscle when
the muscle shortens tending towards a central point, from which
they recede when the muscle elongates, very much in the same way
as Professor Lister has shown the pigment-cells in the frog’s skin
converge towards a point at one time and diverge at another. When
the sarcous elements of a muscle converge in one direction—say
in the direction of the length of the muscle—they diverge in the
opposite direction, viz, in the direction of the breadth of the
muscle ; so that, in reality, it is a misnomer to apply the term
contraction to a muscle when it shortens—the act of shortening in
one direction, being actual lengthening in an opposite direction.
This follows, because the sarcous elements of a muscle, or the
muscle as a whole when it moves or acts, simply ehanges shape,
the volume of the muscle and the sarcous elements composing it
always remaining exactly the same.

I shall have occasion to return to this subject when I come to
speak of the structure and action of the bloodvessels and heart
of animals; meanwhile I would direct your attention to the fact
that the stomach may be regarded as simply an expanded and
elaborated portion of the alimentary canal; and the heart as an
expanded and elaborated portion of the vascular system; the
stomach and heart being constructed on precisely the same type,
and performing analogous functions. Further, the structure and
functions of the bladder and uterus closely resemble those of the
stomach and heart; so that the hollow muscles and bloodvessels
may be placed in the same category. They all receive fluid, semi-
fluid, or solid substances, which they expel at regular intervals.
The stomach can cause its contents to gyrate like those of a vege-
table cell, and the cesophagus, by the rhythmic movement of its
several parts—u.e.,, by the simultaneous opening or widening of one

D
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part, and the elosing or narrowing of another part (say the part
behind that which opens)—can seize and dismiss the food, and
pass it on in successive waves to the stomach; just as a blood-
vessel with .rhythmie movements, or the heart itself, can mani-
pulate or pass on the blood in successive waves, in a given direc-
tion. If, however, one part of the wsophagus closes or nar-
rows while the part beyond expands or widens, the cesophagus
in this way foreshadows the movements which oceur in the
stommach where the pyloric sphincter opens, when the stomach
closes, and wice verse. I use the terms opens and closes, in prefer-
ence to relaxes and contracts, because I regard the opening of the
gphineter and the closing of the stomach as equally vital acts.
This view is borne out by the structure as well as the action of
the parts. In man the stomach has two sphincters—a eardiae
and a pyloric one. FEach of these is composed of two sets of
looped symmetrical fibres. The sphincters resemble the valvula
conniventes, and I am disposed to regard them as simply differen-
tiated valvule conniventes, from finding the two halves of the
pyloric sphincter of the dog slightly separated from each other—
valvule conniventes, or what is equivalent thereto, being indicated
in the esophagus of the cat. If, therefore, the stomach be regarded
as an expansion of the intestine, and the sphincters as constric-
tions or partitions which are structurally identical with the other
parts of the stomach ; and if, further, the cesophagus and intestines
have peristaltic movements, 7.e., the power of simultaneously nar-
rowing and widening in parts, then we are bound to conclude
that the closing of the stomach and the opening of its sphincters
are equally vital acts. But for this co-ordination, the movements
would be purposeless. The structure of the intestine remarkably
resembles that of many vessels where we have non-striated longi-
tudinal and eircular fibres. But many bloodvessels have distinetly
rhythmic movements, so that structurally and functionally the
intestines and bloodvessels resemble each other. You will there-
fore, 1 trust, bear with me if occasionally, when speaking of the
prince of hollow muscles, the heart itself, I refer now and then,
for the sake of illustration, to the hollow muscles generally.
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TaHE movements in chara, as has been stated, are made visible by
the presence of granules, which rotate on their own axis, travelling
in a spiral direction, up one side of the cell and down the other,
The granules vary in size, and are elaborated in fransitu, to befit
them u]l;u:uately for becoming part of the cell-wall. They may
therefore be likened to the white blood-corpuscles of animals,
which, as recent researches have shown, are also incorporated
directly into the tissues.- In Vallisneria, similar intracellular move-
ments occur. “ Spiral movements of rotation are also seen in the
elongated cells forming the hairs of the nettle, loasa, pentstemon,

eopsis, borage, melon, and other plants ; as well as in the separate
cells of the staminal hairs of the Virginian spider-wort ( Tradescan-
tia. Virginica).”*

The rotations of the protoplasmic contents of cells, exhibit a
marked resemblance to those of the protozoa; and many observers
are of opinion, that the moving bodies owe their power of rotation
in part to ciliary processes, similar to those which render many of
the simpler plants locomotive. This view in entitled to favourable
consideration, the more especially as ciliary motion has been dis-
covered by Dr Sharpey and others in the embryos of infusoria and
gasteropoda, while enclosed in the ovum ;* and in the ova of the
polype, sponge, molluse, and actinia. Similar gyrating movements
have been observed within the stomach of the polype® In all
these cases, the presence of cilia has been distinctly made out. If

' Class-Book of Botany, by J. H. Balfour, A.M., M., F.R.S,, etc., p. 417.

* Abhandl. d. Akad. der Wiss, zu Berlin fiir 1831.
* Cye. of Anat. and Phy., article “ Cilia,” by Dr Sharpey, p. 610.
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cilia eould be proved to exist on the lining membrane of the eell-
wall of plants, or on the exterior of the moving particles, much of
the mystery of gyration would disappear. Until, however, these
are discovered, we must fall back upon other forces, and of these
I believe absorption on the one hand, resulting in endosmose and
exosmose ; and evaporation on the other, to be the chief!

A moderate heat quickens the intracellular eirculation, which is
arrested if the temperature be elevated above 150° It is also
arrested by prussic acid and aleohol, as well as by solutions of
acetate of lead, opium, and corrosive sublimate. Prussic acid,
aleohol, and the solutions in question, may destroy the intracellular
circulation, by poisoning and paralyzing the tissues, and by inducing
an imperfect osmosis ; for Dutrochet found that all aecids, alkalies,
soluble salts, aleohol, ete., because of their susceptibility to enter
into combination with the permeable partition of the endosmometer,
destroy endosmosis, although they had indueced it, before their com-
plete combination with the elements of the membrane had taken
place ; and it is not until this combination is complete that endos-
mosis ceases.* That the intracellular movements are in a great
measure due to osmosis, evaporation, and capillarity, is obvious
from expertment, as 1 have succeeded in producing them artificially.
Thus, it capillary syphon tubes be arranged to act upon opposite
points of a glass cell and supplied with water, they cause the fluid
contents of the cell to gyrate (Fig. 32). Again, if a glass cell be
filled with syrup, and endosmotic currents induced on opposite sides
of the cell above and below, the syrup begins gradually to rotate
(Fig. 30). The same happens when the syrup is allowed to
evaporate from opposite points (Fig. 31).

Fig. 30. Fig. 31.

Fig. 32.

Fras, 30 and 31 show how the gyration of the egll contents may be produced either by
absorption and endosmose, or by evaporation, or by all the thres. Fig. 30, a b eell con-
taining viscous fAuid ; ¢ o, absorhing surfaces of cell snrronnded by water or other thin fluid
(g h); =, endosmotic currents, which result in gyration (side arrows), are thus produced. To
the absorbing surfaces, evaporating ones, as at € a, f o, may be added. Fig. 31 shows how

! Rasconi found that when the embryo of the frog was abstracted from the
ovam it revolved. He attributed this movement to water entering and issuing
from the pores of the skin.—Swr le Développement le la Grenouille Commune,
Milan, 1526.

* Cye. of Anat. and Phy., vol. ii., article * Endosmosis,” p. 99.
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gyration may be effected by evaporation alone. a6, eell containing viseous fAuid; o f o e,
evaporating surfaces. The arrows (x) indicate the direction in which the evaparation acts.
—{hriginal.

Fl-::l:II 42 shows how fluids washing opposite sides of a cell in opposite directions
will cause the eell contents to gyrate. ¢ «, Capillary syphon tubes, the extremities of
which communicate with water in the vessels a, b and with a viseid fluid in the eell b e rfg.-;
the one syphon enters thoe coll at e, the other at ©; capillary tubes being inserted at g ool % to
enrry off the superfluows fluid (). The fuid within the cell gyrates, as indicated by the arrows.
This 15 ascertained by introducing powdered charcoal into the fleid contained within the cell.

In the present diagram, the cell has been placed on a lower level than the water contained

in the glasses; but it might have been placed as high above the water as it is below it, the

gyration within the cell not being produced by the gravitation of the water in the vesscls

acting through the syphon tubes, but by capillarity alone.—riginal.

Endosmosis and evaporation may produce gyration by a con-
joined aetion. When endosmosis and evaporation act separately
the gyration 1s in opposite directions (compare arrows of Figures
30 and 31). ~While gyration may be induced mechanically by the
operation of physical forces, the life of the plant exercises, or may
exercise, an influence in its production.

As a proof that the presence or absence of moisture will not ac-
count for all the phenomena witnessed in cells, it may be stated that
in the sensitive plant (Mimosa pudica), there is a swelling at the
base of the petiole, the cells of which constitute, as it were, two
springs which act in opposite directions; so that if from any cause the
one be paralyzed, the other pushes the leaf in the direction of least
resistance. This is exactly what happens in hemiplegia, the tongue
when protruded being forced by the healthy muscles towards the
paralyzed side ; museles, as has been already indicated, having a
power of elongating as well as of shortening. If, as universally
believed at present, muscles have only the power of shortening,
the tongue would be drawn towards the healthy side, which it is
not! The springs, if they may so be called, situated at the base
of the petiole, are set in motion by the rush of fluid, ereating a
turgid state of the one set of cells, and an empty state of the
other. A kind of rhythmic movement is thus produced. What
is it, ome naturally inquires, which gorges the one set of
cells and empties the other, if it be not a vital power exer-
cised by the plant? The fluid is present to both sets of cells alike.
The same fluid certainly cannot stimulate the one set of cells to
shorten, and the other to lengthen ; and, besides, so far as is known,
there are no contractile tissues present in the plant. Neither can
the presence of moisture act as an irritant, moisture being neces-
sary to the life of the plant, and a normal part of it. The only
explanation that can be given is, that the plant lives, and that
it sucks in moisture by the one set of cells, and ejects moisture
by the other set, just as one part of the heart sucks in blood, while

! Sir Thomas Watson, in speaking of hemiplegia, says, *“ When the tongue
is put out beyond the lips, its point is commonly turned to one side.  To which
side? Why, towards the palsied side. For what reason? Clearly because the
muscles that protrude the tongue are powerless on that side, and m full vigour
on the other. That half of the tongue which corresponds with the sound side
i lpus.l'wd jurther out than the other half, and therefore the tongue bends to t-:h-:!
palsied side. Such is the msual fact, and such the explanation of it."—FPrin-
ciples and Practice of Physic, 4th edition, vol. i. p. 503.
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another expels it. The blood is not the stimulus to this act. In
the same way the stomach, bladder, rectum, and uterus, close or
shorten in one part, and open or lengthen in another, when the proper
time arrives for expelling their contents. Here, again, the con-
tained matters are not to be regarded as irritants, in the ordinary
acceptation of the term. If they were, they would be expelled
long before they were collected in sufficient quantity.

Movements greatly resembling those of the petiole of the sen-
sitive plant oceur in the cilia of the polygastric infusoria. Ehren-
berg showed that each of the cilia in question has a bulb at its root,
to which minute museles are attached. Those musecles shorten
and lengthen alternately, and so the cilia are lashed® about with a
flail-like motion. If the body of one of those curious creatures is
fixed, the cilia excite currents in the water in which it is immersed ;
if the body be free, they serve as organs of locomotion. In this
case there can of course be no doubt as to the vitality of the move-
ments, and the entire absence of anything in the shape of irritation.

It is most interesting to find in an agoregation of plant-cells
movements so obviously analogous to those of muscles. When the
one set of cells, Henfrey' informs usg, is contracted, the other is ex-
panded, and wiee versa. According to Mohl—* The expansion of
the cellular tissue on the upper side of the articulation of a leaf
counteracts a similar expansion of the cellular tissue on the under
side ; but if the upper cellular tissue be removed, so that the under
cellular tissue is deprived of its antagonist, the eguilibrium is
destroyed, and the leaf 4s pushed wpwards. The reverse of this
happens when the under cellular tissue is removed,”* Here,
again, we have an illustration of what happens in hemiplegia
when the tongue is protruded. The tongue is pushed towards the
paralyzed side, and it the paralyzed half of the organ was removed,
the result would be precisely the same as in the plant. The leaf, it
will be observed, is kept in a state of equilibrinm by the presence
of two forces equally balanced, and the same may be said of the
tongue. The leaf and the tongue ave free to vibrate on any slight dis-
turbance of the equilibrium. When the leaf is no longer required for
the growth of the plant, it is amputated by a vital process, and not by
any vicissitude of temperature ; in fact, the process of disjunction
begins with the formation of the leaf-stalk, and is completed when
the leaf ceases to be useful. Other vital actions might be cited
in this connexion, which go to prove, that plants control their
own functions—even the roots having a selective power® The
remarks made regarding the movements of the hollow musecles
and tongue, apply equally to the flexors and extensors of the

! Henfrey's Botany, p. 628.

# Anatomy and Physiology of the Vegetable Cell.

® Desfontaines carried a sensitive plant with him in a coach. At first the
jolting cansed the plant to close its leaves, When, however, it became accus-

tomed to the movement, it opened them, thus making itself master of the
situation.
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voluntary system ; but, as I shall have occasion to return to this
subject, I will merely observe, in passing, that it is not a little
remarkable, that a mere congeries of cells, devoid of nerves and
contractile tissue, shonld have the power, so to speak, of acting
rhythmically and of producing motions in definite directions,
in the absence of an exeiting eause—at all events, in the ahsence
of anything which partakes of the nature of irritation.  With
these facts before our eyes, it 1s not difficult to understand that
voluntary and involuntary musecles have a centripetal and centri-
fugal action; and by this I mean a power by which long muscles
shorten and lengthen, and hollow museles close and open. -

The intracellular circulation of plants, as a rule, pursues a defi-
nite direction. The moving particles, however, occasionally stop,
reverse their course, and commence de novo. This circumstance
inclines me to believe that absorption, evaporation, and osmosis play
an important part in the gyration of cell contents. That the vitalit
of the plant is also concerned in the production of the intracellular
eirculation, is rendered all but certain by its occurring only in
the active living cells which are engaged in building up the
plant ; and by its ceasing if the part of the plant in which it oceurs
is injured.

That cells are endowed with vitality, and that this of itself is
capable of setting inert matter in motion, is proved by the fact that
some of them in the lower tribes of plants move about in a liquid
medium ; the oscillatoria advancing with an undulating motion.2
Similar moving cells are seen in stephanosphzera and other genera
of volvocinesw, and the cellular spores of many algals are surrounded
by eilia or vibratile hairs, which, in fluids, move for some time after
the spore (zoospore) has been discharged from the plant.

If we accord the power of motion to an entire cell, we shall have
difficulty in resisting the conclusion that 1t also regulates the move-
ments oceurring within itself® Further, in some of the lower
plants, as has been stated, the living cell contents actually emerge
from their temporary prison in the shape of zoospores, which lead
an itinerant life, until they find a suitable habitat.

The primordial utricle has, moreover, the power of assuming new
shapes ; this remarkable structure, when the cell is dividing, con-
stricting itself, in two or more places, without wrinkling. But I
need not pursue the inquiry further; suffice it to say, that the

! When a part of a plant is injured, and the membranous cell-walls ruptured,
osmosis may be impaired or altogether destroyed.

? The ova of polypi and sponges also move freely about before they become
fixed. This is necessary to spread the individuals of the original community.
To this end they are provided with numerous minute cilia on their exteriors,
which serve the purposes of locomotion and respiration.

¥ Some authors attribute the contraction oceurring in cells to alternate tur-
gescence and emptying of certain portions of the protoplasm ; but, as has been
explained, when speaking of the movements of the petiole of the sensitive plant,
turgescence, and the absence of it, may be equally traced to vital influence.
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vital, physical, and chemical phenomena witnessed in plants are
due primarily to operations occurring in the interior of cells; the
functions of nutrition, reproduction, ete., necessitating mﬂvement-s
in certain directions. In connexion with the belief that the
process of nutrition, results in movements of a more or less definite
character, I would here cite the name of one revered in physiology
and pathology—viz, Sir James Paget—who gave it as his opinion,
that the contraction and dilatation of the heart itself, is due
to the nutrition and growth of the organ. He says, “ But there
is another thing common to all rhythmically acting organs,—they
are all the seats of nutritive processes; and I believe that their
movements are rhythmical, because their nutrition is so; and
rhythmic nutrition is, I believe, only a peculiar instance, or method
of manifestation, of a general law of time, as concerned in all
organic processes. In other words, I believe that rhythmic motion
1s an issue of rhythmie nutrition, 2 e, of a method of nutrition in
which the acting parts are at certain periods, raised, with time-
regulated progress, to a state of instability of composition, from
which they then decline, and in their degme may change their
shape, and move with a definite velocity, or (as nervous eentms)
may discharge nerve force.” "

Certain plants, when vigorous and exposed to a bright light,
exhibit rhythmical movements, and, notably, the Hedysarnm
(Desmodium  gyrans), a native of the East Indies. The leaf
in this plant is unequally pinnate, consisting of a larger
leaflet at the end of the stalk, and two pairs of leaflets placed
laterally. The smaller leaflets come towards and recede from
each other with a jerking motion, every three minutes or so.
The movements of the heart are certainly not more singular
than those of the leaves now referred to. It cannot be the light
or heat which produce the movements of the leaflets, for they go
on in the dark; and as they are most regular when the plant is
most healthy, we are not entitled to assume the presence of stimuli
in the shape of extraneous irritation. The movements of the
leaflets, in some senses, foreshadow a heart, and are no doubt
connected with the nutrition of the plant. They teach us one
very important fact, viz, that living organs can come and
go, contract,® expand, and perform stated motions at stated inter-
vals, without the presence of nerves, muscles, elastie, and other
tissues ; unless perchance these exist in an undifferentiated form,

1 Croonian Lecture, © On the Cause of the Rhythmic Motion of the Heart,”
'lnr Sir James Paget, ]_’na,lt —Proe. Roy. Soc., 28th May 1857.

2 In the wild lettuece (Lactuca virose), and in the stings of nettles, the cells,
on being touched, contract and exude their fluid contents, The small leaflets
of the sensitive mimosas display cellular swellings at their roots, which, when
touched, communicate motion to the leaves. Those swellings uppmntly com-
sist of two kinds of cells, the one kind having the power of contraeting, the

other of dilating.— Dufrochel suir la Structure Intime des Animauz et Végetausr,
15824,
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which is by no means improbable. According to Fee, the tluids
drawn to the surface of a plant during light, are kept in equi-
librium by rhythmical evaporation ; the rhythmical movements of
the leaves being referable to vital changes in the cell contents and
vessels,

“ Probably the simplest example of rhythmic motions yet known,
is that detected h}' the acute researches of Professor Busk in the
Volvox globator.! At a certain period of the development of this
simplest veh-:atable organism, there appear in each zoospore, or in
the bands of prutuplﬂam with which the zoospores are connected,
vacuoles, spaces, or cavities, of about sassth of an inch in diameter,
which contract with regular rhythm, at intervals of from 38 to 41
seconds, quickly contracting and then more slowly dilating again.”
Now, however it may be with the heart, there is no room for
doubting that the closing and opening of the vacuoles, spaces, or
cavities here spoken of, are equally vital acts; they close quickly
and open slowly, just as in the heart; and my impression 1s that
the different parts of the heart close and open alternately and
independently, the closing of the auricles taking no part in the
opening of the wventricles, and wice wersw; in other words, the
auricles close and open by vital efforts, as do likewise the ventricles ;
the movements of the auricles and ventricles being simply co-ordi-
nated for a purpose. Indeed, the structure and arrangement of
the fibres of the heart forbid any other assumption. If we take
the fibres of the ventricles, we find they are arranged in spiral
figure-of-8 loops, the fibres being continuous upon each other, and
crossing, at various degrees of obliguity, with mathematical preci-
sion ; some being vertwal some slightly oblique, some very oblique,
and others transverse or circular. When the fibres shorten they
likewise thicken; this shortening and thickening obliterating the
ventricular cavities from above downwards, and-from without
inwards. When the ventricles are closed, all the contained blood
is ejected. As the blood, forced on by the closing of the auricles,
cannot obtain admission to the closed ventricles, this fluid cannot
mechanically distend the ventricles. They are therefore under the
necessity of opening, just as they closed. During the systole there
is a shortening and thickening of all the fibres of the ventricles ;
during the diastole there is a lengthening and thinning of the
fibres. When the fibres of the ventricles shorten and thicken,
those of the auricles lengthen and become thinner, and vice verse ;
and this is precisely what happens in hollow muscles with sphinc-
ters. But for the power which muscles possess of shortening and
lengthening, it would be impossible to explain, how the pyloric
valve of the stomach is firmly closed during the first stage of diges-
tion, how it partly opens to allow the chjrme to pass during the
second stage, and. how it opens wide to admit of the passage of
undigested masses during the third stage. “The observations of

! Transactions of the Microscopical Society of London, 21st May 1852,
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Cohn,! published about a year later than those of Mr Busk, but
independent of them, discovered similar phenomena in Gonduwm
pectorale and in Chlamydomonas, the vacuoles, like water-vesicles,
contracting regularly at intervals of 40 to 45 seconds. - The con-
tractions and the dilatations occupy equal periods, as do those of
our own heart ventricles; and in Gondnm he has found this singular
fact, that when, as commonly happens, two vaeuoles exist in one
cell, their rhythms are alike and exactly alternate, each contracting
once in about 40 seconds, and the eontraction of each oceurring at
exactly mid-distance between two successive contractions of the
other. Here, then, we have examples of perfect, and even com-
pound, rhythmic contractions in vegetable organisms, in which we
can have no suspicion of muscular structure, or nervous, or of
stimulus (in any reasonable sense of the term), or, in short, of any
of those things which we are prone to regard, as the mainsprings
of rhythmic action in the heart.”*

The Lactiferous Circulation of Plants—Scarcely less interesting
and curious than the intracellular circulation, is that oceurring
within the lactiferous vessels. The lactiferous vessels of plants
have been likened by Carpenter to the capillary vessels of animals ;
but they may, I think, with greater propriety be compared to the
lacteals and lymphatics. The lactiform vessels differ from the other
vessels of plants, by their branching and freely anastomosing with
each other. Some authors regard them as cellular canals, which
are lined with a special membrane. However this may be, they
are generally believed to contain the elaborated sap, which has
been exposed to the influence of light and air. The movements
oceurring within the lactiferous vessels, are seen to most advantage
in plants with milky or coloured juice, as the indiarubber plant,
gutta-percha tree, lettuce, and dandelion.

To the lactiferous movements, the name of eyclosis has been given;
and Schultz was of opinion that they are vital in their nature. They
are in some cases so rapid as to resemble the circulation in the web
of the frog’s foot. They take place in all directions, the currents
being usually most vigorous where the plant is developing most
rapidly. They are quickened by heat, and retarded by cold and
the agency of electricity. It is very difficult to account for them,
unless, indeed, we refer them directly to nutritive cuanges occur-
ring in the plant. The difficulty is increased by the fact that the
vessels in which they occur, as far as known at present, are non-
contractile. 1 am disposed to believe that the lactiform vessels form
a complicated series of interlacing syphon tubes (see Fig. 29) ; the
milky and other juices oscillating in them in obedience to atmos-
pherie and hygrometrie influences—the oscillations being regnlated

! Untersuchungen iiber die Entwickelungsgeschichte der Mikroskopischen
Algen und Pilze, Breslan, 4to, 1854.

* Croonian Lecture on the Canse of the Rhythmiec Motion of the Heart, by
Sir James Paget, Bart., F.R.5.—Proc. Roy. Soc., 28th May 1857.
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within eertain limits by vital laws and affinities, T refer at length
to this view a little further on.

The Forees which produce the Cirewlation in Plants—In the
winter, the tree may be said to be in a dormant condition.
With the early spring comes fresh life, for then the stem and
branches swell, and the shoots and young leaves come forth. The
warmth of spring inaugurates the circulation; but evaporation
cannot as yet be said to take any very active part in it. The cell
tissues of the tree, contracted and dry in winter, are in the best
possible condition for receiving sap in the spring. This the roots
supply in quantity. Through the roots and through the stem and
branches, a steady upward stream flows in direct opposition to
gravity, and in the absence of any propelling force. This is a
phenomenon which ean only be explained by a vis a fronte traccable
to nutrition and other changes going on in the cells, and to osmotic’
and capillary action.®

In the ferns, according to Hoffmann, there are no channels for
the descent of fluid, the sap simply ascending and diffusing itself
in the substance of the plant in its progress. These plants grow
by additions to their summits (acrogens), and this fact has much to
do with determining the upward current, the leaf-action being vir-
tually one of attraction or suction.?

That nutrition has much to do with the general circulation, is
proved by the fact, that the current always sets most strongly
towards those points where growth is proceeding most rapidly: a

! Dutrochet is of opinion © that endosmose iz due to a state of commixtion
within the eapillary tubes of the septum, and that the two opposed fluids proceed
the one towards the other, with eross but unequal motions.”

“ M. Poisson and William Power have each in his own way given an
analytical explanation of the phenomenon of endosmose, and aseribed it to the
action of the capillary canals of the porous septum interposed between the two
fluids.  In this explanation, the phenomenon of the eurrent of exosmosis is set
aside, or m(i;:uth:{ as oceurring merely accidentally.  Now, this is entirely
opposed to the fact; we have constantly evidence of the simultaneous existence
of the two opposite and unegual currents of endosmosts and exosmosis.”"—Cye. of
Anat, and Phy., article “ Endosmosis,” by Dutrochet, vol. ii. pp. 101, 102.

* “The height to which different fluids rise in capillary tubes, de}mnds on a
variety of causes, in appearance very different, but which must have some
fundamental analogy. &uall fluids, water is that which rises highest ; and
substances held dissolved in it which increase its density, lessen its power
of capillary ascent, which is also diminished by inerease of temperature : hot
water ascends a less way in a capillary tube than cold water. Combustible
fluids, such as aleohol and ether, are like dense fluids in regand to power of
capillary ascent, so that combustibility acts in the same manner as density in
this respect. The matter of which capillary tubes are formed is also endowed
with the power of modifying the ca ﬂ}ary ascent of fluids. Thus, water at the
same temperature will not rise to the same height in a series of equal eapillary
tubes, made of different material."—Cye. of Anat. and Phy., article * i]ndus-
mosis,” by Dutrochet, vol. 11. p. 103.

3 It ought, however, to be stated, that inasmuch as the upward current is
mainly due to endosmose, a eertain proportion of downward eurrent, as has
been already explained, is under the circumstances unavoidable. This is
necessary for the growth of the stem.

K
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vine, e, which is being forced by artificial heat, drawing the sa
with immense force, although its root is placed outside the forcing-
house and not participating in the heat. That osmosis also
plays an important part, is equally certain, from the fact, that the
Juice presented to the cells by the roots, is less dense than that con-
tained in the cells ; the free interchange of fluids of different density
through the cell-wall and vascular tissues which are freely perme-
able, being unavoidable. The direction and varying rapidity of
the endosmotic and exosmotic currents, are exactly suited to the
requirements of the circulation. The rapid upward rush of the
thin erude sap, and the slow percolation downwards of the dense
elaborated sap, is just what @ priori we would expect. The fluid to
be elaborated must pass up to the leaves, to be transformed into the
succus proprius or true food of the tree, and the more rapidly it does
so the better. It is otherwise with the elaborated fluid. This is
to be carefully distributed to every part of the plant, nourishing
the plant, and storing up future nourishment as it goes. A rapid
downward movement, would be unsuitable for the ohject to be
attained. That capillarity contributes its quota, is rendered ap-
parent by the fact, that the vascular bundles and interspaces are
capillary in their nature, and water will travel through them when
detached from the tree.! The four great factors in the cireulation,
viz, nutrition, osmosis, capillarity, and evaporation, are intimately
associated, and may be considered together. The spongioles of the
root imbibe watery sap or moisture, and present it to the cells of
the root,® which present it to the cells and vessels of the stem ;
these in turn presenting it to the branches, shoots, and other
growing parts (see Fig 20).

Goodsir—philosopher, anatomist, and physiologist in one—drew
a parallel between the spongioles of the roots, and the external
layer of cells situated on the elub-shaped extremities of the villi of
the placenta. He says, these cells are to the ovum what the spon-
gioles are to plants ; they supply it with nourishment from the soil
in which it is planted. Thus their action is selective; and they trans-

1 « By far the greater majority of cells in the higher plants originate in forms
analogous to those produced by pressure, since they multiply by division, and
the septa dividing the newly-formed cells, have ﬂrdinarifl’ plain surfaces ; a
spherical cell forms two hemispherical cells,ete. . . . The eylindrical cells
of wood are not uncommonly 5% of an inch in length, liber cells ¢ to § or 3 of
an inch %ﬂa:'?. Hairs composed of one or more cylindrical cells, and the
eylindrical cells of some of the Confervee, especially l‘{."vmuhr:ria.., Bryopsis, and
Chara, also attain longitudinal dimensions to he measured in inches, while their
diameters are measured in hundredths of an inch.”—Henfrey's Dotany, pp. 475,
477.

® In this they exercize a selective power, for Saussure has shown, that, if the
roots of plants be immersed in a liguid containing equal guantities of different
salts, they invariably take np more of the one salt than the other ; some plants

seferring one salt, some another.  This only happens when the roots are entire.
Vhen the roots are cut the two salts are taken up in equal proportions.—
Recherches Chimiques sur la Vegetation, pp. 247, 261.
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mit into the interior of the villus the materials necessary for fietal
growth. The nutritive plasma is then taken up by the internal layers
of cells, and by them brought into direct contact with the fretal eapil-
laries. Here a beautiful a_u'ﬂn"r:,f is established between plants and
animals. The processes of nutrition and growth are essentially the
same in both cases. The cells of the placental villi, and the spon-
gioles of the plant, exercise a selective power; they absorb what is
beneficial, and reject what is prejudicial. They are imbued with a
double funetion; they can take inor assimilate new nutritious matter,
and give off or reject non-nutritious or effete matter. In the plant a
thin liquid is drawn from the earth by the spongioles and rootlets,
and presented to a thicker liquid of variable constitution found in
the eells and vascular tissues. What happens is this —The walls
of the cells and ‘vascular canals being freely permeable, the thin
fluids rise rapidly into the thicker fluids—the latter falling slowly
through the thinner ones. Here, then, we have what virtually
amounts to a vigorous upward circulation, and a feeble downwanrd
one. Precisely the same thing happens in an osmometer. If, eg., a
dense liquid is confined in a bladder, and the bladder be immersed
in a thinner fluid, the thinner fluid rises rapidly through the thicker
one—the thicker fluid descending slowly into the thinner one.
The dense fluid is briskly penetrated by the thinner fluid either
from above or from below, according to the position of the latter
—oravity having no power in the matter. By adding exos-
mose as one of the forces of the circulation to endosmose, we are
able to explain the reverse currents which we know exist in the
circulation of plants; we are also able to explain how the two cur-
rents vary in mpldlt}r——hnw they are more vigorous at certain
periods of the year—how they are interrupted and seem to oscil-
late at times—and how they nearly or altogether cease in winter.
In endosmose and exosmose we have two forces which bear a
fixed relation to each other! DBoth operate at the same time. If the
one is interrupted, so is the other. It is in virtue of this arrange-
ment that the movements of the sap can be quickened in spring,
slowed in autumn, and discontinued or stopped in winter. Moisture,
heat, and a living plant supply the conditions. If a part of a plant
be forced (the other parts of the plant and roots being outside the

! Dutrochet states that we have constantly evidence of the simultaneous ex-
istence of the two opposite and unequal currents of endosmosis and exosmosis.
It is not to be inferred from this, that different fluids having the same density,
act with the same vigour when placed in an endosmometer and placed in
water. All that is meant to be conveyed is, that the same fluids differing in
denzity will produce like results when expcrae:l to similar conditions, endosmose
being invariably accompanied by exosmose. Dufrochet, speaking of fluids
ha'rmﬂ the same density but differently constituted, s&:,s. “ Bugar-water and
gum-w:lter of the same density being put ﬁuﬂﬂe:-:qwr-]y into the same endosmo-
meter, which is plunged into pure water, the former produces the endosmosis
with a velocity as 17, and the latter with a velocity as 8 only.” Dutrochet has
made experiments to show, that an increase in temperature, alzo inereases endos-
mose,
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foreing-house) endosmose and exosmose are at once called into
operation in the part forced—the saps ascending, descending, and
transfusing themselves laterally. It the forcing is suddenly dis-
continued, the circulation is arrested and growth checked. The
same thing happens when frost chills a plant in early spring. It
is thus that the plant and the circulation of the plant respond to
outward influences ; the circulation varying at different periods of
the year, and of the day and might.

It may be difficult to understand how execess of moisture in the
eround can be drawn up into the plant and exhaled by the leaves
at one period, and excess of moisture in the atmosphere seized by
the plant and discharged by the roots at another, The explana-
tion, however, 1s not difficult, if we call to our aid the forces of
endosmose and exosmose. The tree is always full of tenacious,
dense saps, and it is a matter of indifference whether a thinner,
watery fluid be presented to its roots or its leaves. If the thinner
fluid be presented to its roots, then the endosmotic or prinecipal
current sets rapidly in an wpward dirvection ; if, on the
other hand, the thinner fluid be presented to its leaves, the
endosmotic or principal cwrrent sets rapidly in a downward
direction.  That two fluids of wvarying density, such as those
situated without and within a plant, will pass through each other
in opposite directions, whatever their position, may be proved by
experiment. If, e.q, I take two tubes, one end of each of which
is covered by an animal membrane, and place water in the one and
syrup in the other, I find that, when the tube containing syrup is
immersed in water, the water rises rapidly through the syrup; if,
on the other hand, the tube containing water is immersed in the
syrup, the water descends into the syrup; from which it follows
that the thinner fluid passes through the thicker one, either from
above or from below.

Fig. 34.

f—a

Fios. 33 and 34 explain how endosmose may go on either from abore or from below,
according as the more tenuons fluid is placed higher or lower than the thicker Auid. In

* this experiment, two fubes of exnetly the same calibre are employed, the ends of the tubes
(4 g} being eovered with an animal oF vegetable membrane, I tubes thus prepared are
placed in glass vessels also of the same size, The tube { is filled with water nntil the water
reaches the line a ; the tube d being filled with syrup until the syrup reaches the line a;
the vessel & (Fig. 34) is filled with syrup until it reaches the line b, the vessel ¢ (Fig. 33)
Being filled with water until it reaches the line b likewise,  When the thick and thin fwids
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s0 disposed are loft for a short time, the thin fluid in the tube ¢ (Fig. 34) descends by
endesmose inte the thicker fluid contained in the vessel &, until the thinner Auid reaches
the poiot j, the thicker fluid rising from & to &7 in like manner, the thin fluid contained in
the vessel ¢ (Fig. 33), ascends by endosmose into the thicker fluid in the tnbe o until the
thicker fluid reaches the point &, the thinner flnid falling from & to f. Thiz cxperiment
proves that a thin or watery fluid may be made to pass threngh the tenaciouns fiwids found
in the mterior of plants cither from above or from below, acconding as the flnid 18 abzorbed
by the leaves or roots,  Endesmosce, as it were, pushes flnids into the plant; evaporation, as
it were, drawing them ont.— Criguaed.

Fig. 36—z, Large cell with granular contents (r, 8) gyrating. This fipure shows how
two forces may act on opposite sides of a circle or avoid in opposite directions, and cause the
cell, or the contents of the cell, to gyrate, vide arrows.— Origiral,

The force with which osmosis acts 1s very great, the rush of the
thinner fluid into the thicker one being in some cases sufficient to
burst the bladder containing the latter. In like manner, Hales
ascertained that the sap rose with such force in the vine in spring
as to counterbalance a column of mercury 38 inches in height,
which is equal to 43 feet 31 inches of water.!

That endosmose forms an important adjunct to the circulation
of plants, is obvious from the fact that no plant can germinate
without moisture, and a process of endosmose must take place
before water can be transmitted through the cell-wall. “ Water is
required for the solution of the nutritive matter of the seed, as
well as for exciting the endosmotic action of the cells; and no
circulation nor movement of fluids ean take place in the seed until
water is taken up.” De Candolle states that a French bean
weighing 41 grains took up 63 grains of water during germination.
The absorption of this large quantity of fluid, is attended with an
evolution of force which acts in speeific directions according to the
structure and condition of the parts at the time.

In artificial osmosis, one membrane and two fluids are usually
employed. In natural osmosis,®a variety of membranes and several
fluids act and react upon each other. In osmosis there is no visible
force at work, gravity being overcome by the thinner fluids never-
theless. In the same way, if a system of dry capillary tubes be
arranged vertically in tiers, and have their extreme ends placed in
water or other fluid, the fluid will rise more or less quickly into them.*
Here, again, we have a movement of fluids in opposition to gravity,
no force being visible. A similar result is obtained if a leash of
capillary tubes, or of hair glass or a strip of blotting-paper be sus-
pended vertically, and their lower extremities placed in water. This
result is facilitated if the tubes and hair glass are arranged within a
large tube, and if the blotting-paper be placed between slips of glass
to prevent lateral evaporation. By keeping down lateral, and pro-
moting vertical, evaporation, the fluid rises higher. A vis a fergo

! Hales, vol. i. p. 124.

* * Liguids are diffused throughout the whole plant by the action of cells and
vessels having a different chemical constitution and different funetions, One
cell takes the juice from another, and acts by diffusion on the others. The cells of
the rootlets imbibe by endosmose fluid matters which are carried into the stem,
and the cells of the leaves by their exhaling functions aid in promoting a general
movement of sap threughout the whole system.”"—Balfour’s Bofany, p. 507.

* The fuid rizes highest in eapillary tubes when they are enclosed within a
larger tube.
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is therefore not necessary to a flow of sap in an upward direction.
It suffices if the sap be supplied to a system of cells and vessels
fitted -to receive it. While the fluid is proceeding in the stem of
the plant from below upwards, it is also disseminating itself later-
ally. This is occasioned by the porosity of the cells and vessels;
any sap passing along or through them necessarily diffusing itself
to a greater or less extent in its passage. It is in this way the
transverse or cross circulation is accounted for. Ordinary capill

tubes form vessels with impermeable walls; the capillary tubes of
nature, on the contrary, form vessels with permeable walls. The
cases, although analogous, are not identical. It is necessary that
the crude sap taken up from the earth traverse the plant in its
length and breadth ; and this, as I have endeavoured to show, can
in a great measure be effected by the agency of natural laws and
without effort on the part of the plant or tree itself From re-
searches just made by Goltz, it would appear that the animal
tissues have a similar power of absorbing and spreading a fluid
from part to part quite irrespective of the force exercised by the
heart in the general circulation. He ascertained this by detaching
the heart from the cireulation, and presenting strychnia to the
tissues. Part of the tissues thus poisoned was administered to
healthy frogs as food, and induced in all of them the phenomena
characteristic of strychnia-poisoning, !

Fig. 36.

Fra. 36, —Compound syphon with expanded absorbing and evaporating surfaces, coverad
with animal or vegetable membrane, to correspond with the roots and leaves of plants.
Throngh this form of syphon (&, @), which essentially resembles that formed by the vessels
(Fig. 297 and terminal vascular loops (Figs. 25, 24, and 95) of plants, fluids may be trans-
miitted in sdvancing continuous waves (vide arrows), or made to oscillate. The peculiarity
of thizs syphon consists in its being composed of & number of simple syphons united in snch
a manner that their free extromitices are alternately dirceted downwands and upwards. Tha
long legs of the simple syphon correspond Lo the expanded portions of the ﬁﬁum, and repre-
sent the leaves and roots of the plant, or, what is the same thing, its absorbing and eva
rating surfaces, Any impulse communicated to the expanded portions, whether by absorption
or evaporation, occasions a flow of flnid through the syphon, 8o that the circulation in plants
ig directly influenced by the presence or absence of moisture, heat, ete. 7, &, f, ¢, Expanded
absorbing surfaces coversd with vegetable or animal membrane, and surrounded by water
(n,m, & ). i, 4, & d Similar evaporating surfaces. The absorbing and evaporating surfaces
act together. Thus, at 7, &, £, and ¢, absorption and endosmose are taking place (these may
be regarded as pushing forces); whereas, at 4, g, €, o, evaporation is going on (this may be
reganded as a pulling foree). The arrows indieate the direction in wlﬁgh absorption and
evaporation act. The different eolumns of flaid by this arrangement may be made to
balance ench other, as at &, r, or to flow in the direetion &, 4.  The absorbing surfices may
all become evaporating surfaces, as in seasons of drought, or the evaporating surfaces may
all hecome absorbing surfaces, ag in rainy seasons,  In the former case, the plant s drained
of its juices alike by leaves and roots; in the Iatter case, the plant is gorged with gap
throngh the same sourees.— Original,

-
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The Vessels of Plants in Swmmer form Syphons—When the
leaves are fully formed in summer the circulation is more complex,
but the same forces are at work. The leaves supply a rich anasto-
mosis or network of vessels and structures, which Mr Herbert
Spencer is inclined to regard as absorbents. Similar absorbents
are found in the stem and in the roots (see Figs. 23, 24, 25). They
join the vascular vessels together, and in this way, it appears to me,
convert them into a system of syphons, the extremities of which
are divected alternately towards the leaves and roots. If a vigorous
process of endosmose goes on in one extremity of the syphon in
connexion with the roof, a similar process may go on in the other
extremity of the syphon, in connexion with the leaf: the direction
of the currents will be reversed, but opposite forces may act on
opposite sides of a ecircle and yet work In harmony. Figures
30 and 36 will illustrate my meaning.

When the currents are united by loops pointing in op-
posite directions and the two systems of syphons thus formed
anastomose, a movement of the nutritious juices in a circle similar
to what oceurs in animals may be established. By placing the two
systems of syphons together, we get a eirculation which is continu-
ous in the direction of the leaves and roots, and which is at the
same time interrupted in both these directions. By this means
the circulation may be quickened or slowed, according to circum-
stances.

This explains how the columns of moving fluids may be made
to balance each other—to oscillate, or move on continuously in
one direction for a certain period, and in another and opposite
direction at another period. It also shows how the circulation
may be influenced throughout its entire extent by a stimulus
applhied at any part; how fluids may pervade the plant; how
they may enter by the roots and escape by the leaves, or the re-
verse ; how similarly cross currents may be established; and,
lastly, how the movements oceurring in the lactiferous vessels and
within individual cells may be explained.

It is in this way, too, that an excess of moisture in the ground
or in the air may be made to pass through the plant in either
direction; the excess of moisture in the ground passing up into
the leaves, from which it is exhaled ; the excess of moisture in the
atmosphere entering at the leaves and escaping by the roots.
There is nothing antagonistic in this arrangement. If an excess of
moisture is absorbed by the root, say at f of Fig, 36, it passes in an
upward direction, and escapes at e. If an excess of moisture is
absorbed by the leaf, say at ¢ of Fig. 36, it passes directly down to
the root, as indicated by the arrow, to d. In either case endosmose
is at work. When too much sap ascends from the root, it is endos-
mose acting in an upward direction; when too much sap descends
from the leaf, it is endosmose acting in a dewnward direc-
tion. By placing the dense fluid above a less dense one, we
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get an upward current ; by placing the dense fluid below the
less dense one, we get a downward current. But when the
currents are once established they may work in harmony; the
upward current acting at f and the downward one at ¢, giving a
continuous circulation of sap through the plant similar to the eir-
culation in the trunk and other parts of animals. Nor is this all.
It may even happen that when an endosmotic current going in
a certain direction, falls in with an exosmotic one having a similar
direction, the two may blend and ftravel together. In this case
the fluids fuse more or less completely in fransitu—an arrange-
ment which accounts for every form and variety of movement
that can occur in plants.

Intracellular Movements in Planis—Probable Explanation of:
While the cells inaugurate or commence the general circulation,
the general circulation in its turn influences the intracellular eir-
culation. This follows, because when a ecurrent of
fluid travels up the one side of a thin porous cell-
wall, and another and opposite eurrent travels down
the other or opposite side, a certain proportion of the
currents pass obliquely through the cell-wall, and cause
the fluid contents of the cell to gyrate or move in a
circle (Fig. 37). The cell contents are made to gyrate,
even in the absence of opposing currents outside the
cell, if endosmotic and exosmotic currents are induced
within it ; or if evaporation or capillarity be made to
act at certain points (Figures 30, 31, and 32).

Fro. 37 —Diagram showing how intracellular cirenlation or gyration may be produoced.
a, b, Two vessals, the ends of which are coverad with a portion of animal or vegetable mem-
brane (e, o, & F), to represent the absorbing or evaporating surfaces of plants. Between the
vessels two vegetable cells (g, &) are placed. If water (say moisture from the earth) is
applied at § to the thicker flnid (crude or other vegetable saps) contained in the vessel b an
endosmotic current sets in an upward direction towards e, as indicated by the arrows.  If
water (say moisture from the air, as rain or dew) is applied at e to the thicker fluid (crude or
other vegetable mgs} contained in the vessel a, an endosmotic eurrent sets in a downward
direction towards o, as indicated by the arrows. BSimilar corrents are produced il evapora-
tion goes on at the points e and & ; or if absorption goes on at Fand ¢, and evaporation at &
and e. In either case, the fluids passing through the vessels o and & wash and penetrate the
gides of the cells g & obliquely, and cause their contents to gyrate (wids arrows). A similar
result is prodnced if the cells g & are bathed with 4 thinner fluid than that which they con-
tain, the endosmose and exesmose indoced, nided by the rounded form of the cells, tending
to rotation of the cell contents. The porosity of the walls of the cells and vessels favoura
these reaults. Absorption may be regarded as a pushing foree ; evaporation as a pulling
foree.— Original.

The cell and vessel are part of a common stock, and both are in-
fluenced by the presence of moisture. The cell and vessel have
their long axes running in the same direction, so that fluids enter-
ing and escaping from a cell and vessel by endosmose and exos-
mose, produce movements in opposite directions; these move-
ments, seeing the cell is closed and rounded at either end, bein
gradually converted into rotatory omes. The same holds true o
the general circulation when the vessels are joined in the leaves
and roots to form loops. Certain movements (not necessarily those
of gyration), oceurring within the cells, inaugurate the general ecir-
culation, and, when the general circulation is established, it assists
the gyration of the cell contents.




PHYSIOLOGY OF THE CIRCULATION. 43

As the vessel is a differentiation of the cell, so the general cir-
culation is a differentiation of the intracellular cireulation.® The
two are referable to the same causes, and always act in harmony ;
the gyration of the cell contents within their capsule is equivalent
to the gyration of the general circulation, when the vessels are
joined by loops in the leaves and roots. The presence of vessels
is not necessary to the circulation. This can be carried on in the
intervascular spaces, or, indeed, wherever there are cavities or open
canals along which fluids can travel.? In plants, fluids and air may
eirculate either separately or in combination. The syphon arrange-
ment, explained here for the first time, aceounts for the upward and
downward growth of a plant, and for the fact that a stem may send
out of its interior ascending shoots and leaves, and descending roots
and spongioles—the former occasionally assuming the function of the
latter, and wvice versa. A single system of vessels or tubes may act
by itself and discharge a double duty, or two systems may com-
bine and discharge a single function. This arrangement supplies
a eirculation equal to the wants of every form and variety of plant.
If the plant is simply cellular, the circulation is diffused ; 7.c, the
fluids enter the plant in all directions, and escape in all directions ;
every part of the plant being provided with nutritious juices, and
every part being drained of effete matters. If the plant is pro-
vided with spiral and other vessels ; with intercellular and other
spaces; with lactiform vessels; and with cells having a circulation
of their own ; the arrangement is equally simple and equally satis-
factory as regards the circulation of nutritious juices in the stem
and branches, and the absorption and discharge of fluids by the
roots and leaves. The circulating forces in a plant are, so to
speak, pitted against each other; the circulation is in equilibrio,
and anything that disturbs this state of matters causes motion
in one direction or another. Too much evaporation or too
much absorption in the leaves; or too much moisture taken
in or given off by the roots; or growth in a particular direction
may do this. The circulation is universal in its nature, and

1 Henfrey iz of opinion that intracellular movements take place in all cells
at one period or other of their growth.

2 Raimney was of opinion that the intercellular canals, which are more or less
continuous throughout the entire length of the plant, are the channels through
which the sap principally ascends ; and Tetley was inclined to regard the cells
and vessels as secreting organs which operafed upon the erude sap in the inter-
cellular canals, from which they separated by vito-chemical actions liquid and
gaseous matters. The recent experiments of Hoffmann do not support this view.
Rainey was further of opinion that the descent of the elaborated sap was
through the vessels, and not through the eells or intercellular spaces. Schultz
maintained that the zap deacender% through the lactiferons vessels, these being
compared by Carpenter to the capillaries of animals. Spencer states from ex-

iment that the spiral, anmular, scaliform, and other vessels, form the chan-
nels not only for the aseent but also for the descent of the sap, the same vessels
sufficing for both. There is thus much difference of opinion as to the precize
course pursned by the ascending and descending sap.

L
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perfect of its kind. Tt can be made to slow and stop; to go on
languidly or very vigorously; one part of it may be active
while another is inactive; it is equal to all the demands made
upon it by growth, by reproduction, by heat, by cold, light and
darkness; it is equally suited to the simple cellular plant, and the
complex fibro-vascular one.

As the season advances, and the leaves become fully developed,
the heat of summer comes into play. Evaporation now begins
to take an active part in the circulation.' As the sap rises to the
leaves, it is evaporated in quantity from the stomata and other
parts ; these, when taken together, constituting a vast drying sur-
face. The process which is now inaugurated can be exactly
imitated by placing a glass tube in water, the upper end of which is
slightly expanded funnel fashion, and covered with a layer of moist
bladder. As evaporation goes on in the bladder, a continuous up-

rard stream of fluid is furnished. The common spray-producer
affords another illustration. In this very useful contrivance a
capillary tube, or a tube with a capillary point, is placed in fluid,
a corresponding tube being arranged to meet its upper end at right
angles. A current of air forced through the second tube causes
the fluid to rise in the first tube, an effect favoured by capillary
attraction when the tube is small® The sap, in summer, from
evaporation and the elaboration it undergoes in the leaves, is
rendered more tenacious, and adheres with greater force to the
vessels and channels through which it passes. As a consequence,

1 ¢ In the leaves (and green portions of plants generally) the very important
phenomenon of evaporation or transpiration of watery vapours cccurs, and
constitutes probably the most important agent of all in causing the supply and
diffusion of food in plants. . . . . In the spring, before the expansion of
the buds, absorption 1s necessarily greater than transpiration ; the water in such
a case is stored in the stem, where it is made available for the expanding buds
and growing tissues generally. In the summer, the transpiration is greater
than the absorption ; and then the leaves depend for their supply on the stores
in the stem, or, failing that, they wither. Even in winter, provided the stem
be not absolutely frozen, there is a motion of the juices dependent to a
extent on the temperature of the soil, which is always in that season higher
than the air, and it increases in amount from the surface downwards, . . . .
The ernde sap becomes more and more condensed as it ascends in the stem and
other organs.  In the leaves and other green parts, it undergoes a most important
transformation, loses by transpiration much of its water, and receives a new
clement in its composition, of the highest importance to it as material for
development, viz., carbon, derived from the carbonic aeid absorbed by the
leaves, and decomposed there in sunlight, with the liberation of oxygen."—
Henfrey's Botany, pp. 567-569.

2 In Professor Eiﬂtﬁr’s spray-producer, the second tube is made to bifurcate
—one portion descending nto the hottle containing the fluid, which it is not
allowed to touch ; the other ascending and meeting the point of the first tube
at right angles as before, In this case the current of air introduced into the
second tube, forces the fluid through the first tube, and breaks it up into spray
simultaneonsly. The cloud of spray produced by this most ingenious instru-
ment is remarkable alike for its great size and the extreme state of division to
which its component particles are reduced.
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there is a slight increase in the amount of capillary action, and
a slight diminution of the osmotic action. The vital capillary and
osmotic forces vary in intensity, the one being weaker when the
other is stronger, and vice versa.'

The swecus proprius when elaborated descends into the grow-
ing parts of the tree, according to demand, and at a varying
speed. It goes from a higher to a lower level; not, however, in
obedience to the law of gravity, for it is found that if a branch is
bent to the ground, the suceus proprius actually ascends prior to
descending. Gravity may, under certain circumstances, arrest, in-
stead of cause, the flow of a fluid; and atmospheric pressure
will cause water to flow into an exhausted receiver.®  Petit
Thouars and Gandichaud, as I have explained, believe that the em-
bryo of plants consists of two systems—a caulinary and radicular
system ; the former having an ascending circulation, and tending to
develop buds and leaves; the latter having a descending circula-
tion, and tending to develop the stem and roots—each system
having cells and vessels peculiar to itself.? Many are of opinion
that the two systems persist throughout the entire life of the plant.
This view is favoured by the growth of plants in an upward diree-
tion, and by the presence in screw-pines of adventitious and other
roots which grow downwards into the soil. This growth in op-
posite directions implies two systems, and a reverse circulation.
Mr Herbert Spencer takes an opposite view. He maintains that
the two sets of vessels cannot be demonstrated to exist, and that in
reality there is only one set, the fluids oscillating therein in such a
manner as at one period to oceasion an upward circulation to the
leaves, and at another, a downward circulation to the roots; the
vessels, according to him, terminating in the leaves and roots in a
series of elub-shaped expansions which he was the first to discover
and describe.*

! The entrance of fluid into a plant may be explained by endosmose and cer-
tain vital affinities ; the escape by exosmose and certain vital repulsions.—Gyde
ot Radical Excretions. (Trans. High. and Agric. Soc., Oct. 1843, p. 273.)

* Grove on the Correlation of Force, p. 10.

3 % In the embryo of a flowering plant it is scarcely possible to define the
limits even of the stem itself, which loses itself above in the plumule, and be-
low in the radicle.”—Henfrey's Botany, p. 23.

4 These structures, when present, form the terminations of the wvascular
system. They are masses of frregular and imperfectly-united fibrous cells,
such as those out of which vessels are developed; and they are sometimes slen-
der.and sometimes bulky—usually, however, being more or less elub-shaped.
Speaking of the club-shaped expansion of the Huphorbia neriifolia, Mr
Spencer gays, “ Ocenpying one of the interspaces of the ultimate venous net-
work, it consists of a spirally-lined duct or set of ducts, which connects with
the neighbouring vein a cluster of half-reticulated half-scalariform cells. These
cells have projections, many of them tapering, that insert themselves into the
adjacent intercellnlar spaces, thus producing an extenzive surface of contact he-
tween the organ and the embedding tissues, A further trait is that the unsheath-
ing prosenchyma is either but little developed or wholly absent, and conse-
quently this expanded vaseular structure, especially at its ehd, comes imme-
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Absorbents of Plants—The club-shaped expansions referred to
consist of masses of irregular and imperfectly-united fibrous cells,
such as those out of which the vessels are developed. They
do not occur in all leaves, and are found in stems and branches
that have assumed the function of leaves. They occupy the
intercellular spaces between the ultimate venous network of
the leaves, into which network they also open. Some of
them, however, open outwards towards the air. The vascular club-
shaped expansions are thus brought into immediate contact not
only with the veins of the leat but also the tissues concerned in
assimilation. They are found in a less developed form in the root and
body of the turnip. The simplest kinds consist of only fenestrated
cells, with their ends bent round so as to meet.! By the club-shaped
expansions a direct connexion 1s established in the leaf between the
vascular tubes found in the branches, stems, and roots; in fact,
the free extremities of the tubes may be sald to be united in the
leaves and roots by a series of vascular expansions resembling the
capillary vessels of animals.  If this be so—and there is no room
for doubt—many of the difficulties connected with the ecirculation
of plants disappear, for the presence of a capillary system in the
leaves and roots enables us to reconcile the double set of vessels
of Petit Thouars and Gandichaud with the single set of Mr Spencer.
It also enables us to explain the ascending current in spring,
the ascending and descending current in summer, and the descend-
ing current in autumn. Further, it shows us how those currents
may be inaugurated, how carried on, how interrupted, and how
partly or altogether stopped. In the root one set of cells and
vessels absorb and another excrete, the excreting vessels, aceording
to Macaire,® giving off matters which are detrimental to.the soil.
In this arrangement we have an indication of two systems and
two forces acting in opposite directions.

Whether two distinct systems of vessels exist is immaterial, if,
as I have explained, all vessels virtually form syphon tubes.
The vessels which convey the sap, as is well known, are arran
in more or less parallel vertical lines. If the vessels are united to

diately in contact with the tissues concerned in assimilation.” Farther on he
observes, “ Considering the structure and position of these organs, as well as the
nature of the plants possessing them, may we not form a shrewd suspicion as to
their function ? Is it not probable that they facilitate absorption of the juices
carried back from the leaf Il or the nutrition of the stem and roots 1 "—Principles
of Biology, vol. ii. p. 559.

1 4 It should be added that, while the expanded free extremities graduate into
tapering free extremities, not differing from ordinary vessels, they also pass
insensibly into the ordinary inesculations. Oceasionally, along with numerous
free endings, there oceur loops, and from such loops there are transitions to the
ultimate meshes of the veins."—Principles of Biology, by Herbert Spencer, Esq.,
vol. i. p. b59.

* Maeaire-Princeps, Sur les Exerdtions des Racines, Mem. de la Soc, Phys.
et d'Hist. Nat. de Gendve, tom. v. p. 287. Annals du Sc.- Nat., 1st series,
xxviil. 402,  Brugmars, De Mutato Humorum in Regno Organico Indole.
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each other by a capillary plexus, or what is equivalent thereto, in
the leaves and roots, they are at once, as has been shown, conver ted
into syphon tubes, one set bending upon itself in the lemrps the other
set bending upon itself in the roots. As, however, a certain pro-
portion of the syphon tubes which bend upon themselves in the
leaves, are porous and virtually open towards the roots; while a
certain proportion of the syphon tubes which bend upon themselves
in the roots, are porous and wvirtually open towards the leaves;
it follows that the contents of the syphon tubes may be made
to move by an increase or decrease of moisture, heat, ete,
either from above or from below. In spring, the vessels may be
said to consist of one set, because at this period the leaves
and the conmecting plexuses which they contain do not exist,
All the vessels at this period may therefore be regarded as carrying
sap In an upward direction to form shoots, buds, and leaves, part of
the sap escaping laterally because of the pumaity of the vessels. In
summer, when the leaves are fully formed, the connecting links are
supplied by the capillary vascular expansions formed in them—the
tubes are, in fact, converted into syphons. As both extremities of the
syphons are full of sap in spring and early summer, an upward and
a downward current is immediately established. When the down-
ward current has nourished the plant and stored up its starch gran-
ules for the ensuing spring, the leaves fall, the syphon structure and
action is 1:1tenupted and all the tubes (they are a second time
single tubes) convey moisture from above downwards, as happens
m auntumn. As the vascular expansions or networks are found
:LISU in the stems of plants, it may be taken for granted that certain
of the tubes are united in spring, the upward rush of sap being
followed by a slight downward current, as happens in endosmose
and exosmose. As, moreover, the spongioles of the root and the
leaves are analogous structures, and certain tubes are united in the
roots, the downward current in antumn is accompanied by a slight
upward current. This accounts for the fact that, at all periods of
the year, the upward, downward, and transverse currents exist ; the
upward and downward currents being most vigorous in spring and
antwmn, and scarcely perceptible in winter. Furthermore, as
some of the wascular expansions in the leaves are free to absorb
moisture, ete, in the same way that the spongioles are, it fol-
lows that the general circulation may receive an impulse from the
leaves, or from the roots, or both together, the circulation going
on in a continuous current in certain vessels as e.xplamed (sce

Fig. 36
Ami}ay y between Leaves and Roots.—That leaves and roots have
many points in common, was shown by the researches of Bonnet,!
who found that plants of mercurialis whose leaves were in contact
with water absorbed as much, and, for a time, kept nearly as fresh,
1 Bonnet, Recherches sur I'Usagze des Fenilles dans les Plantes. Gotting., 1754.
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as those whose roots were immersed! The hairs on the under
surface of leaves absorb moisture, and seem to act as cellular root-
lets. Nor is this all. Hoffman? showed that, after every fall of
rain or dew, the leaves absorbed moisture, which passed downwards
in the trachez and enveloping prosenchyma, and displaced for a
time the air usually found in the spiral vessels. In proportion as
the absorption was abundant and rapid, the tendency of the
moisture to enter the spiral vessels was increased. Almost pre-
cisely the same remarks might be made regarding the spongioles
of the root. In seasons of drought they absorb and transmit
comparatively little moisture. After a rainfall, the spongioles
drink greedily, and send on crude sap in abundance. Further,
excess of moisture sent up by the roots is exhaled by the
leaves; excess of moisture sent down by the leaves escaping
by the roots. If the relation existing between the leaves and
roots is disturbed, and exhalation prevented, the plant becomes
dropsical. If, on the other hand, the exhalation from the leaves
is in excess of the moisture absorbed by the roots, the leaves
wither and droop. Leaves and roots both give off gases—the former,
oxygen ; the latter, according to Wiegmann and Polodorff, carbonic
acid. In the epiphytes or air-growing plants, the roots (aerial of
course) are of a green colour like the leaves, and possess stomata.
The stomata are wanting in the roots of aquatic plants, but they
are also absent in the submerged leaves. The cuttings of many
plants give off leaf-buds and roots at the same time. “In the
monocotyledons and ferns, the radicle is abortive, and the efficient
roots are really lateral organs, comparable in a certain way to the
leaves upon the ascending part of the stem.”® When the branches
and leaves are growing rapidly, the roots are also developing their
rootlets, and constantly renewing their delicate absorbing extremi-
ties. Aerial roots take on the function of leaves, and obfain
nourishment from the atmosphere. In this case they lose their
fibrils, assume the appearance of stems, and throw out leaf-buds.
Duhamel proved this ingeniously and very simply. He took a
willow and inserted its branches into the soil, where they took reot.
This done, he pulled up the original root and exposed it to the air.
The original root, after a short interval, became transformed into
leaf-bearing branches. The fibrous rootlets upon the surface of

! & Leaves proveed from the nodes of the axis, and commence as cellular pro-
cesses ab the extremities of the medullary vays. The extremities of the roots are
composed of loase cells, which appear to be the terminal tissues of the radicle, and
formed by the elongating root” (Balfour’s Botany, pp. 51 and 96). Both leaves
and roots are covered by epidermis, and have v@sﬁe]ls developed in them. The
stomata of the leaves seem to be represented in the roots by hairs. Leaves
frequently dizplay hairs, and the stomata are generally absent in submerged
leaves.

2 On the Cirenlation of the Sap in Plants, in “ Scientific Memoirs,” Nat.
Hist., 1. p. 46.

3 Hentrey’s Botany, p. 16.
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tuberous tap roots, like the carrot, parsnip, etc., appear to be
mostly frue branches! Speaking generally, it seems to be a matter
of little consequence whether the stem be placed in a vertical or
procumbent position. In either case, the branches and leaves
strike upwards—the roots and spongioles downwards. TRoots,
like leaves, are sometimes spirally arranged.  Roots may produce
buds, as shown in the Anemone japonica, and branches may be
made to throw out rootlets. The rhizome of Solomon’s-seal
throws out a bud from its upper surface, and roots from its
under; and the strawberry, from its runners, sends leaves up
and roots down,® all which proves very clearly that the spongioles
and leaves, the roots and branches, are closely allied both in
structure and function—the circulation and the forces which
produce it, being in either case essentially the same. The in-
timate relation which exists between the roots and the leaves is
well expressed by Mulder, who asserts that all the nitrogenous
constituents of plants are absorbed by #he voofs and assimilated
there at once, carbon being fixed by the green organs; that a con-
tinual interchange goes on from above and from below between fhe
leaves and roots, the reots supplying protoplasmic material which
originates all organie phenomena ; the leaves on their part sending
down the ternary compounds (CHO), which supply the material
. for cell-membranes, starch, etc. The leaves of plants have
the power of attracting and condensing the moisture suspended
in the air, and the roots can pump i up from the soil from con-
siderable depths. A tree has, as it were, open mouths at both
ends; these mouths communicating with open channels, which,
in some cases, traverse the entire length of the tree; at other
times they interlace and form loops, which convert them into
syphons directed towards the leaves and roots respectively, as
already stated.

! Henfrey's Botany, pp. 16, 17, and 18.

2 & The strawhberry plant pmduces in the axils of its leaves, buds, which, in
the same season, expand several of their internodes and form ]ﬂng filiform
branches, the buds of which give rise to rosettes of leaves and stock root, and
thus form independent plants.”—Henfrei's Botany, p. 33.
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The Effects produced on the Civewlation by the Swaying of Plants
wn the Wind: My Spencer’s views—Mr Herbert Spencer is of
opinion that the ecirculation is influenced, to a considerable ex-
tent, by the swaying of plants and frees in the wind; this
oscillation subjecting certain parts of the tree or plant to
lateral and longitudinal strain. The effect of the strain, he re-
marks, is to bend the tree or plant alternately in opposite
directions, and from the parts so bent, the sap is driven in
an upward and downward direction; a certain amount being
forced through the coats of the vessels (which are porous) into
the 3urmuudmcr tissues. According to him, a certain proportion
of the pmpe]]m power is intermittent, confined to no locality,
and variable as to intensity.,

To reconcile the idea of an upward and downward eireulation in
a single system of vertical tubes, Mr Spencer explains, as has been
stated, that the vessels of the stem and branches terminate in club-
shaped expansions in the leaves; which expansions act as absorb-
ent organs, and may be compared to the spongioles of the root. If,
therefore, the spongioles of the root, Mr Spencer argues, send up
the crude sap, it is not difficult to understand how the spongioles
of the leaf (the elub-shaped expansions referred to) send down the
elaborated sap, one channel sufficing for the transit of both.

From the foregoing, it will be evident that, in Mr Spencer’s
opinion, the upward and downward currents take place in different

H
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parts of the same tube, and that when one part of the tube is
engaged with the up circulation, the down circulation is prevented,
and vice verse.' Now, granting that the upward and downward
currents take place in the same tube, it appears to me that both
currents may be going on at the same time by a simple process of
endosmose and exosmose.? I have difficulty in understanding how,
in an organized structure, the saps should be driven about in a reck-
less manner, at irregular intervals, and as it were byaceident. I can,
however, readily comprehend how, if a porous vertical tube, or any
number of such tubes, containing dense fluids, be arranged in parallel
lines, and placed in contact with less dense fluids, that the less dense
fluids will penetrate the more dense ones in an upward or down-
ward direction, according as the less dense fluids are placed below
or above the more dense fluids ; the more dense fluids penetrating
the less dense fluids always in an opposite direction, so as to pro-
duce two distinet and opposite currents, which run from below
upwards and from above downwards; the porosity of the vessel
occasioning a certain amount of transfusion or lateral ecirculation.
In this we have an arrangement capable of furnishing a steady
supply of sap to every part of the tree, quite irrespective of any
influence exerted by the wind. 1In fact, it is necessary to exclude
the action of the wind when discussing the question; for sap
ascends, descends, and transudes in trees nailed to walls, in climbing
and hot-house plants, where of course the wind is inoperative. Mr
Spencer's argument may be briefly stated. “If” he says, “a trunk,
a bough, a shoot, or a petiole is bent by a gust of wind, the sub-
stance of its convex side is subject to longitudinal tension, the
substance of its concave side being at the same time compressed.
This is the primary mechanical effect. There is, however, a second
mechanical effect, which more chiefly concerng us. That bend by
which the fissues of the convex side are stretched, also produces
lateral compression of them. It is demonstrable, that the tension

! Mr Spencer observes :—* If, then, returning to the general argument, we
conclude that these expanded terminations of the vascular system in leaves are
absorbent organs, we hl:nl a farther confirmation of the views set forth ct-
ing the alternating movement of the sap along the same channels. ?ihese
gpongioles of the leaves, like the spongioles of the root, being appliances b
which liquid is taken up to be carried into the mass of the plant, we are obli
to regard the vessels which end in these spongioles of the leaves as being
channels of the down current whenever it 1s produced. If the elaborated sap is
abstracted from the leaves by these abzorbents, then we have no alternative but
to suppose that, having entered the vascular system, the elaborated sap descends
through it. And seeing how, by the help of these special terminations, it be-
comes possible for the same vesszels to carry back a quality of sap unlike that
which they bring up, we are enabled to understand tolerably well how this rhyth-
mical movement produces a downward transfer of materials for growth."—
Principles of Biology, vol. ii. p. 561.

? Dutrochet believes, that in endosmosis the two opposite fluids pass through
the same capillary canal, the one travelling in one direction, the other in a
contrary direction ; and that the double movement of transmission takes place
by a reciprocal penetration of the two fluids.
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of the outer layer of a mass made convex by bending, must, by
composition of forces, produce at every point, a resultant at 11*?11'5
angles to the layers beneath it ; that, similarly, the joint tension of
these two layers must throw a pressure on the next deeper layer,
and so on.  Henee, if at some little distance beneath the surface of
a stem, twig, or le:lf‘-smlk, there exist longitudinal tubes, these
tubes must be squeezed each time the side of the branch they are
placed on becomes convex. If, then, the sap-vessels are thus com-
pressed, the sap contained by them will move along the lines of
least resistance. ~ Part, and probably the greater part, will escape
lengthways from the place of greatest pressure; some of it being
expelled downwards, and some of it upwards. But, at the same
time, part of it ‘will be likely to ooze through the walls of the tubes.
If these walls are so perfect as to permit the passage of liquid enly
by osmose, it may still be inferred that the osmose will increase
under pressure, and probably, under recurrent pressure, the places
at which the osmotic current passes most readily will become
more and more permeable, until they eventually form pores. At
any rate, it is manifest that when pores and slits exist, whether
thus formed or formed in any other way, the escape of sap into
the adjacent tissue at each bend will become easy and rapid. The
lateral oscillation or strain takes place in stems and branches, a
longitudinal strain occurring inroots, the circulation being in part
due to a rude pumping process, occasioned by the swinging about
of different parts of the tree or plant” On this doctrine Mr
Spencer founds another, viz.,, that in the region of the strained
part, a profuse exudation of sap takes place ; this sap going to form
woody fibre, which strengthens the yielding part. Unfortunately
for Mr Spencer’s hypothesis, the upward, downward, and transverse
currents, as has been stated, oceur in hot-house and other plants,
and in roots which are in no way exposed to winds; wood being
formed under these circumstances just as it 1s out of doors. In-
deed, wood is formed in trees nailed firmly to a wall, and in
elimbing plants which twist themselves around unyielding strue-
tures. Nuts and thorns, and other hard structures, in like manner,
are formed in the absence of anything in the shape of strains.
Mr Spencer explains, that in plants with stems, petioles, and leaves,
having tolerably constant attitudes, the inereasing porosity of the
tubes, and consequent deposit of dense tissue, takes place in anti-
cipation of the strains to which the parts of the individual are
Liable, but takes place at parts which have been habitually subject
to such strains in ancestral individuals. If, however, the sap is
exuded, and wood formed, before the strain takes place, the
strain cannot consistently be regarded as the cause either of the
exudation or of the wood. While attaching considerable import-
ance to the effect produced on the circulation by the swaying
of plants and trees in the wind, it must be stated that Mr Spencer
gives due prominence to the vital, capillary, and osmotic forces. He
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writes :— The eauses of circulation are those actions only which
disturb the liquid equilibrium in a plant, by permanently abstract-
ing water or sap from some part of it; and of these the first is the
absorption of materials for the formation of new tissue in growing
parts ; the second is the loss by evaporation, mainly through adult
leaves; and the third is the loss by extravasation through com-
pressed vessels. Only so far as it produces this last, can mechani-
cal strain be regarded as truly a cause of circulation. All the
other actions concerned must be classed as aids to circulation—
as facilitating that redistribution of liquid that continually restores
the equilibrium eontinually disturbed ; and of these capillary action
may be named as the first, osmose as the second, and the propulsive
effect of mechanical strains as the third.”*

Epitome of Forces engaged in the Circulation of Plants—Before
passing to a consideration of the circulation as it exists in animals,
it may be useful to recapitulate very briefly the forces at work in
the circulation of plants, and to say a few words with regard to
the nature of force generally. Of the forces which produce the
circulation in plants, capillarity and osmose undoubtedly play an
important part. Capillarity inaugurates and osmose maintains in
a great measure, not only the ascendmg and descending currents,
but also the cross currents and the gyration or rotation of the cell
contents. Capillary action is induced in an upward or downward
direction according as the fluid is presented to the top or bottom
of the capillary tube. It may go on either within the vessels
of the plant, or in the interspaces between the vessels; and
the same may be said of endosmose and exosmose. Endosmose,
as has been explained, acts in conjunction with exosmose. The
one implies the other. The endosmotic and capillary actions are
modified by vital, chemical, and other changes. They produce a
swelling of the cells and entire tissues of the plant, as the fluid
absorbed by the roots and leaves must be accommodated within
the plant. The fluids imbibed produce pressure of the cell-walls,
vessels, ete.—these reacting and forcing the fluids in the direction
of least resistance. Increase of temperature in the roots, stem, and
branches, leads to a similar result; increase of temperature expanding
the air which pervades all parts of plants. The expanded air, like
the fluids, naturally escapes in the direction of least resistance.
From this it follows that the circulation is most vigorous duri
the day, and least so during the night. The processes of growth
and reproduction produce the vacuum into which the fluids urged
on by cell, air, and other pressure naturally flow. The presence of

sap and air are equally necessary to growing and germinating
plants. Growth or vital change involves chemical change. Starch
is to be transformed into sugar, and before this can be done, water
must flow to the point where the transformation is to take place ;
the demand for water acts as a vis a fronfe. The leaves exhale

! Principles of Biology, vol. i. pp. 553, 554.
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from their surfaces, and here, too, a constant evaporation is going
on. A fluid abstracted from the leaves by external heat, draws on
the fluid in the branches; the fluid in the branches drawing up
that in the stem, which, in turn, acts upon that in the roots; the
roots being 0]:1”1‘[1&11_}," supphed b_‘f absorption, capillarity, and osmose.
This can be proved by direct experiment. If a system of tubes have
their lower extremities placed in water, while a portion of moistened
bladder is laid across their upper extremities, expanded to receive
it, it is found that the quantity of fluid which passes through the
tubes is determined by the amount of evaporation. The roots
exhale as well as absorb, so that a certain proportion of the fluids
are drawn downwards. In other words, the leaves may be said to
draw the fluids upwards, while the roots, at stated periods, draw
them downwards. The leaves act more espema.]lj,r In conjunction
with endosmose, the roots with exosmose. These, again, act in
harmony with capillary structures and vito-chemical changes
incident to growing plants.

Lastly, the occasional swaying of petioles, branches, and stems, by
the wind, exerts, as Mr Herbert Spencer has shown, an intermittent
pressure, to which he attributes an upward, downward, and lateral
thrusting of the sap in the direction of least resistance. The strain
to which the different parts of the tree are subjected by the sway-
ing in question, gives rise, as he explains, to an exudation of sap at
the strained point—the exuded fluids making room for other
fluids, which, being supplied either by the roots or leaves, results in
motion.

I have placed the lateral swaying or pumping process of Mr
Herbert Spencer last, because, as has been already stated, the
general and intracellular circulation of plants can go on when no
wind is present.

Comsiderable diversity of opinion exists as to the channels
through which the circulating fluids of plants are conveyed. Hoff-
man and Unger maintain that in plants possessed of fibro-vascular
bundles, the sap in the first instance passes up from the roots
chiefly in the parenchymatous cellular constituents of the bundles,
and that these juices do not pass by the spiral vessels themselves.

Rainey was of opinion that the intercellular canals, which are
more or less continuous throughout the entire length of the plant,
are the channels through which the sap puumpa.]ly ascends ; and
that the descent of the elaborated sap occurs in the wssels and
not in the cells or intercellular spaces. Tetley was inclined to
regard the cells and vessels as secreting organs which operated
upon the erude sap in the intercellular canals, from which they
separated by vito-chemical actions, liquid and gaseous matters,
Schultz maintained that the sap descends through the lactiferous
vessels, these being compared by Carpenter to ‘the capillaries of
animals. Spencer states from experiment that the spiral, annular,
scalariform, and other vessels, form the channels for the ascent of
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the sap, and he is disposed to believe that the sap descends in the
same vessels in which it ascends.

Spencer is further of opinion that there is only one system of
vessels, the crude and elaborated saps ascending and descending
in the same vessels at different times, a result favoured but not
caunsed by the swaying of the different parts of the plant or tree in
the wind. Mr Spencer is quite aware that the ascent and descent
of the sap is not occasioned by the swaying referred to, for he
remarks, “ Whether there is oscillation or whether there is nnt the
physiological demands of the different parts of the plant determine
the direction of the current.”! The researches of Petit Thouars,
(Gaudichaud, De la Hire, Darwin, Knight, and Macaire, favour the -
idea of a double system of vessels—an ascending and a descending
set. However authors differ as to the number and direction of the
vessels, they are all agreed in this, that the currents ascend, de-
scend, and transude. The question which naturally presents itself
at this stage, is, Are vessels necessary to the circulation in plants ?
and if so, is there one or two sets of vessels? I pointed out that
vessels are not necessary to the circulation, as this goes on in
cellular plants where no vessels exist. I also endeavoured to show
that when vessels are present, the circulation may go on either
within them, or in the intervascular spaces outside of them, pro-
vided these, like the vessels, are capillary in their nature. I
further attempted to reconcile the views of those who main-
tain that there is only one set of vessels, with those who be-
lieve that two sets are mecessary for carrying on the ascending
and descending current, by supposing (and we have good warrant
for the supposition) that the vessels and intervascular spaces of
plants are united in the stem and branches, and at certain periods
of the year in the leaves and roots, to form syphous, the free extremi-
ties of which are directed alternately in the direction of the leaves
and roots, These syphons are infinite in variety and form, and
interlace in every conceivable direction. They may be confined to
the roots, stem, branches, or leaves, or portions of them, the fluids
being sent on by relays; or they may extend throughout the
entire length of the plant or tree. They consist of rigid ecapillary
tubes with porous walls, 4.e, walls capable of preventing the
ingress of air, while they do not prevent the free ingress and egress
of fluids, as witnessed in osmose and ev -1pm~1trmn The long
legs of the syphons, or what are equivalent thereto, correspond to
the evaporating surfaces, and those surfaces in which an active
osmosis is established. The leaves and roots form such surfaces,
but they are not confined to those portions of the plant, as they
exist in every part of it ; the plant breathing and drinking at every
pore when it has an nppurtumt}f If you ﬁrvum to }ruurselvaa the
vast drying or evaporating surfaces furnished by a tree in full leaf,
you will ]‘Gﬂ.dl]}' comprehend the immense tractile power exerted,

' Principles of Biology, vol. i. p. 557.
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and the astonishing force with which the fluids are drawn up in
the syphon tubes referred to. If, on the other hand, you regard the
leaves and roots, not as evaporating surfaces, but as absorbing sur-
faces (they are both), 4.e., surfaces capable of imbibing moisture,
you will have no difficulty in understanding that the force exerted
by endosmose, which is a pushing force, is equally great. But
evaporation and endosmose—in other words, the tractile or pulling
force, and the propelling or pushing force—ean, by the syphon
m‘ilnf'emeut, act together; the one operating upon the one leg of
the S}"[_Ihﬂn the other upon the remaining leg, in such a manner as
to cause a continuous flow of fluids thrﬂugh the syphon. It is thus
that evaporation and absorption ean go on together, and that fluids,
or fluids and air, may be made to circulate together. The nutritive
juices may be said to invade the tissues of the plant by a process
of endosmose, the endosmotic action being favoured by evaporation
and transpiration ; endosmose pushing and evaporation pulling and
giving the fluids right of way through the tissues. No better
arrangement can be imagined for the supply of new material and
the discharge of effete matter. The tissues are literally irrigated
and washed out at the same time.

Precisely the same remarks may be made regarding the animal
tissues. It is an error to suppose that the circulation in animals
is carried on exclusively by the heart. This is an engine employed
for earrying the blood to and from the tissues through considerable
distances, but the tissues do their own work, or rather the particles
of the tissues are so arranged that they permit certain physical
forces, such as capillary attraction, osmosis, evaporation, respiration,
chemical affinity, ete., to do the work for them. The organie king-
dom avails itself of inm"anic power. This may account for the
great rapidity with which poisons spread in animal organisms, and
also for their mode of elimination. The capillary vessels of animals
form syphon loops as in plants, and the animal syphon loops are
porous in the same sense that the vegetable syphon loops are
porous. They are, therefore, capable of transmitting a continuous
stream of fluid in a given direction, and of absorbing and evaporat-
ing at innumerable points—the absorption and evaporation, as
already explained, greatly facilitating instead of retarding the
general circulation. That the tissues respire, has been abundantly
proved by the researches of Spallanzani. He found that all the
tissues take in oxygen and give off carbonic acid, as the lungs
themselves do. The view here advocated is further favoured by
the fact that the circulation of animals does not cease the moment
the body dies, and the action of the heart fails. On the contrary,
the tissues draw on the fluids, these being evaporated as before—an
arrangementwhich accounts forthe arteries being comparatively void
of blood after death, the blood by this process hemﬂ actually dimin-
ished in amount ; diminished, because after the death of the body no
new blood is heing formed, while the old blood is being circulated and
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used by the tissues, so long as the tissues retain their vitality and
heat. That the heart is not necessary to the cirenlation i its
widest sense, is proved by the fact that it goes on when neither
heart nor bloodvessels are present. The heart, therefore, while
the major factor in the circulation of animals, may, after all, be re-
earded as an auxiliary, 7.¢., a differentiation for a purpose. But to
return. I was engaged in discussing the syphons and syphon action
in plants.

The syphons in plants are sometimes simple, sometimes com-
pound. By the term simple, I mean a syphon consisting of a tube
bent upon itself, the one extremity of which is longer than the
other (Fig. 39, », ). By the term compound syphon, I mean a
syphon consisting of several syphons united to each other,
the limbs of which are not necessarily unequal in length.
The compound syphon may be composed of rigid non-porous eapil-
lary tubes, as shown at Fig. 38 ; or of larger tubes with porous walls,
as seen at Fig. 39." When a series of syphons directed in opposite

Fig. 39.

Fig. 38.
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Fio. 38.—Capillary compound syphon, similar to that found in the interior of plants. The
capillary syphon differs from the ordinary syphon in this, that the point at which the fluid
escapes may he much higher than the€at which it enters. Thus the fluid may enter at a, and
aseape ot ¢, instend of at . The instant the end of the syphon & is placed in fluid, tlll’: flnid
rizes and fallg, and travels in the direction ¢, finally eseaping at d. '1_":1.& mm[_muml capillary
syphon here fignred is equally effective when inverted, the fluid being applied from above
instead of from beneath, Thacompound capillary syphon explains within certain limits the
eirculation as it exists in plants with well-defined vessels and intervascular spaces.— Original.

Fig. 89.—Simple and compound syphons perforated at various points; the perforations
being covered with animal or vegetable membrane, to prevent the ingress of air; while they
do not prevent the ingress or egress of fluids by absorption and evaporation.

r, slimr!t leg of simple Ej"p]:l.%ll; 5 !.;115 leg ditto; g perforation covered with membrana;
0, &, fluids escaping throngh the syphon.

a, Compound E}ﬁmu, tI.E legs of which are of the same length; b, ¢, d, 2, f, perforations in.
componnd ayphon coversd with membrane, By elevating the vessel to the right of the )
figire, the fuid contained within the syphon s made to pass through it, as indicated by the
arFows, into the vessel tothe left of the figure. [This process may be reversed.) Evaporation
or absorption ocenrring at the points b, ¢ d, ¢, f facilitates the transmission of fuids 'lhl'ﬂlll%h
the syplion. They even generate the movement referved to; the fluids oscillating now in

. one direction, now in another, aceording as one or other prevails, The compound syphon
may have its legs of the same length, or the one leg long and the othershort, as in the simple
gyphon. The apertures covered with membrane give the unequal pressure required to pro-
dice a true syphon action. These apertures correspond to the leaves, roots, and other sur-
gmu of plants, in which absorption, evaporation, amd other physical actions go on.—

il

directions are united and open into each other, the eirculation
becomes more or less continnous as in animals. Under these cir-
cumstances a certain proportion of the syphons are open in the
direction of the leaves and roots. When I use the term open, I
wish you to understand, open in the sense that they can take in
fluids by imbibition or absorption, or give it off by evaporation.

' The walls in this case may be flexible as well as porous, made of gut,
supported with wire,
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In such a system of syphons, a true syphon action can be in-
duced and maintained ; the vegetable membrane or aggregation of
cells, which closes the ‘ends of the syphons, Bﬂ'ectua,lly preventing
the admission of air from without, but not interfering in the
slichtest with the passage of fluids from without or from within—
in other words, with absorption and evaporation.

In the compound capillary syphon (Fig. 38), those of you who
are near enouch will perceive that the moment I immerse the one
end of it (a), the fluid fills the several loops of which it is composed,
and eseapes by the extremity not immersed (d). In this case the
compound syphon arrangement which I believe exists in plants is
nearly but not exactly imitated. The syphons in trees have porous
walls in addition to their free open extremities. By porous walls,
I mean walls which admit of the passage of fluids through them.

In the compound syphon represented at Fig. 39, the several
conditions found in plants are, I apprehend, exactly reproduced.
Here you have a syphon made of glass tube with numerous aper-
tures in it. These apertures are of large size, and covered with
bladder. They admit of a free evaporation or a free absorption, at a
areat many points. As, however, they are covered with an animal
membrane,no air is permitted to enter the syphon todisturbitsaction.

The syphon action is therefore as perfect as in the syphon in
which no apertures are found. In other words, in the novel form
of syphon which T have here constructed, fluids and air, if need be,
can pass on in rapid and uninterrupted succession; evaporation
taking place and fluids being added at different ]_]ﬂl*tlDﬂE of the
sy]_::hﬂn in such a manner as not only not to interfere with the
well-known action of the syphon, but, what is very remarkable,
actually to favour it. I showed you in a previous lecture, that if
a capillary tube placed in water be expanded at one end and
covered with bladder, the fluid rises in the tube in proportion to
the evaporation going on in the bladder. I also drew your atten-
tion to the faet, that evaporation may go on either from above or
from below, 7., in the leaves or roots. When evaporation (as in
seasons of drought) gees on at both ends of a plant, the fluids
contained within the plant are drawn in opposite directions ; counter”
currents being thus established which speedily drain the tree of
its juices and cause it to exhibit symptoms of collapse—to make it
droop, in fact (Figs. 40 and 41).

In this case, the presence of heated air, or the condition of dry-
ness, induces opposite currents.  But respiring surfaces under
certain conditions, say in wet or rainy seasons, may become
absorbing surfaces. I proved this to you by showing that a thin
fluid will pass through an animal or vegetable membrane for which
it has an affinity either from above or from below, according as the
thin flnid is placed above or below the thicker fluid (Figs. 42 and 43).

From this it follows that evaporation, or the condition of dryness,
draws or sucks the fluids out of the vessels and intervascular spaces,

I
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while the condition of wetness pushes or propels the fluids into them.
Here we have a sucking or pulling force, and a pushing or propelling

Figs. 40, 41, 42, 43.
§ o B

& d g

Fia. 40.—Tube () with expanded evaporating surface (&) eovered with animal or vegetahle
membrane dirceted downwards, The expanded portlon corresponds to the roots of plants.
When cvaporation goes on at b, fAold presented at a is drawn through the tube in the
direction of the arrow ¢.— friginal.

Fia. 41.—Similar tube 'wii,luF expanded portion directed upward., The expanded portion in
thiz instance corresponds to the leaves of plants. When evaporation eceurs at # thae fAuid
presented at o is deawn through the tube in the direction of the arrow £ Evaporation is
to he regavded as a pulling force.— Criginal. z

Fia. 42—Tube (g) with expanded absorbing surface (&) eovered with membrane and
directed npwards to correspond with the leaves of a plant. When a thin flnid {rain or dew)
is presented to the membrane, and to o thicker fluid contained in the tobe, iE passes by en-
dosmose in a downward direction, 08 indicated by the arrow i. k, Vessel containing the
thinner Auid. — Original, =

Fig. 43.—Tube {§) with expanded absorbing sorface (m) covered with membrane and
direeted downwards to correspond with the roots of a plant,  When a thin fuid (sap from the
enrth) o, is presented to the membrane and to a thicker flnid contained in the tube, it passes
'llﬂ' endosmose in an upward direction, as indieated by the arrow n. g, Vessel containing the
thinner Aail. Endosmose is to be regarded as a pushing foree.

Figs. 42 and 43 show how, in wet seasons, plants may be gorged with saps both from the
leaves and from the roots, and how endosmose oeeurring in the leaves and roots tends to pro-
duee currents in opposite directions. The eurrents induced by endosmose are always the
eonverse of those induced by evaporation, go that absorption and endesmose may b going on
in the leaves, while evaporation is going onin the roots; the fluids in this case baing pushed
anid drawn through the plant in a dewmeand direction : or abaorption and endosmoss may ba
going on in the roots, and evaporntion in the leaves, in which ease the floids are pushed and
drawn through the plant in an epward divection, — Original.

force ; a vis a fronte and wis « tergo; and I am disposed, as already
indicated, to claim a like power for certain of the vessels and for the
heart. But evaporation and absorption do not as a rule go on at the
same surface at the same time. When a surface is absorbing it
evaporates sparingly, and the converse. A free evaporation and a
free absorption may, however, oceur at the same time, in different
surfaces; and in such cases evaporation and absorption work
together and not against each other (Fig. 36). Dryness and
moisture in this way, directly influence the circulation.

In the arrangement which I now advocate, evaporation or the
withdrawal of fluids, and absorption or the addition of fluids, may
take place at an infinite variety of points, and in such a manner as
to favour rather than oppose the passage of the fluids in the
capillary tubes and syphons, The syphons are set in operation by
the presence of fluids, by capillary action, osmosis, evaporation, and
by vital and chemical changes oceurring in growing parts.

When the plant is full of fluids, evaporation from the leaves and
other parts sucks or draws the fluids up, supplying a wis & fronte ;
endosmose pushing on fluids from below, and acting as a vis a fergo.
If a superabundance of sap is presented to the roots, and an
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unusual amount of evaporation is going on in the leaves, the up
current is increased in volume and intensity. If these conditions
are reversed, the down current is proportionally augmented. The
fluid contents of the plant oscillate between either extreme, and
the up and down currents are equilibrated when all the forces
which operate upon the plant are balanced.

A plant responds to external conditions as an olian harp
responds to the wind.

The circulation is literally played upon by the elements. I
might push the simile further, and apply the remark to ourselves ;
for the most exalted natures are ever the most susceptible—
susceptible not only to psychical, but also to physical influences.

While engaged in describing the general ecirculation in plants, T
volunteered an explanation of the intracellular circulation; the
intracellular movements, as I endeavoured to point out, being in
all probability due to evaporation ; or to endosmose and exosmose
oceurring within or outside the cells, the rounded form of the cell
converting what would under ordinary circumstances be merely
opposite currents into rotatory ones (Figs. 30, 31, and 32). This
led me to infer that cerfain movements (not necessarily those of
gyration) oceurring primarily within the cell, inaugurate the general
circulation, but that when the general circulation is once estab-
lished, it contributes to, and may actually produce, gyration in
the cells themselves (Figs. 35 and 37). Finally, 1 endeavoured
to show that all the forces engaged in the eirculation of plants,
whether vital, chemical, or physical, act together to obtain a
common result.

- Orvganie Forces a Modification of “Inorganic ones—1 have dwelt
upon the subject of the circulation of plants at much greater length
than I intended, or was perhaps desirable under the circumstances;
but it is one of extreme interest, since in it we have the germs of
many of the arcuments advanced to explain the circulation as it
exists even in man himself. Thus, we are told that the tissues
drink out of the blood and draw it onwards, supplying a vis @ fronte;
that secreting glands produce a similar effect ; that the column of
blood in the arteries is balanced by that in the veins; that the heart
has a sucking and propelling action—in other words, that it pulls as
well as pushes; that evaporation assists in determining a flow of
blood to the lungs, the movements of respiration assisting thecircula-
tion; that the play of the museles urgesthe hlood forward, much in the
same way that the sap is ncmsmna]ly urged forward in trees in virtue
of their stems and branches swaying in the wind. ~ In discoursing of
the circulation in an animal or a plant, we are necessarily discoursing
of motion as a whole, as it exists in the physical universe. In fact, we
are compelled to regard the forces which operate in the i Inorganic
world, as essentially the same as those which operate in the organic ;
for in all animal and vegetable movements we have ultimately to deal
with those of the cells and tissues ; nay, more, with the uitimat.e par-
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ticles of matter composing them. The cells and particles-of which an
organism is eomposed may be operated upon singly and act individu-
aH:,r, or they may be operated upon conjointly and act in masses.
In the former case, we have motion as a consequence of endosmose
and exosmose, capillary and other attractions vital and chemical,
ocewrring in the ultimate molecules. In the latter case, we have
motion proceeding from a battery of force, such as that furnished
by the heart; this organ, by its united complex movements, urging
on the circulation to a great extent independently. But for the
movements primarily occurring in the substance of the heart,
the highly differentiated movements representing the diastole
and systole of that organ could not take place. The primary mole-
cular movements, if I may so phrase them, always precede those of
greater magnitude. In the one we have the particular movement,
in the other the general movement; but nature, with infinite wis-
dom, has so arranged that the general movement shall harmonize
with the particular movement. Thus, the heart may act in the
circulation of an animal as a vis @ fergo, and the demand for nutri-
tious juices in the tissues as a wis a fronfe. They may even act
separately. The heart may push forward its blood into an artery
occluded by a ligature, and the plant may draw on its juices when
no heart exists, As all animals and vegetables may be resolved
into inorganic atoms, so the physical and vital forces may be
referred to a common source. It is thus that we reconcile the
circulation in the plant and lower animals with that of the higher
animals, and with certain movements which we know exist in
the physical universe.

When we come to sean the dim border-land, on which life and
death struggle for pre-eminence, the most cautious observers and
the gravest philosophers are often at fault. Indeed the human
faculties only enable us to make very partial advances towards a
solution of the great problems of life and motion. We are hedged
in on all sides by boundaries which apparently we cannot over-
ride, If we advance beyond a certain distance, a veil of greater or
less density is interposed. This arises from the fact that even the
greatest minds have a limited range, and that nature is as vast in
her littleness as in her greatness. The telescope and the microscope
have done much, but just in proportion to what has been done, it
becomes apparent that so much the more remains to be done. Our
most approved instruments, instead of simplifying matters, have
actually .complicated them. They have revealed wonder upon
wonder, and convinced us that there are points which we must
either take for granted, or prove by analogy. This becomes very
evident when we employ a mieroscope with a high magnifying
power, and attempt to make out an nltimate struﬂtm‘e or, what 1s
still more difficult, define the nature of certain movements which
take place under our eye, but which we cannot comprehend, as we
are at aloss to know whether they are organic or inorganic. Under
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such circumstances the head becomes confused with thinking and
the eye with watehing, and all to no purpose. If, for example, we
examine a salivary cell, we find apparently deep in its substance a
great number of infinitely minute points, each of which is evidently
in motion. They are seen after a little careful focussing to quiver
and vibrate, and even to rotate. These are the so-called Brown-
onian movements, and are now regarded as physical in their nature,
They afford the first glimmerings of visible motion. If we examine
a vegetable or animal infusion after it has stood for a short time,
we find a scum or pellicle on its surface. A considerable portion
of this scum consists of a molecular mass in which no movement
whatever can be detected. In parts of it, however, an aggregation
of the molecules has taken place, and w hen this ageTeration oceurs,
there, of a certainty, movement makes its appearance. The move-
ment is very indistinet, and it requires an experienced eye to detect
it. By-and-by, as the infusion becomes older, the aggregation of
molecules becomes more distinet, and the movements exhibited by
them more marked. A careful observer will now perceive little
dark points and rod-shaped bodies darting about in the field as if
by magic. They do not change form, and apparently have no power
of contracting and expanding ; nevertheless they advance, recede,
pause, advance again, and whirl about with a mad energy which
is truly wonderful.
If the infusion be still older, long pointed bodies are found, which
advance with a zig-zag or wavy serpentine motion, but still without
any trace of cnutraﬂtmn Or expansion in any part {}f their substance.
These constitute the so-called vibrios and bacteria, concerning which
you have heard so much lately. As to their mode of :nmductmn and
real nature, there is still much doubt in the scientific mind AlL or
nearly all, are agreed that they are living things—a belief favoured
by the fact that tlle:,r inerease and multiply. As to their movements
there can be no doubt. Still more wonderful, in my opinion, are
the movements of the amceba. This slmplest organism consists
of a mass of jelly, in which molecules of various sizes are embedded.
This transparent creature, which remarkably resembles a white
blood-corpusele, and which is in the ordinary acceptation of the term
structureless, has nevertheless the power of changing the shape of
every part of its body, and of advancing and retiring in whichever
direction it pleases. The movements of this most smgulm creature
are like those of water spilt upon the ground ; or the spreading of a
drop of fluid in blotting-paper. The ameeba causes its body, or
part thereof, to flow out in any direction it pleases. It literally
pushes a certain part of its body outwards, and invades a certain
portion of tEl?llt.Dl‘}?, the other parts of its body which are not
advancing, remaining stationary. Contraction seems to take no
part in this movement. When a part of the body is to be advanced,
a transparent portion of it bulges, and into this the granules rush
in a continuous stream; the knuckle or projection of the body
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advancing as the granules flow into it. There is no constriction,
and nothing that can even suggest the idea of contraction. On the
contrary, the partsof the bodyadvanced are invariably wedge-shaped.
There 1s change of form, but no diminution of volume. The
amceba has the power of changing form apart from contraction—
a power which I believe is also possessed by the sarcous
elements of musecles. I am indebted to my friend Dr M‘Kendrick
for an opportunity of studying those movements under unusually
favourable conditions, and direct attention to them because I am
desirous of impressing upon you the necessity, when considerin
the circulation, of taking into account a large number of vital an
a still greater number of physical forces, which all work together to
produce it. The tissues have a circulation of their own apart from
the heart and bloodvessels, and the presence of a heart, bloodvessels,
or indeed of differentiated canals, is not necessary to certain forms
of the circulation. Again, the heart, when it exists, impels the blood
in virtue of its inherent movements, ¢.¢, the movements which
oceur in its sarcous elements or ultimate particles; these in turn
being traceable to nutritive and other changes induced by the
circulation itself. In fact, in the circulation, we have before us a
very involved problem of vital, physical, and chemical reactions.
Motion a Condition of Matter.—1t will greatly facilitate our
comprehension of the cireulation if we bear in mind that motion is
a condition of matter.r “ Of absolute rest,” as Mr Grove eloguently
puts it, “ Nature gives us no evidence. All matter, as far as we
can ascertain, is ever in movement, not merely in Tnasses, as with
the planetary spheres, but also molecularly, or throughout its most
intimate structure.”® Foree, like matter, cannot be aunihilated ;
and where we have the one we have the other. * Thus, matter
and force are correlates in the strictest sense of the word; the
conception of the existence of the one involves the conception of
the existence of the other: the quantity of maftter, again, and the
degree of force, involve conceptions of space and time.” When
motion ceases to be visible, 7., when moving masses strike against
each other and apparently stand still, motion is re-developed in

! Many advanced thinkers are of opinion that there is but one foree, and that
all the others are but modifications of it.

Grove, in his work on the Correlation of Physieal Forees, says :—* I believe
that the same principles and mode of reasoning as have been adopted in this
essay, might be :lqpllu{l to the erganic as well as the inorganic ; and that mus-
eular force, animal and vegetable heat, ete., might, and at some time will, be
shown to have similar definite correlations. . . . . From Professor Mat-
tenci’s experiment, it appears that whatever mode of foree it be which is pro-
pagated along the nervous filaments, this mode of force is definitely ﬂﬂ'ectmfll;r
currents of electricity. . . . . Mosotti has mathematically treated of the
identity of gravitation with cohesive attraction, and Pliicker has recently sue-
ceeded in showing that crystalline bodies are definitely affected by i
and take a position in relation to the lines of magmetic force dependent upon their
optical axis or axis of symmetry.”—Correlation of Physical Forces, pp. 88, 89.

? Grove on the Correlation of the Physical Forees, pp. 16, 17, 111:5 104,
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the shape of heat, which is invisible motion. In the steam-engine,
for example, the piston and all its concomitant masses of matter
are moved by the molecular dilatation of the vapour of the water,
the movement of the molecules being imperceptible. If homo-
geneous substances come together, heat alone is generated; but if
homogeneous and heterogeneous substances come together, electri-
eity is produced; and some have thought that, whereas the contents of
vegetable cells are heterogeneous, and the saps presented to them are
nearly if not quite homogeneous, electricity takes part in the cireun-
lation. “ Motion,” Mr Grove observes, “ will directly produce heat ;
and electricity, being produced by it, will produce magnetism—a
force which is always developed by electrical currents at right angles
to the divection of those currents.”' If electricity be permitted
to rank as one of the forces in the general—i.e., the up-and-down
—ecirculation of plants, magnetism would explain why there
should be cross currents also. “If we now take heat as our
starting-point, we shall find that the other modes of force may be
readily produced by it.”% The heat of spring, by creating a
demand for sap in the tree, may be said to inaugurate the circula-
tion. Heat produces a movement in distant parts, and bodies
coming together from a distance produce heat ; inorganie bodies act
upon organic ones, and vice verse. What is inorganic now may be
organic very shortly. The chemistry of the outer and inner world
is essentially the same. It is owing to this circumstance that a
living body can assimilate, and maintain its position in the world of
matter ; and this principle of force, which pervades both the organie
and inorganic kingdoms, shows how an organized being may live in
contact with inorganic or dead matter; how the organic and
inorganic may give to and take from each other,—may, in fact,
reciprocate with positive advantage to both.

Cireulation in Metals—It would sound somewhat curious if I
was to speak of a circulation in metals; but Seebeck has shown,
“that when dissimilar metals are made to touch, or are soldered
together and heated at the point of contact, a current of electricity
flows through the metals, having a definife direction, according to
the metals employed ; which current continues as long as an -
ereasing temperature is gradually pervading the metals, ceases
when the temperature is stationary, and flows in a contrary
direction with the decrement of temperature.”® The same words
might almost be employed in describing the circulation of plants.
In spring, when the temperature increases, there is a steady
current of sap in an upward direction; in autumn, when the

 Op. cit., p. 23. 2 Op. cit,, p. 24
_ * Formerly it has been customary to regard the electrical current as consist-
ing either of a single fluid idio-repulsive, but attractive of all matter ; or else
one produced by two fluids, each idio-repulsive, but attractive of the other.
Grove is inclined to attribute electrical phenomena as a molecular polavization

of ordinary matter, or as matter acting by attraction and repulsion in a definite
direction. ;
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temperature decreases, the enrrent is reversed; in summer, when
the temperature may be regarded as stationary, the ascending and
descending currents may be said to balance each other or equi-
librate. Nor is this all. If a voltaic current be made to act upon
electrodes of iron, the molecules of the iron are made to rotate
very much in the same way that the cell contents rotate or gyrate
in plants. From the foregoing, it will be evident that *heat,
electricity, magnetism, chemieal affinity, and motion, are all cor-
relative, or have a reciprocal dependence.”' Animals and plants
are especially susceptible to the influence of light ; and it has been
supposed, not without reason, that matter of every description is
altered by exposure to it. Until, therefore, the organic and inor-
aganic kingdoms are drawn more closely together, both as regards
their physical constitution and mode of action, many of the so-
called vital forces must remain unexplained. A force can only
originate as a transmitted force; it has no existence as a foree per
se2 TForce may be regarded as static or balanced, and dynamnic or
maotive. Static force in the animal and vegetable kingdoms repre-
sents rest, or a state of equilibrium in the part. We have this
peculiar condition when a flexor and extensor muscle prevent
motion in a joint. When this equilibrium is disturbed, dynamie
or motive force preponderates over the static or balanced force.
‘When a part is in a state of equilibrium, it is also in a state of
tonicity, and ready to act in whichever direction the force pre-
ponderates ; and this explains why, in plants, the circulation is now
upwards, now downwards, and how, at other times, it oscillates
and becomes temporarily suspended.

CIRCULATION IN ANIMALS ([nvertebrata).

Symmetry of Form in the Ovgans of Civenlation and <the Body
generally—I now proceed to a consideration of the eirculation as
it exists in animals; and an attentive examination of the subject
not only induces me to believe that there is a striking analo
between the circulation of animals and plants, but that in amm&g
devoid of pulsatile vessels and hearts, it is in some senses identical,
and traceable to the operation of the same forces. The direction
of the force is determined by influences exerted without or within
the animal or plant, or partly the one and partly the other. Uni-
formity of action implies symmetry of form; and it appears to me
that plants and animals are symmefrically constructed, in order
that the forces displayed by them may equilibrate or balance each
other, and in order that plants and animals as a whole or parts of
them may experience moments of repose; alternate activity and
repose culminating in those marvellous rhythmic movements to

1 Grove on the Correlation of Physical Forees, p. 13.
“The term ‘force, although used in very different senses by different
ml;hm‘a, in its limited sense may be defined as that which produces or resists
motion,"—Correlation of Physical Forees, p. 14.
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which T shall have oceasion to allude very shortly. Repose implies
a balancing power in the structures in which it is manifested, and
hence the bilateral symmetry which everywhere obtains in animal
organisms, and in organs themselves. I ecan instance no more
beautiful example than the heart itself. In the ventricles of the
mammalian heart, as yon are aware, the muscular fibres are
arranged in two symmetrical sets of spiral fibres, so wonderfully
and exquisitely convoluted, that each individual fibre has a
counteracting or opposing fibre ; each region being equilibrated by
an opposing region; the whole forming a minutely reticulated
structure, in which the fibres eross with mathematical precision at
all conceivable angles, the fibres by their shortening and lengthen-
ing producing a motion which is, in some senses, unique in the
animal economy. Similar remarks may be made regarding the
bilateral nature of the stomach, bladder, and uterus, and, indeed,
of all parts of the body. The flexors and extensors, when in a
state of equilibrium, are in a state of rest, and when the flexor
shortens the extensor lengthens, and vice versa. The one movement
implies the other. In like manner the heart has the power of
opening and eclosing! I employ the terms lengthens and shoréens
when speaking of long muscles, in preference to relaxes and con-
tracts—eontraction literally meaning a diminution of volume, no
such diminution oceurring in the movements of a muscle. This
is proved by causing a muscle fo contract in a graduated vessel
containing water. The water always remains at the same level.
I employ the terms opens and closes, when speaking of hollow
musecles, as involving no theory as to the manner in which a
muscle acts. All muscular movements are the result of a wvital
change of shape in the sarcous elements of which museles are com-
posed, the volume of the sarcous elements always remaining the
same. Such change is not expressed by the terms contracts and
relaxes ; contraction being usually regarded as a vital or active
DIGVEIDEDt- relaxation as a mechanical or passive one.

Bespiration and Assimilation connected with the Cireulation.—In
order to have a just conception of the circulation as it exists in
animals, it will be necessary to examine it in connexion with the
movements of respiration and nutrition, and the movements of the
soft and hard parts generally.

There is a considerable proportion of the lower animals in which
no trace of a eirculation has yet been detected, the nutritious fluids
in such cases being supposed to pass from the alimentary canal
by interstitial transudation throughout the entire body, as the sap
passes into the substance of cellular plants. One great obstaele to
a proper understanding of the eirculation in many of the lower
forms of organie. animal life, is the difficulty experienced in

! That the one part of the heart opens while the other eloses, is proved by
this, that all parts of the heart act, even when they are depnvedp of blood.
When, moreover, the heart is acting slow]}r, the -ventricle or ventricles open
before the auricles close. I have frequently seen this in the fish and frog.

K
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determining whether the currents observed in enclosed spaces
within their bodies, belong to the cireulation of their blood and
nutrient juices; or are a means to a very different end, viz., respir-
ation, locomotion, and other widely dissimilar functions. In sponges,
which live and grow in water, this element passes in continuous
currents through pores and canals in their substance. These cur-
rents enter at one point and issue at another, and are not, as Dr
Grant showed, due to the contraction of the canals. He suggested
that they might possibly be due to the action of ecilia, and Huxley
and Bowerbank have succeeded in demonstrating their presence.
It is only when cilia, bloodvessels, or hearts, are present, that the
forces assume a tangible form.

Ciliary Currents—Dr Sharpey, in his admirable paper “ On
Cilia,” shows that definite currents may be produced by ciliary
movements. He instances two currents, which he found within the
tentacula of the actinia; the one running from the base to the point
of the tentaculum, the other in an opposite direction. He observed
similar currents in the asterias and echinus ; and those currents, he
remarks, curiously enough, continue after the parts which exhibit
them are detached from the animal, from which it follows that they
are beyond the reach of the will. The peculiarity of the currents
referred to consists in this, that they run in opposite directions as
in plants. In the polypi, medusw, planaria, and some entozoa,
where a circulation is absent or very obscure, the caca of the ali-
mentary canal is much branched, and evidently assists in carrying
nutritious juices to all parts of the body. It thus performs in a great
measure the functions of a eirculatory apparatus, as well as of an
alimentary canal. What fluids are not circulated by the cwca, are
circulated under such eircumstances by a transudation or interstitial
movement, as in plants. In several of the medusze, no distinet organ
of circulation can be detected, the alimentary canal in such cases
being of great size, and ramifying in every direction on the surface,
or in the substanee of the amimal. Hitherto, I have been deali
with the cireulation as it exists in plants, and in the lower forms of
animals, where neither contractile vessels nor hearts are present.
When vessels are present, as in the cestum and berce, Eschscholtz
has shown that a large loop or ring of vessels swrrounds the mouth,
from which arteries and veins proceed; branches passing to the
fins, which at once serve for respiration and locomotion ; the fins in
this respect resembling the growing wings of many insects. It is
not quite ascertained, whether in the berce, the circulating fluid,
which is of a yellowish colour, and contains globules, is actually
blood. In the diplozoon (a small entozoa), Nordmann made out,
with a high magnifying power, currents moving in opposite di-
rections in two sets of vessels oceurring on either side of both limbs
of the animal. These vessels terminate posteriorly in a kind of
sac, and, according to Nordmann and Ehrenberg, they neither con-
tract nor dilate. We have now, you will observe, got distinet
vessels in animals minus contractile power as in plants,
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In the compound ascidise, as Mr Lister has shown, the different
individuals of the branched animal are united by a polypiferous
stem, and have a common circulation. Iach individual is
furnished with a heart consisting of a single cavity, which
pulsates thirty or forty times per minute. In the common
stem, two distinet currents are traceable, these running in opposite
directions (Fig. 27). One of the currents enters the ascidia by
its peduncle, and goes direct to the heart. It proceeds thence to
the gills and system generally, which having traversed, it leaves
the animal by the peduncle at which it entered, and passes into the
common stem, to circulate through another ascidian. The direction
of the currents is reversed every two minutes or so; and Mr Lister
found that if an ascidian was separated from the common stem, the
separated individual can set up an independent circulation, con-
sisting of two cwrrents likewise running in opposite directions.
The circulation in the ascidize is very remarkable, and closely re-
sembles that in many plants. It occurs in non-contractile tubes,
and in the absence of cilia. It is distinguished by an ascending
and descending current, free to enter and leave the animal, as the
sap 1s free to enter and leave the tree. The circulation, moreover,
reverses and oscillates, and it may go on independently in an in-
dividual or in a community of individuals. Precisely the same
remark may be made of the tree, for in this also the circulation
oscillates, and if a portion of a tree, say a vine, be forced, it sets up
a circulation of its own, while it at the same time maintains a
certain relation with the other parts of the tree which are not
forced (compare Fig. 8 with Fig. 27).

In the leech, sandworm, and earthworm, the circulation is if
possible more tree-like. In these the blood (which is red in colour)
moves slowly forward in the vessels situated on the dorsal surface
of the animal, the direction of the current being reversed in the
ventral vessels. If the leech, to which my remarks more especially
apply, be placed in a vertical position, the currents of course cor-
respond to the ascending and descending cuwrrents of plants.
Between the dorsal and ventral vessels are numerous transverse
vessels, which carry on a lateral or cross circulation, this too being
analogous to what is found in plants. (See Fig. 8, and compare
with Fig. 44.)

There are no distinet hearts in the leech, sandworm, and earth-
worm, the circulation being carried on mainly by the closing of
the vessels at different points. ]

Bhythmic Movements—Analogy between Tnvoluntary and Voluwn-
tary Movements—If the vessels closed throughout their entire extent,
very little if any movement would occur. If, again, the centre of
a long vessel closed, the fluid would be driven away from the con-
stricted point in opposite directions. To ensure a circulation of the
nutritious juices in a particular direction when valves are not pre-
sent, the vessels must open and close in parts, in a certain order, in a
given direction,and at stated intervals; one part (and mark this) open-
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ing, while another is closing, and vice versa. This is what virtually
takes place in the lashing of eilia. First one moves and then another,
to form a progressive wave of movement; this in its turn forming a
progressive wave of fluid. It is this peeuliar kind of movement
that determines the wave of the pulse. The wave movement of cilia
has been aptly compared by Dr Sharpey to the undulating motion
produced by the wind on a field of corn, and exactly resembles
what I myself have seen in the living mammalian heart. The
alternation of movements diametrically opposed to each other, if
they oceur at regular intervals, constitute the so-called rhythmic
movements. These movements are witnessed in the bloodvessels,
the heart, the intestines, the stomach, the bladder, and the uterus.
They recur at very long intervals in the uterus, but the element of
duration or time does not destroy the nature of the movement;
the action of the heart is a rhythmic action, whether the organ beats
60 to the minute or 100.! It is the nature of the movement which
settles its claim to be regarded as rhythmic or the reverse. Hollow
muscles display rhythmic movements when one part of their sub-
stance opens and another closes simultaneously ; these movements
alternating and repeating themselves at longer or shorter periods.
Thus, the stomach, bladder, rectum, and uterus, close when their
sphincters open ; and their sphincters close when the viscera open.
Minutes, hours, days, weeks, or months, may elapse between the
opening and closing of the parts of a hollow viscus, but when they
do open and close, its movements are essentially rhythmie in their
character. Very similar remarks may be made regarding the vo-
luntary muscles. The voluntary museles, like the involuntary,
are arranged in cycles, the closing of one half of the cyele being
accompanied by the opening of the other; in other words, when
the muscle constituting the one half of the cycle shortens, the other
elongates. In the involuntary muscles the cycle closes in all its
diameters, to expel fluid or other contents. In the voluntary, the
diameter of the circle remains the same, the object being to cause
the bones and joint, which are placed within the eycle, simply
to vibrate. The motion of the voluntary and involuntary muscles
is essentially wave-like in character—i.e., it spreads from certain
centres, according to a fixed order, and in given directions,
Thus, the heart closes towards the pu.lmnnar}r artery and aorta;
the stomach towards the pyloric valve; the rectum towards the
sphincter ani; the bladder towards the urethra; and the uterus
towards the os. It is the same in the movements of the extremities ;

! The frequency of the heart’s action varies greatly in different animals
According to Burdach (Ph E-iﬂlﬂ"il:, vol iv. p. 251), the number of pulsations
per minute in the shark is 7 ; in the mussel, 15 ; in the carp, 20 ; in the eel,
24 ; in the snake, 34 ; in the 'Imrse 36 ; in the u_at:,rpl].lnr 36 ; in the bullock,
38; in the ass, 50 ; in the crab, 4[1 in the butterfly, 60 ; in ‘the goat, 74; in
the sheep, 75; in the 'Imdg,eh-:-g, :5, in the frog, f?. in the mamot, lﬂf.ust,
and ape, 90; in the dormouse, 105; in the cat and duck, 110; in the rabbit
and monoculus eastor, 120; in the pigeon, 130; in the guineapig, hen, and
bremus terrestris, 140 ; and in the heron and monoculus pulex, 200.
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the centripetal or converging muscular wave on one side of the bone
to be moved, being accompanied by a corresponding centrifugal or
diverging wave on the other side; the bone by this means hemtr
moved to a hairsbreadth. The centripetal or converging, and the
centrifugal or diverging waves of force are in fact correlated.
The same holds true of the different parts of the body of the
serpent when creeping ; of the body of the fish when swimming ; of
the wing of the bird when flying ; and of our own extremities when

a.]kmg In u]l these cases, the moving parts are thrown into
curves or waves.! It could not be otherwise. If fluids are to be
propelled in certain directions, forees which act in definite directions
must be provided. This also holds true of locomotion however
performed ; whether by a living undifferentiated mass, .c., a mass
devoid of nerve, muscle, bone, ete.; or by an animal in which all
these are present. It may seem out of place to refer to the voluntary
muscular movements here, seeing I am called upon, strictly speaking,
only to deal with the involuntary. It however appears to me, that
the two must be studied together ; that, in fact, the compound in-
voluntary muscles, such as the heart, stomach, bladder, and uterus,
oive the cue to the muscular arrangements in the extremities and
bodies of animals generally.

Hitherto it has been the almost invariable custom in teaching
anatomy and such parts of physiology as pertain to animal move-
ments, to place much emphasis upon the configuration of the bony
skeleton as a whole, and the conformation of its several articular
surfaces in particular. This is very natural, as the osseous system
stands the wear and tear of time, while all around 1t is in a great
measure perishable. It is the link which binds extinet forms to
living ones, and we naturally venerate and love what is enduring.
It is no marvel that Oken, Goethe, Owen, and others, should have
attempted such splendid generalizations with regard to the osseous
system—should have proved with such cogency of argument that
the head is an expanded vertebra. The bony skeleton is a miracle
of design very wonderful and very beautiful in its way. But
when all has been said, the fact remains that the skeleton, when it
exists, forms only an adjunet of locomotion and motion generally.
All the really important movements of an animal occur in the soft
parts. The osseous system is therefore to be regarded as secondary
in importance to the muscular, of which it may be considered a
differentiation. Instead of reofardmfr the muscles as adapted to the
bones, the bones ought to be regarded as adapted to the muscles.
Bones have no power either of originating or perpetuating motion,
This begins and terminates in the muscles and soft parts. Nor must
it be overlooked that bone makes its appearance comparatively late

! That an intimate relation exists between the organs of locomotion, and
the structures which carry on the circulation and the digestion in the ]ugh&r
animals, is rendered exceedingly probable by the fact, that in the infusoria, the
cilia enable the creatures to move from place to pla.('.e and to p}:odu::a those
currents which enable it to seize its food and respire.
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in the seale of being ; that innumerable creatures exist, in which no
trace either of an external or internal skeleton is to be found ; that
these creatures move freely about ; digest; circulate their nutritious
juices and blood when present ; multiply ; and perform all the func-
tions incident to life. "While the skeleton is to be found in only a
certain proportion of the animals existing on our globe, the soft
parts are to be met with in all; and this appears to me an all-
sufficient reason for attaching great importance to the movements
of soft parts ; to protoplasm ; to moving jelly masses ; to involun

muscles,such as thecesophagus; stomach ; intestine; bladder; uterus;
heart ; and bloodvessels. It may appear far-fetched, to state that
the voluntary muscle is a further development and differentiation
of the involuntary ; that the movements of the cesophagus, stomach,
and intestines, prefigure those of the bloodvessels ; that the move-
ments of the bloodvessels, prefisure those of the heart; that the
movements of the heart, prefigure those of the chest and abdomen ;
and that the movements of the chest and abdomen, prefigure those
of the extremities: but such, I believe, is actually the case.?
Indeed, I hope to be able to show you, before I finish the present
course, that if I eliminate the element of bone from the chest and
the extremities, the direction of the muscular fibres of those parts
will correspond exactly with the direction of the muscular fibres
of the ventricles of the mammal ; nay, more, that even the bones of
the several regions, especially of the extremities, are twisted upon
themselves in a double spiral, and in a manner resembling that in
which the fibres of the heart are convoluted. This is especially
perceptible, if the internal fibres of the left ventricle of the heart
be compared with the bones of the bird’s wing; or the anterior
extremity of the elephant; or, indeed, of any other quadruped.

I hope further to be able to point out, that the heart within
the thorax, is a heart working within a greater heart, the thorax
itself; the two having a common function, viz., to bring the air and
the blood face to face, so as to enable them to reciprocate with the
utmost facility and in the most direct way possible? I might
malke similar observations regarding the stomach, infestine, bladder,

! The extremities are a differentiation of the trunk, They are not necessary
to existence ; they may be lopped off and the trunk live as before.

2 As the circulatory apparatus adapted to absorhb nourishment for the nse of
the embryo becomes developed, it is necessary that a respiratory a tus be
provided for depurating the blood. This apparatus is termed the allanfois. 1t
sprouts from the anterior and lower part of the wall of the belly of the embryo,
at first as a little mass of cells, which soon exhibits a cavity so that a vesicle is
formed which looks like a diverticulum from the lower part of the digestive
cavity. This vesicle in birds has been shown by Vulpian (* Journ. de la
Phyziologie,” tome i. p. 619, et seq.) to be possessed of a distinet contractile power,
and soon becomes so large as to extend itself around the yolk-sac, intervening
between it and the membrane of the shell, and coming thrl:ru[i;ll the latter into
velation with the external air; but in the embryo of mammalia, the allantois,
being early superseded by another provision for the aeration of the blood, seldom
attains any considerable dimensions,—Carpenter’s Human Physiology, Lond.
1864, pp. 800, 801,
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and uterus. These are hollow muscles?! situated within the abdomen,
a still greater hollow musele ; and when any one of them acts, the
abdominal musecle takes part in the movement. The hollow muscles
and abdomen may, however, act separately, just in the same way that
the heart may act when cut out of the thorax. T have to apologize
for these digressions, but the object of my treating the subject of
the circulation comparatively is to bring out contrasts, and to elimi-
nate, if possible, from a mass of detail, some principle or prineciples.

Cireulation in the Leech contrasted with that in Plants—The cir-
culation of the leech affords a good illustration of what may be
done by rhythmic movements acting in a given direction; the
rhythmic movements of the bloodvessels sufficing for carrying on
the circulation within the body of the leech; and what is not a
little curious, the rhythmic movements of the cesophagus of the
leech, causing the blood of another animal to circulate within its
esophagus and alimentary canal when it feeds? <«In
the leech, Dr Thompson observes, the principal and most
~ highly contractile longitudinal vessels are placed one on
each side, and there are also two lesser longitudinal vessels,
one superior and the other inferior, all which communicate
freely together by small cross branches along the whole
body.” (Fig.44) “According to J. Miiller, for a certain
number of pulsations, the middle and the lateral vessel of
one side contract together, and propel the blood into the
lateral vessel on the other side; and then the order is re-
versed, and the middle vessel acts along with the lateral
vessel of the other side, so that one laferal vessel is always
dilated, while the median and opposite lateral ones ave con-
tracted, and vice versa.”

Fi1o6. 44.—a, 2, Principal and most highly eontractile vessels of leech. a®, Minor vessels;
&, cross vessels.

Fig. 44.

Some anatomists believe that in the leech there is a simple
oscillation of the blood from side to side, or across the animal;
others that there is, in addition, a general progressive movement of
the blood ferwards in the upper vessel, and backwards in the lower
one (vide arrows). The latter view is most probably the correet
ene, for when a vertical and horizontal system of vessels are united
to each other by innumerable capillary loops, a certain proportion of
the blood necessarily flows round or gyrates. Indeed, it would appear
that the blood flows in a circle round the margin of the animal, much
in the same way that the granular contents of the cell in many
plants gyrate ; that when the upper vessel closes, it forces the blood

1 The hollow muscles are adapted for transmitting air, fluids, or eolids,
Usnally they only transmit one of these. The intestine transmits all three.

2 When speaking of the teeth of the common leech, Mr Dallas remarks, that
immediately the teeth, three in number, have sawed through the skin, they are
retracted and the blood pumped from the wound by the alternate dilatation
and contraction of the muscular cesophagus.—Natural History of the Animal
Kingdom, by W. 8. Dallas, Esq., F.L.5., p. 95. ;
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forwards and laterally ; the lower wessel, when it closes, forcing
the blood backiwards and laterally, There is nothing contradictory
in this supposition. The principal forces act on opposite sides of
a circle in one and the same direction ; the minor forces acting
transversely. If the vessel on one side of the animal closed
throughout its entire length, it would- certainly force the blood
throngh the lateral or transverse branches into the vessel on the
opposite side ; this, again, when it closed, reversing the move-
ment. In this arrangement the circulating fluid would receive a
check, i.e., it would have a halt or dead point between each oscilla-
tion. There would be this further difficulty: the vessel would
close at once throughout its entire length, instead of consecutively
and in parts. By adopting the view now suggested, the blood
will flow in one continuous round, without halt or dead peint,
and be compelled to do so by a kind of vermicular movement, .e.,
by a simultaneous opening and closing of the different parts of the
vessel, akin to swallowing, the wave-like movement travelling in
one direction ; the cause and the effect being equally intelligible.
The circulation of the leech resembles that of the plant in this, that
it consists of an ascending, descending, and transverse current.
(Compare Fig. 8 with Fig. 44.) There are, however, in addition,
well-defined bloodvessels which are endowed with the power of
opening and closing for a specific purpose.

The presence of vessels, as has been already shown, is not
necessary to the circulation. In young and abnormal tissues, even
in animals, the blood tunnels out channels for itself, in determinate
directions, and around these channels, bloodvessels are ultimately
formed.! The direction of the current of the blood and nutritious
juices, is determined by processes of growth, by capillarity, osmosis,
evaporation, and other changes occurring in the animal. It is,
however, quite natural, that when the vascular system becomes
differentiated, the bloodvessels should be laid down in the exact
position of the original currents, the existence of which is as
necessary to their own formation as that of the tissues generally.

! The vessels are at first solid cylinders made up of formative cells cohering
together. By liquefaction of their substance in the interior, these eylinders
become tubes, and their central cells thus set free are the primitive blood-
corpuscles.—Quain’s Anatomy, Tth edition, clxxx. In the formation of the
Haversian canals in bone, the vessels first pour out the animal matrix, and
then deposit in it the bone earth ; thus by degrees they come to be surrounded
by their own work.—Holden's Huwman Osteology, p. 32.

“We have the fact, that in each plant, and in every new part of each plant,
the formation of sap-vanals precedes the formation of wood ; that the deposit of
woody matter, when it begins, takes place around the sap- and
afterwards around the new sap-canals successively developed ; that the forma-
tion of wood around the sap-canals takes place when the coats of the canals are
demonstrably permeable, and that the amount of wood formation is propor-
tionate to the permeability.”—Principles of Biology, by Mr Herbert Spencer,
vol. ii. p. 564



PHYSIOLOGY OF THE CIRCULATION. 70

How the Civevlation connects the Orvganic and Inovganie Kingdoms.
—In plants and in the lower animals, the distinguishing feature of
the currents constituting the circulation, is, that they proceed in the
direction of the length of the plant or animal, and transversely—the
vertical and horizontal currents running at right angles to each
other. The circulation in plants is essentially an interrupted or
disjointed cireulation. 1t oceurs within capillary or other syphon
tubes or spaces, the syphons being directed alternately towards
the leaves and the roots, in which direction the extremities of the
syphons are united by vegetable membranes, which prevent the
ingress of air, and preserve the integrity of the syphon action,
while they at the same time facilitate absorption, evaporation, and
osmosis. The saps of a plant ascend, descend, advance, and
retire, in a series of waves. They rarely gyrate, unless when two
systems of alternating syphons unite to form eircular spaces, in
which case the circulation resembles that within cells or the
bodies of animals. Plants grow into the earth and air, or into the
water and air. The earth and water operate upon their circula-
tion at one énd—the air and its vapours at the other. Plants, for
the most part, ate fixed. It is otherwise as a rule with animals.
These move freely about on the land, or in the water or air. The
cireulation in animals is, with few exceptions, a closed or com-
plete circulation ; i.e., the juices flow in a continuous circle. This

L
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is necessary, because the forces of the circulation are more strictly
speaking a part of themselves.

Digestion and Cireulation.—The leech, for example, has no roots
to dig into the ground, or leaves to spread out in the sunshine, for
the purpose of absorbing and giving off moisture. It, however,
does this indirectly by its mucous linings and skin, by its blood-
vessels, and by its tissues generally, all of which are capable of
absorbing and giving off moisture! It takes in its food and fluids
by the mouth ; these being made to traverse a distinct alimentary
canal. The circulation is, so to speak, without, beyond, or cut off
from the nutritious juices supplied by the mouth; these being
conveyed to the blood indirectly, and in such a way as would not
suffice for carrying on the circulation. In the plant, the nutri-
tious juices absorbed by the roots at once suffice for nourishment
and for carrying on the circulation. The same holds true of
animals very low down in the scale. In the higher animals, how-
ever, the food and drink swallowed contribute only indirectly
to carrying on the circulation, this being effected by a distinct
apparatus specially provided. Indeed, between the food as received
into the stomach, and the blood as elaborated for nutrition, there
is a considerable gap—the gap being traversed by a distinet set of
vessels, the so-called lacteals or chyliferous duets. Through these
the nutritious portions of the food reach the blood. DBetween the
nutrition as carried on in the plant and animal, there are what
may be regarded as intermediate systems. Thus, in the flustra,
a form of polype, the particles taken in by the mouth as food,
rotate within the stomach and rectum, very much in the same way
that the contents of certain plant-cells gyrate. Here the food of
the animal circulates in a manner analogous to that in which the
pabulum of the plant, or the white and red corpuscles of the blood
of the mammal, eirculate. This shows how very intimately the
functions of the circulation and the digestion are related to each
other.® Indeed, the object and aim of the circulation in every case,
is to provide nourishment for distant parts, and to expose the eircu-
lating fluids freely to the air. The circulation connects the plant
with the earth and air. It enables it to give to and receive from
both; in fact, fixes its place in nature. The animate and in-

! Boerhave says in one place, An animal is a plant which has its roots (inter=
nally) in the stomach. F}::rlmps some other might with equal propriety play
upon this idea and say, A plant is an animal which has its stomach (externally)
in its roots.—Kant's Lesser Metaphysical Wiitings. Leipsic, 1838, p. 62.

3 “The first rudiment of the heart, which iz the earliest of the permanent
oreans of the embryo that comes into functional activity, consists of an aggre-
cation of cells, forming a thickening of the fibrous coat of the anterior portion
of the intestinal canal; the innermost cells of which, becoming detached, float
in the newly-formed cavity as the first blood-corpuscles, whilst the outer remain
to constitute itz walls. For a long time after it has distinctly commeneced pul-
gating, and is obviously exerting a contractile force, its walls obviously retain
the cellular character, and only become muscular by a progressive histological
transformation.”—Carpenter’s Human Physiology, 1864, p. 799,
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animate kingdoms are by the aid of the cireulation enabled to
reciprocate. What is said of the plant may also be said of the
animal. It is the circulation which more especially connects it
with the outer world. The pabulumn taken in by the mouth
very soon finds its way to the blood, and the ecirculation ensures
that the blood duly reciprocates with the air! It is in this way
that the peristaltic movements of the stomach and intestines are
related to the rhythmic movements of the heart, bloodvessels,
and lungs; these, in turn, bearing a certain relation to the vol-
untary muscles. If the voluntary musecles are set violently
In mofion, as in running or wrestling, these, as 1s well known,
quicken the 'movements of both lungs and heart. Looking
at the circulation in its general sense, we are compelled to take in
a wide range of phenomena and forces, the relations of which are
as yet imperfectly understood. A more extensive acquaintance
with the subject, will, I have no doubt, bring out the interesting
fact, that the phenomena and foreces are all correlated to each other.
It is impossible to speak of the circulation apart from the respira-
tion and the digestion; and these, in the higher animals, are
linked by a silver chain to the nervous system, which, in its turn,
reacts upon all the three.

Cilia, their Form and Function—While it is impossible to fix
upon any one force which may be said to carry on the circulation
in plants, there are forces at work in the lower animals which
would be quite equal to the task. I speak of the forces residing in
eilia, and which may be classed as visible forees. Cilia are conical-
shaped hair-like processes, semi-transparent, elastic, and apparently
homogeneous. They occur in incaleulable numbers, and are in
some instances infinitely minute. They are found on the external
and internal surfaces of the lower animals; and on the mucous
lining of the nostrils, lungs, Eustachian, Fallopian, and other
tubes of the higher. In some cases they are arranged in straight
rows, and in others they form cireles or spiral lines. Some
observers are of opinion that they contain muscular fibres, or what
are equivalent thereto, in their interior ; and Ehrenberg showed that
they had muscles attached to their roots. Dr Grant thought that
they were tubular, their movements being due to the absence or
presence of water in their interior. They are especially deserving of
attention as foreshadowing an infinite variety of movements in the
animal economy. They lash about with a vibratile or reciprocating
rhythmical motion, the one after the other, in such a manner as to
produce a wgved surface, resembling that produced by wind upon
water, or, as Dr Sharpey well put it, wind among corn. Their
movements while they last are regular and deﬁmtelj,r co-grdinated ;
i.e., they move in certain directions with various degrees of speed

! In plants the air and circulating fluids are in many cases mixed, and in in-

sects the whole animal is traversed by innumerable air-tubes, which cony ey
air to every part of the body. :
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and produce currents which flow in definite directions! They
have thus the power of propelling fluids in given directions, over
any surface on which they are situated. One of the most re-
markable motions, essentially ciliary in character, is witnessed in
the spermatozoa of the common earthworm (Lumbiricus agricola).
Immediately the spermatozoa are extruded from the testes, every-
thing in their proximity becomes ciliated by them; one end be-
coming fixed, the other vibrating free. They thus actually
establish ciliary enrrents on inanimate surfaces; and if the sub-
stance to which they attach themselves is not £00 large, they drag
it about with an undulating motion, and sometimes cause it to
ayrate. This is precisely the kind of force which would suffice
for carrying on the cireulation, in the absence of a heart and
pulsatile vessels; but cilia have not hitherto been found either
in the vascular tissues of plants or animals, or on the globules
either of the blood or lymph. The function of cilia is very
varied. They produce currents outside the animal ; their presence
on the interior of the stomach causing its contents to rotate or
gyrate. They serve as organs of locomotion, and some are of
opinion that they aet as lungs and organs of sense. They
are, therefore, endowed with this wvery remarkable property,
that they can produce currents in a given direction on any par-
ticular surface ; or they can cause the whole animal to move in
a line to any gwen point. They also assist in the processes of
digestion and respiration. Here is a multiplicity of function, and
it is by regarding such structures, that the movements of the
hloodvesaels and hem't are assimilated with those of the intestine,
stomach, bladder, and uterus; and the movements of the intestine,
stomach, bladder, and uterus, with those of the voluntary museles.

Cilia are endowed with wonderful vital powers; they live after
being separated from the body, and until the parts containing them
are on the verge of putrefaction. This shows that they can operate
independently of the will. The heart and hollow viscera also act
independently of the will, and after being removed from the body ;
so that both as regards their tenacity of life, their rhythmic move-
ments, and their involuntary actions, the cilia and heart have
many points in common.

Undefined Forees of the Circulation—slowing and quickening of the
Ciirculation, ete—The inference I draw from the foregoing is this:
If in nature there are vital forces which can act independently of
the will, and produce continuous or interrupted currents in definite
directions ; it is not difficult to understand that a plant or animal,

1 In some cases the cilia are flattened out so as to resemble the blade of an
oar, the blade in some instances being digitated and resembling the feathers of
the wing of a bird. Under these circumstances they are usually employed as
organs of locomotion. In the infusoria the cilia are apparently under ane in-
fluence of the will. There are, however, numerous cases where they are not,
-111;11 ]]amlhere they vibrate for pmtnﬂﬁ.d penud$ after having been removed from
the Y-
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or parts thereof, may exert vital powers in an equally precise and
definite manner although unseen. The life of a plant or animal
represents the ahwmmte movements of ifs structural elements ;
and although we cannot trace with the naked eye or microscope
the grouping and combined aection of its various molecules, or,
what is the same thing, the differentiation of its forces, we are,
I think, bound to conclude that the life has much to do with the
regulation and distribution of those forces in living organisms. The
seed has those forces pent up within itself, and when it is placed
in proper conditions they manifest themselves. If, however, the
seed 1s dead, those conditions do not affect it. It is very probable
that when the seed is dead its structure is so changed that the
physical forees which would come into play in a living seed are in-
operative. If the tissues are composed originally of similar elements
variously combined, it is difficult to resist the conclusion, that the
life has much to do with the production of each. What other than
a vital chemistry could transform a mass of protoplasm into the
aqueous humour of the eye; the ivory of the tusks and teeth ; the
hard, resisting bone ; and the actively moving muscle ? It was long
before the presence of cilia was detected in parts where we now
know they exist, and it is quite possible that auxiliary forces, in-
finitely minute but spread over large surfaces, may assist the heart
and bloodvessels in pushing forward the circulation. There is
no absolute necessity for supposing the existence of such forees;
as osmosis, capillary attraction, absorption, evaporation, chemical
affinity, etc., alded by pulsating hearts and bloodvessels, are of
themselves equal to the task. In a living organism, however,
where every part helps every other part, and where all is motion,
it is searcely reasonable to suppose, that the onus of pushing for-
ward a mass of fluid, would be delegated entirely either to the heart
or the bloodvessels, In plants, as has been explained, fluids can
cireulate without either the one or the other; and a portion of skin
may be taken from one animal and placed upon an open sore in
another, and made to grow; its connexions with the heart and
bloodvessels of the animal from which it was removed, being com-
pletely destroyed. These facts, coupled with the circumstance
that sap 1s determined to the growing parts of plants and animals,
form a strong presumptive proof, that in the latter as in the former,
a great variety of hidden or invisible forces are at work. This
argument i1s not demolished by saying, that if the heart is re-
moved in an animal, the general circulation ceases. It may
happen that while the invisible forces are inadequate of themselves
to carry on the circulation in an animal, they may, nevertheless,
afford invaluable assistance. In the cold-blooded animals the capil-
laries propel the blood for some time after the heart has been re-
moved. The motion proceeds from the smaller to the larger vessels
alike in veins and arteries. Haller, who especially investigated this
subject, thought that this phenomenon could not be due to the con-
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traction of the large vessels, to capillarity, nor gravitation. He at-
tributed it to some unknown power residing in the solid tissues
which attracted the blood, and also to the action of the globules of the
blood upon each other. It may in reality be due to a reverse endos-
motic action ; the blood, during the process of cooling, coagulating
and becoming thicker than the serum outside the vessels. What
originally passed out of the capillaries by endosmose, may in
part return to them; the return being favoured by the closing
of the capillaries and a diminished evaporation, due to a loss
of animal heat. Dr Alison believed that the capillaries of animals
exerted a peculiar propulsive power apart from contractility, and
that the globules of the blood were possessed of the power of
spontaneous motion. His hypothesis will be regarded by some as
extravagant, but there is nothing ridiculous in it. The ova of fixed
plants, as we have seen, leave the parent and lead an itinerant
life, until they find a suitable habitat ; the contents of cells gyrate ;
and cilia placed on certain surfaces produce currents in definite
directions.

On watching the ecirculation in the mesentery of the frog some
time ago, with my friend Dr Wyllie, I found it difficult to be-
lieve that the white corpuscles, while they floated in the blood
plasma, were not endowed with a certain amount of independent
movement. They loitered along the margins of the eapillaries,
now stopping here, now there, now advancing a little, and now
halting resolutely ; attaching themselves to the inner coats of the
vessels, forcing their way so as to make an indentation on their
inner surface, and, by changing their shape, pushing themselves
richt through their walls! Once outside the vessels, they re-
assumed their normal shape for a short time, after which they
eradually merged into the adjacent tissues, and became undistin-
cuishable from them. The growth of the individual may, in this
sense, be regarded as identical with its powers of cireulation: the
one is correlated to the other. The organism lives because it has
the power of eirculating its nutritious juices. There are many facts
which strengthen the hypothesis that the circulation of the blood
within the capillaries is not entirely due to the action of the heart.
The circulation of the blood may continue in the capillaries after
the heart has ceased to act ; or it may cease in parts, the heart acting
vigorously the while. The flow of blood in the capillaries is not
regular, which it would be, if entirely dependent on the action of the
heart. In some instances the circulation in certain of the capillaries
within a given area is quickened, while in others within the same
area it is slowed, and the direction of the current reversed. In

! Mr A. B. Stirling (Assist. Conserv. Edin. Univ. Mus.), who is as remark-
able an observer as he is a successful injector and microscopist, assures me “that
he has actually seen the pores or openings in-the ca sillaries through which
the white blood-corpuseles escape into the tissues. Il-le says they appear as
very minute indentations on the interior of the vessels,
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cold-blooded animals the circulation within the ecapillaries goes on
after the heart is excised. The arterial system, after most kinds of
natural death, is found emptied of blood. In death by yellow fever,
the external veins often become so distended, that on puncture the
blood gushes forth as from arteries. Secretions depending upon
the ecirculation within the capillaries go on after the heart has
ceased to beat. In the early embryo the blood moves in the
vascular area before it is subjected to the influence of the heart
—the movement being fowards instead of from the centre. The
heart in some cases is absent during the whole of embryonic life—
the organs being nevertheless well developed, which of course
Aimplies a capillary eirculation. The circulation in the capillaries
may be slowed or stopped by the loeal application of cold, and by
local death or gangrene, which shows plainly enough that there 1is,
as Sir James Paget cautiously puts if, “some mutual relation
between the blood and its vessels, or the parts around them, which,
being natural, permits the most easy transit of the blood, but, being
disturbed, increases the hindrance to its passage” Professor
Draper! thought that “if two fluids communicate with one
another in a capillary tube, or in a porous or parenchymatous
structure, and have for that tube or structure different chemical
affinities, movement will ensue; that liquid which has the most
energetic affinity will move with the greatest velocity, and may
even drive the other liquid before it.” The oceult forees,
if T may so call them, while they are not equal to carry-
ing on the circulation by themselves, exert, I believe, sufficient
power to relieve the heart and bloodvessels from excessive
strain. It 1is, moreover, more natural for the tissues to drink
leisurely, and acecording to desire, than to have blood uncere-
moniously thrust upon them by a violent w#is « {fergo.
Where the blood has to travel long distances before it is
utilized, a perfect system of bloodvessels and a heart are neces-
sary for transmitting it to the scene of its labours. Arrived there,
another set of forces comes into play. This is in part proved
by the absence of the pulse in the capillaries. I may be here
met by the statement, that the force of a common injecting
syringe can cause a fluid to pass through the arteries and capillaries
so as to return by the veins. T have had considerable experience
in artificial injections, and have invariably found, that unless ex-
treme care is exercised, the capillaries are ruptured in the process.
Nor is this due to coarse particles in the injection blocking up the
capillaries, for the same pernicious. eftects follow when water is em-
ployed. It is the force that does the mischief, and this is another
reason for believing that the circulation within the capillaries differs
materially from that in the main arteries and veins. It could not
be expected that the delicate capillary vessels, with their thin
transparent walls, could resist without injury the same pressure

1 Treatise on the Forces which produce the Organization of Plants, PP 22-41.
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brought to bear upon the aorta ; nor are they called npon to do so,
the pressure being diminished in proportion to the increase of area
in the capillaries, as compared with that in the arteries. That the
force exerted by the heart is modified as it is transmitted, is abun-
dantly proved by the greater thinness of the walls of the great
veins, as compared with the great arteries. The slowing of the
circulation in the arteries in the direction of the capﬂlanes and
the guickening thereof in the veins in the direction of the heart, -
render it exceedingly probable that the ventricle, or ventricles,
exert a propelling power, and that the auricle, or auricles,
exert a sucking power. This is what virtually happens in the
more simple forms of the circulation, when one surface absorbs
and another respires; fluids entering the tissues by endosmose
(which may be regarded as a pushing fﬂrce:} passing through them
and escaping by Evapnmtmn (which may be regarded as a pulling
force). The sucking and propelling power, there is reason to
believe, is possessed b:,r each compartment of the heart—a eircum-
stance due to the fact, that the opening and closing of the different
parts of the heart are equally vital acts. (They are vital in the
same sense that the opening and closing of the medusa, and the
vacuoles of such plants as the Volow globator, Gonium pectorale, and
Chlamydomonas, are vital.) Thus, the auricle and ventricle, when
they close, propel or push the blood; whereas, when they open,
they draw or suck it. As the auricle closes when the ventricle
opens, and vice versa, it follows that when the ventricle is pushing,
the auricle is pulling ; the auricle pushing when the ventricle is
pulling. The two forces, in fact, act together ; the object being to
cause the blood to flow in a cirele. That each compartment of the
heart—in other words, each pulsating cavity—has the power of
aently sucking in the blood and forcibly ejecting if, seems proved
by analogy. If a caoutchoue oval-shaped cylinder furnished with
two apertures be compressed by the hand, to exclude the air, and
immersed in water, it fills itself when it expands. The water can
be extruded by the pressure of the hand, and the operation repeated
ad libitwm. If the apertures of the cylinder have fitted to them
two tubes, one of which is supplied with a ball-valve as in some
forms of enema syringe, water may be pumped out of a vessel in a
more or less continuous stream as by the heart, by immersing that
end of the apparatus containing the valve, and applying an inter-
rupted pressure to the cylinder, h;,r a.ltermtel_v closing and opening
the hand in which the eylinder is retained. When the eylinder is
forcibly closed, it ejects the water; and when it spontaneounsly
opens, it draws it in. Precisely the same thing occurs in the heart
of the lobster ; the heart in this crustacean consisting of a single
muscular sae, which gives off and receives numerous tubes (Fig.
48, k). This reasoning is not vitiated by the faet that the vesse

proceeding to and from the heart are flaccessent, for I have ascer-
tained by experiment, that the vessels may be as thin as tissue
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paper and not collapse when suection is applied to them, provided
always they be full, or moderately full, of blood—Dblood, like other
fluids, being nearly 111::01111313351!}13 If, for example, a piece of gut
having a syringe attached to it at either end, be immersed, and the
aut and one syringe be moderately filled with water, I find that the
water in the full syringe can be made to pass to the empty syringe,
without in the slightest altering the calibre of the gut. This
follows, because the contents of the aut remain always Exact.l:,r the
same. The transference is effected by one operator pushing down
the piston of the full syringe, while another draws up the piston of
the empty syringe. It is in this way that the vessels are always
kept moderately full of blood, and that one ecompartment of the
heart always closes and pushes at fhe same instant that another
compartment opens and pulls. The blood ejected from the one
compartment is received by the other, the vessels being always
full ; while one compartment of a single heart (heart consisting of
an auricle and ventricle), and two compartments of a double heart
(heart consisting of two auricles and two ventricles), are always
empty. From this it appears that two pulsating cavities, one of
which opens when the other closes, are capable of carrying on
the eirculation in the absence of elasticity in the vessels. Nor
will this oceasion surprise. No substance is perfectly elastie, so
that if much power was stored up in them by the heart, a con-
siderable proportion of it would be sacrificed. Such vessels as
take an active part in the cireulation, open and close in parts
rhythmically, and produce a kind of swallowing movement; this
movement being due less to elasticity than vitality in the parts.
The elasticity of the vessels is principally of use in causing the
blood to flow in a continuous stream, the elasticity acting when the
ventricles have ceased to act (7., between the pulsations) in such a
manner as definitely to co-ordinate the ventricular movements.
Elasticity 1s also useful in keeping the vessels open, in permitting
them to assume various attitudes, and in yielding to and correcting
local eongestions. The blood is most economically cireulated by an
apparatus which opens and closes spontaneously in parts; this
arrangement reducing friction and conserving energy. Such an
apparatus operates upon the blood and not upon itself. It ecan
operate with or in the absence of elasticity, and performs work in
whichever direction it moves. The object of the eirculatory appa-
ratus is to convey blood to and from the capillaries where the tissues
are fed, and this can be done most conveniently by an apparatus
which propels fluid in a eircle, one half of the apparatus propelling
or pushing the fluid round one half of the circle, the fluid being gradu-
ally slowed in its course ; while it sucks or draws it round the other
half, the fluid being gradually quickened in its course. By this
arrangement no time is lost, the blood being slowed in order to
afford the tissues an opportunity of taking from and giving to it,
and quickened when these interchanges are not necessary. The
M
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blood is slowed as it proceeds from the heart, by the breaking up of
the arteries into innumerable branches, and from a marked increase

Fig. 45. in the ecapillary arvea; the friction experienced
by the blood 4n fransitu being correspondingly
increased. It is quickened as it proceeds to-
wards the heart, by the veins converging, and
from a marked diminution in the venous area;
the friction experienced by the circulating fluid
being correspondingly diminished. (These points
are shown in Fig. 45.)

Fia 45 —Diagram representing how the heart pushes and pulls the blood, and how the eir=
eulation is slewed and quickened. o, Auricle, &, ventricle (pulsating cavities), of exactly the
game siza; e, auriculo-ventricular orifice, guarded by a mitral valve ; o, artery; ¢, f, capillar-
ies; g, &, vein. The ventricle (&) propels or pushes the blood towards the capillaries (=,
when it closes; the auricle (o) sucks or draws it from them when it opens. The auric
always opens when the ventricle closes, and wice versa (one compartment of the heart being
always empty when the other is fulll, The blood is by this means forced in a circle (vids
arrows). It is slowed in the direction b, 4, &, and gquickened in the direction f, 7, &, a. The
valves e, 4, A, ensure that the blood will always flow in the same direction.— Original.

Clirculation in the Star-fish—In the star-fish, the intestinal
vascular system consists of loops, from which arteries and veins are
given off ; these being connected with a dilated pulsatile canal,
which may be regarded as a rudimentary heart. Similar remarks
are to be made of the holothuria, so that we have at length arrived
at what may be regarded a visible force, viz,, a pulsating vessel.
It is a remarkable cireumstance, that in the mammal, those veins
which are not furnished with valves are largely supplied with non-
striated muscular fibres, which run in two directions, viz., across
and in the direction of the length of the vessel. This holds true of
the inferior vena cava, the renal, azygos, and external iliac veins,
and of all the large trunks of the portal venous system, and of the
trunks of the hepatic veins.! These wvessels have therefore the
power, within certain limits, of opening and closing,* and of forcing
on the blood independently of valves. Valves are consequently
accessory structures and adjuvants to the heart in the higher animals,

Circulation in the Spider—In the spider a large dorsal vessel
makes its appearance, this being dilated posteriorly so as to resemble
a heart. The great propelling organ in the circulation of animals is
now beginning to assume form. The dorsal vessel gives off lateral
branches which ramify through the body; the venous blood being
collected in open spaces or sinuses on the abdominal surface. There
is as yet only an arterial system of vessels, the venous one being
deficient. The blood is aerated by trachewe or pulmonary cavities.

Cirenlation in the Inseet.—A similar account may be given of
the circulation in the insect. Here the dorsal vessel is divided
into a series of swellings, each of which is furnished with valves,
and endowed with a pulsatile power, as shown at A of Fig. 46.

* Anatomy Descriptive and Surgical, by Henry Gray, Esq., F.R.S., p. 401.

= Nerves are supplied to the inferior cava and cerebral veins ; to the aorta,
pulmonary artery, and many other vessels,
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The dorsal artery receives lateral currents from various parts of the
body, and is widened out posteriorly. The dorsal vessel opens
and closes in parts (one part always opening when the other closes)
with a vermicular or wave-like motion—this, in conjunction with
the valves (z, ), determining the course pur-
sued by the blood. The blood is returned hy Fig. 46.
two vessels situated on the ventral aspect of :

the insect (¥); these, according to Carus and
‘Wagner, being in many cases absent, and their
places supplied by open sinuses, as in the
spider. The dorsal and ventral vessels are
united anteriorly and posteriorly by loops
which, in the immature or larval individual,
extend into the antenns, fin-shaped caudal
processes, the first joint of each leg, and the
immature wing. Under these circumstances
the wings, antennw, and caudal appendages,
act as respiratory organs,

Fia. 46 shows the position of the vessels in the insect. &, Great dorsal vessel, consisting
of pulsatile swellings which force the blood towards the head. », Vessels situated on the
ventral aspect, which collect and transmit the blood in a direstion from before backwards.
The arrows indicate the direction of the corrents in the wings. *, x, r, Valves situated in
dorsal vesgel. Between these the lateral currents enter (vede small eurved arrows). The
valves are pushed aside and opened by the blood as it travels in the direction of the head
(##e arrows directed upwards), and forced towards the axis of the vessel, and closed the
blood when it attempts to travel away from the head (see arrows directed downwards).—
After Thomson,

In the insect the organs of respiration are also the organ of
locomotion. The circulation is most complete, as a rule, in the
immature insect. It is, however, quite perfect in not a few adult
insects. Carus found it so in the wings of semblis, developed for
flight. In the fully matured insect, the circulation in many cases
becomes circumsecribed, the blood being cut off from the several
appendages and confined to the body. When the several parts
are formed, the vessels are either wholly or partly obliterated, as
happens in the old vascular bundles of woody tissue, in the more
central parts of the tree. The insect is by this means rendered
stronger and lighter for the purposes of flight. It is by the filling
up and obliterating of bloodvessels, that organs, such as the
branchize of the frog, and other feetal structures which serve a
temporary purpose, are lopped off. As the presence of blood is
necessary to the existence of such structures, so its absence re-
sults in their destruction. The insect possesses a cireulatory appara-
tus, which compels the blood to flow in given directions. The dorsal
vessel of the insect, consists virtually of a chain of hearts, which act
11 unison, and in a certain rhythmic order, although they are more
or less distinctly cut off from each other by the presence of valves.
The candal heart closes first (that immediately in front of it open-
ing), and so on in regular order, that next the head closing last.
The blood is driven forward by a rhythmie, wave, or swallowing
movement, and the valves are so placed that it must of necessity
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move in a circle. The peculiarity of the movement consists in
the fact, that while one pulsatile eavity closes, another opens; each
cavity opening and closing alternately, and every two cavities
reciprocating and co-ordinating to produce a common result. In
this way the blood, when expelled by the closing of one chamber,
is received by another which opens for the purpose. The dorsal
vessel of the insect thus exerts a pushing and pulling power, similar
to that exerted by the cesophagus in swallowing.

If any one of the pulsating cavities had, when it closed, foreibly
to dilate that anterior to it, much power would be lost. The ob-
jeet to be attained by the closing of any one of the cavities, is not to
dilate that beyond it, but to force on the blood ; and this object is
best secured by any two cavities working in unison, the anterior
one always opening when that behind it closes. In this way a vis
a fronte and a vis a tergo is supplied. Each pulsating cavity, when
it closes, exerts a pushing power, and, when it opens, a pulling
power, so that each bead-like swelling of the dorsal vessel of the
insect possesses all the attributes of the most highly differentiated
hearts ; in other words, it reverses its movements, 80 as to work in
both directions, at one time acting as a wis @ tergo, at another as a
vis @ fronte. This is a point of very considerable importance, as it
invests pulsating sacs with a double funection, literally no power
being wasted. In the lobster, where there is only one pulsating sae,
the double function is necessary. The arrangement affords a very
cood example of the conservation of energy in living tissues.

The heart of the chick greatly resembles a

Fig. 47. segment of the dorsal vessel of the insect. Thus,

it consists of a tube constricted in three portions ;

the one portion corresponding to the auricle, a

second to the ventricle, and a third to the aortic

bulb. These have the power of opening and

closing rhythmically. The heart of the chick

pulsates at a very early period, while yet it is

a mass of nucleated cells, and before muscular
fibres are developed in it (Fig. 47).

Fro. 47.—Heart of chick at 37th hour of inenlation, scen from ventral aspect. a, &,
Primitive veins, b Auricnlar portion of the heart. ¢, Ventricular ditte. & Bulbus arte-
riosns. e, o Primitive aortic arches, which subsequently unite to form the descending
aortn. £, f, Omphale-mesanteric arteries.— A fter Quain,

Funetion performed by the Valves—The valves situated between
the pulsatile sacs of the dorsal vessel of the insect, facilitate as stated
the forward movement, but effectually prevent a retrograde or baelk-
ward movement. As I shall frequently have oceasion to allude to the
valves as I proceed with theireulation, it may be as well briefly to
refer to them on their first appearance. They consist of crescentic
reduplications of the lining membrane of the vessels, around the
interior of which they are festooned like garlands (Fig. 46, ¥, , 7).
They diverge from the interior of the vessel in the direction of its axis,
and as they are directed obliquely upwards and inwards with refer-
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ence to the axis, they readily admit of the blood passing through
them in the one direction, but effectually prevent its return. T]lL:f
may be compared to the folding-doors placed on the floor of a
granary, which are opened by each consignment of grain as it is
made to pass from a lower to a higher leve Ll but which flap together
the instant the grain is elevated to prevent its passmﬁ' again in a
downward direction, They, in fact, permit motion in only one
direction. The valves are flexible, elustiﬂ sluices, which are for
the most part opened and closed mechanically by the blood—a few
being closed partly by muscular movements. The free margins of
the valves project into the interior of the vessels to such an EKtE]‘lt
that when the column of blood is at rest, they are more or less in
apposition. The slightest reflux thercfm-e instantly and effectually
closes them. This action is the more instantaneous, from the fact
that behind the valves, the vessels are scooped out to form sinuses,
which contain a large quantity of residual blood ; this by its mere
weight greatly facilitating the closure. These sinuses I find in
both the arteries and veins. They are known in the aorta and
pulmonary artery of the human heart as the sinuses of Valsalva
(Fig. 49, ©). The valves are found in infinite variety, and vary
as regards the size, shape, number, and composition of their
segments, in the various orders of amimals. As, however, they
all act upon the same prineiple, and T will have oceasion to
describe them minutely hereafter, I will merely state, that when
valves are present, the mystery as to the direction of the cur-
rent or currents at once disappears; for it is evident, that if a
long vessel furnished with valves closes at any given point, the
fluid contained in it must move in the direction in which the
valves open. (Vide arrows directed npwards, of Fig. 46,%)

The ecirculation of the insect is remarkable when viewed in con-
nexion with the respiratory system. As you are aware, the body,
and indeed every part of the insect, is funnelled out by an innumenr-
able series of minute, elastic, tough tubes, the so-called trachex. DBy
their aid the insect breathes at every pore, very much in the same
way that the plant breathes by its vascular and intervascular
spaces, when these contain air. This is an interesting eircum-
stance, as it shows the vast importance of constant relays of fresh
air for the purposes of the circulation. The presence of air is a
sine qua non ; the fish has its gills, the reptiles their branchie or
lungs, and so of the birds and mammals. The respiratory and
circulatory systems more immediately connect the living organ-
ism with the outer world. In the stems of plants there are large
air cavities, and not unfrequently the air and nutritive juices
circulate together in the vascular bundles. In the lower animals,
where the fluids transude, the air enters into combination with
them ; and in the higher animals the blood in the lungs and other
parts is separated from the air by a membranous film exceedingly
delicate in texture. In none of the animals which have hitherto
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been examined, have we met with any one structure which ecould
with propriety be denominated a heart. This, in its simplest form,
is to be found in the aseidia, which is provided with a pulsatile sae,
consisting of thin membranous walls, apparently devoid of valves.

Cerenlation tn the Lobster. Position of the Respiratory Apparatus
i the Lobster, Fish, efe.—In the lohster a structure is found which
may be regarded as a true heart, alike on account of its position and
shape, and because of the vessels which proceed from and return
to it. The structure in question is situated below the posterior
margin of the thoracie shield, and consists of a muscular oval-
shaped cavity or ventricle, as represented at £, of Fig. 48.

Fig. 49, Figz. 0.

Fio, 48 shows the distribution of the bloodvessels in the lohster. a, a, &, @, Systemic
arteries. &, b, Branchial veins, o, Syatemic veins and sinuses, from which the branchial
yeing arige, {, Artery conveying blood to liver and to branchis.—d fter T.I‘mru]'son.

Fio. 49.—Pulmonic or right side of human heart. e Right auricle. g, Right ventricle.
&, Superior cava, b, Inferior cava, ¢ Aorta, o Pnlmonic artery. h, Begment _:rfsemkluuar
valve. i, Sinus of Valsalva. f, Begment of tricuspid valve. 7, Blusculus papillaris. The
arrows indicate the direction in which the blood emters and leaves the right or pulmonic

heart.—A fier Gray.
Fia. m{..jman and vesselz of garden-snail. A, Auricle. &%, Ventricle. a,a, Arteries.

v, v, ¥, Yeins. &, Pulmonary sacs which receive the blood from the veins.—d fler Thomson.

The heart of the lobster has the power of opening and sucking or
drawing the blood into it, and of closing and ejecting or pushing the
blood out of it. These acts are equally vital in their nature.* It gives
off six systemic arteries, these conveying the blood to the system
generally, and to the liver (/). The arterial blood is collected by
veins which open into sinuses sitnated in the lower or ventral surface
of the body. From these the branchial veins, which return the blood

! When the heart clozes, it completely extrudes its contained blood, and is, to
all intents and purposes, a solid muscular mass, 1If it did not open spontane-
ously, it iz obvious that no pressure exerted by the vessels, conld force the blood
into it ; nor must it be overlooked that, in the embryo, the heart acts before it
contains blood. The medusa and certain plants, such as the Volvox globator,
Goniwm pectorale, and Chlamydomonas, have also the llm“'-u'r of opening and
closing, irrespective of anything they contain. The elasticity of the vessels
assists the opening or sucking action of the heart, but does not cause it. When
the heart consists of two compartments, one of them closes and pushes, while
the other opens and pulls ; the compartmments opening and closing alternately.
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which has passed through the gills to the heart, arise. The heart,
it will be observed, is a systemic heart, 7., a heart which forces
the blood directly through the arteries, and only indirectly through
the veins. It resembles, in some respects, the lymphatic hearts of
reptiles and birds. When 1t closes, the blood is forced from the
dorsal to the ventral surface of the lobster, the fluid proceeding
simultaneously in the direction of the head and tail. It then flows
into sinuses or pouches, from which it passes through the gills on
its way back to the heart. There is as yet no pulmonic heart
present, and by this T mean a heart delegated to force the blood
directly into the aerating apparatus, whether this takes the form
of gills, branchize, orlungs. The circulation of the lobster, notwith-
standing, naturally resolves itself into two parts, the presence of
gills or aerating structures necessitating this degree of differentia-
tion. The gills or aerating apparatus of the lobster are situated on
its ventral surface, and in the track of the venous system, towards
its termination ; e, they are interposed between the terminal

part of the venous system and the heart—the blood flowing from
* the heart towards the system, and from the system towards the gills,
The same arrangement obtains in the cephalopoda. In the fish, as
I shall show presently, an opposite arrangement prevails; the gills
being situated at the beginning of the arterial system ; the blood
flowing from the heart (ventricle) towards the gills, and from the
gills towards the system. It is therefore a matter of little or no
importanee on what part of the circle representing the circulation,
the aerating apparatus is situated, so long as it occupies a position
favourable to the exposure of the blood to the air. The blood
flows in a continuous round, and it suffices if it be aerated at one
part of its course, either by the aid of pulmonic sacs, gills, branchize,
or lungs. As the respiratory system becomes developed, its con-
nexion with pulsating cavities becomes more intimate. Thus, in
the bird and mammal, the lungs are provided with a heart for
themselves—the so-called pulmonie or right heart, which consists
of two cavities: an auricle, which receives the venous blood from
the system ; and a ventricle, which foreces the blood directly through
the lungs (Fig. 49). The left or systemic heart of the bird and
mammal, likewise consists of two cavities—an auricle, which re-
ceives the aerated Dblood from the lungs; and a ventricle, which
distributes the purified blood to the system. The heart of the
bird and mammal, consequently, each consist of four compartments.
Between the most highly differentiated heart, as found in the
bird and mammal, and that of the lobster, there is an infinite
number of modifications ; these mainly depending on the nature
of the respiration. Thus, in the fish, the heart consists of two
cavities—an auricle and a ventricle: in the serpent, of three—two
auricles and one ventricle: in the alligator, the cavities virtually
amount to four—the single ventricle being divided into two by an
imperfect septum. It 1s therefore necessary to bear in mind, when
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speaking of the heart of animals, that it may consist of -:me, two,
three, or four cavities,

Cirenlation in the Brachiopodae and (asteropoda—The brachio-
poda have two aortic hearts, 7., two pulsating cavities situated on
the principal artery of the body. The auricle and ventricle of a
single complete heart are thus distinctly foreshadowed. Valves
are also present. In the gasteropoda and pteropoda, of the former
of which the garden-snail may be taken as an example, there is a
well-marked auriele and ventricle: the anricle receiving the blood
from the pulmonary sacs, which receive it from the veins; the
ventricle forcing it through the arteries (Fig. 50).

In the heart of the garden-snail the movements take place in
the same order as in hearts of a higher type. Thus, the auricle
and ventricle pulsate ﬂ]tl.i'l'nu.tﬂ]}r—t.h& auricle closing when the
ventricle is opening, and wice verss. The rhythmic peristaltic
movement which we beheld in the dorsal vessel of the insect
reappears in a slightly modified form, the vermicular waves of
motion being more isolated, and consequently more distinet,
When a wave movement travels rapidly forward in a long wessel,
it is difficult to say where it begins and where it terminates.
This diffienlty is in a great measure removed when, as in the
present instance, the one cavity is observed to close, and then
the other,

Cirenlation in the Cuttle-fish.—In the cephalopoada, of which the

Fig. 51. cuttle-fish may be taken as the representative,
we find a muscular systemic heart consisting
of one cavity. To this may be added two
dilated portions in the two vessels which lead
to the branchize. These close and open like
the heart itself, so that there are virtually two
branchial cavities and one systemic one—
‘_.p‘LﬂS"I.tl]lﬂ' cavities in all. The connexion be-
¢ tween the civculation and the respiration is now
becoming very obvious, and the pulsatile sinuses,
situated near the root of the aills, may be re-
garded as harbingers of the pulmonic or right
heart, as it exists in the bird and mammal
(Fig. 51).

Fra. I.'nl.—-Hnnrt and vessels of cuttle-fish. &, Heart. o, o, Dilated portions of vessels
which lead to branchim. b, b; ¢ ¢, Dranchial vessels. o, a, Arteries. o, v, Veins,

CIRCULATION IN ANIMALS (Vertcbrata).

Hitherto we have been dealing with the invertebrata. In my
remarks on the cireulation of those most interesting and variously-
constituted creatures, I have confined myself to no zoological
classification, but have picked up a link of the chain wherever
I found a suitable one. I have been able to show a gradual
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development of, and differentiation in, the channels and forces of
the eirculatory apparatus.

In the circulation of the vertebrata, to an examination of which
I now hasten, I will be able to show a still higher degree of dif-
ferentiation—not so much of the forces themselves, as of the organs
or instruments by which the forces make themselves manifest.

Circulation in the Fish—In the fish we find a muscular heart
consisting of two cavities, an auricle and a ventricle. The auricle
receives the venous blood from the liver and the system generally,
the ventricle forcing the blood through the capillarvies of the gills
(where it is aerated), into a large artery, which may be regarded as
the homologue of the descending aorta in mammals. The blood
contained in the great dorsal artery of the fish is arterial, that in
the veins and heart venous (Fig. 52). In addition to its general or
major circulation, the fish has two special or minor cireulations; viz.,
a circulation through the kidneys, and another through the liver.
These minor circulations reappear in the reptiles, and are interest-
ing, the more especially as the portal cireulation is also to be found
in the mammal. When the general circulation is once determined,
any number of minor circulations may be added, without greatly
increasing the complexity. The general circulation, as has been
explained, may be represented by a circle—the minor circulation,
by one or more loops grafted on the original circle. These loops
may be added at any part, and may be inecreased indefinitely.
Thus, there may be a capillary circulation, a renal circulation,
a portal circulation, a pulmonic circulation, a cephalic clmulatlml
and so on.

The respiratory apparatus of the fish, is placed on the arterial
system. In the lobster and cuttle-fish, as has been shown, it is
placed on the venous. This, however, occasions no difficulty. The
heart of the fish, while consisting of only two cavities, has acces-
sory structures of considerable importance attached to it. Thus,
the auricle is provided with a great venous sinus, which collects the
blood destined to fill the auricle ; while the ventricle is furnished
with a museular pulsatile organ, the so-called bulbus arteriosus,
which assists the ventricle in forcing the blood through the gills,
These several structures are deserving of separate description.
The venous sinus, like its congeners, is a mere irregular dilatation or
swelling, occasioned for the most part by the converging and flowing
together of the prineipal venous trunks of the system. It may be
compared to the venz cavae of the mammal. The auricle is a
somewhat irregularly-shaped oval or angular chamber, having ex-
ceedingly thin muscular walls. The muscular fibres entering into
its formation pursue no definite direction, but are grouped in such
a manner as to secure great strength, and a large degree of pulsatile
power. The shape of the ventricle in the most muscular fishes, is
that of an inverted three-sided pyramid.

In the heart of the salmon, which I have had an opportunity of
N
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dissecting, the ventricular walls are composed of musecular fibres,
which run in three well-marked directions, viz., vertically, trans-
versely, and from without inwards. The vertical fibres are found
on the outside and inside of the ventricle. In addition to being
vertical, they are also slightly plicate, a certain number of them
passing through the wall of the ventricle, in a direction from without
inwards or the converse. The vertical fibres, which may be regarded
asforming an external and internal layer,arein many casescontinuous
at the base and apex of the ventricle. The transverse fibres oceupy
a central position in the ventricular wall, and pursue a more or less
circular direction. The fish is thus supplied with an organ of great
power, capable of opening and closing with a steady rhythmic move-
ment. The bulbus arteriosus resembles, in its general appearance, the
bulb of a hyacinth. It is muscular, and has a structure in many
cases analogous to the ventricle itself. It receives the blood from the
heart, and assists in forcing it through the capillaries of the gills,
and thence through the system. A careful examination of the
movements of the heart and bulbus arteriosus in the living pike,
eel, trout, flounder, cod, ete., has convinced me that the venfricle
and venous sinus close, when the auricle and bulbus arteriosus open,
and wvice verse. The auricle supplements, as it were, the move-
ments begun by the veins and venous sinus; the ventricle, those
commenced by the auricle; and the bulbus arteriosus, those com-
menced by the ventricle. The relation between the auricle, ven-
tricle, and aortic bulb is to be inferred from the presence of valves
between these structures, an arrangement which provides for com-
bined and independent movements, Nor is this arrangement un-
called for. The close proximity of the gills to the heart, would
expose the capillaries of the gills to rupture, if the ventricle
closed with the violence necessary to force the blood through
the entire system. This danger is averted by employing a second
pulsatile cavity (the bulbus arteriosus), which, closing as it
does with less vigour than the ventricle, keeps up, but modifies
the pressure within the required limits. We have an example
of what mischief may be done by a too sudden and too violent
closure of a pulsating cavity in the vicinity of capillaries, in
cases of hypertrophy of the right ventricle of the human heart,
where the pressure exerted not unfrequently produces rupture
of the capillaries of the lungs—the pulmonary apoplexy of
pathologists. The branches of the bulbus arteriosus correspond
for the most part to the number of gill-plates; these in the
cod-fish amounting to four on either side. The number of the
branches vary: thus, in the ZLophius piscatorius there are only
three ; in most osseous fishes, four ; in the skates and sharks, five ;
and in the lampreys, six and seven. If is most interesting to
observe, that the arrangement of the vessels at the arterial bulb,
and the beginning of the descending aorta, if we may so call it, is
the same; the gills or respiratory system being introduced into
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the circulatory system as it were accidentally, or by the way.
Thus, in the cod-fish, there are four main vessels given off from
the top of the bulb on either side to the gills, a corresponding
number being given off from the gills, to constitute the first part
of what may be regarded the descending aorta. (Compare parts
marked @, @ ; b, b of branchial plate Fig. 52.)

The arterial bulb of the fish is, in some respects, a remarkable
structure. It is especially so as regards the number and nature of
the valves contained in its interior. These vary in number, size,
and shape, their segments ranging from two Fig. 52.
to thirty-two. In fact, in this single structure,
every valve in the animal series is either
indicated or actually represented. I defer a
consideration of them till I come to speak of
the valves as a whole. The number of the
valves is in some measure necessitated by the
pulsating properties of the bulb, and the peculiar
form of the respiration in fishes. The closing
of the bulb is apt to interfere with the perfect
action of the valves, and the proximity to the
heart, of the capillary vessels of the gills, pre-
disposes to regurgitation. In either case an in-
crease in the number of valves is demanded.

Fr1c. 62 —Heart and vessels of the fish (eod). &, Ventricle with anricle behind. «’, Bulbus
arteriosus, giving off fonr branchial vessels (F). These converge to form the first part of the de-
scending aorta (=, a). v, v, Systemic veins receiving blood from liver (f), kidneys, ete.

The subjoined account of the movements of the heart of the fish,
taken from life, may prove interesting. The movements are rhyth-
mical in character, and oceur as follows :—

The large veins at the base of the heart close slowly and become
paler in colour ; the auricle opening and becoming darker in colour.
The auricle then closes energetically and suddenly, and changes
from a dark purple colour to a reddish hue, the ventricle opening
and assuming a dark purple colour. The ventricle now closes
suddenly with a vermicular or wave-like motion, and assumes a
reddish tinge, the arterial bulb opening and becoming of a purple
colour. The bulb when it closes changes from a purple to a bluish
or pearly white colour. The change of colour in the parts referred
to, is due to the presence or absence of blood in their interior.
The veins and ventricle close, when the auricle and arterial bulb
open; and the veins and ventricle open, when the auricle and
arterial bulb close. The movements of the veins and ventricle
co-ordinate those of the auricle and arterial bulb. There are no
dead points. Before the veins have ceased to close, the auricle
begins to open; before the auricle has ceased to close, the ventricle
begins to open; before the ventricle has ceased to close, the
bulbus arteriosus begins to open; and so on in regular and unin-
terrupted succession. It occasionally happens when the heart is
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more or less deprived of blood and acting slowly, that the auricle
opens before the veins close ; the ventricle in like manner opening
before the auricle closes; a ecircumstance which, in my opinion,
proves that the opening of the auricle and ventricle are vital acts,
in the same sense that their closing are vital acts. In other words,
the opening of the auricle is not due to the closing of the veins,
neither is the opening of the ventricle due to the closing of the
auricle. The one movement contributes to the other, but does not
cause it.

The auricle and ventricle (particularly the latter) open with con-
siderable energy, so much so, that the expansile movement may be
felt when the heart is grasped between the finger and thumb.

The veins and arterial bulb shorten when they open, and elongate
when they close. The auricle and ventricle, on the other hand,
elongate when they open, and shorten when they close. This
difference is due to an excess of circular fibres in the veins and
bulb, as compared with the number of these fibres found in the
auricle and ventricle. The wveins, auricle, ventricle, and arterial
bulb, are hichly expansile. They flatten slichtly when they open,
and become rounded when they close. They increase and decrease
by about a third during these movements. The veins act with less
energy than the bulb, the bulb than the auricle, and the auricle
than the ventricle. The action of the bulb is slow and sustained,
rather than rapid and violent. The auricle, ventricle, and bulb,
empty themselves of blood when they close. -

The ventricle when closing, rotates and screws slightly in the
direction of its length. It also becomes shorter and narrower.

The apex of the ventricle describes an ellipse when the ventricle
is opening and closing,

Fig. 53. I annex a diagram of the ellipse as bearing
upon the much disputed question of the im-

=
o pulse of the heart. The letter e (Fig. 53), re-
7 presents the position assumed by the apex at
r E the time the ventricle is closed and empty of
¢

blood. When the ventricle opens and receives

the blood from the auricle, the apex travels in

i the direction ¢, ¢, and suddenly descends in
__a downward and outward direction, as shown

by ton e aerbat at @, 0. When the ventricle closes. and
thefish. Enlarged.—Original. gjects its blood, the apex describes the
seament of the ellipse b, ¢, d, ¢, it being thus drawn outwards,
upwards, and inwards. The apex impinges against the thorax
“when it is describing the part of the ellipse @, b, ¢, d, and
more particularly at b, . There is no pause in the action of the
ventricle from the time the apex leaves the point ¢ until it returns
to it. The ventricle expands between the points ¢ and b. The
ventricle as a whole flattens itself at this stage, and recedes from
the anterior wall of the thorax, but its apex advances slightly
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towards it. The auricle closes when the apex of the ventricle is
travelling from e to b; and at this time the ventricle is most full
of blood. The ventricle becins to close when the apex reaches
b, the closing becoming more complete as the apex travels in the
direction b, ¢, d, e. At ¢, the closure is perfect and the ventricle
empty of blood. From this it follows that the impulse of the heart
of the fish, corresponds neither to the diastole, nor the systole of the
ventricle, but to the termination of the diastole, and the beginning
of the systole. Of this I have fully satisfied myself.

Cireulation in the Agquatic Reptiles—I now pass to the circu-
lation in the aquatie reptiles, as it is found in the axolotl, proteus,
menobranchus, siren, the larva of the frog, salamander, ete. The
oills in the axolotl and allied forms are situated outside the body,
and are persistent. The gills of the larva of the frog, on the con-
trary, become covered as the animal develops, so that they assume
the position and function of the gills in the fish. The heart in the
protean reptiles consists usually of three cavities, viz., two auricles
and a venftricle. The great point of interest in these remarkable
creatures is the position of the gills, and the mixing of the arterial
and venous blood in the ventriele. This is effected in the follow-
ing manner:—The bulbus arteriosus, which may be compared to
the first part of the aorta in mammals, divides into two ; each
division giving off three or more branches on either side, which
extend along the arches formed by the hyoid bones, and break up
into innumerable loops, to form the external gills, two branches,
when lungs are present, going to them. The lateral vessels pass
through the gills in a diréction from before backwards, and reunite
to form the descending aorta, so that the gills or respiratory ap-
paratus is situated on the arterial or systemic system of vessels,
as in the fish. When lungs are present, they are furnished with
pulmenary veins, which proceed direct to the heart.

The blood is projected from the ventricle into the capillaries of
the gills and lungs. As the vessels from the gills reunite to form
the descending aorta, the blood in the descending aorta is conse-
quently red or arterialized blood. This pervades the entire body,
and is returned to the right auricle by the systemic veins. The
blood which eirculated through the lungs is returned to the left
auricle by the pulmonic veins. When the auricles close, the right
one discharges venous blood into the ventricle, the left one arterial
blood ; the arterial and venous blood being mixed up in the ventricle
accordingly. This result is facilitated by the fact, that the interior
of the ventricle presents a fretted, uneven, or broken surface, which
is especially adapted for the triturating or mixing process. In
some of the protean reptiles, arterial twigs pass directly from the
aortic bulb to the descending aorta. In such cases the blood is
mixed in the descending aorta as well as in the heart ; the blood
which ecirculates throngh the body being partly arterial and partly
venous. (Fig. 54.)
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Cirenlation in the Frog—Leaving the agquatic reptiles, which
respire principally by gills, I come to speak of those which respire
by means of lungs, such, for example, as the chelonia, ophidia, and
sauria. The adult frog naturally introduces us to this group. In
the frog, the circulation is very similar to that just desecribed.
Here the heart, as in the protean reptiles, consists of three cavities,
two auricles and one ventricle. The lungs derive their vessels
directly from the first part of the aorta; branches from the aortic
arches uniting to form the descending aorta. The venous blood from
the system returns to the right auricle, the arterial blood from the
pulmonic veins returning to the left. When the auricles close,
the blood is mixed in the ventricle as before. The venous blood,
while making the circuit of the system, circulates by a special
arrangement through the kidneys and the liver (Fig. 55).

Fig. 54. Fig. 55.

Fia. 54, —Heart and vessels of axclotl, & Ventricle, m, Right aoricle, receiving venons
blood from system generally (v, v}, w, Vessels from gills conveying arterinl blood to the left
auricle. @, {Superior) aortic bull, dividing into eight branches, six of which go to the gills
(&), and two to the lungs (p, p). a, (Inferior) descending aorta, formed by the reunion of
the vessels which go to the gills. !: Veins from liver,

Fia. 65.—Heart and wessels of frog. & Ventiriclo with auricles above and behind. e
Aortic bulb splitting up inte branches to supply the system and lungs.  OF thesa some (o
unite to form the descending acrta (o) ; others (those from the first part of the acrtic balh
ﬂq;lu:ﬁ_alimctly to the lungs. #, v, Systemic veins., [ u, &, Vessels going thereftom to liver

idneys.

The following deseription of the movements of the heart of the
frog, is taken from notes made during the life of the animal. The
observations on which the description is based, were made with
extreme care on a large healthy frog immediately after capture,
and before and after the pericardium was removed. The rhythm of
the frog’s heart essentially consists of four stages, traceable to the
movements of the veins at the base of the heart, and to the move-
ments of the auricles, ventricle, and bulbus arteriosus. The
movements are essentially wave-like in character, the blood being
forced through the struetures referred to, by a kind of swallowing
movement, The veins, auricles, ventricle, and arterial bulb, act
in pairs, as in the beaded dorsal vessel of the insect. Thus, when
the veins close, the auricles open; when the auricles close, the
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ventricle opens ; when the ventricle closes, the aortic bulb opens;
when the aortic bulb closes, the veins open; and so on in endless
succession.  These ave vital movements, and go on when the heart
is deprived of blood. From this it follows that the veins and ven-
tricle open and close together; the auricles and bulbus arteriosus
opening and closing together. As, however, the auricles open
when the veins close, and the ventricle opens when the auricles
close ; while the arterial bulb opens when the ventricle closes, and
the veins open when the aortic bulb closes ; the sucking and pro-
pelling action of the various chambers through which the blood
passes, is brought fairly and fully into play. The blood is passed
on by a series'of manipulations all apparently under perfect con-
trol. When the heart is acting normally, one or other part of it is
always moving. The instant the large veins begin to close, the
auricles begin to open; and the moment the auricles begin to
close, the ventricle begins to open. When the ventricle begins to
close, the aortic bulb begins to open; and when the aortic bulb
begins to close, the veins begin to open; and so on ad infinituin.
It follows from this that the sounds of the heart are more or less
continnous. The veins close slowly, the auricles somewhat sud-
denly ; the ventricle less suddenly than the aurieles, and the bul-
bus arteriosus less suddenly than the ventricle. The closure of
the arterial bulb is a slow sustained movement. The veins and
auricles open slowly, the ventricle somewhat suddenly ; the aortie
bulb opens less suddenly than the ventricle, but more suddenly
than the auricles.

When the veins close, they become of a peach eolour; the auri-
cles assuming a deep purple colour, from the blood which they
contain shining through their semi-transparent walls. When the
auricles close, a dark wave of blood is seen to enter the ventricle ;
the auricles becoming a reddish, the ventricle a purple colour.
When the ventricle closes, it becomes pale red, the aortic bulb when
it opens becoming a pale purple. When the aortic bulb closes, it be-
comes of a bluish or pearly whiteness, the veins at the base of the
heart becoming a deep purple. The colour of the. parts referred to
depends upon the thickness of their walls, and the quantity of blood
which they contain at any given time. The veins, auricles, ven-
tricle, and arterial bulb, each reduce themselves by about a third
when they close. They increase by a corresponding amount when
they open. The different parts of the heart open and close by pro-
aressive wave-movements. The opening movement is centrifugal
in character, the closing one centripetal. These are the only move-
ments which can increase and diminish hollow chambers. Similar
movements are observed in the opening and closing of the mush-
room-shaped disc of the medusa, and the vacuoles or spaces of certain
plants ; those, for instance, of the Volvox globator, Gondum pectorale,
and Chlamydomonas. The presence of muscular fibres is not neces-
sary to such movements. The ventricle opens more suddenly than
it closes ; a remark which also holds true of the bulbus arteriosus.
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When the ventricle opens, it flattens, its long diameter being in-
creased. When it closes, it becomes rounded, its long diameter
being diminished. The apex and anterior wall of the ventricle
strike the thoracic parietes towards the end of the diastole and the
beginning of the systole, as in the fish. At this period the apex
descends and advances towards the thorax. The apex during the
diastole and systole describes an ellipse (Fig. 53). The ventricle
rotates slightly from right to left during the diastole, and wice verse
during the systole.

The long diameters of the veins and auricles increase, when those
of the ventricle and bulbus arteriosus demease, and the converse;
the contents of the pericardium remaining nearly always the same,

The subjoined account of the movements of a snake’s heart,
written in 1865, is abstracted from my note-book —When the
heart is expﬂsed, the auricles and ventricle are observed to open
and close alternately. The movements in both cases are exceedingly
slow, and apparently of about the same duration. The auricles and
ventricle, particularly the latter, close in every direction—vwiz., from
above downwards, from below upwards, and from without inwards.
When the ventricle closes, its anterior wall advances and strikes
the internal surface of the thoracic parietes, the impulse being
communicated during the ventricular systole.

The reptiles, which breathe chiefly by lungs, exhibit very consid-
erable variation as to the structure of their hearts, the prineipal
feature in which, is the possession by many of a more or less com-
plete septum ventriculornm. In this elass, the heart has virtually
another cavity added to it ; and it will be seen, that in proportion
as the septum of the ventricle is rudimentary or complete, the cir-
culation gradually advances from a single or mixed circulation, to
a double one ; 4.c., a systemic and pulmonie.

Circulation in Lacerta ocellnta—In the Lacerfa ocellata, a rudi-
mentary septum makes its appearance.

It virtually divides the ventricle into two portions, these corre-
sponding to the right and left ventricles of the bird and mammal.
This necessitates a considerable modification in the arrangement of
the great vessels at the base of the heart. In the fish and protean
reptiles, only one wvessel proceeds from the ventricle, but in the
present instance, the anterior or right compartment of the ventricle
gives off the pulmonie vessels, while the posterior or left compart-
ment gives off the systemic. Provision is thus made, to a great
extent, for a distinct pulmonic and systemic circulation ; the right
side of the ventricle forcing the blood through the lungs, the left
side forcing it through the system generally. Before leaving the
heart of the Lacerta ocellata, it is interesting to observe, that while
the vessels emanating from the base of the ventricle are modified
to suit the requirements of the almost double circulation, they
nevertheless present in their groupings, the general appearance
presented by the branchial vessels of the fish, where the circulation
is single.  We have here the remmants of an earlier form.
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Cirewlation in the Python, Crocodile, ete.  Presence of Seplum
Ventriculorum.—In the heart of the python, the septum ventricu-
lorum is nearly complete; in fact, the right and left ventricles
would be quite distinet, but for the existence of a small spiral
slit in the septum posteriorly.

In the heart of the erocodile (C’mmdzhm Lueius), the septum
ventriculorum, as was pointed out by Hentz and Meckel, is fully
developed, so that the ventricles of this animal are as perfect
as those of either the bird or mammal. The ohject to be gained
by dividing the heart into four distinet compartments is obvious.
By having two auricles and two ventricles, one auricle and one
ventricle can be delegated to receiving the venous blood from the
veins and foreing it through the lungs ; the remaining auricle and
ventricle receiving the arterial blood from the lungs, and forecing it
through the system generally. The lungs on the one hand, and
the body on the other, are each provided with a heart ; hence the
epithet double mrculatmn, or, what is the same thing, pulmonic
and systemic circulation. The peculiarity of the double circulation
consists in the fact, that the arterial and venous blood circulate
- separately as such, and are not mixed either in the heart or the
vessels. This object, of course, can only be attained by increasing the
chambers of the heart, and hy keeping them separate from each other.

F(ETAL CIRCULATION.

Points of Analogy between the Circulation in Reptiles and that of
the Human Fetus—It is not a little eurious, that in the feetal life
of mammals, many of the peculiarities of the reptilian circula-

| 0
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tion reappear. Thus, in the feetus, the auricles communiecate with
each other by means of the foramen ovale, and the great vessels
of the ventricles communicate by means of the ductus arteriosus.?

In the feetus, therefore, the blood in the auricles, and great vessels
of the ventricles, becomes more or less mixed up. As I pointed
out on a former oceasion, it is a matter of indifference where the
respiratory apparatus is situated. It may oceur in the venous
system, as in the lobster and doris; or in the arterial system, as
in the fish. The respiration of the mammalian feetus affords
a striking illustration of the accuracy of this cbservation. In
the foetus in utero, the pulmonary organs performm no function
whatever. They are ready for work, but, being in an unexpanded
condition, are incapacitated. The arterialization of the blood
1s therefore effected indirectly by the placenta, which is a tem-
porary structure. To meet the requirements of such an arran
ment, the uterine vessels of the mother, and the vessels of the
feetus, are specially modified.

The foetal circulation naturally resolves itself into two kinds,
viz., the circulation within the body of the feetus, carried on prin-
cipally by the agency of the feetal vessels and heart (these consti-
tuting the visible forces); and the cireulation within the placenta
and the tissues of the feetus generally, carried on for the most
part by absorption, evaporation, endosmose, exosmose, capillarity,
chemical affinity, nutrition, ete. (these comstituting the invisible
forces). I shall first deal with the visible circulation as it exists
within the body of the feetus, after which I will proceed to exa-
mine the invisible eirculation as it exists within the placenta. :

Cirenlation in the Body of the Fetus—The cireulation within the
hody of the feetus is a closed circulation ; .e., its vessels and capil-
laries are continued upon themselves in such a manner as to form
a series of cireles of greater or less magnitude—the blood flowing
within those cireles in one continuous round. The blood is a mixed
blood, being partly arterial and partly venous, the mixing taking
place in the vessels and within the heart.

A mixed circulation amply meets the requirements of the fretus,
and is a positive advantage, as i1t places the feetus in the condition
of the reptilia, which are very tenacious of life, and endure much
hardship without sustaining positive injury—qualities of the utmost
importance to the feetus in utero, the position of which is being
constantly changed. -

The foetal ecirculation differs from the reptilian cireulation, as to
the temperature of the fluid circulated (the one being a cold, the other
a warm blood) ; likewise as to the nature of the aerating apparatus,
the blood of the fretus not being aerated by branchiz or lungs,
but by the placenta, a temporary structure, improvised for the
purpose. That the placenta performs the office of a lung to the
fretus, is in great measure proved by the fact, that if the um-
bilical cord be compressed before delivery, the child makes

' These openings oceazionally remain pervions in the adult.
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vigorous efforts to respire by the mouth! The placenta has
for its object, the close apposition of the capillary vessels of the
mother and feetus; this apposition enabling the feetus to avail
itselt indirectly of the lungs of the mother. TThe feetal cireulation
further ditfers from the 11eptili:111,' in the important circumstance,
that the blood eireulated is not produced and nourished by food
taken into the alimentary canal, but by material absorbed from
without ; this material, in the later stages of pregnancy, being
supphed by the blood in the uterine capillary vessels, and by the
utricular glands of the mother ; and applied indirectly by absorption,

OSINOSIS, L"L[Illﬂ:l‘.l ity, chemical affinity, ete., to the capillary vessels or

villous tufts of the foetal portion of the pl:wm;tﬂ. The feetus in this
way indirectly avails itself of the stomach as well as of the lungs
of the mother. The placenta consists of two elements; a maternal
element and a feetal element, and the funetion performed by it is
essentially that of an alimentary canal and a lung. Professor Goodsir
observes, that “the external cells of the placental villi perform
during intra-uterine existence, a function for which is substituted,
in extra-uterine life, the digestive action of the gastro-intestinal
mueous membrane. The internal cells of the placental villi perform
during intra-uterine existence, a function for which is substituted,
in extra-uterine life, the action of the absorbing chyle cells of the
intestinal villi. The placenta therefore not only performs, as has
been always admitted, the function of a lung, but also the function
of an intestinal tube.”* Between the maternal and feetal portions
of the placenta, there is a line of demarcation, well marked in the
earlier stages of pregnancy, but blurred and confused in the later
stages ; partly because of the very intimate and accurate apposition
of the two parts of the placenta, which in not a few instances gives
rise to abnormal adhesions; and partly because of the serrated nature
of the opposing surfaces, and the presence of certain secretions.
The line referred to forms at once the natural line of junction and
separation between the mother and feetus, and in a perfectly healthy
parturition, the foetal portion of the placenta parts from the
maternal portion in such a manner as not to rupture or destroy to
any extent the muecous lining and capillary vessels of the uterus of
the mother. On the other hand, the mucous lining and villous tufts
of the feetal portion of the placenta likewise remain intact. This
accounts for the fact, that in the lower animals, and in a perfectly
healthy human female, there is little if any heemorrhage at parturi-
tion. The relation which the feetus bears to the mother, is that
which the plant bears to the ground and the air; and that which
the tissues of the adult animal bear to its alimentary canal and
lungs, through which it obtains its nourishment and its breath.

1 See a remarkable case related by Hecker, and the experiments of Schwartz,
etc. Fide Casper’s Forensic Medicine (New Sy denham Society’s Tmnsactmns
vol. ii. p. 128, and vol. iii. p. 38).

2 Strueture of the Human Placenta, by John Goodsir, Esq., F.R.S.L. and E,,
ete. “ Anatomical Memoirs,” p. 460. 1845,
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The capillary or villous tufts of the feetal portion of the placenta,
represent the roots of the plant; the corresponding capillary tufts
of the maternal portion of the placenta, the ground and atmosphere
on which the plant subsists. The feetus is in this sense to be
regarded as a parasite, for it is a living thing, living upon another
living thing. This explains why a feetus can take root and live
upon other mucous surfaces than those supplied by the uterus, as,
for example, those of the Fallopian tube; and I can quite under-
stand that the foetus would thrive on certain portions of the mucous
lining of the alimentary canal, if we could only suceeed in making
a natural transference.

It is this intimate, yet independent existence, which enables us
to consider the circulation of the fietus as a thing per se. If we
examine the feetal portion of the placenta, we find that the arteries
and vein of the umbilical cord split up into innumerable capillary
tufts, these minute vessels opening into and freely anastomosing
with each other. While the capillary vessels of the feetal portion
of the placenta communicate with each other, they do not com-
municate with corresponding vessels in the maternal portion
of the placenta; so that the foetal blood, impelled by the feetal
heart and other forces, flows in a circle and gyrates in the body
of the feetus precisely as in the adult. The presence of the
umbilical vessels and other feetal structures, and the opening of
the chambers of the feetal heart directly and indirectly into each
other, do not affect this gyration. We may begin at any part of
the circle, but where we begin we must end, it we follow up the
course of the blood. The wmbilical vein, for example, extends
between the placenta and the liver. It conveys arterial blood to
the liver,' and to the ductus venosus (a fetal structure), which
opens into the upper part of the vena cava inferior. In this latter
sitnation, the arterial blood originally supplied by the umbilical
vein is mixed with the venous blood of the vena cava inferior.
The vena cava inferior opens directly into the right auricle, and
indirectly into the left auricle by the foramen ovale (a feetal aper-
ture). The Eustachian valve is, however, so placed that compara-
tively little of the blood (some say none) from the inferior cava
finds its way into the right auricle ; by much the greater portion
passing through the foramen ovale into the left auricle. We have
now got the mixed blood supplied by the upper portion of the
inferior cava in the left auricle. This passes by the left auriculo-
ventricular opening into the left ventricle. It proceeds thence into
the arch of the aorta, and the right and left carotid and subelavian
arteries ; the head and superior extremities of the feetus, which are
comparatively very large and well nourished, being supplied by a
purer blood than that furnished to the trunk and lower extremities.
The blood returns by the jugular and subelavian veins, and vena
cava superior, to the right auricle. It then passes through the

! The arterial blood supplied to the liver is returned to the inferior cava by
the hepatic veins.
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right auriculo-ventricular opening into the right ventricle. It
15 impelled thence into the pulmonary artery ; but as the lungs of
the feetus are in an unexpanded condition, and only receive so
much blood as suffices for their nutrition,! the ecireulation would
be stopped in this direction but for the existence of a temporary
eanal, the so-called ductus arteriosus, which unites the pulmonary
artery and aorta at the aortic arch. Through this canal the more
strictly venous blood from the head, superior extremities, and right
side of the heart, finds its way. The venous blood from the right
side of the heart and the nearly pure arterial blood from the left
side, are thus a second time mixed. (The venous and arterial
blood were first mixed in the upper part of the wvena cava
inferior.) The blood, doubly diluted as it were, proceeds through
the descending aorta and supplies the trunk, viscera, and lower
extremities. The passage of the blood through the feetal heart
is indicated by the arrows in Fig. 56. It is not necessary to
describe the circulation in the lower extremities at length.
All that I wish to impress upon you is, that the feetal circula-
tion is a complete or closed circulation. The aorta at its lower
part divides into the common iliac arteries, which subdivide
into the external, internal, and hypogastric arteries; the two
former supplying the inferior extremities with blood. The venous
blood is returned by the corresponding veins to the inferior cava,
where it is joined by the arterial blood originally supplied by
the numbilical vein. This completes one cycle of the eireulation.
The other cycle is formed by the hypogastric and umbilical arteries
and vein, these constituting a very remarkable system of temporary
canals; further proving, if more proof is required, that the chief
function of the vessels is to convey the blood
and nutritious juices through long distances.
Vessels, as has been already shown, are not
necessary to the cireulation in the tissues.
The chief point of interest in the foetal cir-
culation, as far as the heart is concerned, con-
sists in the right and left auricles opening
directly into each other by the foramen ovale;
the right and left ventricles opening indirectly
into each other by the ductus arteriosus, which
unites their great vessels together.

Fic. 58.—Diagram of the conrse pursned by the bleed in the fotal heart. », Superior
giva, the bloeod from which passes into the right anriele; thenee into the right ventriele (g);
thence into the pulmonary artery (v); and thence inte the ascending (u) and deseendin
aorta (m). o, Inferior eava, the Blood from which passes behind the Eustachian valve (s

Fig. 57, A), throngh the foramen ovale, to the left anricle; thence to the left ventricls (r);

and thence to the ascending (u) and descending (m) acorta. «, Arch of aorta and its branches.

—{Compare with similar letters of Fig. 57, A.}

! In the feetus in utern, the pulmonary organs take no part in the aeration of
the blood. They ave ready for work, but, being unex%}anc ed, are incapacitated.
The probabilities are, that the lungs, towards the full term, perform rhythmie
movements in anticipation of the function to be performed by them after birth,
in the same way that the heart pulsates while yet a solid mass and before it
contains blood.

Fig. 56.
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The peculiarities of the cireulation within the body of the feetus
are shown at Fig. 57, A; those of the circulation within the placenta,
at Fig. 57, B (vide arrows).

Fia. 57,

Fig. 67, A.—Diagram showing the conrse of the eirenlation in the homan foetus (vide arrows)
&% &, Umbilical vein, conveying arterial blood from the placenta. &%, Umhilical arteries, con-
veying venous blowd to the placenta. & Duetns venoesus, § Vena ports. o, Vena cava
inferior, §, Vena cava superior. #, Enstachian valve and right auricle. g, Right ventricle.
¥, Ductns arteriosus, uniting acrta (u) and polmonary artery. &, Left auricle. = Left
ventricle. m, Descending aorta. =z, Common iliac artery, dividing inte external and in-
ternal iline arteries.  j, Hypogastric arteries, continuons with nmbilical arteries (&7).

Fig., 57, B.—Diagram illustrating the relation existing between the maternal (w) and fostal
(#) portions of the placents (human). The maternal and foetal surfaces are represented as
separated from each other by a certain interval (m, n) to avoeid confusion. They ave slightly
uneven from the projection into them of the maternal and fortal ml;-illarﬁ? wvessels, During
pregnancy the two surfuces necommaodate themselves so a8 to dovetail and fit acenrately into
each other. In the dingram, the vessels represented by solid lines contain arterial blood; those
represented by dﬂttcdeiincs. venous blood, m, Mueons lining of uterns, with nucleated cells
on its surface, & Sub-epithelial, sphieroidal, and fusiform eorpuseles, embedded in connective
tissne. ¢, d, Utricnlar glands [ with epithelinm, and opening on mucous surface of uterns
They pour utricular secretion into ntricnlar space (’m, #). This space is mapped off, on the
one hand, by the villi and coverings of the maternal portion of the placenta; and on the
other, by the willi and cnvarlnﬁnf the foetal portion of the placenta. The utricular secretion
is necessary to a free osmosis between the maternal and fietal vessels. (Compare SPACe 7Yy
n, with similar space at fof Fig. 60, at ¢ of Fig. 64, and ak i, fof Fig.65.) =, Limiting mam-
brane of fostal portion of placenta covered with nucleated cells. a, Sub-epithelial, spheroidal,
and fusiform eorpuscles embedded in connective tissue. 4 5, Amnion. g, Umbilical vein,
conveying arterial blood to fetus. &, Umbilical arteries, conveving venous hlood from fostns.
The umbilieal arterics and vein break wp to form the willi of the foctal portion of the
centa; thess being directed towards similar villi f-'.,.l"; constituting the maternal portion.
Thee maternal and fostal villi are separated from each other by the utricular space (=, @) con-
taining utricular seeretion ; by two lavers of cells; by two membranes; and by a certain pro-
portion of connective tissue, spheroidal, fusiform, and other eorpuscles (a, §). Goodsir re-
garded the placental villus as consisting of & maternal and feetal portion; the maternal

witinn being eomposed of & membrane and nucleated cells, and corresponding to m of
dingram ; the fiatal portion being eomposed of & membrane and nucleated cells, and cor-
reaponding to n of diagram. Between the maternal and fistal portions (as he termed them
of a placeatal willus, he represents a space which corresponds to the space between s an
n of dingram, This space he regarded as the eavity of o seereting follicle (see o of Figs, 61
i and 62). Gopdsir has, it appears to me, approprinted the lining membrane of the maternal
portion of the placenta (m of diagram) and added it to the limiting or lining mombroone of
the fietal portion (n of diagram).— Original.

Cireulation in the Placenta.—The feetal circulation thus far, is not
difficult to comprehend, The really difficult problem, and eonse-
quently the really interesting one, is the relation which the fretal
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circulation bears to the maternal circulation. T have told you that
the vessels of the mother and feetus remain quite distinet in the
placenta, and that in reality they are merely placed in intimate and
accurate apposition. I wish you to bear this fact constantly in
mind. To understand this relation it will be necessary to recapitu-
late shortly, and to explain the relation which the external and
internal surfaces of animals—i.¢., skin and mucous membranes—
bear to each other, and to corresponding parts of plants.

On a previous occasion, I directed your attention to the analogy
between the branches and leaves and the roots and spongioles of
plants, and showed you that these parts arve essentially the same;
roots in some cases giving off branches to produce leaves, and the
stems of certain trees giving off’ branch-like processes which ulti-
mately become roots. 1 explained that the surfaces exposed by the
spongioles and roots, and the leaves and branches, are absorbing,
secreting, and evaporating surfaces ; the same surfaces at one time
absorbing and secreting moisture, and at another, discussing and
evaporating it, according to the condition of the plant and the absence
or presence of moisture, heat, ete. This arrangement facilitates the
circulation by favouring endosmose, exosmose, capillary attraction,
and other physical forces, which, we know from experiment, perform
an important part in the circulation of plants. - The nutritious
juices, I pointed out, are applied to the leaves and roots, and also,
though to a less deoree, to the stems of plants. 1 further explained
that the animal has no roots to dig into the ground, or leaves to
spread out in the sunshine, and that in this case the nutritious fluids
and aliments in the majority of instances are applied to an in-
voluted portion of the animal’s body, to wit, the mucous surface of
its alimentary canal. But the mucous lining or internal skin of an
animal is essentially the same as its external skin; the two bear-
ing the same relation to each other which the roots and leaves of
plants do; the mucous lining or internal skin of the animal, cor-
responding to the roots of the plant; the external or true skin, to
the leaves of the plant. When, therefore, food in a more or less
fluid condition is presented to the stomach and intestine, it is ab-
sorbed, and passes by osmosis, capillary attraction, ete., through the
animal in a direction from within outwards; first through the
lacteals, and then through the vascular system and tissues of the
body generally.! But fluids (in plants and animals) can be trans-
mitted in an opposite direction, viz., from without inwards. This is
shown in the case of shipwrecked mariners who immerse their bodies
in the sea to slake their thirst, and in the inunction with oil and
other nutritious fiuids, in cases of starvation and disease. The trans-
mission of fluids thmugh the body, both from without and from
within, is favoured by the respiration of the tissues, and the fact, that
evaporation goes on both in the mucous lining or internal skin, and

3 hmlj'mphatm vessels join the vascular ones—the chyle ultimately becom-
mll'.'l'
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in the external or true skin ; these surfaces, as already stated, being
essentially the same. The circulation within the tissues, as I have
endeavoured to impress upon you, is in a great measure independent
of the heart, and due mainly to the operation of certain physical
forces, viz., absorption, endosmose, exosmose, capillary attraction,
chemiecal affinity, evaporation, etc. The heart and bloodvessels,
when they exist, are employed for transmitting the nutritious fluids
through long distances, in order to bring the blood and other juices
face to face with the tissues, the constituent elements of which are
so arranged that each takes—or one might almost say, has forced
upon it, by the physical forces referred to—those particular in-
oredients which are best adapted for its development, maintenance,
and reproduction. The object of these remarks is to show that the
placental circulation of mammals is substantially the same as that
of the tissues generally. The ovum is extruded from what may be
regarded a mucous surface, viz, the interior of the ovary. It is
grasped by the fimbriated extremity of the Fallopian tube, as by a
hand extended to receive it, and conveyed to the interior of the
uterus, in the mucous lining of which it is literally planted (Fig.
a8, b).

Fig. 58. Fig. 59,

Fig. 58.—Impregnated human nterus, showing hypertrophy of the mucons lining of
uterns (the decidua of authors). The mueous lining is represented in black, and the egg
(&) is seen at the fundus of the uterus, enpaged between two of itz projecting convolutions.

— A fler Dalbon,
Fio. 59, —Huoman ovum at end of third month, showing placental portion (a) of the chorion

fully formed. &, Chorion. o, Villons tnfts proceeding from chorion.  These tufts al an early

period completely invest the chorion, hence the epithet “shaggy chorion,” When the

chorion is H]'“HF?’ the placenta is diffuse, as in the mare. §, Amnion. =, Foetus. 4, Umbilical
vesicle.—dA fter Lialton.

The internal surface of the ovum (apparently its external one), is
applied to the internal or mucous surface of the uterus; but the
internal surfaces of mother and feetus are similarly constituted and
perform analogous functions, the two coming together and blending
as naturally as the fingers of the hands pass through and fit into
each other. After a certain interval processes equivalent to roots
and spongioles are sent out from the internal surface of the feetus

(chorion) as seen at « of Fig. 59. Similar processes, which natu-
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rally exist in the uterine mucous membrane of the mother, become
hypertrophied and exhibit a greatly increased activity. These pro-
cesses of the mother and foetus are at first distinet, a certain interval
separating the two (Figs. 57, B, m, n; 58, b ; and 77, @, ). Gradually,
however, they approach and interweave until they are accurately
adapted to each other; the fwetus being as it were grafted on to
the mother. NL‘IL\‘ultll‘}t’tlldl]I” this very intimate relation, the
feetus and mother are Esault].Llly distinet. The foetus is in some
senses out of, or beyond the mother, from the first. The arrange-
ment is of a purely temporary character. The internal surface of
the feetus, or that part of it which constitutes the feetal placental
area, is quite distinct from the corresponding internal surface
or mucous lining of the uterus which constitutes the maternal
placental area. In the ruminants this relation is very well
seen, the villous tufts which represent the foetal portion of the
cotyledon being torn out of corresponding tufts in the muecous
lining, representing the maternal portion of the cotyledon,
without rupturing the vessels, and in such a manner as to
occasion no bleeding whatever, This arises from the fact that
the capillary vessels of the feetus and mother are simply laid
against each other, 7., placed in juxtaposition; the two sefs
of vessels and the mucous linings investing them remaining
essentially distinet. With a view to a natural and easy separa-
tion, the maternal and feetal tufts in ruminants are arranged in
wedge-shaped masses, the apices of the wedge-shaped capillary
masses of the feetus dovetailing into the eapillary wedge-shaped
masses of the mother, an arrangement which admits of very easy
extraction. The extraction is further facilitated by the presence
of cotyledonous milk between the tufts (Fig. 60).

“Fig. 60.

Fis. 60.—Cotyledon of cow’s nterns. «, o, Surface of foetal chorion. b, b, Bloodvessels of
fietal chorion. ¢, ¢, Surface of oterine mucous membrane. o, d, Eloodvessels of uterine
muecons membrane.—A fler Dalton,

S, Becretion from utricular glands (cotyledonous milk) placed hetween maternal and foetal
visgels, and which is necessary to the mutoal intere h wnpe of pases, nutrienf, effete; and
ather r'n.1t|:r-rﬁ, between parent and offspring.— Auiflior.

£J-
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In man the relation between the feetal villous tufts and those
of the mother is more intimate than in any other animal, the tufts
themselves being slightly club-shaped; but even here I am dis-
posed to believe that the feetal and maternal tufts are radically
distinet, and that each is provided with its appropriate cover-
ings; that, in fact, an open space exists between the two. This
open space or neufral territory occurring between the maternal and
feetal placental tufts, I propose to designate the wiricular space,
from the fact that the utricular secretion or cotyledonous milk
is poured into it. It corresponds, in my opinion, in the human
subject, to the space marked d in Figs. 61 and 62, to ¢ of Fig. 63,
and to e of Fig. 64

Fig. 61. Fig. 63.

Fig. Gl.—The extremity of a placental villus (human), &, The external membrane of the
villug, the lining membrane of the vascular system of the mother. &, The external cells of
the villus, cells of the central portion of the placental decidus. & ¢, Germinal centres of the
external cells. J, The space between the maternal and foetal portions of the villus. & The
internal membraneé of the villus, the externnl membrane of the chorion, £ 'The internal
cells of the chorion. g, The loop of urmbilical vessels.— Goodsir, 1545,

Fie. 62.—This drawing illustrates the same structure as Fig, 61, and has been introduced
to show the large space («f ) which oceasionally intervenes between the internal membrane and
the external cclls, It would appear that into this space the matter separated from the
maternul blood by the external cells of the villus is cast, befors being absorbed through the
internal membrane by the internal cells. ‘This space, therefore, is the cavity of a secreting
follicle, the external cells being the secreting epithelia, and the maternal bloodvessel system
the capillaries of supply. This maternal portion of the villus and its eavity correspond to
the glandular cotyledons of the rominants, and the matter thrown into the cavity to the
milky seeretion of these organs.—Gloodsir, 1845,

Fig. 63.—Diagram illustrating Dr John Reid's views of the human placenta.  a. Corling
artery. b Uterine wein. ¢ Uterine sinus formed by expansion of artery (a) and vein (B),
o, Fortal tufts or villi, with inner coat (¢) of vascular system (a, &) of mother enveloping
them.—1541.

Fig. 6d. Fig. 65.

Fro. 84, —Diagrammatic section of linman decidua at the termination of pregnancy. a,
Amnicn with epithelivm. & Chorion. ¢ Decidua. o Muscular cost.  « Line of separation
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of the membranes of the ovom sitnated within the cell layer. # Cell layer of decidua. g,
Glandular layer of the sane, with epithelial cells, —ESriediander, 1870,

Fia. 65.—Dingram illustrating the placental arrangements in the whale (Qrea gladintor ),
e, Utricular gland. & Funnel-shaped crypt into which ntricular gland opens. a, Cup-
shaped erypt.  f, f Epithelial layer lining crypts,  d, Fusiform corpuscles, e », Spheroidal
sub-gpithelial corpuscles. g, g, Close capillary plexns. &, &, Foetal villi projecting from
chorion. These villl are invested by an epithelial layer (3, i) They conaist of connective
tissne which containg a laver of sub-epithelial corpuscles (&), of fusitorm corpuscles (I}, and
a close capillary plexus (m, m), derived from the nmbilical arteries, which plexus is con-
tinned into an extra-villons chorionic network (o, o) from which the umbilical vein arises.
The fortal and maternal vessels are not in contact, still less comtinnous with each other, but
are separated by the layer of sub-epithelial corpuscles of the villus, the epithelial invest-
ment of the villus, the epithelial lining of the erypt, and the Iayer of sub-epithelial corpos-
cles of the erypt. The space between the two epithelial surfaces is intimded to show the
interval between the fotal and maternal portions (of the placenta) into which the secretion
of the uterine glands is ponred.— Turner, 1571,

I have represented the utricular space at m, n, of Fig. 57, B,
and at e, g, of Fig. 77. Professor Turner has represented a
similar space as occurring between the maternal and feetal portions
of the placenta of the whale (Orca gladiator), seen at i, f, of
Fig. 65; a corresponding space found in the ox being shown
at f of Fig. 60.

The utricular space is bounded by certain landmarks which it be-
hoves us to study. They are essentially those of two mucous mem-
branes or two portions of skin. The external and internal skin have
many features in common. The former consists of innumerable
eminences or papille, the free surfaces of which display a mass of
looped capillary vessels in all respects analogous to the placental
villi or tufts. Between the papille an infinite number of tubes
with blind convoluted extremities are found. These tubes open
towards the free surface, and correspond to the sweat-glands. They
secrete a peculiar fluid which is exhaled when we perspire! Ire-
cisely similar remarks may be made of the internal skin or mucous
lining of the alimentary canal. Here we have a surface consisting
of minut® projections, filled with capillary loops, and studded with
a vast array of tubular glands, similar, in many respects, to the
sweat-glands and to the utricular glands or follicles of the uterus.
The struetures constituting the external and internal skin are shown
in Figs. 66 to 75.

! The number of sweat-glands in the human body iz incredibly great.
Kranse estimated that, on the skin of the cheeks, posterior portion of trunk,
thigh, and leg, they number 500 to the square inch ; on the forehead, neck,
forearm, back of hands and feet and anterior part of trunk, 1000 to the square
inch; and on the =ole of the foot and palm of the hand, 2700 to the square 1inch.
This observer estimated the number of sweat-glands in the body at 2,300,000 ;
the amount of glandular tubing amounting to 153,000 inches, or something
like two and a half miles (Kélliker, Handbuch der Gewebelehre, Leipsic, 1852,
p- 147). Lavoisier and Seguin estimate the quantity of fluid lost by cutaneous
perspiration in twenty-four hours, at 13,770 grains, nearly two %mmds avoirdupois
(Robin and Verdeil, op. cit., vol. ii. p. 145). According to Dr Southwood Smith,
labourers engaged in gasworks sometimes loze by cutaneous and onary ex-
halations as much as 3} 1bs. in less than an hour (Philosophy of Health, chap.
xiil. ; London, 1838). The effect uced on the circulation by the extraction
of such large quantities of fluid from the system must in such cases be very
oreat.
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Fig. 66.

Fig. 67.

Fia. ff,—Compound papille from palm of human hand (magnified), a, Base of papilla. B be,
Branches of papille, (Compare with Figs, 70 and 73.}—4 fler Killiker.

Fro. 67, —Flan of a seeroting membrane. o, Basement membrane. & Epithelinm, composed of secrat-
ing nucleated cells. e, Layer of capillary bloodvessels. {Compare with m, n, of Fig. 57, B.}—Quain.

Fio. 68, —8weat gland and duct of human skin, opening upon surface at o (magnified). & Gland
surrounded by fat. o, Duct of gland passing thrﬂllg!ﬂ corinm, throngh lower () and upper part (&)
of epidermis. {(Compare with Figs. 71 and 72, and with ¢, 4, of Fig. 57, B.j—After Wagner.

Fio. 69.—Ridges on epidermis of human skin, with orifices of sweat-glands (magnified). o, Ridge.
¢, Furrow. &, Orifice of sweat-gland, (Compare with « of Figs. 74 and 75.)—After Quain.

Fig. T0. Fig. 71.

Fro. 70, A—Vertical section of two villi, from intestinal mucous membrane of rabbit %ﬂ iy
Epithelinm eovering the villi. (Compare with m,», of Fig. 57, B.}) & Substance of villi, with lymph-
cells. ¢, Tubular glands or erypts of Lieberkilhn, (Compare with Fig. 72, and with ¢, o, of Fig. 57, B.)
d, ¢, Capillary artery and vein forming capillary plexus () in villus. {(Compare with Figs. 73 and
?E'l-}‘ o, gy Lacteal vessels of willi, joining horizontal lacteal (&, ). 4, Submuoeous layer.

1. 70, B.—Cross gection of three tubular glands more highly magnified.—A rier Frey.

Fio. 71.—Deep portion of pylorie gastric gland, lingd with eylindrical epithelium (a, a). From
buman stomach (magnified).—KGiliker,

Fra. 72.—Utricular glands from mucong membrane of nnimpregnated homan uterns (magnifed).
a, Lining of cylindrical epithelium. & Interior of utricular gland. ¢ Orifice of utricular gland.
(Compare with Figs. 65 and 71.}—Ihaiton.

Fig. 73. Fig. 74.
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Fia 73.—Blocdvessels of intestinal willi, magnified (human). a, o, Arterics. v, v, Veins. The artery
and vain in each willus conducts to an intermedinte capi.'llnr_'.-' plexus or network, {Compare with
e, f, of F1g 57, B; with 4, ¢, f, of Fig. 70, A ; and with Fig. 75 A, C. J— From infechion by Licberkiln,

Fio. 74 —Network of mp;llm}r vessels {b] with nnl'tr:ﬁq of ul:ricniar glands (g}, a5 seen on surface
of wucous membrane of human uterns (magnified). (Comparve with same letters in Fig. 76.)=—Fuarre.

Here, then, I submit, we have the elements
out of which the placenta, when it exists, is
formed, viz,—two pieces of skin, or what is
equivalent thereto, displaying innumerable
eminences and depressions, an inconceivable
number of capillary loops, and a vast array of
utricular glands corresponding to sweat, gas-
tric, intestinal, and other glands of that t}rp-e
(Fl“’ 57, B). The mucous ]Jmnff of the nterns) ; ¥io- i6—HNetwork of eapil-

= i - lary vessels (B), with orifices of
displays a remarkably rich network of capil- gastric glands (a), as seen on

lary vessels, looped and directed towards the human stomieh tmagniged
free surface as in every other part of the **

body. The capillaries are aggregated in parts like fairy rings
in a field, and in the centre of the vascular rings the utricular
glands or follicles open (Fig. 74). These glands secrete and
exude an opalescent slightly viseid fluid resembling milk, and which
has from this circumstance been designated cotyledonous milk.
The cotyledonous milk of the uterus supplies during gestation
the nourishment afforded at a later period by the mammary glands.
It also acts as an osmotic medium to the maternal and feetal
blood. The uterus and mamme sympathize, and the lacteal fluids
which they supply perform analogous functions.

Goodsir describes in the human subject two membranes and two
sets of cells as interposed between the capillary loops of the
mother and feetus. These membranes and cells he separated from
each other by a space, indicated at d of Figs. 61 and 62. Turner has
described a somewhat similar arrangement in the whale. He repre-
sents a feeto-maternal placental space, bounded on the one hand by
the vessels and cells of the mother, and on the other by the vessels
and cells of the feetus. Thus, proceeding from the space in the
direction of the uterus, there is, according to him, 1sf, a layer of
epithelium, and, 24, a layer of connective tissue, having embedded
in it sub-epithelial, spheroidal, and fusiform corpuscles, and a close
capillary plexus. Proceeding in the direction of the feetus, a pre-
cisely similar arrangement obtains, there being, 1st, a Ia}fer of epi-
thehum and, 2d, a layer of sub—eplthehal sphermdal and fusiform
mrpuscles in which a close capillary plexus is found (Fig. 65).

Thus far the relation existing between the maternal and feetal
capillary vessels and their coverings, is quite intelligible. The
theories, however, advanced as to the transformations which the
vessels and mucous membrane of the uterus undergo during the
process of gestation, have strangely, and, I feel assured unneces-
sarily, complicated that relation.

First as to the mucous membrane of the uterus, There is nothing
peculiar in this membrane, other than arises from an increased devel-
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opment and contact with the villous tufts of the chorion ; an ovum
evolving as readily in the Fallopian tube as in the uterus. When
impregnation takes place, the uterine mucous membrane becomes
greatly expanded, its component elements becoming excessively
hypertrophied. It has, partly from this circumstance, but chiefly
because it was erroneously supposed to be discharged at parturition,
had its name changed from mucous membrane to decidua.! When
the ovum enters the uterus, Sharpey and Coste believe that the
uterine mucous membrane (the decidua of authors) rises up around
it in the form of a wall, the free borders of the wall increasing
until they unite and form a dome above it; the ovam becoming
completely invested by the maternal lining or mucous membrane
of the uterus.

Dr Arthur Farre suggests another explanation. He supposes
that the ovum, on entering the uterus, drops into one of the orifices
leading to the utricular follicles, and, in growing there, draws
around it the already formed, but soft and spongy, uterine mucous
membrane constituting the walls of the cavity.? The ovam, accord-
ing to these views, is buried at conception, and requires to be
exhumed at parfurition.

The mucous membrane of the pregnant uterus has for the forego-
ing reasons been artificially divided into three parts, known as the
decidua vera, decidua reflexa, and decidua serotina. The decidua

Fig. 76. vera (also termed parietal) corresponds to
that part of the mucous memhbrane which
lines the uterus as a whole; the decidua
reflexa to that part of it which is supposed
to grow around and over the ovum ; and the
decidua serotina (supposed by some to be a
new formation ®) to that part of it which
corresponds to the feetal portion of the pla-
centa, and with which it is directly or in-
directly in contact* (Fig. 76).

Fig. T6.—x, Chamber occupied by ovum. &, ¢, Decidua

virs. o, Decidua reflexa. g, Decidua serotina. Compare with
game letters in Fig. 77.

! In the posthumons work of Dr William Hunter ( An Anatomical Deseription
of the Human Gravid Uterus ), edited by Dr M. Baillie in 1794, the decidua is

described as under :—* This membrane is an efflorescence of the internal coat of
the uterns itself.” . . = It maly |'J_E said to be the internal membrane of
the uterns.” . . . % It is really the internal lamella of the uterus.”

2 This hypothesis is based upon what may turn out a purely accidental
ocenrrence, viz., the discovery by Bischoff of the presence in the guineapig of
an ovum in the bottom of a uterine follicle.

3 At the part where the uterine expansion of the decidua is interrupted by
the reflexion inwards of the decidua reflexa, and where the ovum entered, the
place of the decidua vera is supplied by another layer similar to 4f, and connected
at its margins with it, the decidua serotina.”—Kirkes's Physiology, p. 661, third
edition, 1856.

4 Dr Arthur Farre is of opinion that the decidua reflexa is in part formed
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These views, I need scarcely add, are hypothetical, and the terms
employed in explaining them arbitrary. As there are no sufficient
anatomical proofs, that the mucous membrane of the uterus during
pregnancy deports itself as described, I propose abandoning the
terms decidua vera, decidua reflexa, and decidua serotina. I will
therefore, when speaking of the lining membrane of the uterus,
refer to it simply as such, always specifying the portion meant.

That the uterine mucous membrane does not require to grow
around and over the ovum during pregnancy, is proved by this, that
in extra-uterine feetation the uterine mucous membrane is absent.
Similar remarks apply to Fallopian-tube feetation, although here
the conditions more closely resemble those found in the uterus?
In pregnancy, whether extra-uterine or intra-uterine, the mucous
membrane, capillary vessels, utricular glands, and muscular fibres of
the uterus, increase in size and activity. We have two admirable
specimens of Fallopian-tube pregnancy in our Museum (Royal
College of Surgeons, Edinburgh), in which the uterine structures
have become hypertrophied by sympathy; the os uteri being
curiously enough closed by a plug of mucus. Extra-uterine and
Fallopian-tube pregnancies induce me to believe that the ovum
brings with it or develops its own membranes;® the conditions
necessary being heat, moisture, and a mucous surface, either
within or without the uterus. The chick only derives heat
from the body of the mother. When the ovum reaches the interior
of the uterus, it applies its chorionic (which is in reality its
mueous) surface, to some portion of the mueous surface of the
uterus. At first, the two mucous surfaces are quite distinet, the
relation being that rather of apposition than actual contact. As
pregnancy advances, the maternal and feetal mucous membranes,
and the vessels which underlie them, become developed (particu-
larly in the region which corresponds to the placental area); the
membranes and vessels becoming entangled, adhering, and inter-
weaving in a most remarkable manner (Figs. 57, B, and 77).

The advantage of this arrangement consists in the fact, that it
secures to the mother and feetus an independent and yet a com-

out of the parietal decidua (decidua vera) from the number of orifices of utricular
lands seen on its surface. He, however, admits that much is due to the further
evelopment of the elemental decidual tissues, this inerease being principally
dmi to the large supply of bloodvessels furnished to the decidua reflexa at an
ear :

1 As the Fallopian tube opens into the uterine cavity, the two are anatomi-
cally continuous.

2 % The ovon during its passage along the Fallopian tube acquires a layer of
albumen, and this subsequently coalesces with the zona pellucida to form the
chorion” (Kirkes's Physiology, p. 676, third edition, 1856). The villi of the
chorion consist at first entirely of cells, bounded by an external layer of tex-
tureless membrane, which gives their form (Goodsir). If a normal placenta be
examined after delivery, a distinet membrane can be traced on its uterine sur-
face ; i.e., the surface corresponding to the uterine placental area. This mem-
brane I am disposed to consider the mucons membrane or lining of the chorion.
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mon life—the feetus being to the mother in the relation of a para-
site. It further secures independence and community of structure.
Thus, the fcetus has its mucous lining (d, ¢, of Fig. 77); and the
mother her mucous lining (g, b, ¢, of Fig. 77); the feetus has its
capillary zone, consisting of villous tufts (&, «, of Fig. 77), and the
mother has a corresponding capillary zone, the capillaries found on
the mucous lining of the uterus (¢, f, of Fig. 57, B) ; the mother has
utricular glands (¢, d, of Fig. 57, B) ; the feetus their homologues.
The feetus, as parturition advances, concentrates and augments its
villous tufts and vascular supply (o of Figs. 77 and 59 ; ¢, n, of Fig.
57, B); the maternal vessels, within the plax:ental area, becmmna
correspondingly developed (e, f, of Fig. 57, B), and the blood-
Fil; 77. supply cﬂn*Lspﬂndmgly increased. This
community of structure and of life se-
ﬁU JHTT”D Wﬂ]lj[""lﬂ cures tothe ovum and subsequent feetus,
["[T_,,,% the fullest opportunities for nourish-
ment and development. In normal
pregnancy, the ovum, from the time it
enters the uterus, is in contact with
the uterine mucous lining. It brings
with it an independent life, and in-
dependent structures; and it is the
blending of that life and those struc-
tures for a certain period, with the life
and structures of the parent, that con-
stitutes the mystery of conception and
gestation,

Frz, 77.—Plan of section of unterns with fully formed ovom (haman), g, Moeous lining
or membrane of uterns, opposite placenta (decidna serotina of aunthors). & e, Lining
membrane on body of wterns (decidua vera of anthors), o, Lining membrane of fietna
{decidua reflexa of anthors). This membrane (£) is fonnd on the free surfaces of the chorionie
villi (e}, being in fact the muoeons lining of the chorion. Such parts of it as are not engaged
in covering the chorionic villi become thinned away and disappear towards the Toll term,
It may, however, always be found on the fres or uterine surface of a normal placenta.
Chorionic villi constitnting foetal portion of placenta. (The maternal portion is formed by
capillary vessele found in mueous lining. g.) &, Chorion, from which the chorionic villi spring.
S, Amnion. i, Umbilical vesicle. j, Fallopian tube.

Note,—As pregnancy advances, the parts marked ¢, a, ¢ approach each other, and become
acenrately apposed. The same holds troe of the parts marked & and &, This apposition and
blending of maternal and foetal stroctures facilitates the exchange (chiclly by csmosis) of
nutritive and effete materials between parent and offspring.—Original.

The mucous membrane of the chorion (the decidua reflexa or
decidue ovuli of authors) increases in the same ratio as the ovum,
which it encloses and protects. The chamber containing the
ovum is a small chamber, placed within a larger one, viz, the
uterine cavity. Those surfaces of the feetal and maternal chambers,
which are directed towards each other, are each provided with a
mucous lining. The walls of the fcetal and maternal chambers are
only in apposition at first; but as development proceeds, the feetal
chamber becomes fixed to the maternal one, and protrudes from it
like a spherical bud. The cavities of the chambers nevertheless
remain quite distinct. On the mucous lining of both the feetal
and maternal chambers, orifices of utricular glands or their home-
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logues can be made out—a circumstance of considerable import-
ance, as showing that the feetal portion of the placenta is supplied
with utricular glands as well as the maternal portion. A large
number of vessels, terminating in minute capillary plexuses, are
found on the muecous surfaces of both the fetal and maternal
chambers. These communicate with each other at an early period.
The ovum at first lies loose in the feetal chamber, but becomes
fixed in it towards the end of the first month. The fixing is
effected by the aid of willous processes which project from all
parts of the chorion (hence the epithet shagay chorion). They
suspend and fix the ovam in the fretal chamber as a spider is
suspended and fixed by its web. The embryo, smrounded by its
amnion, chorion, and mueous lining, in this manner becomes securely
anchored in a haven of its own iﬂrnung Other changes succeed.
As the ovum grows, the villi of that part of it which is in contact
with the muecous lining of the uterus inerease in size, and be-
come more ramified. The villi of the maternal placental area be-
come correspondingly developed. Dissepiments or partitions of
mucous membrane also make their apppearance, and divide the
maternal and feetal villi into groups, producing that lobed appear-
ance so characteristic of the fully formed placenta. The lobes of
the human placenta are in reality the homologues of the cotyledons
of the ox.

The ovum brings a certain amount of nourishment with i, the
rest it obtains by imbibition, due to contact with the mucous
membrane of the uterus, and the utricular seeretion which it there
finds. Long before bloodvessels make their appearance in the
embryo, a circulation of nutritious juices, similar to that found in
plants and the lowest animal organisms, is established. This is
effected by osmosis, due to the presence of membranes and fluids
of different density., The membranes are seen at Fig. 77. They
consist of the capillary bloodvessels of the interior of the uterus
(¢, f, of Fig. 57, B); the mucous membrane of the uterus (g, , ¢, of
Fig. 77) ; the mucous membrane and capillary bloodvessels of the
chorion (¢, @, &, of Fig. 77) and the amnion ( f of Fig. 77). There is
every reason to believe, that the maternal and foetal membranes
when in contact, as in pregnancy, not only act as osmotic media,
but also as seereting media. Goodsir attributed a secreting power
to the membranes and cells covering the extremities of the placental
villi. These, according to him, consist of an external membrane
and nucleated cells, and an internal membrane and nucleated cells.
Between these a space occurs, which he regards as the cavity of a
secreting follicle (Figs. 61 and 62, d). The external membrane
ﬂﬂrrespunds to the mucous lining of the uterus, which, I believe, it
really is ; the internal membrane to the outer surface of the chorion.
This, as Explamer_l I regard as the mucous lining of the chorion.

The chorion and mucous surface of the uterus are, as a rule,
highly vascular. I have succeeded in minutely injecting the

Q
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arteries and veins of the chorion and amnion of the mare ;' and
injections of the membranes of the ox, sheep, and other domestic
animals, are to be found in nearly all our musenms.* The mucous
membranes of the uterus and chorion, with their cells and blood-
vessels, may with great propriety be compared to secreting struc-
tures composed of a basement membrane, nucleated cells, and
capillaries (Fig. 67); and it appears to me that they only require
to be brought together to enclose a space to enable them to assume
the secreting function.

The desired space is obtained immediately the ovum comes in
contact with the mucous lining of the uterus. At first the uterine
mucous membrane and utricular glands are more especially en-
caced in secreting ; the product passing by endosmose and imbibi-
tion directly into the ovum ; the ovam returning its peculiar fluids
by exosmose. The transference of liquid materials is greatly
facilitated by the formation, in
the first month of pregnaney, of
the shagey chorion. This struc-
ture is composed of an immense
number of villous tufts, consist-
ing of a membrane of nucleated
cells within which capillary
blondvessels are ultimately de-
veloped (Fig. 78, A, B, C).

Fig. 78.—A, Extremity of fmetal tuft of human placenta. From an injected specimen;
magnified forty dinmeters. Compare with vesscls in Fig, 57, B.

B, Compound willosity of human chorion, with ramified extremity. From a three months
fortns, magnified thirty diametars,

C. Extremity of villosity of chorion more highly magnified, showing the arrangement of
the bloodvessels in the interior.—Ater Dalton.

Fig. 78.

The villous tufts are at first short, elub-shaped processes, of uni-
form size. They are not attached to the mucous lining of the
uterns, so that the embryo floats freely and obtains its nourish-
ment after the manner of water-plants, viz,, by imbibition. The
club-shaped villi, as Goodsir pointed out, elongate by additions to
their extremities as in the roots of plants; cells passing off from
the germinal spots situated on the ends of the villi. Goodsir de-
monstrated that bloodvessels appear in the chorion and chorionic
villi when the allantois reaches and applies itself to a certain
part of the internal surface of the chorion. At this stage of
development the umbilical vessels communicate with vascular
loops in the interior of the villi. The injections of Schroeder
van der Kolk showed a profusion of ecapillary vessels of the chor-
ionic villi as early as the third month; and at later periods of
gestation up to the sixth month, Dr Arthur Farre succeeded in

! These and other preparations bearing upon the placenta, are to be found
in the Hunterian Muzeum of the Royal College of Surgeons of London.

* Particularly fine specimens of placents and membranes are to be seen in
the Anatomical Museum of the University of Edinburgh, the majority of them
injected by Goodsr.
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displaying without difficulty, by the aid of fine injections, a very
abundant supply of these vessels. At a later period, a large pro-
portion of the fine capillaries within the villi disappear, the long,
tortuous, varicose loops deseribed by Goodsir alone remaining.
From this it follows that the bloodvessels engaged in nourishing
the feetus have a period of development, a period of increased
activity, and a period of decay; the period of decay heralding, if
not actually producing, parturition. These changes are necessary
to inaugurate the cireulation of the feetus, to unite the circulation
of the feetus with that of the mother, and to separate that con-
nexion at the period of parturition.

The fluids concerned in the nutrition and wellbeing of the
feetus are such as are supplied by the utricular glands and by the
various secreting surfaces, maternal and feetal. The utricular
olands in the ean_‘lv months of pregnancy supply a milky fluid,
nutritive in character, which, as has been explained, acts as an
osmotic medium to the fluids contained without and within the
foetal chamber. Of the fluid contained
within the feetal chamber the substance of
the embryo imbibes freely. In the later
stages of pregnancy, when the pla{'enta 13
fully formed, the utricular seeretion pro-
duces an osmotic action between the
blood contained in the placental willi
of the feetus and that contained in the
capillaries of the placental area of the
mother (vide Fig. 79).

Fio. 78.—Diagram showing the placental relations of the maternal and fetal capillaries,
and the position cccnpied by the utricnlar secretion. o, o, a, Utricular glands, pouring out
utricular secretion (& & F. e e e Maternal capillary plexnszes (with artery and vein) as
seen on interior of nterus. d, d, &, Foetal capillary plexuses (with artery and vein) as seen
on surface of placenta, din-cted I:cuwarﬂs interior of nterns, The maternal and fortal linings
and epithelial eorpuseles which separate the maternal and foetal villi are not represented. The
presence of the utricalar sceretion (&, b, &) between the maternal and fetal vessels neces-

gitates a free interchange of the ingredients peculiar to each. See also under fof Fig. 60,
— Chriginal,

Fig. 79.

There is reason to believe that, even in advanced pregnancy, the
surface of the foetus 1mbibes nutritive materials from the fluds in
which it is suspended, and by which it is constantly bathed. This
it can readily do, as the external skin of the fretus is so delicate
that it in some respects resembles the mucous membrane of the
adult. The external skin of the feetus in intra-uterine life, in all
probability, absorbs and exercises a secreting function ; whereas,
in extra-uterine life, it respires and exercises an excreting function.
As I showed in plants, certain surfaces may act either as absorbing
or respiring surfaces, according as they are exposed to the in-
fluence of moisture or air (Figs. 30, 31, and 36).

I have stated that Goodsir divided the membranes and eells found
by him on the extremities of the placental villi into an external
and internal set; and that, in my opinion, the external membrane
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and cells constitute the mucous or lining membrane of the
uterus.

Goodsir has, it appears to me, transferred the mueous lining of
the uterus to the mucous lining of the chorion ; a not unnatural
transference, when it is remembered that, in not a few instances,
particularly in highly eivilized females, artificial adhesions are
formed, and the feetal part of the placenta drags with it at parturi-
tion a portion or all of the maternal part. To this circumstance,
in all probability, is to be traced the difficulty experienced by
anatomists in determining whether the uterus does, or does not,
shed its mueous membrane after each parturition.'! This would
explain why there should be a space between the external and
internal membranes covering the extremities of the placental
villi, as described by Goodsir; the space being the natural line
of junetion and separation between the maternal and feetal
portions of the placenta.® It would also account for the belief
entertained by him, by Reid, Ecker, and others, that the maternal
bloodvessels (arteries and veins) within the placental area become
enormously expanded, and envelop, by bladder-like dilatations, the
villi of the fretal portion of the placenta (Figs. 63 and 80). If, as1
presume, in the specimens examined by Goodsir, Reid, Ecker, and
others, the villi of the feetal portion of the placenta dragged with
them at parturition the villi of the maternal portion, the result
would be exactly that figured and described, viz., a large spongy mass,
containing blood sinuses, with occasional villi proceeding from or

1 In man the tissues, as a rule, are more highly elaborated than in animals—a
cireumstance which renders their separation more difficult. Dr Arthur Farre,
in his work, © On the Uterus and its Appendages,” states, “ that in the latter
months of pregnancy, the parietal decidua (i.e., the mucous lining of the nterus)
becomes thinner, and loses much of its spongy character, except immediately
around the rlﬂctntn, where this is still most distinet. It ultimately becomes
blended with the outer surface of the feetal membranes, and is partly thrown off
with them in the act of birth, while a part remains, forming a honeycomb
layer, attached to the uterine muscular coat.” Now it appears from this, that
the decidua of the placental area admits of division ; one part being shed with
the placenta at parturition, the other remaining on the interior of the uterus.
In reality, the placenta takes it own mucous lining with it, the uterus retaining
the mucous lining which belonged to it before conception took place. If we
examine a normal placenta when thrown off at full term, we find a membrane
on itz free or uterine surface ; and if we examine the placental area of the
uterns which corresponds thereto, we find a similar memlovane. This iz what
we wonld a priori expect. Why should the placenta at parturition drag off
part of the decidua or mucous finiug of the uterus? The maternal and feetal
structures are distinet from the first, and go remain. They separate as naturally
anid with as little inconvenience as they come together.

2 From the foregoing, it will be evident that I do not regard the placenta as
structurally united to the uterus, but as simply in apposition and adhering,
the union being of the most intimate description, from the fact that the ma-
ternal and foetal villi pass through each other so thoroughly, that they form
with their contained blood a semi-fluid mass. The placenta is to the fuetus,
what the roots are to a parasitic plant (the mistletoe for example). The fretus,
by its placenta, literally plants itself on the inner surface of the uterus, this
supplying it with nutritious juices and with air.
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dipping into them. During pregnancy the vessels of the uterus,
particularly the veins, assume gigantic proportions, the blood con-
tained within the organ causing it in some respects to resemble a
lung ; but the hlnmh essels Increase in a progressive ratio with the
nerves, glands, museular, mucous, and other tissues, and there are no
suﬁmwnt f*rmmd% anatomical or physiological, for supposing that
during the hypertrophy which occurs
during pregnancy, the maternal capil-
lary vessels corresponding to the pla-
cental area, cease to exist as such: in
other words, become converted into
the bladder-liké expansions referred to.
Such a metamorphosis would remove
the human placenta out of the category
of mammalian placente; a removal
which neither its origin, progress, nor
final dehiscence warrants.'

Fig. 80.

FiG. 80 —Diagram illustrating the arrangement of the placental decidua (human). =
FParietal dcm:hm &, A venous sinus passing obliquely throngh it by a valvular opening.
¢, Curling artery passing in the same direction. d, Lining membrane of the maternal
vasenlar system, passing in from the artery and vein, lining the bag of the placenta, and
coverng (e, ) the fotal tufts, passing on to the latter by two routes, firstby their stems from
the fietal side of the cavity: and, secondly, by the terminal decidoal bars (f, F) from the
unterine side, and from one tuft to the other by the lateral bar (g). This membrane is in con-
tact with decidunl cells, unless alomg the stems of the tufts and the foetal side of the
placenta. (Compare with Fig. 63.)— Goxisir, 1845.

One naturally inquires, when contemplating the enormous
maternal vascular expansions represented by Reid (Fig. 63), Good-
sir (Fig. 80), and Ecker, where the material comes from which pro-
duces them? The additional material required on the part of the
curling arteries and veins of the uterus, to envelop every villous
tuft contained in the feetal portion of the placenta, is such as vir-
tually to render the hypothesis untenable. So far as known to me,
there is no other example of a modification on a similarly gigantic
scale in any matured struecture. If the terminal portions of the
curling arteries and veins of the uterus were expanded to the ex-
tent described, and if, moreover, they embraced and became locked

1 When the human chorion is %haggx, the placenta is diffuse, as in the mare;
and this iz a reason why even in its most matured condition, i.e., in its concen-
trated and localized form, the human placenta is not to be regarded as a thing per
se, but a modification of other placents, all of which are formed on a common
plan. Inthe mare, the villous tufts of the chorion are applied to the mucous lining
of the uterns asa whole. In the tiger, a band of villous tufts invests the chorion
at itz middle ; the villi in this band only being applied to the muecous lining
and capillaries of the uterus. In the ox, the villous tufts of the chorion are

uped together, and appear as isolated patches, varying from an inch to an
inch and a half in diameter. These form so many plawntultm In man, the
villous tufts of the chorion are ultimately 1rmr¢uatml into one large oval mass, to
which the name of placenta has been given. “The human placenta iz, =0 to
speak, a concentration and higher development of all the other forms. Tts areat
general features are, h-mu.u- the same, and the manner of its application to
tlirlua mﬁtmua lining and cap:]larj' veszels of the uterus, in no respect differs from
the others
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within the villous tufts of the foetal portion of the placenta, as
figured, then, of necessity, the whole of that portion of the interior
of the uterus, corresponding to the placental area, would be eon-
verted into an open wound, when the placenta was removed ; the
wound exhibiting on its surface an incredible number of large
bleeding vessels, which no degree of contraction on the part of the
uterus could either modify or restrain. What, however, is the
real state of things? During a healthy parturition searcely any
blood is lost, and ¢ on, examining that portion of the interior of the
uterus cor respum:lmfr to the placental area, it is found covered with
a mucous membrane somewhat msemlﬂing a honeycomb; an ap-
pearance caused by the apposition and interpenetration of the
mucous membrane and villi of the feetal portion of the placenta.
On examining the free or uterine surface of the placenta, a similar
membrane is discovered ; the one, in fact, being the converse of the
other! If a normal full-term placenta is injected with size after
its removal, there is little if any extravasation from its free or
uterine surface ; plainly showing that it is bounded by its own
peculiar mucous membrane. All the difficulties and dangers re-
ferred to are avoided by regarding the feetal and maternal portions
of the placenta as essentially distinet, not only in the early but also
in the later months of pregnancy. The structures in question are
simply in temporary apposition (Fig. 57, B). This view ensures,
as stated, an independence and community of structure. It assimi-
lates the human with the placentz of other mammals. It accounts
for the fact that a foetus may be developed in the Fallopian tube,
or outside the uterus altogether. It in especial explains how the
ovum can be applied to the incubating chamber of the mother,
and how the feetus may be separated from it, without causing
either injury or inconvenience. Lastly, it shows that the maternal
and feetal evolutions which go to form a pregnancy are correlated,
the one advancing pari passy. with the other.
As a proof that the relation subsisting between the maternal and
feetal placental surfaces and vessels in man, 1s not that figured by
teid, Goodsir, Ecker, and others, I may state, that wherever I have
had an opportunity of injecting the utero-placental area with the
parts in situ—i.e., with the placenta adhering to the mucous surface
of the nterns—I have found an arrangement closely resembling, in
its general features, that found in the mammalia as a class. It
is only when the uterus and placenta are partially or altogether
separated, that the appearances described and figured are observed.
In 1863, I destroyed and carefully injected a pregnant monkey, as
Leing likely to throw additional light on this complicated and much
disputed question. The monkey was near the parturient period, the
fcetus being large and well formed. In the monkey, the placenta
remarkably accords with that found in man. In the present in-
stance I injected the uterns, and then, having ascertained the site of
! See note ', p. 404.
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the placenta within the uterus, I made an incision through the
uterine wall at a considerable distance from it, through which I
pulled the foetus. I then injected the placenta from the um-
bilical vessels. The placenta consisted of a large, oval, isolated
mass, which might have been taken for a human placenta at the
sixth or seventh month. At a little distance from the placenta
proper, there was a placentula or little placenta, the vessels from
which converged and united with the main vessels of the principal
one. The placentula I regarded as an accidental formation. On
making microscopical sections of the placental area, so as to embrace
the maternal and feetal vessels, their coverings, cells, glands, ete., the
appearances observed were substﬂntmll:f those n,plesulted at Ti ig.
a7, B; this figure, as already explained, embodying my views of
the structure and physiological relations of the human placenta.

I am not, therefore, disposed to acquiesce in the commonly re-
ceived opinion that, in man, the placental feetal tufts are covered
by an expansion of the corresponding vessels of the mother, 1
disagree—1st, Because there is no analogy to support this view.
2d, Because 1t 1s giving to the feetus what I believe in reality
belongs to the mother. 3d, If the vessels of the mother are so
expanded, they are necessarily destroyed when the placenta is
removed, this relation involving the laceration and destruction
of the mucous lining and capillary vessels corresponding to the
maternal placental area—a proceeding which would expose the
mother (notwithstanding the vigorous contraction of the uterus) to
serious, and probably fatal, heemorrhage.  4#h, That portion of the
mucous lining of the uterus corresponding to the placental area is,
as Dr Matthews Duncan has shown, not removed in parturition.
5th, In a healthy parturition there is almost no blood lost, a cir-
cumstance which could not oceur if the arrangement figured by
Reid, Goodsir, Ecker, and others, obtained ; as, in this case, not only
large vessels, but large sinuses containing blood, would be exposed.
624, In the lower animals, no blood is lost at parturition ; but, in
these, we know the maternal and feetal capillary vessels or tufts
are simply placed in apposition, the two separating with the
utmost facility. 774, The blood-sinuses of the uterus (and by these
I mean the maternal vascular expansions said to envelop the
feetal placental villi) are not necessary to gestation. That these
sinuses are not necessary to the evolution ‘of the feetus is abun-
dantly proved by this, that a feetus (as in extra-uterine feetation)
can live and thrive where they do not exist. 8¢%, I have never
been able to detect a feetal placental tuft or villus in a uterine
maternal sinus (eontaining maternal blood), where the utero-
placental relations were intact ; 7.e., where the natural line of union
between the maternal and feetal portions of the placenta was in-
violate. In such eases, I have found an occasional feetal villus in
a utricular gland whose orifice was dilated ; the uterine gland, as
explained, opening on the free or mucous surface of the placental
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Tue belief that the maternal uterine wvessels do not expand to
embrace the feetal placental villi, as recorded by Reid, Goodsir,
Ecker, and others, has been recently confirmed by the researches
of Dr Braxton Hicks, the President of the Obstetrical Society of
London.! This gentleman argues against the existence of blood
in the so-called maternal sinus system, and the sinus system
itself, from finding that neither are present in extra-uterine
feetation.  He inveighs against the presence of blood in the
sinous system in normal pregnancy, as he can detect no trace
of that fluid when the relations between the placenta and uterus
are undisturbed. By the sinus system is here meant that space
(or spaces) oceurring between the fietal villi of the chorion, and
which, according to commonly received opinions, is lined by the
expanded uterine vessels of the mother. Dr Hicks dissected four
specimens. In two, not a trace of blood was found. In the others,
there was a trace. In one of them, the origin was clearly traced
to a small clot extravasated among the villi; in that which re-
mained, to a laceration of the villi themselves. Dr Hicks adduces
further evidence derived from three placente called “fatty.,” In
these, the decidual vessels were highly distended with blood,
nevertheless the intervillal space was absolutely free.

So much for the vessels of the maternal portion of the placenta.

With regard to the vessels constituting the feetal portion of the
placenta (particularly their coverings), there is considerable diver-
sity of opinion. Some say that the feetal vessels and villi are bare;

! Vids Lancet for 18th May 1872 ; also memoir by Dr Robert Lee # On the

Structure of the Human Placenta and itz Connexion with the Uterns.”—Phil.
Trans., 1832,

R =
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others, that they are covered by a chorionic layer of cells ; others,
that the chorionic cells are covered by a layer of demdu&l n::ells,
others, that, in addition to all the foresoing, there is a layer derived
from the internnl membrane of the vascular system of the mother.

Dr Arthur Farre holds that the blood of the feetus is sepa-
rated from the blood of the mother, 1sf, by the walls of its own
capillaries ; 2dly, by the gelatinous 311:3111111:111:3 in which these
ramify ; .uul, Sdly, by the mtm nal, non-vascular, nucleated sheath
derived from the chorion. With the latter "ll{}IlE:, he remarks, the
blood of the mother is brought into contact.

There are, as you observe, grave discrepancies in the explana-
tions given both of the maternal and fwetal elements of the
placenta ; and I cannot help thinking that the truth will be
eliminated more readily it we discard a certain amount of
detail and keep to general principles. Analogy, comparative
anatomy, and development induce me to believe that the re-
lation of the maternal to the feetal portion of the placenta is
not so complicated as authors have laboured to make it,
and that the actual relation, as already explained, is that which
one portion of skin or mucous lining, furnished with glands,
capillary vessels, a limiting menibrane, and epithelinm, bears to
another similarly ®onstituted, when the two are brought face to
face and laid against each other.

Not less conflicting are the views advanced as to the manner
in which the feetus is nourished and respires. Goodsir is of
opinion that the feetal placental villus consists of an external and
internal membrane, each provided with nucleated secreting cells,
and that between the two membranes there is a space which
he regards as the cavity of a secreting follicle. The cells of
the external membrane of the placental villus, aceording to him,
secrete from the blood of the mother by means of the uterine
capillaries, the nutritive matter absorbed through the internal
membrane by the internal eells, and conveyed thence to the feetus
by the feetal placental tufts or villi. The secretion he compares
to the cotyledonous milk of ruminants.

Ercolani advocates another view. “He admits that the
utricular glands do furnish materials for the nutrition of the
embryo, but only in the early period of development; and
he strives to prove that, from a transformation and greatly
increased growth of the uterine mucous membrane, and of the
sub-epithelial connective tissue, a new maternal glandular organ
is formed, which in its simplest form consists of secreting follicles,
arranged side by side and opening on the surface of the mucous
membrane. In the human subject, he says, the typical form of
the glandular organ is wanting, but the cells of the serotina,

1 See a curious case of ©a placenta partially adherent to a navus ocenpying

the scalp and dura mater.”—ZLond. Med. Chir. Soc. Trans., xxii. 1839, pp.
300-309,
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which invest the chorionic villi, represent the fundamental por-
tions of the gland organ. Into these new-formed seereting
follicles, and not into the utricular glands, the villi of the chorion
penetrate, and are bathed by the fluid secretiom, which they
absorb for the nourishment of the fietus” ! Ercolani’s hypothesis
is ingenious, but there is no necessity for supposing that a new
maternal glandular organ is formed, as existing structures very
slightly modified can perform the work said to be performed by
the new structure. Turner does not believe with Ercolani that
the utricular glands cease to perform their functions at an early
period of embryonie life. On the contrary, he states that in the
Orea, “ although the feetus had reached an advanced state of develop-
ment, the vascularity of the glands, their epithelial contents, even
the presence of plugs of epithelium or inspissated secretion project-
ing through the orifices—all gave one the impression of structures
in a state of active employment. If this be the case, then the se-
eretion would be poured out into the erypts, and brought in contact
with the villi of the chorion.” . . . “I am disposed, therefore,”
he adds, “to conclude that, in all those forms of placentation in
which the utricular glands preserve their structural characters
within the placental area, they play an important, if not the whole
part, in the nutrition of the feetus, not merely in the early,* but
throughout the whole period of uterine life.”® Turner does not be-
lieve that the sub-epithelial corpuscles represented by himself
(Fig. 65, e, &) on the uterine and chorionic surfaces of the placenta,
and which closely correspond to the external and internal cells of
the placental villus of Goodsir (Fig. 61, b, ¢), have a secreting
funetion. He is inclined to recard them as lymphoid bodies which
have wandered out of the adjacent capillaries into the connective
tissue, to whose nutrition and growth they administer.

' Ercolani, as rendered by Turnér, in his memoir “On the Gravid Uterns, and
on the Arrangement of the Fetal Membiranes in the Cetacea (Orca gladiator).”—
Trans. Roy. Soc. of Edin., vol. xxvi. p. 500 (1871).

# “When the ovum, with its villous chorion, reaches the uterus, the villi
become embedded in the secretion poured forth by the enlarged follieular glands
of the mucous membrane of that organ ; and from this they doubtless derive
the nutriment on which the embryo at first subsists.” . . . “ Coincidently
with the increasing size of the follicles, the quantity of their secretion is aug-
mented, the vessels of the mucous membrane become larger and more numerous,
while a substance composed chiefly of nucleated cells fills up the intrafollicular
gpaces, in which the bloodvessels are contained. The object of this increased
development seems to be the production of nutritive materials for the ovum ;
for the cavity of the uterus shortly becomes filled with secreted fluid, consisting
almost entirely of nucleated cellz, in which the villi of the chorion are embedded.
.« . “After impregnation, the glands of those parts of the mucous mem-
brane which come into immediate relation with the ova greatly enlarge ; while
the extremity of each eompound gland, just before it opens on the surface of the
uterns, dilates into a pouch or cell, filled with whitish secretion, within which
is received a process of the chorion.”—Kirkes's Physiolagy, 3d ed., 1856.
~ # ¥ 0On the Gravid Uterns, and on the Arrangement of the Feetal Membranes
m the Cetacea (Urea gladiutor).”— Trans, Roy. Soc., Edin., 1871, pp. 501, 502,
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According to Goodsir, as has been explained, “ the external
cells of the feetal placental villi perform, during intra-uterine
existence, a function for which is substituted in extra-uterine
life the digestive action of the gastro-intestinal mucous membrane.
The internal cells of the feetal placental villi perform during intra-
uterine existence a function for which is substituted in extra-
uterine life the action of the absorbing chyle-cells of the intestinal
villi. The placenta, therefore, not only performs, as has been al-
ways admitted, the funection of a lung, but also the function of an
intestinal tube.” ! Dr John Reid, as has been pointed out, believed
that the uterine capillary vessels expanded to such an extent that
they invested the feetal capillary tufts (Fig. 63, ), the feetal villi
being bathed by the blood of the mother much in the same way that
the gills of aquatic reptiles are bathed by water. The placenta,
Dr Reid observes?® is, therefore, not analogous in structure to the
lungs, but to the branchial apparatus of certain aquatic animals®
If the views suggested in the text, and illustrated by Fig. 57 B,
and Fig. 77, be adopted, the opinions of Goodsir, Reid, Ecker,
Ercolani, Turner, and others, may readily be reconciled, as the
utricular glands secrete a fluid which assists in nourishing the
fretus, while it at the same time acts as an osmotic medium. The
membranes and cells found on the surfaces of the maternal and
feetal portions of the placenta secrete, by a double process, from the
capillaries (maternal and feetal), which they cover, the substances
necessary to the wellbeing alike of parent and child,—the placental
membranes and utricular glands working together. The placental
membranes and cells, as I have shown, enclose a space to whieh,
from the fact of the glands pouring their secretion into it, I desig-
nate the utricular space. The space in question contains the

1 Anatomical and Pathological Observations, by John Goodsir, Esq., F.R.8.E.,
etc.; Edin., 1845, p. 63.

3 & Physiological, Pathological, and Anatomieal Researches, by Dr John
Reid, 1848, p. 327. Reid’s paper “On the Bloodvessels of the Mother and
Feetus (Human) ” originally appeared in the Edin. Med. and Surg, Journal (No.
146) for January 15841.

# 1If this analogy be admitted, the following difference is to be noted :—The
branchiz of the aguatic reptile are in the immediate vicinity of the heart,
whereas the placenta is widely removed, not only from the heart, but even the
body of the fretus.  In this sense the placenta is outside and beyond the feetus ;
hence the neeessity for that remarkable system of eanals which go to form the
umbilical cord. This cord might be of any length, it being a mere tunnel to
enable the circulation of the feetus and mother to reciprocate.  Similar remarks
may be made reganling the principal arteries and veins of all the higher animals.
The really effective eirenlation oceurs within the capillavies and tissues, and the
large vessels stand in the same relation to the heart as agueducts to their re-
gervoirs.  The longest vessels of all are to be found in trees. The umbilical
cord consists of two arteries and one vein 3 bat it i3 not to be inferred from this
that the arteries and their radicles contain arterial blood, and the vein and its
radicles venous blood.  On the contrary, the vein contains arterial blood, and
the arteries mixed blood.
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utricular secretion or cotyledonous milk. To this eotyledonous
fluid I am disposed to attach considerable importance, as it is one
of the sources from which the fietus derives its nonrishment in the
early months of pregnancy, before its bloodvessels are formed, and
the medium through which the blood of the mother operates on the
blood of the foetus ; and the converse, when the maternal and foetal
villi are fully developed. In short, I regard the utricular space,
with its glandular secretion, as performing at once the office of a
stomach, a lung, and an osmotic medinvm.

The capillary bloodvessels of the mother and feetus are entirely
distinet, and separated, as has been stated, by two membranes
and two sets of cells. Here we have the conditions necessary for
a vigorous osmotie action. DBoth sets of vessels contain blood, but,
as the blood of the mother and feetus are very similarly constituted,
they can only act upon each other when a third and thicker fluid
is present, on the prineiple “ex nihifo nihel fit.” This thicker fluid
the utricular glands supply. It 1s the thinner portions of the
maternal and feetal blood which flow out of the vessels by a pro-
ecess of endosmose into the utricular space, where they commingle ;
part of the mixed fluid returning by a process of exosmose to the
vessels alike of the mother and fietus. By this means a free inter-
change of nutritious and effete matters is permitted, the mother and
fretus participating equally. This would aceount for the influence
exerted by the mother on the feetus, and the converse; the fretus,
as is well known, altering the constitution of the mother, and affect-
ing even her future pl:ﬂgeny.l The feetal and maternal vessels
abut against each other in every conceivable position, and as they
are only separated from one another by an osmotiec medium and
certain membranes and cells, the maternal and feetal blood yield up
their peculiar ingredients to each other,—gases, especially when in
a state of solution, like fluids, readily passing through certain
membranes. The blood of the feetus, there is reason to believe,
is by this means nearly as well aerated as the blood of the mother.

In a previous lecture, I deseribed at length the peculiarities of
the feetal circulation. On that oceasion, I showed you that two
kinds of forces are employed, viz., the visible and invisible,—the
visible forces carrying on the ecirculation within the hody of the
fetus, the invisible forces carrying on the cireulation within the’
placenta, In the present and subsequent lectures, I will occupy
myself solely with the visible forces, and with the machinery, if I
may so phrase it, in which the visible forces manifest themselves,
viz, the heart, bloodvessels, nerves, etc. A consideration of the
visible forces necessarily involves details ; but I shall strive to put

! When a white mother bears a child to a black father, the future offspring,
even if begotten by a white father, is, as a rule, coloured.  John Hunter relates
a curious case of an English mare, covered by a quagga horse. The offsprin
displayed the quagga stripes, and these stripes reappeared in the future progeny
of the mare when put to English horses.
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them in such a way as not to prove irksome. Hitherto we have
been dealing with the machinery of the cireulation as a whole, now
it behoves us to become acquainted with the different parts of that
machinery. In describing the several structures employed, I must
ask your forbearance if at times I repeat myself. I only do so be-
cause nature repeats herself, and because, in dealing with the
highest form of the cireulation as it exists in the bird and mammal,
I am necessarily dealing with essentially the same materials and
forces employed in the lowest. It is this circumstance which makes
the comparative anatomy and physiology of the cirenlation labori-
ous and long; but the same circumstance, it appears to me, imparts
to the circulation, as it exists in ourselves, its chief interest.

In my remarks on the feetal circulation, I directed your attention
to the fact, that the cavities of the heart of the feetus open into each
other, —_the two auricles communicating directly by the foramen
ovale, the two ventricles indirectly by a canal extending between
their great vessels, viz., the ductus arteriosus. On a previous occasion,
I showed you that a somewhat similar arrangement obtains in the
reptile, where the two auricles open into a single ventricle,—this
ventricle, in certain ecases, being partially divided into two by a
rudimentary septum ventriculornm. The ecirenlation in the feetus
and reptile is, from this circumstance, a mixed circulation,—. ¢., the
blood circulated 1s partly arterial and partly venous. The reptﬂes
are cold-blooded animals ; and the foetus might be classed under
this heading also, were it not for the fact that the foetus inherits
the temperature of the mother, and the blood of the parent is vir-
tually that of the offspring. To obtain a warm blood, such as
is found in the bird and mammal, the chambers of the heart
must be walled off from each other, and thus it is that in birds
and mammals the cavities of the right and left halves of the
heart do not intercommunicate. A warm blood is the result
of a complete arterialization, and this can only be effected
where the lungs and breathing apparatus are sufficiently differ-
entiated, -and when a complete pulmonic and systemic heart
are present. I use the term breathing apparatus in its widest
sense, for we know that the tissues respire, and that the blood is
always warmest where its oxidation goes on most vigorously.'
That the differentiation of the heart into four distinet chambers has
something to do with maintaining the blood at a certain tempera-
ture is proved by this, that in morbus cerulens, where the cavities
of the heart communicate abnormally, the temperature of the body
is very considerably reduced. The temperature of the blood bears
a fixed relation to the activity of respiration; the respiratory
power and temperature being highest in birds, then in mammals,

1 Sir Benjamin Brodie, in the Croonian Lecture for 1810, and in the Philo-
gophical Transactions for 1812, cited experiments to show that the maintenance

of animal temperature is directly or indirectly under the influence of the nervous
system,

LY
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then in reptiles and fishes, and, lastly, in the invertebrata! My
Newport has pointed out the very interesting fact, that the larvie
of insects with small respiring organs have a lower temperature
than the perfect insect ; and that the flying insects, because of their
possessing a larger respiratory apparatus, have a higher tempera-
ture than the non-volant ones. During sleep and hibernation,
the respiration and temperature decrease.

Distribution of the Great Vessels in Reptiles, Bivds, and Mammals.
—1 have alluded to the general distribution of the vessels proceed-
ing from the ventricle or ventricles, as the case may be, of the
reptile, and it is important that I should direct your attention
to their arrangement in the heart of the bird, and to the construc-
tion of the descending aorta, as this forms one of the connecting
links between the eirculation of birds and reptiles, on the one
hand ; and birds and mammals on the other. The aorta of birds is
very short, and divides into three principal branches almost hefore
it leaves the left ventricle. (Fig. 81, a, b, ¢) The aorta of birds
arches in the direction of the right bronchus; whereas, in mam-
mals, it arches towards the left bronchus. (Compare b of Fig,
81, with =« of Fig. 82) Of the three branches of the aorta in
birds, one arches towards the right axilla, and the other to the left,
these being analogous to the single arteria innominata of man, the
birds having virtually two innominates. The pulmonary artery
of birds divides into two branches as in the mammal, one going to
the right lung, the other to the left. (Fig. 81, o ; compare with »
of Fig. 82)) :
Fia. 41. Fig. 82,

Fic. Bl.—Anterior aspeet of turkey’s heart, showing great vessels, with right and left ven-
tricles opened to show auriculo-ventricular valves. a, Aorta arching to rightside and divid-
ing into three brauches, two of which () go to right side, and one (¢) to left side. 4, Pulmonary
artery dividing into two, and sending & branch to right and left lungs. i, Museular or fleshy
valve which occludes right auwricnlo-ventricular orifiee. 7, Museulus papillaris of fleshy
valve (compare with gi. e, Portion of septum to which valve is applied when closed. 7, Left
ventricle. v, Tendinous valve which occludes left asriculo-ventricular orifice. g, Musculus
paplillu.:ris with clmrcla.r_tun_rlhwa_- attached to tendinous valve.—Original,

Fia. 52 shows the distribution of the great vessels at the base of the human heart. Seen
anteriorly. Contrait with Fig.81. w. Aorta giving off innominate, left carotid, and left sob-
clavian arteries. m, Descending aorta. v, Pulmonary artery dividing and giving branches
to right | p7) and left { p) lungs. &, Trachea bifureating and dividing in right { 57 and Left ()
lungs. g, Descending cava. o, Ascending cava. s, Right auricle. g, Right ventricle,
f, Left anricle. r, Left ventricle.

! In birds, according to Tiedemann and Rudolphi, the average temperature
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In all reptiles the descending aorta is formed by the union of two
and left aortic branches.  The right corresponds
with the systemic aorta of birds, and arises from the left ventricular
compar tment. The left arch Ie.uh generally from the right ventrieular
eavity into the descending aorta, .m:l joins the 1*1rrht arch towards
the back. The number and distribution of the uvreat vessels pro-
ceeding from the lieart hecome fewer and less Glmllﬂlmtcll in the
mammal. Here the great vessels are reduced to two; the aorta pro-
ceeding from the left ventricle, and giving off’ the 1111101:1111&1;& left
cm-umi, and left subelavian arteries, “hml] in conjunction with the
descending aorta and branches, convey arterial blood to all parts
of the sy -atem, and the pulmonary artery, avising from the right
ventricle, which sends Dlood exclusively to the lunga Although
the great vessels of the mammalian and human heart are 1'ed11ned
to twn, it is worthy of remark, that the tendeney to an arched or
branchial arrangement distinetly recurs. Thus, the aorta and pul-
monary artery are plaited upon each other, the aorta arching from
right to left ; the pulmonary artery suhdnuhucr and arching Equall:,r
to right and left (Fig. 82).

In birds and 1ept11va there are two superior cavee, a sumla,r
number being found in the mammalia which approach nearest
to the oviparous vertebrata, as the monotremata and marsupiata,
and in some of the rodentia, as, for example, the porcupine.
The heart of the bird, like that of the mammal, consists of four
distinet cavities, the cavities being separated from each other by
valves and muscular partitions: the former occurring in the auri-
culo-ventricular orifices, and isolating the right and left auricles
from the right and left ventricles; the latter separating the rvight
auricle from the left auricle, and the right ventricle from the left
ventricle. The right auricle of the bird is comparatively very
large, and the right ventricle highly differentiated, it being sup-
plied with a wonderfully perfect muscular valve (Fig. 81, 4), which
takes the place of the tricuspid valve in mammals (Fig. 84, f).
The elaboration of the right heart of the bird is, no doubt, connected
with its very perfect ;m:l very extensive respiration.

Valves in the Heavt of the Bird.—The system of valves in the
heart of the bird is very complicated and wvery complete. The
inferior cava is guarded at its orifice by a semilunar valvular fold,
analogous to that of the coronar v vein of man, the fold in question
separating it from the orifice of the left superior cava. The orifices
of the inferior and left superior cavie are further protected by the

is 107°; the temperature in I]m linnet rising to 111-25° In mmumalm the
average tempu ature is 101°; in the lmt v wpuh'[m pipestrella), 106° ; in the
narwhal, 96°.  In veptiles it is 82'5°% when the surrounding medium is 75°
In fish (Hu: tunny tribe rﬂ:wlth «l) amd in the invertebrata, it is the same as the
medinm in which they live. The mammalia and birds, as My Hunter ascer-
tained, have a certain {rurnmncnt heat in all atmospheres, while the : temperature
of the others is variable with ever y atmosphere.
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large valves which guard the mouth of the coronary sinus. “In
the emu, a strong oblique, semilunar muscular fold commences by
a band of muscular fibres running along the upper part of the
auricle, and, expanding into a valvular form, extends along the
posterior and left side of the sinus, terminating at the lower part of
the fossa ovalis. A second semilunar muscular valve of equal size
extends parallel with the preceding along the anterior border of the
orifice of the sinus, its lower extremity being fixed to the smooth
floor of the auricle, its upper extremity being continued into a
strong muscular column running parallel to the one first mentioned
across the upper and anterior part of the auricle, and giving off from
its sides the greater part of the musculi pectinati.”?

The other valves of the bird’s heart—viz., the aortie, pulmonie,
and mitral (Fig. 81, ¥)—closely resemble those of the mammal, a
description of which will be given further on. The aortic and
pulmonie valves of the bird consist of three semilunar cusps or
seements—the valves which oceupy a similar position in the -
reptiles having only two cusps. The remarkable feature in the
valves of the heart of the bird consists in the amount of muscular
fibres mixed up with them, some being partly, and others wholly,
muscular. The arrangement of the muscular fibres in the heart of
the bird closely resembles that in the heart of the mammal, to be
described subsequently.

Lespivation and Cireulation in Birds—The differentiation per-
eeptible in the cardiac valves of the bird is necessitated by the highly
developed condition of the lungs, the lungs being more capacious
than in any other class. The increased capacity of the lungs becomes
a sine qua non when it is remembered that birds require to make
great exertions in launching themselves into the air from a level
surface, and also in diving. A bird exerts its greatest power in
rising. When fairly launched in space, the weight of its body acts
upon the twisted inclined planes formed by the wings, and does
the prineipal part of the work:> The air cells and spaces in birds
extend in many cases to every part of the body, not excepting the
bones® and muscles; and a bird can respire for a short time after
the trachea is closed if the humerus be perforated. The great air-
sacs in connexion with the lungs of birds, as T have ascertained
from artificial injections, have arteries and veins in considerable
numbers ramifying on their surface, the arterial and venous blood
contained in the vessels being equally exposed to the influence of

! Comparative Anatomy and Physiology of Vertebrates, by Professor
Owen.

? #0On the Mechanteal Appliances by which Flight is attained in the Animal
Kingdom,” by the-Author.—Trans. Linn. Soc., vol. xxvi. * On the Physiology
of Wings,” by the Author.—Trans. Roy. Soc. Edin., vol. xxvi.

3 ¢“In the gannet and pelican, the air enters all the bones, with the exception
of the phalanges of the toes, and in the hornbill even these are permeated by
air."—CUomp. Anaf. and Phy. of Vertebrales, by Professor Owen, vol. ii. p.
214. ;

(-]
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the air contained in the air-sacs. The air-sacs, which are ap-
parently mere appendages of the lungs, are in reality the harbingers
and types of all lungs. They closely resemble, in their rudi-
mentary form, the hollow viscera of wvertebrates!. The fish
has its swimming bladder—a closed sae containing air instead
of urine, but which, like the urinary bladder, can open and
close.  “In the water-newt, the lungs consist of a pair of elongated
sacs, without any internal laminze or folds. In the frogs, these
membranous sacs present ridges on their inner surface, especially
at the upper part ; and in the lungs of the turtle and erocodile, these
ridges increase in number and in size, and form partitions dividing
the interior of the lungs into numerous cells communicating with
each other.” The differentiation is carried still further in the bird
and mammal ; and there are grounds for believing that these, like
the more simple air-bladder of the fish, have the power of opening
and eclosing within certain limits.

The Air-sacs of Birds, ete.—The air-sacs of birds have nothing
whatever to do with flight, as they are tound in birds which do not
fly, and flight can be performed by the bat in their absence. Sappey
enumerates as many as fifteen air-sacs. They open the one into the
other, and as they have a peristaltic action, eurrents of air are con-
tinually passed throughout the entire substance of the body, very
much as in the trache= of insects and in the older vascular bundles of
plants. The peristaltic movements of the air-sacs of birds show the
intimate relation existing between the lungs and the heart; the
one circulating air, the other blood. The air-sacs of birds were
deseribed by John Hunter as early as 1774, Somewhat analogous.
membranous expansions are found in connexion with the lungs
of serpents—the python, for example; so that the lungs of birds,
which represent the highest development of pulmonary orgams,
have certain affinities with the lungs of reptiles, which are not
differentiated to anything like the same extent.

The only peculiarities in the eireulation of birds to which allu-
sion i3 necessary are to be found in a modification of the portal
circulation and the possession of a distinct renal circulation. The
veins of birds anastomose very freely. One of these anastomosing
branches extends between the united caudal, hemorrheidal, and

! % TIn all the air-breathing vertebrata the respiratory membrane is formed by
a pt'c}lull]f{atil}:ll of the internal tegumentary or mucous membrane from the upper
part of the digestive tube; and this also holds true in the aguatic vertebrata or
the fishes. When the expanded respiratory membrane is placed at some distance
from that portion of the mucous membrane of the digestive tube with which it
is continuous, as is especially the case in mammalia and birds, this mucons
membrane is prolonzed to the part where its expansion oceurs, in the form of a
tube, strengthened on the outer surface by elastic textures, to enable it to with-
stand the atmospheric pressure. Along this tube (trachea) and its branches
(bronchi and bronchial tubes) the air passes to and from the proper respiratory
membrane on the inner surface of the lungs."—Cye. of Anat. and Phys.,
“ Arterial Respiration,” vol. iv. p. 331.
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iliac veins to the vena portee, so that the blood from the viscera
and posterior part of the body flows either into the vena porta
or vena cava inferior. The renal cireulation of birds was dis-
covered by Professor Jacobson. It is venous in character ;
branches of the inferior cava proceeding to the interior of the
kidneys.! Other investigators have found what virtually amounts
to a renal eireulation in reptiles and fishes. :
Circulation in the Mammal—What has been said of the heart
of the bird applies, with sligcht moedifications, to the heart of the
mammal, This, too, consists of four distinet cavities—two
auricles and two ventricles; the auricles and wventricles in the
adult being separated from each other by valves and by muscular
partitions or septa. In virtue of this arrangement, the heart of
the mammal 1s often spoken of, as consisting of a right or pul-
monic heart, composed of the right auricle and ventricle; and a
left or systemic heart, composed of the left auricle and ventricle,
The terms pulmonic and systemic have been employed, becanse the
richt heart receives the venous blood from the system and forces
it into the lungs; the left heart receiving the arterial blood from
the lungs and forcing it into the system. This arrangement pro-
vides for what may be regarded a distinet venous eirenlation, and
a distinet arterial circulation ; the two kinds of blood, viz, the
arterial and the wvenous, being no longer mixed either in the
vessels or in the heart (Fig. 82),
In the dugong, the systemic and Fig. 83.
pulmonic hearts are very distinct— '
the right and left ventricles being
widely separated from each other at
their apices, and only joined towards
their bases, as shown at Fig. 83,
This virtually divides the organ into
a left or systemic, and a richt or
pulmonic heart. The auricles of the
heart of the dugong are of equal size,
and the ventricles closely resemble
each other in their general configur- 1., gy geart of dugong seen an-
ation. The heart of the whales and teriorly: shows bifid apex. s, Right auricle.
. 4, Right ventricle. ¢ Left anricle. r, Left
dolphins more closely resembles that ventricle. w, Aorta giving off innominates,
of the other mammals. The arteries . Puimmars rtes i srtories
of the whale, as John Hunter pointed fﬁi{ﬁ;L:ﬁ'.:;:‘:‘,"ir'.?al-f;f'&uﬁ?nmm
out, are remarkable for their tortu-
osity and conveluted arrangement. Vast plexuses of tortuous
vessels are' found under the pleura, and between the ribs and
their muscles on each side of the spine. Similar plexuses surround
the medulla spinalis, more especially where it comes out from the

! I have had opportunities of injecting the kidneys of birds, and the degree
of vascularity is in some cases quite remarkable.
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brain. In the porpoise, the veins, which are for the most
part devoid of valves, display a similar tortuosity, particularly
on either side of the spine below the kidneys, When arti-
ficially injected, the venous plexuses present a very unusual appear-
ance! Hunter was of opinion that the cetacea contain more
blood in proportion to their size than other mammals; and
the vast arterial and wvenous expansions referred to certainly
favour this view. He thought the expansions had something
to do with the habits of the animals—the cetacea remaining
submerged for long intervals, and devoting very short periods
to braathmfr and aemtuur their blood. He thought, in fact,
that the plexuses acted as reservoirs for oxy genatﬁcl blood, and
prevented asphyxia when the animals dived. This may form a
partial, but is not the whole explanation; as I have succeeded in
injecting similar arterial and venous plexuses in the arms and legs
of the sloth ; the arms, legs, and tail of the spider-monkey ; and
the testicles of the ram—sw here, of course, no such aggregation of
oxygenated blood is required.®* Sir Charles Bell believed that the
plexuses and increased vascular supply were necessary to parts
performing a large amount of work, or undergoing strain; such
parts requiring a more liberal au]ﬁ}ﬂy of nutritive material. The
tortuosity of the vessels quite explains the absence of wvalves
in the veins; the plexuses of veins in the porpoise resembling
varicose veins in ourselves, where the wvalves are diseased
or broken down. The circulation in the cetacea is especially
remarkable for its magnitude. The enthusiastic and justly-
renowned Hunter immd in the circulation of the cetacea a sub-
ject worthy of his scalpel. He says—“In our examination of
particular parts, the size of which is generally regulated by that
of the whole animal, if we have only been accustomed to see
them in those which are small or middle-sized, we behold them
with astonishment in animals so far exceeding the common bulk
as the whale. Thus, the heart and aorta of the spermaceti whale
appeared to be prodigious, being too large to be contained in a
wide tub, the aorta measuring a foot in diameter. When we
consider these as applied to the circulation, and ficure to our-
selves that probably 10 or 15 gallons of blood are thrown out at
one stroke, and moved with an immense velocity through a tube
of a foot diameter, the whole idea fills the mind with wonder.”®
In order, as it were, to make the differentiation between the
systemic and pulmonic circulation more obvious, the systemie
circulation is carried on within vessels termed arteries, and the
venous circulation within vessels termed veins; these being

1 In illustration, see specimens prepared by the author, deposited in the
Muszeum of the Rn}ra] College of Surgeons, London.

? These preparations are « epuutwl in the Hunterian Muszenm of the Royal
College of Surgeons of London, where they may be consulted.

5 Phil. Trans. 1787, P 415.
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separated from each other at the periphery of the body and the
organs thereof, by minute plexuses of vessels, which, from their small
size, are denominated capillaries; and at the heart by muscular
and valvular septa. The arteries begin at the heart and terminate
at the capillaries ; the veins begin at the capillaries and terminate
at the heart. Between and around the capillaries, a very minute
system of vessels, the hyper-vaseular canals, are found. The
arteries break up, branch, or bifurcate, and become smaller and
smaller as they proceed from the heart; the veins, on the other
hand, converge and unite, and become larger as they near the heart.

The arterial and venous systems may not inaptly be compared
to a cone, the apex of which is directed towards the heart; or
to a tree, which bhifurcates near its roots, and whose stem and
spreading branches represent the arterial and venous vessels lying
side by side. The arterial system is in some respects the con-
verse of the venous. The arteries have thick walls, are elastic in
the direction of their length and breadth, and, if the aortic semi-
lunar valve be excepted, are not furnished with valves. They
are also comparatively narrow. The veins have thin walls, are
less elastic than the arteries, and are provided with numerous
valves, which may consist of from one to four or more secments.
The veins are, comparatively speaking, very wide. The presence
of valves in the veins and other structures is to ensure that the
cirenlating fluid will always proceed in one direction, They are the
sluices or floodgates which are thrown open by the advancing tide,
but which are closed the instant it attempts to retrogress or recede.!

With the peculiarities of the eirculation in the mammal, most of
yvou are familiar. I will, however, take the liberty of briefly
adducing the leading facts connected with it, as an enumeration of
these will enable me to introduce some new matter which may
prove interesting.

Auricles, Ventricles, Valves, Septa, cte., of Mammalicn Hearf—
The mammalian heart (of which the human may be taken as an
example) is a conical-shaped, hollow, muscular mass, slichtly
twisted upon itself, particularly at the apex?® Tt is divided into
four distinet compartments—a right auricle and a right ventricle,

! “In man the valves are very numerous in the veins of the extremities, espe-
cially the lower ones, these vessels having to conduct the blood against the force
of gravity. They are absent in the very small veins, also in the ven® cava, the
hepatic vein, portal vein and its branches, the renal, uterine, and ovarian veins.
A few valves are found in the spermatic veins, and one also at their point of
junction with the renal vein and inferior cava in both sexes. The cerebral and
spinal veins. the veins of the cancellated tissue of bone, the pulmonary veins,
and the umbilical vein and its branches, are alzo destitute of valves. They are
occasionally found, few in number, in the ven® azygos and intercostal veins,"—
Anatomy, Descriptive and Swrgical, by Henry Gray, Esq., F.R.S,, ete., p. 401.

2 In mammalian hearts, the apex is slightly notched, the notch varying in
different animals. In the dugong it is so deep as to separate the right and left
ventricles throughout half their extent. The notch in question forms the
boundary between the apices of the right and left ventricles. (Fig. 83.)
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and a left auricle and a left ventricle. The right auricle is separated
from the left auricle by a muscular partition, a similar partition
running between the right and left ventricles. The right and left
auricles are separated from the right and left ventricles by valvular
septa (the mitral and tricuspid valves), which, when the heart
opens and closes, rise and fall like diaphragms. (Fig. 84, f;
Fig. 85, m, 1, n.) The cavities of the heart are of nearly the
same size, the walls of the right auricle being so thin in parts
as to be nearly transparent. Those of the left auricle are a little
thicker. The walls of the right ventricle are about twice the
thickness of those of the right auricle; while those of the left
ventricle and septum are nearly twice as thick as those of the right
ventricle. The thickness of the walls of the auricles and ventricles
is in exact proportion to the work to be performed by them—
the left ventricle having a greater amount of work to do than
the richt ventricle, and the left auricle than the right. This is
proved by the fact that in the feetus, where there is no distinet
]m]umult' and systemic circulation, the walls of the ventricles, until
Lllllt-L towards the full term, are of nearly the same thickness.
It is also proved by hypertrophy of the 111*]11; ventricle in cases
of disease of the lungs, which, obstructing tlnfj, passage of the blood
through the pulmonic vessels, necessitates an inecrease of power
in the propelling organ. In order to understand the course pur-
sued by the blood in the right or pulmonic and the left or sys-
temic heart of the mammal, it is necessary to be familiar with its
entrances and exits,

Right Heart of Mammal—The blood enters the right auricle by
two prineipal openings,—the one communicating with the superior
cava, throngh which 1t receives the venous blood from the head
and upper extremities ; the other communicating with the inferior
cava, through which it receives the venous blood from the trunk
and lower extremities (Fig. 84, «, #). These openings are not
provided with valves, so that the reflux of the blood when the
right auricle closes is prevented in part by atmospheric pressure,
by the closing of the valves of the large veins of the upper ex-
tremities and neck, and in part by the “closure of the cavie them-
selves, which are supplu,d with muscular fibres for this purpose.
In addition to the openings of the superior and inferior eavee, there
are those of the coronary sinus and foramina Thebesii, through which
the venous blood of the heart itself finds its way into the right au-
ricle. These constitute the entrances into the right auricle. There
is only one exit. The venous blood passes from the right auricle
into the right ventricle by the right auriculo-ventricular orifice,
which is gnarded by the tricuspid valve (f). Once in the right
ventricle, “the blood is expelled through the funnel-shaped canal
known as the infundibulum or conus arteriosus into the pulmonary
artery (d), the orifice of which is guarded by the pulmonic semi-
lunar valve (A). It thence finds its way into the lungs, where it
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is arterialized ; and there we leave it for the present. The right
auricle and ventricle form a through route for the venous blood,
this being collected in the right auricle, which, when 1t closes,
forces it into the right ventricle, the right ventricle in turn
foreing it into the 11:mtrs (Fide arrows of I*]rr 84.)

The Blood urged on by a Ii—'ﬂ-cr,e:-;lfmrw.aw-ut; Heart and  Vessels
Open and Close in Parts—The blood is projected by a progressive
wave-movement, which begins in the cavie and extends to the
right auricle, and thence to the right ventricle ; the right auricle
opening as the cave close, and “the right vEutucIe npmunﬂ as
the auricle closes. The blood is thus forced on by a vis a tergo,
aided by a sucking or vis a fronfe, movement. The vis a fergo
or closing movement acts in conjunction with the elasticity of the
vessels ; the vis @ fronte or sucking movement in conjunction with
atmospheric pressure and the demand set up by the tissues for
nourishment. If the different parts of the heart have the power
of expelling their contents, they should, ceferis paribus, have the
power of opening to receive a new supply. Dr Carson believed
that the different parts of the heart relaxed after being con-
tracted ; the relaxation being favoured by the distribution of the
musecular fibres, by the elasticity of the lungs, and by a diminution
of atmospheric pressure on the oufer or convex: surface of the heart,
the pressure of blood on the great veins which conduct to the
organ, and which act on its dnner or concave surface, being in-
creased. In other words, he was of opinion that the relation -
between the lungs, pleura, heart, and pericardium was such, that
the different parts of the organ were opened in a great measure
mechanically by a simultaneous withdrawal and inerease of atmos-
pherie pressure on its outer and inner surfaces! While agreeing
with Dr Carson that the heart exerts a pulling and pushing power,
I differ from him as to the modus operandi. In short, 1 attribute
the opening and closing powers possessed by the different parts
of the heart to an inherent vitality. That the movements in
question are not due to a rhythmie pressure exerted outside and
inside the organ is obvious from this, that the heart acts when it
is eut out of the body and deprived of blood, the atmospheric
pressure on its outer and inner surfaces being equal. That the
heart regulates its movements irrespective of atmospheric pres-
sure is further apparent from the fact that its different parts
move at different times—the hearts of some of the lower animals,
by the mere vermicular movements of their walls, transmitting
two kinds of blood through a single chamber. Thus, Goodsir?®
observed that there is a slight asynchmm&m between the movements
of the richt and left aurieles in the heart of the lizard? and that

' An Enquiry into the Causes of the Motion of the Blood, by James
Carson, M.D., 15815.

- J!matomlcal Memairs, vol. 1. p. 443.

3 Similar asynchronism was nhsen'ed in the auricles of the turtle and frog.
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the contraction of the ventricle begins at its right side, in the
neighbourhood of the pulmonary artery, and terminates at the left
or arterial sinus of the ventricle. Briicke, in his memoir in the
Vienna Transactions, has, curiously enough, described a ventricular
arrangement by which venous blood only, passes into the pul-
monary artery in reptiles; the ventricle beginning to contract on
the right side, and afterwards on the left.

Many are of opinion that the eclosing of the auriele produces
the opening of the ventricle, the closing of the ventricle in turn
dilating the auricle. This would be a mere waste of power; and,
besides, unless the ventricle opened spontaneously, the blood from
the auricle, which is the distending medium, would be denied
admission. The ventricle when it closes becomes a solid mass, to
which no fluid, however great the pressure exerted by it, can gain
access ' (Fig. 93, 5). Nor must it be overlooked, that occasionally,
when the heart is acting slowly, the ventricle opens before the
auricle closes, and the converse. Furthermore, the several parts of
the heart open and close when cut out of the body and deprived of
blood. There is, therefore, no sufficient ground for believing that
the opening of the ventricle is due to the closing of the auricle,
and viee verse. On the contrary, observation and experiment tend
to prove that the different compartments of the heart open and
close spontaneously by wvital and independent acts. The proba-
bilities are, that there is no such thing as a violent closing of one
part of the eirculatory apparatus producing a violent opening of
another part.* That the different parts of the heart and wvessels

1 In discharging my duties as Pathologist to the Royal Infirmary of Edin-
burgh, 1 oceasionally open hearts, the ventricular cavities of which are quite
obliterated. The extent of centripetal or elosing power possessed by the h
viscera is very remarkable. I have at present in my possession a human
stomach, the calibre of the body of which i1s not greater than that of the small
intestine. The patient died of starvation, induced by cancer of the esophagus.

* Dr Hogean, in a recent number of the Edinburgh Medical Journal [gut{’:
1872), states his belief that the heart dilates or expands in virtue of the blood
forced into its parietes at eacli systole. This doctrine is, I believe, founded in
error. The heart in the embryo pulsates while yet it is a solid mass of
nucleated cells—i.e., before it is supplied with bloodvessels and before cavities
are formed in it. In the adult, it pulsates after it is removed from the body,
its cavities, which contain the blood, and which, according to Dr Hoggan,
indirectly force it into its ventricular walls, being laid open. The pre-
sence of blood is, moreover, not necessary to rhythmic movements, as plants
and the lower orders of animals, which are devoid of blood, exhibit them.
Dr Hoggan's theory is not more satisfactory when applied to the lungs. If the
Iungs are expanded by the forcing of blood into their t::lg}illury vessels, then the
lungs of the feetus should be expanded, as their vessels are pervious, and the
feetal heart acts vigorously.  Again, in the case of the adult lung, collapsed from
fluid or air pressure exerted from without (the carnified lung of pathologists),
the heart acts normally, but fails to arrest the mischief. If a lung be

rived of its residual air, it is impossible to inject it. In conclusion, if the
lood in the vessels and capillaries U]E the lungs and heart caused their expansion,
it is evident that this fluid, which is constant in amount in both, would prevent
their contraction and destroy their thythmic movements—that is to say, would
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are endowed with the power of opening and closing is in great
measure proved by this, that in the lower animals, where there are
no hearts, the vessels pulsate, and carry on the circulation by
themselves. Similar pulsating vessels, as has been already ex-
plained, are found when hearts are present; as in the mesenteric
vessels of the frog, the veins of the bat’s wing, the candal vessels
of the tail of the eel, the saphenous veins of the rabbit; and the
chances are, that the vessels generally perform an important part
in the visible circulation of vertebrates! The caudal vessels of
the eel display a sacculation which may be regarded as a venous
heart. The power of the vessels to open and close in parts,
decreases as the elastic properties of the vessels increase. The
mferior vena cava, the renal, azygos, and external 1hac veins,
and the large trunks of the portal venous system and hepatic
veins, as Dr Gray has shown, contain longitudinal and eircular
non-striated muscular fibres, so that they have a structure re-
sembling that of the intestine, the power of which to transmit
solid, semi-sohid, or fluid contents 1s well known. In addition, the
inferior cava and the pulmonary artery and aorta at their origins
are abundantly supplied with nerves—an arrangement which assi-
milates the great vessels situated at the root of the heart to the
bulbus arteriosus of fishes, which, as has been shown, 15 endowed
with rhythmic power. The vessels aid the circulation indirectly
by their elasticity and resiliency. By receiving and storing up
part of the impulse communicated to the blood by the heart at
each systole, and by expending the power thus imparted gradually
between the pulsations, they tend to equalize the current, and give
continuity of movement. That the calibre of the great vessels
inereases when the ventricles elose, is proved by placing a ring
of metal, with. a slit in it, round the carotid of the horse or
other large animal. The slit is widened during the systole, and
diminished during the diastole.

If rizid vessels were compatible with the movements of animals,
they would be preferable to elastic ones for carrying on the eircu-
lation, as, in this case, the heart would merely require to force
on the blood, without having to dilate the vessels. If, even with
our 1mperfect knowledge of mechanics, we were asked to transmit
fluid from one point to another, we would never dream of employ-
ing an elastic tube (a tube which can open and close in parts is
quite another matter). Still less would we think of distending
the elastic tube with the power which should transmit the fluid,
delegating the transmission at second hand to the recoil of an
elastic apparatus. This, I repeat, with our imperfect knowledge

render the alternate inereaze and diminution of the volume of the heart and
lungs impossible. Dr Liehermann of Vienna, who wrote after Dr Hoggan, but
pulﬁ?sh before him, virtually endorses Dr Hogoan's views.
! The small vesselz are largely furnizhed with nerves. They diminish their
calibre on the application of cold, and increase it on the application of heat.
T
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of mechanics, we would not do. Can it be thought, then, that
nature, perfect in every direction, would employ a method to
which we, with our limited knowledge and crude methods,
would uh]i,Lt? The vessels or ducts must of necessity be flexible,
—they form part of a living, moving mass, and must }rleld
to accommodate themselves to the varying postures and shapes
assumed by the organism to which the}' belong. 1t does not, how-
ever, follow from this that they are to be e-ranled as simply elastic
tubes. On the contrary, we know that some of them pulsate—i.e.,
open and close in parts. We know further, that all of them are
supplied with nerves, and many of them with longitudinal and
circular muscular fibres similar to those found in the intestines;
the intestines exhibiting vermicular movements. Nor must it be
forgotten that the presence of nerves and of muscular fibres are
not necessary to the so-called contraction and relaxation of parts.
The heart opens and closes while yet it is a mass of cells (neither
cavities nor blood being present); and the vacuoles or spaces in
many plants open and close with a regular rhythm—the closure
being rapid and the opening slow, as in the different parts of the
heart. Here, of course, neither muscle nor nerves are present. It
is therefore exceedingly improbable that the bloodvessels take no
part in the circulation other than is produced by a mechanical recoil.

If there is any truth in the theory that living structures accom-
modate themselves to the conditions in which they are placed, it
is reasonable to conclude that the vessels of animals, being opened
and allowed to close at brief intervals through innumerable lives
(some of them very protracted), come ultimately to open and close of
themselves, and to act either independently or in conjunction with
the heart. If the vessels were rigid and non-resilient, the blood
would be forced along them by successive jerks, each jerk cor-
responding to the closing or systole of the ventricles.  This is
what actually happens when the heart is acting so feebly that it
fails to distend the wvessels, and evoke their elastic properties.
Under these circumstances, a very distinet venous pulse is felt,
the elasticity which begets a continuous eurrent being inoperative.
The fact that a feeble heart can make its pulsations felt in the
veins, proves that considerably less power would suffice for carrying
on the visible circulation, if the vessels were rigid (they are wvir-
tually so in this non-distended condition). When the heart is
acting normally, the column of blood in the vessels receives during
the systole a smart tap, similar to that which a hammer produces
when made to strike the end of a column of wood or other
rigid material. This follows, because fluids are very slightly com-
pressible, even under high pressures. The incompressibility of
the fluid column of blood accounts for the extreme rapidity with
which the pulsation communicated during the systole travels, the
impulse at the heart and extremities being nearly synchronous.
This rapidity of travel is accounted for by the blood ejected from
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the ventricles displacing that immediately in front of it, this in
turn displacing the blood in front of it, and so on ad @nfinitum,
until the capillaries are reached by the advancing column on the
one hand, and the heart by the receding column on the other.
The transmission of the different portions of blood meted out by
the ventricles, at each systole, may be compared to the water and
debris econtained in the buckets of a dredging-machine, where each
bucket is pursued by every other bucket in a continuous round.
The all hut 111{::1111111'L3a.11rl|, nature of the fluid column of blood in
the vessels, taken in connexion with the fact that the blood is
moved on in relays, enables the heart, as has been stated, to exert
a sucking as well as a propelling power.

Fig. 84. Fig. 85. Fig. 87.

Fra. 8i.—Pulmonic ar right Ellll‘! of homan heart. e, Right anricle. g, Right ventricle.
@, Superior eava. b, Inferior cava. ¢, Aorta, J, Pulmonie artery. &, Begment of semilunar
valve. 4, Sinus of Valsalva. £ Segment of tricospid valve. 5, Musealus papillaris. The
::Tru'n_-. indicate the direction in 'I-\'IILL.-II the blood enters and leaves the right or pulmonic

earg

Fra. 85.—Trienspid valve in action seen from above (human). The segments are folded and
twisted intoea-h other by a screwing wedging motion (vids arrows m, €, n), cccasioned by the
spiral movements of the ventricles and the spiral impulse communicated to the blood con-
tained within the right ventricle.—Original.

Fia. s6.—Semilunar valve of pulmonary artery in action, seen from above (human)s
Shows how, when the valve is closed, the segments ra, #0, o, are folded upon themselves,
and spirally wedged towards the :ﬂ..'{ﬁ. af the vessel -e'md'g nr‘mws} Ta produce a perfect
fll:r:il.tl't-. the margins (a, &) of the segments must fAatten uga.lnbt. gach other, the extent of the
flattening increasing as the pressure exerted by the blood is augmented.— Originel.

FiG. 57 —Diagram showing sectional view of the sinuses of Valsalva (i) in the human
pulmonary artery. Shows also the different positions assumed by the sepments of the
Ellllnmh‘: semilunar valve when at rest and in action. o, Arrow indicating the course taken

¥ the blood on leaving the Aght ventricle. The blood in ita passage pushes aside the
segments ( f) of the valve, until they assume the positions & and e, o, Represents the posi-
tion of the segments when at rest and floating in blood 5 e, thelr position when pushed aside
by the advancing tide; and f, their position when closed. The arrow b indicates the
direction taken by the bl When it retrocedes and cloges the valve; o, base of right
ventricle {infundibuliform portion).— Original.

Valves of Right Heart of Mamimal—To facilitate the ecircu-
lation of the blood through the heart, the valves, sluices, or
gateways of the heart are constructed to open in only one direc-
tion ; thus, the tricuspid valve opens towards the right ventricle
(Fig. 84, f), and the semilunar one (Fig. 84, &) towards the pul-
monary artery ; the blood is consequently compelled to travel from
the richt auricle (Fig. 84, ) to the right ventricle (g), and from
the right ventricle to the pulmonary artery (¢) and lungs. It is
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only when the valves are diseased and incompetent that even a
slight amount of regurgitation is possible, either in the tricuspid
(Fig. 85) or semilunar valve (Fig. 86).

When the blood is being forced from the right ventricle, it is
projected as a thud wedge (the infundibulum is “ed:re—shaped)
The fluid wedge throws the segments of the semilunar valves back
into the sinuses of Valsalva, as opening folding-doors are forced
into recesses formed for their reception (Fig. 87, ¢). This has the
effect of increasing the orifice of the pulmonary artery very con-
siderably. But the recesses or sinuses of Valsalva (Fig. 87, 1)
have yet another funetion. They are large enough always to
contain a certain amount of residual blood, which by ifs mere
weight tends to force the segments towards the axis of the pul-
monary artery, the instant the systole of the right ventricle ceases.
This movement is favoured by the sucking power exerted by the
richt ventricle when it expands (vide arrow b of Fig. 87). The
segments of the semilunar valve, in addition, incline towards the
axis of the vessel when left to themselves (Fig. 87, ). = In virtue
of this mechanical adaptation, the margins of the segments are
forced towards each other by the E].I“’htEE-t reflux ; the reﬂux when
it increases, producing a folding or wedgm# of the segments into
each other, as shown at Fig. 86. The tricuspid valve acts on the
same pr 1111:-11}]:3 (Fig. 85), but has a more complicated funetion to
perform, from its guarding the right auriculo-ventricular orifice,
the size of which varies as the heart opens and closes, and from
the fact that it is geared by a series of tendinous bands, the
chordze tendinez,! to actively-contracting structures, viz., the museuli
papillares (f, 7, of Fig. 84).

The action of the tricuspid valve is therefore vito-mechanieal, while
that of the semilunar is nearly, if not wholly, mechanical. The parts
which correspond to the sinuses of Valsalva in the right ventricle are
the spaces to the outside of each of the segments of the tricuspid.

The blood is forced by the right ventricle into the lungs with
considerable energy. DMuch of the force exerted is, however,
dissipated by the rapid bifurcation of the pulmonary arteries ;
these dividing and subdividing at such short distances as effectually
to slow the current hefore it reaches the delicate capillaries of the
lungs. This is a wise provision, for in cases of hypertrophy of the
rlght. ventricle, it happens not unfrequently that some of the
smaller vessels of the lung are ruptured, and pulmonary apoplexy
induced.®

Safety-valve Action of Tricuspid. —It has been thought by

1 In the substance of the pulmonic semilunar valve, similar bands ave found;
and in certain cases of disease they are dissected out, and greatly resemble the
chordae tendinewm of the tricuspid.  Both valves are evidently formed on the
same type.

* Pulmonary alm lexy is usually associated with disease and constriction of

the mitral valve, the constriction’ obstructing the flow of blood into the left
ventricle, and damming it up in the lungs.
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some,! that, in order to prevent injury to the pulmonary organs, the
tricuspid valve is never exactly competent, and that, when the right
ventricle eloses, the blood, which cannot be foreed into the lungs
without producing mischief, escapes into the right auricle, and thence
into the cavie. I am not disposed to look favourably on this ar-
gument, as it assumes an imperfection in the cireculatory apparatus,
which I do not believe exists. In the fish, where there is no
reason to suspect a regurgitant action, the m]l“s are situated in
close proximity to the hr-'art but no harm acerues from the prox-
imity, although the ventricle and bulbus arteriosus are hoth ex-
ceedingly powerful structures® The walls of the right and left
ventricles of the mammal as has heen already stated, are of the
same thickness in the feetus until quite near the full term. To-
wards the end of the full term and after birth, when the pulmonic
circulation is established, the right ventricular walls thin, while
the left ventricular walls thicken. Here is an accommodating
process, which produces the exaet amount of pressure required for
foreing the blood without danger through the lungs and through
the ‘5}’31;!:111. If the blood which should be forced into the lungs
was allowed to recurgitate into the right aul*mle, and thenee into
the cave, it w mlld tentl to disturb the whole circulation, for any
impediment at one part would necessarily react upon every other
part. We have, moreover, direct proof that the tricuspid valve is
competent. If, eq., I push a rigid tube past the semilunar valve of
the pulmonary artery and fix it firmly in that vessel, and then sink
the right heart in water, I find that, by blowing into the tube, the
secments of the fricuspid are gradually floated up by the water,
approximated, and apposed so perfectly that not a single drop of
fluid is permitted to regurgitate (Fig. 85).

I have repeatedly performed this experiment, and always suc-
cessfully. If regurgitation is a serlous matter in the bicuspid and
semilunar valves, it would be illogical to infer it was harmless in
the tricuspid. The express function of the tricuspid and all other
valves is to prevent regurgitation. Not only is the power of the
right ventricle exactly suited to the requirements of the pulmonic
eirculation, but the pulmonie vessels are provided with that degree
of elasticity and of vital movement, which enables them to recipro-
cate with the utmost nicety. In virtue of this arrangement the
blood arrives at the capillaries of the lungs, and, indeed, of the
entire system, at the speed and in the quantity best suited for each.
The slowing of the current is necessary for the purposes of respira-
tion, nutrition, growth, waste, etc. The slowing of the blood in
the delicate capillaries of the lungs inereases the opportunities
afforded this fluid for taking in oxygen and giving off carbonic
acid and other matters. These mt-erclmn"ﬂs eHthed the blood is

* Mr T. W. King, in Guy’s Hospital Reports for April 1837, No. 4,
* For explanation of the manner in which the ventricle and bulbus arteriosus

of the fish act, see under * Circulation in the Fish.”
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urged on, partly by the closure of the richt ventricle, partly by the
opening of the left auricle, and partly by atmospheric pressure, into
the pulmonary veins, which debouch by four openings into the left
auricle,

Left Heart and Valves of Mammal—As there are no tissues to
be nourished by the blood in the pulmonary veins, it follows that
these can exert no influence in drawing the blood into the left
auricle. This function is performed by the closing of the right ven-
tricle, by the vital expansion of the left auricle, aided by atmospheric
pressure and by the movements of the lungs themselves. Once in
the left auricle, the arterial blood is projected thence, by the closing
of the left auricle, through the left auriculo-ventricular opening into
the left ventricle, which simultaneously expands to receive it. It is
then forced by the closing of the left ventricle through the aorta, and
by means of its branches through the whole system. The course
of the current through the left heart is determined as in the right
by the presence of two sets of valves, viz., the bicuspid or mitral,
and the aortic semilunar valve. These valves resemble the tri-
cuspid and pulmonic semilunar valves just described so closely,
that further allusion to them at this stage is unnecessary.

Clireulation in the Head, Liver, and Erectile Tissues—In mam-
mals the eirculation in the head, liver, and erectile tissues is
worthy of a separate description. The supply of blood to the
brain is comparatively very large.! It is furnished by the two
internal carotid and the two vertebral arteries. These spread out
on the base of the brain to form the circle of Willis, which may he
regarded as a reservoir for providing a recular supply of blood to
the arteries of the organ. The arteries break up into an infinite
number of minute branches in the pia mater, from whence they
betake themselves to the brain-substance. The blood is returned by
numerous small veins to the venous sinuses, which are remarkable
for their great size, and the fact that they are formed on the one
aspect by the tough dura mater, and on the other by the inner
table of the eranium, so that their walls may, in a great measure,
be regarded as incompressible. This led to the belief that the
quantity of blood in the Dbrain is always the same. Dr Kellie
endeavoured to establish this view by experiment. He found
that if an animal was bled to death, the quantity of blood in the
brain remained the same, while the system generally was drained ;
but that if the eranium was perforated, and air admitted to the
brain before the bleeding took place, the brain and system generally
were blanched equally.

1 Dr J. Crichton Browne, in a recent and able article * On Cranial Injuries
and Mental Diseases,” referring to a case where a portion of bone 2 inches by 1
had been removed from the upper part of the right frontal region on account of
injury, states that the cicatrix pulsated visibly, and that the vascular changes
were o rapid and considerable, as to impress him with the idea that the brain

in some respects resembles erectile tissue. (MWest Riding Lunatic Asylum
Medical Reports, vol. ii. pp. 101, 102 ; 1872.)
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Dr Burrows obtained opposite results, so that the question
is still sub judice. The erectile organs are rendered tense by a
determination of blood to the very extensive and complicated
venous plexuses contained in their interior. Professor Killiker
is of opinion that the plexuses during the non-erectile state are
compressed by the habitual contraction of organic muscular
fibres, and that in the erectile state the action of these fibres 1s
suspended by nervous influence, the blood being permitted to dis-
tend the pleuhu mechanically, It is more natural to suppose
that the organic muscular fibres alluded to by Kolliker are not in
a state of habitual eontraction, i.e., constant :amtivit}f, i the non-
erectile state, but resting ; the musecles being active and expanding
during the u*L.LtllL state. It is difficult to understand how a muscle
should be called upon to perform work constantly, when the
same result might be obtained by occasional effort exerted at long
intervals. Instead of regarding the muscle as habitually contracted,
we have only to imagine that it occasionally expands. These
remarks are equally applicable to the class of sphineter muscles,
It seems irrational to invest a muscle with the power of con-
tracting or closing, and to divest it of the power of elongating and
expanding.

The venous blood of the prineipal abdominal viscera passes through
the liver on its way to the heart. The following is the arrange-
ment :—* The blood supplied by the eceliac and mesenteric arteries
to the abdominal viscera is not returned directly to the heart by
their corresponding veins, as occurs in other parts of the body.
The veins of the stomach and intestinal canal, of the spleen, pan-
creas, mesentery, omenta, and gall-bladder, unite together below
the liver into one large vessel, the trunk of the vena purt.ar which
branclies out again and distributes to the liver by its ramifications
the whole of the venous blood coming from the above-mentioned
organs. The blood of the vena por tae, being joined in the minute
branches by that of the hepatic artery, passes into the smallest
ramifications of the hepatic veins, by the principal trunks of which
the venous and arterial blood eireulated through the liver is carried
to the inferior vena cava, and thus reaches at last the right side of
the heart.”

The great arteries are important accessories of the circulation of
the mammal, inasmuch as they transmit the blood to and from the
heart, which is the central engine for its propulsion. They are,
however, as has been stated, mily accessories. The most import-
ant functions performed by the vessels are delegated to the capil-
laries, a mazy labyrinth of minute vessels which ramify and in-
osculate in every conceivable direction. It is within those delicate
capillary tubes that the blood meanders and literally irrigates the
tissues, each tissue selecting and drawing through the capillary walls
whatever it requires ; or what comes very much to the same thing,
having forced upon it by an osmotic action those peculiar fluids
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The Lymphatic and Capillary Vessels of Anidimals—The capilla-
ries furnish the simplest form of vessel. They may be divided
into two kinds, viz, such as convey red blood, and such as convey
a pale watery or milky fluid, the lymph or chyle. The lymphatics
are intimately connected with the process of digestion in the ali-
mentary canal and tissues generally. “The Iympk ” Mr Huxley
observes, “like the blood, is an alkaline fluid, consisting of a plasma
and (:ﬂrpusnles and {:ﬂahulates by the aﬂparatmn of fibrin from the
plasma. The lymph differs from the blood in its corpuscles being
all of the ecolourless kind, and in the very small proportion of its
solid constituents, which amount to only about five per cent. of its
weight. Lymph may, in fact, be regarded as blood minus its red
corpuscles and diluted with water, so as to be somewhat less dense
than the serum of blood, which contains about eight per cent. of solid
matters. A quantity of fluid equal to that of the blood is probably
poured into the blood daily from the lymphatic system. This fluid
is in great measure the mere overflow of the blood itself—plasma
whic]l has been exuded from the capillaries into the tissues, and
which has not been taken up again into the venous current; the
rest is due to the absorption of chyle from the alimentary canal.”
In reptiles and birds the lymphatics are provided with pulsating
sacs or hearts and valves—an arrangement which ensures that the
lymph shall travel in only one direction, viz., towards the general
circulation. - The lymph in man is discharged into the general cur-
rent of the cireulation by two apertures situated between the angles
of junction of the right and left internal jugular and right and left
subelavian veins. The openings by which the lymph is discharged
into the general circulation are each provided with a pair of valves
to prevent the regurgitation of the venous blood, and are, by this

v
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means, eut off from the eirculation in one direction. The lymphatie
w.nsels are to be recarded as the feeders of the vascular vessels, in
the same sense that the vessels of the roots of a tree are to be
considered the feeders of the vascular vessels in the trunk of the
tree.  In this respect the sanguineous ecirculation is to be
looked upon as an evolution or development of the chy-
liferous.  The colourless corpuscles, which are so abundant in
the lymphatic vessels, reappear in the capillaries of the vascular
system, and are known as the white corpuscles of the blood.
They are possessed of independent movements and change shape.
They have attracted an unusual share of attention of late “from the
power they possess of forcing themselves through the thin wa,lh
of the Cd}llll:i:lll.;-r The {“qull.u les vary in size from s t0 g5 OF
an inch in diameter, and form an infinite variety of minute loops,
being now straight, now slightly waved, and now tortuous. They
“Lllf:r.ﬁh' form a network so dense that the point of a pin cannot be
introduced without lacerating some of them. The capillaries of the
vascular system lie midway between the arterial and venous sys-
tem—the arteries eonducting to and the veins from them. Around
and between the capillaries is a system of still more minute
vessels, the hypervascular canals.
Fig. 88 Fig. 80, Fig. 90,
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-
-

-

-

-

Fig, 8%.—A minute artery (a), ending in (&) larger aml (¢) smaller capillaries. o, Nuclei
embedded in the walls of the capillaries. Magnified 200 diameters.

Fig. 89.—A, Epithelial cells of the arteries. a, The nnclens. B, Muscular fibres of the
arteries : the middle one, having been treated with acetic acid, shows more distinetly the
ouclens (x),  Magnified 300 dismeters.

Pig. 00.—A, a small artery. B, a small vein, both treated with acetic acid; a, fibrons
enat; B, nnelei of the muscular coat; ¢, nuclei of the epithelial coat. Magmified 300
dinmeters.— After Huxlay,

The capillaries form a sort of neutral territory, in which the
blood meanders more slowly in order to afford the tissues the fullest
opportunity of imbibing nourishment, and discharging effete mat-
ter. They form a thmurrh route for the hlm:rd but one with
numerous convenient stages for the interchange of the good and
bad things of the economy. The circulation in these minute
vessels may not inaptly be compared to a river which carries a
blessing wherever it goes, giving freshness and beauty to the
country, and purifying the city by removing its sewage., The

eapillaries of the lymphatic system, so far as known at present, do
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not form a through route, but besin in the tissues by blind ends,
resembling the spongiolés of the roots of plants. The lymphatie
system would therefore appear to be the precursor of the vas-
cular system, and to form a connecting link between the vege-
table and animal. The lymphatics are eminently adapted alike for
conveying new and old ingredients into the blood.  Like the roots
of plants, they are endowed with selective powers, certain of their
terminals taking up new matter, others matter which has been
partially used, and others effete or waste matter.

Structure of the Capillaries and Small Avteries and Veins : Ves-
sels close and elongate, and open and shorten.—The walls of the
capillaries are composed of a thin, structureless membrane, in which
small oval bodies, termed nuclei, are embedded. They bear a con-
siderable resemblance to the walls of the cells and young vascular
bundles of plants.

The capillaries differ fiom the small arteries and veins in being
of a uniform calibre, and in having very delicate, thin, permeable
walls. The thin permeable walls permit the fluid contents of the
capillaries to escape into the surrounding tissues, which are in this
manner irrigated and nourished very much in the same manner
that the growing parts of a plant are nourished by the imbibition
of saps. In either case, the growing parts, i.e, the ultimate par-
ticles of the plant and animal. are outside the vessels.! In this
sense the feetus is also outside the circulation of the mother. The
capillaries further differ from vhe small arteries and veins in this,
that the latter possess a’ more complex structure and thicker walls.
Thus, proceeding from without inwards, the walls of the smaller
vessels consist, first, of a sheath of fibrous tissue, the fibres of which
pursue a more or less longitudinal direction ;® second, of a muscular
layer composed of flattened spindle-shaped bands, with elongated
nuelei, these bands running transversely or across the vessels ;® and,
third, of a layer of very delicate, elongated, epithelial cells, the
oval nuclei of which are arranged longitudinally or at right angles
to those of the muscular fibres.*

! There are portions of the body, such as the nails, hair, teeth, cartilage, epi-
thelium, epidermis, etc., which are not supplied with vessels at all.  These
structures are still further removed from the circulation, but, like the others,
they are not beyond the reach of its influence.

* The external or areolar fibrous coat consists of areolar tissue and longitudi-
nal elastic fibres ; it also contains, in zome of the larger veins, a longitudinal
network of non-striated muscular fibres, as in the whole 'l{-.n;l,rth of the inferior
vena cava, the renmal, azygos, and external iliac veins, and in all the large
trunks of the portal venous system, and in the trunks of the hepatic veins.
—Gray’s Anatomy, p. 401,

3 The middle layer in the larger vessels, aceording to Gray, eonsists of numer-
ous alternating layers of muscular and elastic fibres, the fibres of the former
running across the vessel, those of the latter in the direction of its length.
This layer is thicker in the arteries than in the veins.

4 The internal layer in the larger vessels consists, in Gray’s opinion, of an
%ﬂl&lial lining, supported on several laminze of longitudinal elastic fibres.

layer is less brittle in veins than in arteries,
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This arrangement accounts for the reticulated appearance pre-
sented by the smaller vessels (Fig. 90), and for the fact, first pro-
mulgated by John Hunter,that the vessels are extensile and retractile
in their length and breadth. As the walls of the vessel become
thicker, they lose the permeability which is a distinguishing
feature of the capillaries. The vessels, however, have what may
be regarded an equivalent added, viz, muscular fibres and nervous
twigs, which regulate their calibre and consequently the exact
amount of blood supplied to the capillaries and to the tissues.

‘When the muscular layer of a small vessel closes in a direction
from without inwards, the vessel is lengthened and narrowed, and
the fluid contents ejected, from the fact that all muscles, when they
shorten in one direction, lengthen in another and opposite direction ;
muscular movements being due not to any increase or diminution
in the volume of musecles, but to a change of shape in their sarcous
elements. The fibres of the central or transverse muscular layer
of a small vessel are arranged, as explained, at right angles to the
fibres composing the external fibrous layer, and the delicate elon-
wated epithelial cells constituting the internal layer. When, there-
tore, the fibres of the central or transverse muscular layer close
or shorten, they elongate and stretch the elements composing the
external and internal layers; these, in virtue of their elasticity, the
instant the closure ceases, assisting the central layer in regain-
ing its normal dimensions. We have thus two forces at work
—the muscular force and the elastic force. As, however, these
forces act at right angles to each other, and the structures in which
they reside are geared together, it follows that when the one acts,
the other must act also. It is thus that muscular and elastic force
can act in unison, and by their united efforts produce a common
result (Fig. 90).

Elastic and Vital Properties of Vessels—The influence exerted
by the elasticity of vessels in producing a steady, continuous flow of
blood is well marked. There is however reason to believe that the
elastic properties of vessels have been overrated. It must never be
overlooked, that the movements in vessels have their origin in mus-
cles,either the museclesof the heart,orthemusclesof the vessels them-
selves, Nor must it be forgotten that the muscular layer of even the
smallest vessel can by itself increase or diminish the calibre of the
vessel, the muscular fibres determining the amount and direction of
the movement. This is proved by the fact that a small artery may
be made to diminish its circumference by the application of cold,
and increase it by the application of heat. That the closing or
partial elosing and elongating of a small vessel is directly due to
the shortening of the muscular fibres comprising the central layer
of the vessel, is evident from the direction of the muscular fibres
(they are circular, and invest the vessel transversely). That the
opening or partial opening of a small vessel is only partly due to
the recoil of the fibrous and elastic elements, is apparent from this,
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that they invest the vessel in the direction of its length. At most,
therefore, the elastic elements, when they spring back, shorten the
vessel. It remains for the muscular element to elongate, and by its
elongation to expand and widen, the vessel. The power to inerease
and diminish the size of the aperture of the vessel resides chiefly if
not exclusively in the muscular fibres, these, as already explained,
having a centrifugal and centripetal action. The elastic structures
are more developed in the vessels than in the heart and other hollow
viscera, these organs being comparatively inelastic. The voluntary
muscles, on the other hand, are less elastic than the involuntary
ones. In proportion as the muscular movements become exact,
the elastic structures disappear. In order to have a perfect co-ordi-
nation in muscular movements, all the parts of the muscles in-
volved, whether these be extensors or flexors, pronators or supinators,
abductors or adductors, must take part. Nothing is left to chance,
and as a consequence elasticity is reduced to a minimum. If a vessel
was composed solely of muscular fibres it would not be so strong,
neither would its movements be so rapid or continuous, as one com-
posed partly of muscular and partly of elastic fibres. A muscle is
capable of acting in two directions; it can first elongate and then
shorten itself ; but these are opposite movements, and between them
a pause or halt (the dead point of engineers) inevitably occurs.
Elasticity gets the muscle over this dead point, and decreases the
duration of the pause. The value of elasticity in interrupted or
rhythmic movements, such as those employed in the circulation,
becomes therefore very obvious. There are many examples to prove
that elasticity plays a part not only in involuntary movements, but
likewise in voluntary ones. The wing of a bird, for instance,
is flexed almost exclusively by the action of powerful elastic
ligaments, extending between the shoulder and wrist, and between
the elbow and hand. These ligaments gradually close or flex the
wing towards the termination of the down-stroke,! and are put
upon the stretch towards the termination of the up-stroke, by the
shortening of the powerful pectoral and other muscles. Nearly half
of the wing movements are therefore performed by a purely me-
chanical arrangement.* Numerous other examples might be cited,
but this is a very obvious one. It suffices, when elastic structures
are present, if the muscles stretch them when they shorten ; the
elastic structures, when they shorten, assisting in the elongation of
the musecular ones. The elastic and muscular structures mutually
operate on each other. What would be a purely vital act is by
this arrangement rendered more or less mechanical, and no better
illustration can be given of the fact that animate, and what may

! They are prevented from closing the wing suddenly, after the manner of
springs, by the resistance offered by the air to the expanded wing as it descends,
2 % On the Mechanical Appliances by which Flight is attained in the Animal
Kingdom,” by the Author.—Trans. Lin. Soc. of Lowdon, vol. xxvi. “On the
Physiology u.'cy Wings,” by the Author.—Trans. Roy. Soc. of Edinburgh, vol. xxvi.
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be revarded as inanimate, matter can be made to reciprocate and
work in harmony. The difference (but it 15 an all-important
one) between a living vessel and an elastic tube amounts to this :
The walls of a living vessel can oscillate or vibrate on either side
of a given line, this line corresponding to their position of rest.'
An elastic tube, on the other hand, can only be made to vibrate
on one side of a given line. In other words, it can be made to
open by being artificially distended, but it cannot be made to
close, Thus, if the circle a of Fig. 91 be made to represent an
elastic tube, it may be stretched until it assumes the dimensions &,
but it cannot be made to assume the dimensions ¢.  This the living
vessel can readily do, from the power it possesses of oscillating on
either side of the circle .

Figz. 91. Fig. 92,

Fig. 91.—Diagram showing how the walls of a vessel or of a hollow viscus may oscillate on
either side of a given line. & Position of rest of walls of vessel or heart., & Walls of
vessel or heart when expanded. e, Ditto when parily closed.— Original,

Fig. 92 ghows an elementary fibre of the skate in the uncontracted and contracted state.

A —Fibre in the condition of rest. r, Transverse markings or cleavage. 5, Longitodinal
markings or cleavage. I

I —a aa, Ona side of fibre contracting or shortening.

C,—& b B, Both sides of fibre contracting or shortening. All parts of the fibre become
involved in suecession. ‘Thus, the constrictions between &8 b of C become the swellings
e & of Dh—djter fownum.

All attempts, therefore, at reproducing by merely elastic tubes
and cavities, the structure and forces employed in the circulation,
are more or less fallacious. Another marked difference between a
hollow muscle and an elastic tube is to be noted. An elastic tube,
when allowed to return to its position of rest, after being put upon
the stretch, is active throughout its entire substance at one and the
same time. A living muscle, on the contrary, moves in parts—its
action being a progressive wave action. Bowman is very explicit
on this point. He states, 1st/y, That active contraction never oceurs
in the whole mass of a muscle at once, nor in the whole of any one
elementary fibre, but is always partial at any one instant of time.
2dly, That no active contraction of a muscle, however apparently
prolonged, is more than instantaneous in any one of its parts or
particles ; and therefore, 3dly, That the sustained active contraction
of a musecle is an act compounded of an infinite number of partial
and momentary contractions, incessantly changing their place and

engaging new parts in succession; for every portion of the tissue

1 Precisely similar remarks may be made of the parietes of the different com-
partments of the heart.
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must take its due share in the act. From this it follows, that a
muscle rests in its sarcous elements or ultimate particles even
when it is working. These points are illustrated at Fig. 92.

Structure of the large Avteries and Veins—As the vessels increase
in size and their walls become thicker and more complex, the
structures composing them are arranged at right angles and
obliquely, but always in pairs and symmetrically. Regarding the
composition of the veins, there is considerable difference of opinion,
authorities not being agreed either as to the number or nature of
the coats. This may in part be explained by the variation in the
thickness of the coats themselves, these, according to John
Hunter,! becoming thinner and thinner in proportion to the size
of the vein, the nearer the vein approaches the heart. In moderate-
sized veins an external, a middle, and an internal coat are usually
deseribed ; the first consisting of eellular, fibrous, and elastic tissue,
interlacing in all directions; the second, of waved filaments of
areolar tissue, with a certain admixture of non-striped muscular
fibres, which run circularly, obliquely, or even longitudinally; 2 the
third, consisting of one or more strata of very fine elastie tissue,
minutely reticulated in a longitudinal direction, the innermost
stratum (when several are present) being lined by epithelinm,
Of these layers, the second and third, from the fact of their contri-
buting to the formation of the venous valves, are the most impor-
tant. The coats of the veins, as has been long known, are tough,
elastic, and possessed of considerable vital contractility, i.e., they
have the power of opening and closing within certain limits. Of
these qualities, the toughness prevents undue dilatation of the
vessel when distended with blood ; the elasticity and the power the
vessel possesses of opening and closing assisting the onward flow of
that fluid, and teading fo approximate the segments of the valves
during the systole. As the valves of the veins are very ample and
very flexible, they readily accommodate themselves to the varying
conditions in which they are placed by the elasticity and vital
properties of the vessel, and by the reflux of the blood.

The coats of the arteries,as is well known, are comparatively much
thicker than those of the veins, while the layers composing them
are more numerous. The external coat, according to Henle, con-
sists of an outer layer of areolar tissue in which the fibres run
obliquely or diagonally round the vessel, and an internal stratum
of elastic tissue ; the middle coat in the largest arteries, according
to Raiischel, being divisible into upwards of forty layers. The
layers of the middle coat consist of pale, soft, flattened fibres, with

! Hunter on the Blood, pp- 180, 181.

* Dr Chevers says, that in the deep as well as in some of the superficial veins
of the trunk and neck, the middle coat is composed of several layers of cireular
fibres, with only here and there a few which take a longitudinal course ; while
the middle coat of the superficial and deep veins of the limbs consists of a cir-

cular layer, and immediately within this of a strong layer of lomgitudinal
fibres.—Med. Gazette, 1845, p. G38,
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ane admixture of elastic tissue ; the fibres and elastic tissue being
disposed ecircularly round the vessel. The internal coat is com-
posed of one or more layers of fibres, so delicate that they constitute
a transparent film, the film being perforated at intervals, and
lined with epithelium. From this account it will be obvions that
the large veins and arteries possess a much more complex structure
than thesmaller vessels—these,again, being more highly differentiated
than the capillaries. The large arteries and veins, in fact, present
a structure remarkably 1~ea=.+&1n'ljllmﬂr that found in the ventricles of the
mammalian heart; thus they have fibres running longitudinally,
obliquely, very obliquely, and transversely; the fibres intersecting at
a great variety of angles, and arranged with a view to co-ordinating
each other. The arteries, as might be expected from their structure,
and as was proved by the admirable experiinents of John Hunter,
whose beantiful preparations I have had an opportunity of
examining, possess, in addition to the vital powers peculiar to
them, a considerable degree of elasticity, and are extensible and
retractile both in their length and breadth ; the power of recovery,
according to that author, being greater in proportion as the vessel
is nearer the heart. From this it follows that the pulmonary
artery and aorta are most liable to change in dimensions. As,
however, any material alteration in the size of the pulmonary
artery and aorta at their origins would interfere with the proper
function of the semilunar valves situated at their orifices, it is
curious to note that the great wvessels arise from strong and
comparatively unyielding fibrous rings. These rings (pml:lul]&rl:,r
the aortic one) are so dense as to be almost cartilaginous in
consistence, and Professor Donders' has lately discovered that they
contain stellate corpuscles similar in many respects to those stellate
and spicate corpuscles found in many forms of eartilaginous
tumours. They have been more or less minutely deseribed by
Valsalva,® Gerdy,® Dr John Reid?* and Mr W. S. Savory,® and
merit attention because of their important relations to the segments
of the semilunar valves. The following description of them has
been drawn up chiefly from an examination of a large number of
human hearts. Fach ring consists, as was shown by Reid, of three
convex portions. Each convex portion is directed from above
downwards, and from without inwards, and as it unites above with
that next to i, the two when taken together form a conical-shaped
prominence which is adapted to one of the three triangular-
shaped interspaces occurring between the segments of the semi-
lIunar valves., The ring surrounding the pulmonary artery is

1« Onderzockingen betrekkeligh den bonw van het menchelijke hart,” in
Nederlandsch Lancet for March and April 1852,

? Opera Valsalvee, tom. i. p. 129.

3 Jowrnal Complimentaire, tom. x.

4 Cye. Anat. and Phy., article © Heart,” pp. 588, 589. London, 1839,

5 Paper read before the Royal ":-nuct}r in {]cwmhaﬁr 1851.
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broader, but not quite so thick as that surrounding the aorta, and
both are admirably adapted for the reception of the large vessels
which originate in three festooned borders (Fig. 94).

Fig. 93. Fig 94.

Fia. 33.—Transverse seetions of ventricles of heart of deer. Showa how the right and
left ventricles obliterate their cavities during the systole. Fig. 83 A, Transverse section
near the base of the ventricles: b left ventricnlar eavity obliterated by the heads of the
museculi papillares; ¢, cavity of dght ventriele obliterated by the approximation of the right
ventrienlar wall (d); », », circenlar fibres of left ventricle exercising their centripetal
functions. These fibres powerfully eontribute to the elosing of the left ventricolar eavity,
Fig. 93 B, Transverse section near apex of ventricles: b, e, fibres which form the musenli
}mpiilare& of left ventricle, curving towards ventricular cavity (&), which they obliterate
iy a centripetal action. Fig. 893 C, Transverse section at apex of ventricles; & left ven-
tricular cavity obliterated by the centripetal action of the circular fibres (2, ) and those

of the munzenl papillares {m, n).—Original,
Fig. 4. —Base of ventricles of heart.-e, b, Cartilaginons festooned rings, to which pulmon-

ary artery (@) and aorta (&) areattached. Within them the pulmonic and aortic semilunar
valves, in their closed condition, are seen. ¢, Fibrous ring partly surronmding right auriculo-
ventrienlar orifice. o Ditto surrounding left anriculo-ventricular orifice.  To these rings
the mitral and tricuspid valves, and a certain number of the superficial fibres of the ventricles
are attached. The larger proportion of the fibres of the ventricle are continuous nlike at
base and apex.— (rigineal.

Structure of the Heart of the Mammal ; the Arvangement of
the Musculair Fibres in the Auricles and Ventricles—The auricles of
the mammalian heart, as already explained, are two in number, a
richt and a left. They are irregularly shaped muscular pouches or
rempl;mlea which eollect arterial and venous blood ; the right com-
municating with the ascending and deseending C'u'ae the left with
the pulmnnary veins. The cave and pulmnndr}r velns are invested
with museular fibres of considerable strength, which confer on these
vessels a certain amount of vermicular movement. The muscular
fibres of the auricles are arranged at right angles and obliquely as in
the ventricle of the fish and reptile (Figs. 95 and 97). The fibres in
the auricular appendages are disposed in ridges to form the musculi
pectinati,. Where most plentiful, they are arranged in layers. They
are circular in some cases, looped in others, and oecasionally
plicate. They ave specially arranged to procure strength, and with
a view to opening and closing the auricular cavities, which they do
by alternate centrifugal and centripetal movements. The auricles
when closed contain a certain amount of residual blood, and in this
respect they differ from the ventricles, which have the power or
completely expelling it (Fig. 93, A, B, ¢). The auricles serve
as reservoirs, and are to be 1*e¢rardul as intermediate struetures
between the large veins and ventricles. The auricles are anato-

mically distinet from the ventr icles, and in hoiled hearts the auricles
X
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and ventricles may be separated from each other without rupturing a
single fibre. The auricles are structurally continuous with the large
veins (the cavae and pulmonary veins), from which they are not
separated by valves as the auricles are separated from the ventricles.
From this it follows that when the auricles close, the pressure
exerted by them is away from, as well as towards, the ventricles ; an
indirect proof that the auricles by their closure do not foreibly
dilate the ventricles. It ought, however, to he stated that the veins
are more or less closed at the commencement of the auricular eon-
traction. The great veins and auricles exhibit spontaneous and
rhythmical movements, the veins closing when the auricles open,
and wviee versa. Analogy favours the belief that the great vessels
conducting from the heart (pulmonary artery and aorta), as well as
those condueting to it (vene cavie and pulmonary veins), participate
in those rhythimical movements. The bulbus arteriosus of fishes and
reptiles (the homologues of the first part of the aorta in mammals),
as 1 have already shown, opens and closes like the different parts
of the heart itself. The muscular fibres composing the auricles
are more plentiful in some regions than in others. In some places
they are so sparse as to render the walls of the auricles transparent,
while in others they are grouped and superimposed, the walls
under these circumstances being quite an eighth of an inch in
thickness. (Figs. 95 and 97.)
Fig. 95. IMig. 96. Fig. 97.

Fic. 95— Anterior aspect of the auricles, showing the distribution of the muscuolar fibres
(human). =, Polmonary veins. &, Vena eava superfor. The great vessels (a and b) are
invested with musenlar fibres, and have distinet movements.— After Gerdgy.

Fio, 96 —Ideal transverse section of the ventricles, showing how the septum which divides
the right and left ventricles from each other iz formed. The heart originally consists of a
gimele tabe, AR an early period it ig divided by a longitudinal and transverse fold into four
com partments, two auricles and two ventricles.  The ventricles (& and <) are separated from
ench other by the fold {a) passing in an antero-posterior direction nntil it towches the posterior
wall () of the ventricles, into which it penetrates and heeomes fixed. The two halves of the
fold likewise inter-penctrate, the septom beeoming of nearly the same thickness as the left
ventricle, which is the typical ventricle. This aceonnts for the fact that the mnscalar ﬁhl_'eﬂ
are continuous on the posterior aspeet of the ventricles, and interrupted on the ﬂ.ntn'!'mr
aspect, Al hence the old idea that the ventricles are two musecles enveloped in a thind,
These points are explained at length in my memoir—* On the Arrangement of the Mus-
enlar Fibres in the Ventricles of the YVertebrata,”—Phil. Trans. 1864, — Oiriginal,

Fiz. 97.—Posterior aspect of the anricles, showing the distribution of the musenlar fibres
(human), aa, Folmonary veins, ¢, Vena eava inferior. These are surrounded by musenlar
fibres, and take part in forcing the blood into the anricles, —A fier Gerdy,

The ventricles of the mammalian heart, like the auricles, are two
in number, a right and aleft. They form a wedge-shaped hollow mus-
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cular mass, which is slightly twisted upon itself, particularly at the
apex. The base of the wedge is directed upwards, and to this por-
tion the auricles are attached, the auricles fitting into the right and
left auriculo-ventricular openings as stoppers into the necks of
bottles. The auricles adhere to the fibrous rings investing the
auriculo-ventricular orifices (Fig. 94, ¢, d), but none of the mus-
cular fibres of the auricles are continuous with those of the ventricles.
The arrangement of the muscular fibres in the ventricles is exceed-
ingly intricate, and requires careful description. Considered as a
muscle, the heart, especially the ventricular portion of it, is peculiar.
Being in the strictest acceptation of the term an involuntary muscle,
its fibres nevertheless possess the dark colour and transverse mark-
ings which are characteristic of the voluntary muscles, Unlike
the generality of voluntary muscles, however, the fibres of the
ventricles, as a rule, have neither origin nor insertion ; i.e, they
are continuous alike at the apex of the ventricles and at the
base. They are further distinguished by the almost total absence
of cellular tissue as a connecting medium ;' the fibres being held
together partly by splitting up and running into each other, and
partly by the minute ramifications of the cardiac vessels and
nerves.?

The manner in which the fibres are attached to each other, while
it necessarily secures to the ventricles considerable latitude of
motion, also furnishes the means whereby the fibres composing
them may be successtully unravelled ; for it is found that by the
action of certain reagents, and the application of various kinds of
heat, as in roasting and boiling? the fibres may be prepared so as

1 The little cellular tissue there is, iz found more particularly at the base and
apex of the ventricles, and is so trifling in quantity as to be altogether, though
wrongly, denied by some.

? When the vesselz of the ventricles are injected in the cold state with some
material which will stand heat (as, for example, a mixture of starch and water’,
and the heart boiledy the larger trunks from either coronary artery are seen to
- ﬁive off a series of minute branches which penetrate the ventricular wall in a

direction from without inwards. These branches, when the dissection is
conducted to a certain depth, resemble so many bristles transfixing the ven-
tricular wall. As, moreover, the cardiac nerve-trunks accompany the trunks
of the coronary vessels, while the nerve-filaments cross the smaller branches of
the vessels and the muscular fibres (to both of which they afford a plentiful
supply of nerve-twigs), the influence exerted by the vessels and nerves, in
uniting or binding the muscular fibres to each other, is very considerable. Fide
Inangural Prize Dissertation, by the Author, “On the Arrangement of the Cardiac
Nerves, and their connexion with the Cerebro-spinal and Sympathetic Systems
in Mammalia,” deposited in the University of El:linhurgh Library, March 1861.

3 Of the various modes recommended for preparing the ventricles prior to
dissection, I prefer that of continued boiling. The time required for the
human heart, and those of the small quadrupeds, as the sheep, hog, calf, and
deer, may vary from four to six hours ; while for the hearts of the larger
quadrupeds, as the horse, ox, ass, etc., the boiling should be continued from
eight to ten hours ; more than this is unnecessary. A good plan is to stuff the
ventricular cavities loosely with bread-erumbs, bran, or some pliant material
before boiling, in order, if possible, to distend without overstretching the
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readily to separate from each other, in layers of greater or lesser
thickness. The chief peculiarity consists in the arrangement of
the fibres themselves—an arrangement so unusual and perplexing,
that it has long been considered as forming a kind of Gordian knot
in anatomy. Of the complexity of the arrangement I need not
speak ; suffice it to say that Vesalius, Albinus, Haller,) and De
Blainville? all confessed their inability to unravel it.

Having, in the summer of 1858, made numerous dissections of
the ventricles, upwards of a hundred of which are preserved in the
Anatomical Museum of the University of Edinburgh,® I have
arrived at results which appear to throw additional light on this
complex question, and which seem to point to a law in the
arrangement, simple in itself, and apparently comprehensive as to
detail *

The following are a few of the more salient points demonstrated
in connexion with this investigation :

I. By exercising due care, I ascertained that the fibres constitut-
ing the ventricles are rolled upon each other in such a manner as
readily admits of their being separated by dissection into layers or
strata, the fibres of each layer being characterized by having a
different direction.

I1. These layers, owing to the difference in the direction of their
fibres, are well marked, and seven in number—yviz., three external, a
fourth or central, and three internal.

III. There is a gradational sequence in the direction of the fibres
constituting the layers, whereby they are made gradually to change
their course from a nearly vertical direction to a horizontal or
transverse one, and from the transverse direction back again to a
nearly vertical one. Thus, in dissecting the ventricles from without
inwards, the fibres of the first layer, which run in a spiral direction
from left to right downwards, are more vertical than those of the
second layer, the second than those of the third, the third than
those of the fourth—the fibres of the fourth layer having a trans-
verse direction, and running at nearly right angles to those of the
first layer. Passing the fourth layer, which occupies a central posi-
tion in the ventricular walls, and forms the boundary between the
external and internal layers, the order of arrangement is reversed,
and the fibres of the remaining layers, viz five, six, and seven,
gradually return in an opposite direction, and in an inverse order,

muscular fibres. If this method be adopted, and the ventricles soaked for a
fortnight or so in alcohol before being dissected, the fibres will be found to
geparate with great facility. Vaust recommended that the heart should be
boiled in a solution of nitre ; but nothing is gained by this procedure.

1 El. Phys,, tom. 1. p. 351. ? Cours de Physiologie, ete., tom. ii. p. 359.

* These dissections obtained the Senior Anatomy Gold Medal of the
University, in the winter of 1859.

¢ @ On the Arrangement of the Muscular Fibres in the Ventricles of the
Vertebrate Heart, with Physiological Remarks,” by the Author.—FPhilosophical
Trunsactions, 1864,
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to the same relation to the vertical as that maintained by the fibres
of the first external layer. This remarkable change in the direc-
tion of the fibres constituting the several external and internal
layers, which is observed to occur in all parts of the ventricular
walls, whether they be viewed d,nturimly, posteriorly, or septally,
has been partially figured by Senac,! and imperfectly deseribed by
Reid,® but has not hitherto been fully elucidated. It has not had
that share of attention bestowed upon it which its importance
demands.

IV. The fibres composing the external and the internal layers
are found at different depths from the surface, and from the fact of
their pursuing opposite courses cross each other, the fibres of the
first external and last internal layers crossing with a shight deviation
from the vertical, as in the letter X ; the succeeding external and
internal layers, until the fourth or central layer, which is transverse,
1s reached, crossing at successively wider angles, as may be repre-
sented by an »4 placed horizontally (Figs. 98, 99, and 100).

Fig. 98. Fig. 99. Fig. 100.

Figs, 88, 99, and 100, which are skeleton drawings copied from photographs of my dissec-
tions, illustrate the peculiarities in the direction of the flbres of the left ventricle, which I
regard as the typical one.

The =solid lines {(a) of Fig. 968 represent the external fibres constituting the first layer ; the
dotted lines (i) of Fig. 100 representing the corresponding internal fibres forming the seventh
layer. The interrupted lines (&) of Fig. 98 represent the fibres of the second layer, the inter-
ropted lines (&) of Fig. 100 the fibres of the sixth or corresponding layer. The dotted lines ()
of Fig. 958 represent the fibres of the third layer, the continuous lines (g) of Fig. 100 the fibrea
of the fifth or corresponding layer. At d, e of Fig. 9 the fibres constituting the central or
fourth layer are seen ; all the fibres to the outside of this layer being extermal, all to the
inside of it internal. The fibres are spiral in their nature, and Fig. 29 is particularly interest-
ing as showing the point at which the external fibres reverse their course and become internal.
They wind in the direction d, & (wde arrow ) round the left apex, and reappear at f. =z, Left
atriculo-ventricular opening. g, Aortic onifice, with semilunar 'valve closed. — Ohriginal.

The. fibres composing corresponding external and internal
la:,'ers, such as layers one and seven, two and six, etc., are con-
tinuous in the left ventricle at the left apex (Fig. 102), and in the
right ventricle in the track for the anterior coronary artery ; the
fibres of both ventricles being for the most part continuous like-
wise at the base ® (Fig. 94).

! Traité de la Structure du Ceeur, de son Action, etc., Paris, 1749.

* Cyc. of Anat. and Phy., art. © Ilurl * Lond., 1839.

3 The late Dr Duncan, jun., of Fﬂmhnrbh, was aware of the fibres forming
loops at the base, but seems to have had no knowledge of the continuity being
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VI. From this distribution of the fibres, it follows that the first
and seventh layers embrace in their convolutions those immediately
beneath them, while these in turn embrace those next in succession,
and so on until the central layer is reached —an arrangement
which explains alike the rolling movements and powerful action of
the ventricles. Tt also accounts for the spiral shape of the ventri-
cular cavities, and the fact that the blood is literally wrung out of
the ventricles during the systole.

VII. The fibres of the right and left ventricles anteriorly and
septally are to a certain extent independent of each other ;
whereas posteriorly many of them are common to both ventricles ;
i.e., the fibres pass from the one ventricle to the other—an arrange-
ment which induced Winslow * to regard the heart as composed of
two museles enveloped in a third (Fig. 96). It will be evident
from this distribution of the fibres, that while the ventricles are
for obvious reasons intimately united, they nevertheless admit of
being readily separated (Fig. 101).

Fig. 101, Fig. 102, Fig. 103.

Fig, 101 —Right and left ventricles of mammal seen pesteriorly (human). Shows how the
fibres issue from the right and left auriculo-ventrieular openings (¢, d); the fibres 'rom
the left opening passing from the left ventricle () across septum () to the right ventriele
{g).  OF these some curve in a downward direction, and disappear in the left apex: others
curve round anteriorly and dizsappear in the anterior coronary groove Compare with Fig.
96, &, Orifice of pulmonary artery.— Criginal,

Fra, 102 shows how the two sets of external fibres (ah, e d) of the left ventricle curve
ronnd and form a bewtiful whoerl prior to entering the left ugc: to become the two sets of
internal fibres known as the museuli papillares, seen at m,onof Fig, 108, The fibres twist
into ench other at the apex in the same way that the segments of the mitral, tricuspid, and
semilunar valves twist into each other at the base. Compare with Figs. 85 and 86— Ciriginal,

Fig. 103.—Museuli papillares (s, a), chords tendiness and mitral valve (e, o) of left ventricle
of deer, Shows how the musculi papillares, which are continuations of corresponding external
fibreg, are spiral in their nature, and how, when they alternately elongate and shorten, they
alternately liberate and drag upon the segments of the mitral valve in a spiral manner;
this, in eonjunetion with the blood, cansing the segments to wedge and serew into each other,
first in an upward and then in a dewnward direction (Fig. 85). The segments of the mitral
and tricuspid valves rise and fall like diaphragms when the ventricles open and cloge. They
alternately increase and diminish the cavities of the ventricles. Similar remarks may ba
made of the semilunar valves situated at the orifices of the pulmoenary artery and acrta,
Compare Fig. 85 with Fig. 86.— Criginal,

VIIL If the hinge-like mass of fibres (common fibres) which
unite the right ventricle to the left posteriorly be cut through, and

oceasioned by the union of the fibres of corresponding external and internal
layers, or that these basal loops were prolongations of like loops formed by
gimilar corresponding external and internal layers at the apex—a view which
the author ‘Iwufim‘uﬁ is here set forth for the first time.

! Mémoires de I'Académie Royale des Sciences, 1711, p. 197,
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the right ventricle with its portion of the septum detached, the
left ventricle, which consists of four sets of conical-shaped spiral
fibres—two external and two internal sets—will be found to be
nearly as complete as 1t was before the separation took place
(Figs. 98, 99, and 100). The right ventricle, and its share of the
septum, on the other hand, will be found to consist of only
conical-shaped spiral fragments of fibres, or at most of ﬁ'tttem.d
rings—a circumstance which has induced me to regard the left
ventricle as the typical or complete one, the right ventricle being
a mere segment or portion nipped off at some ]:rerim'l or other from
the left (Fig. 96, ¢).

IX. If the right ventricular walls be cut through immediately to
the right of the track for the anterior and posterior coronary
arteries, so as to detach the right ventricle without disturbing the
septum, and the septum be regarded as forming part of the left
ventricular wall, it will be found that the fibres from the right side
of the septum, at no great depth from the surface, together with the
external fibres from the left ventricular wall generally, enter the
left apex in two sets (Fig. 102) ; and if their course in the interior
(Fig. 103, m, n) be tmcﬁd they are observed to extend in the direc-
tion of the left auriculo-ventricular opening, also in two sets ; in
other words, the left ventricle is bilateral. = wish particularly to
direct attention to this bilateral distribution, as it has been hitherto
overlooked, and furnishes the elue to the arrangement of the fibres
of the left ventricle.

X. The double entrance of the fibres of the several layers at the
left apex, and their exit in two portions from the auriculo-ven-
tricular openings at the base, are regulated with almost mathe-
matical precision ; so that while the one set of fibres invariably
enters the apex posteriorly, and issues from the auriculo-ventricular
opening anteriorly, the other set as invariably enters the apex
anteriorly and escapes from the auriculo-ventricular opening
posteriorly. But for this disposition of the fibres, the apex and
the base would have been like the barrel of a pen cut slantingly or
lop-sided, instead of bilaterally symmetrical as they are.

XI. The two sets of fibres which constitute the superficial or
first external layer of the left ventricle, and which enter the left
apex in two separate portions or bundles, are for the most part
continnous in the interior with the museculi papillares (Fig. 103,
m, 1), to the free ends of which the chordz tendinezwe are attached.
The musculi papillares, as will be seen from this account, bear an
important relation to the segments of the mitral valve (v,%), to
which they are directly connected by tendinous bands. The musculi
papillares from this circumstance merit a more particular deserip-
tion than that given of the other fibres.

On looking at : the left auriculo-ventricular opening, the fibres of the
first layer are seen to arise from the fibrous ring surrounding the aorta
(Fig. 94, 5), and from the auriculo-ventricular tendinous ring (d) in
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two divisions : the one division proceeding from the anterior portions
of the rings, and winding in a spiral, nearly vertical, direction,from be-
tore backwards, to converge and enter the apex posteriorly (Fig.102,b);
the other set proceeding ﬁﬂm the posterior portions of the rings, and
winding in a spiral direction from behind forwards, to converge and
enter the apex anteriorly (Fig, 102, d). Haviug-eutered the apex, the
two sets of external fibres are collected together,and form the museunli
papillares and carnese columnae; the one set,viz., that which proceeded
tfrom the auriculo-ventricular orifice anteriorly and entered the apex
posteriorly, curving round in a spiral direction from right to left up-
wards, and forming the anterior musculus papillaris (Fig, 103, n) and
the carnee colwmnee next to 1t ; the other set, which proceeded from the
auriculo-ventricular orifice posteriorly, and entered the apex ante-
riorly, eurving round in a eorresponding spiral direction, and form-
ing the posterior musculus papillaris (Fig. 103, m) and adjoining
carnee colwmnee. As the external fibres converge on nearing the
apex, so the internal continuations of these fibres radiate towards
the base; and hence the conical shape of the musculi papilares (i, n).
I am particular in directing attention to the course and position of
the musenli papillares, as t,lm}* have always, though erroneously,
been regarded as simply vertical columns, instead of more or less
vertical spiral columns. The necessity for insisting upon this
distinetion will appear more evident when I come to speak of the
influence exerted by these structures on the segments of the bicuspid
valve. It is worthy of remark, that while the left apex is closed
by two sets of spiral fibres (Fig. 102), the left auriculo-ventricular
orifice is oceluded during the systole by the two spiral Haps or seg-
ments constitutingthe bicuspid valve (Fig. 105,m, n). (Compare with
Figs. 85 and 86.) The bilateral arrangement, therefore, which obtains
in all parts of the left ventricle and in the musculi papillares, extends
also to the segments of the bicuspid valve, and hence its name.
What has been said of the arrangement of the fibres in the left
ventricle, applies with slight modifications to the fibres of the right
one ; and many are of opinion (and I also incline to the belief) that
the tricuspid valve (Fig. 85) is in reality bicuspid in its nature,
It is so in not a few cases, as shown at g, & of Fig. 105. The shape
of the ventricular cavities of the heart of the mammal greatly influ-
ences the movements of the mitral and tricuspid valves, by moulding
the blood into certain forms, and causing it to act in certain dirvec-
tions. A precise outline of the ventricular cavities is obtained by
filling the ventricles with wax or plaster of Paris, these substances
when allowed to harden furnishing an accurate cast of the parts
(vide Figs. 104, 105, and 106).

The form of the left ventricular cavity, which, as already stated,
I regard as typical, is that of a double cone twisted upon itself (Fig.
lﬂnl} the twist or spiral running from right to left of the spectator,
and hemfr especially well marked towards the apex.! The cone tapers

1 In this description the heart iz supposed to be placed on its apex, with its
posterior aspect towands the speetator.
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towards the apex of the left ventricle (y), and also towards the
base (b); and the direction of its spiral corresponds with the
direction of the fibres of the carnee columne and museuli
papillares (Fig. 104, o, ). As the two spiral musculi papillares
project into the ventricular eavity, it follows that between them
two conical-shaped spiral depressions or grooves are found (Fig.
104, ¢, ). These grooves, which appear as spiral ridges in the cast,
are unequal in size ; the smaller one (Fig. 104, 7) beginmng at the
right side of the apex, and winding in an upward spiral direction
to terminate at the base of the external or left and smaller segment
of the bicuspid valve (Fig. 105, n); the larger groove (Fig.
104, ¢) beginning at the left side of the apex, and pursuing a
similar direction, to terminate at the base of the internal or right
and larger segment (Fig. 105, m).

Fig. 104. Fig. 105.

Fig. 14.—Wax east of left ventricle (b) and portion of right ventricle (a) of deer., Bhows
spiral natnre of the left ventricular eavity,—the spiral conrses or tracks of the musculi
Fmpiua.res (=, ¥ and how, between the museuli papillares, two spiral grooves (f, q) are

vund (they are spiral ridges in the cast), which conduet the bleod to the segments of the
mitral valve in spiral waves,— Original,

Fio. 105.—Flaster of Parig cast of right and left ventricles of zebra, seen posteriorly.
Shows the mitral (m =) and tricuspid fg &) valves in action, and how the blood, when these
are closed, agsumes a conical form (o) for pushing aside the segments of the semilunar
valves, and cansing them to fall back upon the sinuses of Valsalva (v w). It also shows how
the right ventricolar cavity (c) curves round the left one (z), and how the pulmonary artery
(&) and aorta (&) pursne different directions. <, Baginning of aorta, I, Portion of left ven-
tricle adhering to plaster of Paris. Jf Ditto of right ventricle. g, Spiral groove conducting
to aorta.— Cirigimal.

Fia. 106.—Plaster of Paris east of right and left ventricles of zebra, as seen from the laft
side. Shows infundibulum or conus arteriosus (i) of right ventricle, and analogons portion of
left ventricle (g, 2); also three prominences on each (d ¢ & r ), corresponding to the sinuses of
Valzalva. It also shows the double cone formed by the left ventrieular cavity, the one apex
pointing towards the apex of the heart (), the other towards the aorta (k). y, Fortion aof
antericr musenlus papillaris adhering to plaster of Paris. = Portion of posterior musculus
papillaris. n, Epiral proove between museuli papillares corresponding to g of Fig. 1M4. ¢,
Portion of musenlar wall of septum. I, Portion of base of left ventricle. =, Conical space
of E;lmunarr artery where two of the segpments of the semilunar valve join each other.
w, Point where eoronary artery is given off. &, Pulmonary artery. &, Aorta.—Original.

Running between the grooves in question, and corresponding to
the septal aspect of the ventricular cavity, is yet another groove,
larger than either of the others (Fig. 105, ¢). The third or remain-
ing groove winds from the interior of the apex posteriorly, and
conducts to the aorta (z), which, as you are aware, is situated
anteriorly. The importance of these grooves physiologically
cannot be over-estimated, for I find that in them the blood 1is

b
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moulded into three spiral eolumns, and that, during the systole,
the blood in the two lesser ones is forced in an upward
direction in two spiral streams upon the under surfaces of the
seaments of the bicuspid valve, which are in this way progressively
elevated towards the base, and twisted and wedged into each other,
until recurgitation is rendered impossible (Fig. 103, m, »). When
the bicuspid valve is fairly closed, the blood is directed towards
the third and largest groove, which, as has been explained,
communicates with the aorta. The spiral action of the mitral
valve, and the spiral motion communicated to the blood when pro-
jected from the heart, is due to the spiral arrangement of the
musculi papillares and fibres composing the ventricle, as well as to
the spiral shape of the left ventricular cavity.

What has been said of the conical shape of the left ventricular
cavity and aorta applies, with slight alterations, to the right ven-
tricular cavity and pulmonary artery (Figs. 105 and 106, e, 7), the
cones formed by the latter being flattened out and applied to or
round the left ones.

Fig. 107. Fig. 109,

Frog. 107, 108 and 100 show how the muscles of the human chest, arm, forearm, and ab-
domen tan in vertical, slightly obligne, ollique, and transverse directions, as in the heart
{left ventricla), and cross, or tend to eross, each other, Compare the letters of theee figures
with corresponding letters of Figs 98, 99, and 100.—Original.

Analogy between the Muscular Avrangements and Movements of the
Hollow Viseera (Heart, Stomach, Bladder, Uterus, cte.), and those of
the Trunk and Extremities of Vertebrates—The distribution and di-
rection of the muscles and museular fibres of the trunk and ex-
tremities of vertebrates aceords in a wonderful manner with that
just deseribed in the ventricles of the heart of the mamimal ; the
arrancement of the muscular fibres in the ventricles closely
m.wrv%p;,:nuli;m with that in the stomach, bladder, and gtems.
This iz a remarkable eircumstance, and merits the attention of
all interested in homologies. If, e g., the thoracic portion of the
human trunk be examined, we find longitudinal, slightly oblique,
oblique, and transverse muscles, arranged symmetrically and in
pairs as in the ventricles. Thus, in the region of the thorax
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anteriorly we have the symmetrical muscular masses constituting

‘the pectorals and deltoids, the fibres of which are arranged
vertically, transversely, and at various degrees of obliquity. The
fibres of these muscles if produced would intersect as in the ven-
tricles. Beneath the pectorals and deltoids we find the external
and internal intercostal muscles running obliguely and crossing each
other as in the letter X ; while the serrati muscles run trans-
versely and nearly at right angles to both (Fig. 107).

In the region of the abdomen this arrangement is repeated. Thus,
we have the recti muscles running in the direction of the length of
the trunk; the transversales abdominis running acress the trunk or at
right angles to the recti; and the external and internal oblique
muscles running diagonally between the recti and transversales and
crossing each other (Fig. 109).

Proceeding to the posterior and lateral aspect of the thoracic re-
gion of the trunk a similar arrangement presents itself. Thus, in
the trapezii we have the homologues of the pectorals with fibres
running in a more or less longitudinal direction, obliquely and
transversely, and which would intersect if produced. Beneath the
trapezii we have the rhomboidei and splenii erossing obliquely as in
the letter X. The longitudinal musecles of this region are repre-
sented by the levatores anguli scapule, the aceessorii, the longis-
simi dorsi, spinales dorsi, and semi-spinales dorsi. The slightly
oblique muscles are represented by the levatores costarum, the
multifidi spine, the transversales colli, ete.; and the transverse
muscles by the serrati.

Proceeding to the loins and the region corresponding to
the abdomen behind, the arrancement again repeats itself. In
the quadrati lumborum, erectores spinalis, and saeri lwmbalis,
we have longitudinal muscles; in the multifidi spinse, slightly
oblique musecles; and in the latissimi dorsi, oblique muscles. If,
therefore, I eliminate the element of bone from the thorax and abdo-
men, there will remain a muscular mass with fibes running longi-
tudinally, slightly obliquely, obliquely, and transversely ; the longi-
tudinal muscles intersecting the transverse muscles at right angles,
the slichtly oblique musecles intersecting each other at acute angles,
and the oblique ones at obtuse angles, symmetrically as in the ven-
tricles of the heart. We have consequently in the thorax and ab-
domen two hollow museular masses closely allied to the auricles
and ventricles of the heart; the one opening when the other closes,
and vice versa.  This follows because the bones of the trunk while
they transmit, do not eriginate movement. Nor does the resem-
blance stop here. Between the thorax and abdomen there is a
movable muscular partition—the diaphragm, which descends when
the thorax opens and the abdomen closes, and rises when the ab-
domen opens and the thorax closes. A precisely similar function
is performed by the mitral and tricuspid valves of the heart, two
tendinous structures situated between the auricles and ventricles.
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The thoracie and abdominal movements are correlated for the recep-
tion and discharge of air, food, urine, fieces, ete., in the same way
that the movements of the auricles and ventricles are correlated for
the reception and discharge of blood. The thorax may be said to
pump and suck air; the heart,blood. In the diaphragm,the muscular
fibres are arranged at right angles, slightly obliquely, and obliquely,
as in the wventricles, thorax, and abdomen. This curious muscle
may consequently be compared to half a heart, half a stomach, or
half a bladder. The diaphragm, like the hollow viscera, chest, abdo-
men, ete., acts by alternately shortening and elongating its fibres.
When it elongates its fibres, it ascends and diminishes the floor of the
thorax ; when it shortens them, it descends and enlarges the floor of
the thorax. This arrangement provides for the diaphragm oscillat-
ing on either side of a given line. The diaphragm ascends when
the ribs descend, and viee verse. The ascent of the diaphragm and
the descent of the ribs diminish the capacity of the thorax, and
increase that of the abdomen ; the descent of the diaphragm and
the ascent of the ribs increase the capacity of the thorax, and di-
minish that of the abdomen. When the thorax expands and
the abdomen closes, a wave of motion passes from the symphysis
pubis in the direction of the ensiform cartilage ; a reverse wave
passing from above downwards when the abdomen expands and the
thorax closes. The lines representing these waves of motion cross
each other, figure-of-8 fashion, in forced expiration and inspiration,
The muscular arrangements described in the hollow viscera and in
the human trunk appear in a simpler form in the body of the fish.
They are seen to advantage in the body of the manatee, a sea mam-
mal in which the extremities are rudimentary.! They reappear in
the extremities when these are sufficiently developed. Thus, in the
human arm the biceps represents the longitudinal fibres, the supin-
ator longus and flexor carpi radialis the slightly oblique fibres, the
pronator radii teres and flexor sublimis digitorum the oblique fibres,
and the pronatur quadratus the transverse fibres (Fig. 108).

Stranger than all, the bones of the extremities are twisted upon
themselves and correspond to the mould or cast obtained from the
cavity of the left ventricle, which shows that the bones mould and
adapt themselves to the muscles, and not the converse. The
muscles of the extremities are arranged around their bones as the
muscles of the ventricles are arranged around their cavities. These
points are illustrated at Figs. 110, 111, and 112,

As the soft tissues precede the hard in the scale of being, I am
disposed to tabulate the muscles thus : #urst, The heart and hollow
muscles, which act independently of bone. Second, The muscles of
the trunk, which act in conjunction with bone. Z%hird, The musecles
of the extremities, also geared to bone. I place the hollow musecles
first, because they are found before any trunk proper exists; the

! Vide a very splendid memoir on this rare animal by Dr James Murie,
Trans. Zool, Soc., vol. viii. plate 21.
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trunk muscles second, because the thorax and abdomen precede the
limbs : and the muscles of the extremities third, because the limbs
are differentiations which are only found in the higher animals.

Fig. 110. Fig. 111.

Fig. 112.
— [ i

b

Fio. 110.—Fhotograph of a cast of the left ventricle of the heart of a4 deer. Shows the
spiral nature of the left ventricular eavity. (For further description see Fig. 104).— Origine,
Fre. 111.—Bones of the anterior extremity of the elephant. Shows the spiral armangement

of the bones of the fore-leg. (Compare with Fig. 110} g, Huomerus, =, g%, Radius and ulna.

o, Bones of foot.— Original.

FiG. 112, —Bones of the wing of o bird. Shows their spiral arrangement. (Compare with

Figs. 110 and 111.) The bones of the human arm resemble those of the fore-limb of the

elephant and the wing of the bird. a, Humerus. b, Badius and wloa. ¢, Bones of the

haud.— Original.

As bones appear comparatively late in the scale of being, T am
inelined to regard the hollow involuntary museles as typical of the
solid voluntary muscles, both as to the direction of their fibres and
mode of action. The term solid is here applied to the voluntary
museles from the fact that they invest bones and have no cavities
in their interior; the involuntary muscles,on the other hand,surround
cavitiesand have no connexionwith bone. The fibres of the ventricles,
as explained,are arranged longitudinally, transversely,and at various
degrees of obliquity, symmetrically, and with something like mathe-
matical accuracy. The fibres are not to be regarded as in any sense
antagonistic. Thus, the longitudinal fibres :11:- not pull against the
n*a.nsverse or the various uhhqut fibres against each other, On the
contrary, the fibres act together and consentaneously. When the ven-
tricle is to be closed, all the fibres shorten and broaden ; when it is to
be opened, they all ell:-ngate and narrow, These mm-'e.mems are defi-
nitely co-ordinated. The muscles do not exhaust themselves in a
suicidal warfare. The function of the ventricles is to draw in and
eject blood, and this can only be done economically in the manner
explained. In like manner, analogy and a variety of circumstances,
to be alluded to presently, incline me to believe that the muscular
masses found in the thorax, abdomen, and extremities, are not ar-
ranged to antagonize each other, and that the flexors, pronators, and

abductors do not when they shorten foreibly drag out the extensors,
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supinators, and adductors. On the econtrary, I believe that all
these movements are co-ordinated as in the heart; the extensors, su-
pinators, and adductors elongating when the flexors, pronators, and
abductors shorten, and wice verse; there being, in short, no such
thing as antagonism in musecular movements. It does not follow
that because one musele is situated upon one aspect of a bone or
bones, and a second muscle upon another and opposite aspect of
the same bone or bones, that therefore the two museles antagonize
or contend with each other. When a muscle by its shortening is
intended to stretch another substance, that substance as a rule is
simply elastie, 4., it has no power of originating movement. We
have examples of this in the bloodvessels and the wing of the bird.

The chief funetion of the voluntary muscles is to move bones.
To move bones effectually and avoid waste there must be conser-
vation of energy. To conserve energy, the museles of necessity act
upon the bones to be moved and not upon each other. The muscles
consequently are correlated and their movements eo-ordinated. To
say one muscle acts against another musele, is equivalent to saying a
muscle acts against itself, and of this we have no proof. In the penni-
form and other compound museles, where the fibres meet at a variety
of angles and tend to cross, all the fibres shorten and elongate at the
same time as in the heart. In the muscular masses investing univer-
sal joints, such as are found at the shoulders and pelvis, precisely the
same thing happens. The fibres, whatever their length, strength,
or direction, act together, and by their united efforts produce an
infinite variety of movements. These masses, when acting in con-
junection with the muscles of the extremities, can rotate the bones to
which they are attached, in the same way that the heart can wring
out its blood and tilt its apex.

Before leaving the subject of museular arrangements, it may be
useful to recapitulate very briefly.

In the smallest bloodvessels only one set of muscular fibres is
present, these running around the vessels. In the larger blood-
vessels two sets of muscular fibres are found, these being arranged
at right angles to each other; the one set rumming across the
vessels, and the other in the direction of their length' The

! In some of the larger veins, there are two sctz of museular fibres, the one
running in the direction of the length of the vessel, the other across it.  Thus,
in addition to the circular fibres, always present in the central layers, there are
lomeitudinal fibres mixed up with the arveolar tissue and longitudinal elastic
filres of the external layer, which extend the whole length of the inferior vena
cava, the renal, azygos, and external iliac veins, and in all the large trunks of
the portal venous system, and in the trunks of the hepatic veins. Muscular
tissue is also abundantly -h-.ﬂ:lulpml in the veins of the pravid uterus, being
found in all three coats, and in the venwe cavie and pulmonary veins it is pro-
longed on to them from the auricles of the heart.  Musenlar tizsue is wanting
in the veins of the maternal part of the placenta, in most of the cerebral veins
ani sinuses of the dura mater, in the veins of the retina, in the veins of the
cancellous tissue of bones, and in the venous spaces of the corpora cavernosa,.—
Anatomy, Deseriptive and Surgical, by Henvy Gray, Esg., F.R.S., ete., p. 401,



PHYSIOLOGY OF THE CIRCULATION. 169

same arrangement obtains in the intestine, the muscular tunic of
the worm, and many simple structures. In the ventricles of the
heart, the stomach, bladder, uterus, thorax, abdomen, and the ex-
tremities, the muscular fibres are arranged at right angles and
obliquely, but always symmetrically and in pairs. The muscles of
the tongue afford a aood example. In this organ a large propor-
tion of the inherent muscles are arranged in the form of a St
Andrew’s cross. Thus, there are ll.}ll"'ltlldln"t] fibres which traverse
the tongue from side to side; others which traverse the tongue
from above downwards r:rrvertwaliy Between these two sets of fibres,
which intersect .each other at right angles, there are others, which
converge towards the axis of the organ, and which intersect or tend
to intersect at gradually inereasing angles, but always in pairs, as in
the heart. To these are to be added a sheath of longitudinal fibres
which traverse the tongue in the direction of its length. The
universality of the movements of the tongue is well known. The
tongue ecertainly possesses an inherent power of elongating and
shortening ; indeed, in many of the ruaminants, it takes the place of
a hand. When the tongue elongates, its cross fibres shorten and -
broaden ; in other words, elongate in the direction of the length of
the tongue ; the longitudinal fibres elongating in the same direction
and at the same time. These movements are reversed when the
tongue shortens. The muscles situated at the root of the tongue
are arranged on a similar principle; these, when they elongate,
pushing out the tongue, and when they shorten drawing it in,
This follows because the major portion of the museles of the tongue
are not attached to bone, and therefore have no fixed points.
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Structure and Properties of Voluntary and Involuntary Museles.
—The voluntary and involuntary muscular systems at first sight
appear to have few things in common. In reality they have many ;
the one being a modification or differentiation of the other.
The common parent of the involuntary and veluntary muscle is
the nucleated cell, and to this both may be referred.’

Tnvoluntary Musele—The fibres of the involuntary muscles are
non-striated or unstriped, 7.e., they possess no transverse markings.
They consist of elongated spindle-shaped fibre-cells, which are flat,

1 4 The researches of Valentine and Schwann have shown that a muscle
(voluntary) consists in the earliest stages of a mass of nucleated cells, which first
arrange themselves in a linear series with more or less regularity, and then
unite to constitute the elementary fibres. As this process of agglutination of
the cells is going forward, a deposit of contractile material gradually takes

lace within them, commencing on the inner surface, and advancing to the
centre till the whole is solidified. The deposit oceurs in granules, which, as
they come into view, are seen to be disposed in the ntmost order i longitudinal
aitd transverse rows. From the very first period these granules are part of a
mass, and not independent of ome another. The involuntary fibres are
apparently homogeneous in texture. They, however, in some cases, present a
mottled cranular appearance, the granules being arranged in a linear series.
This condition Bowman is inclined to regard as an approximation towards the
structure of the striped or voluntary fibre ; the granules being of about the
same size as those in the voluntary fibres. In the simple muscles of the lower
animals, consisting in some cases of only one or two rows of sarcous elements, a
transition from the striped towards the unstriped fibres may be perceived ; the
transverse markings under these circumstances being irregular; broken, or faintly
marked.”

&
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clear, evanular, and brittle, so that they break off suddenly, and
present a square extremity. Many of them display a rod-shaped
nucleus in their interior. They occur in the arteries, lymphaties,
stomach, intestine, bladder, the pregnant uterus, the ducts of
glands, the gall-bladder, vesiculi seminales, ete,

Fig. 113. .

Fic. 113.—A, Un triped elementary fiboes feam hivman eolom: treated with and without
acetic acid, 13, Elementary fibres from pectoral muscle of foetal calf, two and a half months
old, showing corpuscles o, o, magnified 300 diameters. C, Elementary fibres from larva of
dragon-fly, inan early stage of development, showing central row of corpuscles, magnified 300
diameters.—Beeman. 13 Muoscular fibrils of pig, magnified 720 diameters. ¢, Single fibril,
showing guadrangonlar ontline of component parvticles, their dark central part and bright
marging and their lines of junction crossing the light intervals. &, Longitudinal segment of
fibre, consisting of a number of fibrils still connected together. a; Oither smaller eollegiions
of fibrils. —From & Feoparalion by Mre LGeatham, after D Sharpey.

E.—Fragment of an elementary fibve of the skate, held together by the untorn and twisted
sarcolemma. @, Sarcolemma; b, b, Opposite rl.'H.!.;iIIII..lITE of the fibre,

¥ .—Fmglm.nt.&. of striped L]u-mentm:.r fibres, showing transverse cleavage (g, o) of sareons
elements. The longitndinal cleavage is seen at & of 1. G, H, Appearances presented
by the separated single fibrille. At G the borders are xcal.lapm! and the spaces bead-like.

At H the borders and trinsverse lines are all perfiectly rectilinear, and the included spaces

perfectly rectangular. The latter is the more common.—.d fter Bowman.

Voluntary Musele.—The fibres of feetal voluntary muscle dis-
play in their substance the nuelei of the cells from which they are
developed (Fig. 113, B, @, «); these corresponding to the rod-shaped
nuclei of the involuntary muscle (Fig. 113, A, ). The strize are
very faintly marked (Fig. 113, B, ¢). The fibres of the adult
voluntary museles, on the other hand, are distinctly striated or
striped, i.e., they display a series of symmetrical, longitudinal, and
transverse markings, as shown at Fig. 113, D, E, F, G, H, L.

A voluntary fibre, consequently, consists of an aggregation
of square particles arranged with great regularity in symmet-
rical rows (Figs. 113, », u). FEach fibre is covered by a thin
transparent elastic membrane, the sarcolemma, which isolates the
one fibre from the other (Fig. 113, , «). The involuntary fibre
is not invested with this membrane. The voluntary differs from
the involuntary fibre in being of a eylindrical shape.

Much confusion, 'l'l]lfﬂl‘t'llllﬂtl.ljﬂ exists as to the ultimate com-
position of the voluntary muscles, and the nature of the striation.
Some are of opinion that the elementary particles of which a
fibrilla is composed, consist of rows of corpuscles or discs connected

by a homogeneous transparent material; others believing that
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they consist of little masses of pellucid substance, possibly nucle-
ated cells, which, because of the pressure to which they are sub-
Jected, present a rectangular outline, and appear dark in the centre.
Bowman, who has devoted much attention to this subject, describes
and figures a longitudinal and transverse cleavage (Fig. 113,1, F). He
says, “ Sometimes the fibre will split into dises only (Fig. 113, ¥, ¢, d),
more often into fibrillee only (Fig. 113, 1, &) ; but there are always
present in it, the transverse and the longitudinal lines which mark
the two cleavages” (Fig. 113, 1, ). He delineates two fibrillae, in
one of which the borders and transverse lines are all pu'iLLtly rec-
tilinear, and the enclosed spaces perfectly rectangular (Fig. 113, u);
in the Uther the borders are sealloped, and the spaces are bead-like
(Fig. 113, lr:l'. When most distinet and definite, the fibrilla presents
the former of those appearances. The ultimate particles, or sarcous
elements, as they have been termed, are merely indicated when the
fibre is entire ; the dark and light squares being blended together,
and forming a continuous structure. It is only y when the filre is
mjured, and partly disintegrated, that the alternate squares can he
seen to advantage (Fig. 116). The squares in question exist under
all eirecumstances ; their number and form being imprinted in the
very structure of the fibre in its perfect state. In virtue
of the longitudinal and transverse cleavage which takes place,
a muscle may be separated into its lﬂl‘l“‘]tll{.‘llll‘ﬂ fibrillie and
transverse dises. “To detach a fibrilla entire is to remove a
particle from every dise, and to take away a dise is to abstract a
particle of every fibrilla.” The dark and light markings arve due,
not to an actual difference in colour in the sarcous elements, but
to unequal refracting power. This can be shown by altering the
focus of the miecroscope; the dark and light lines being by this
means made to change places. Some aver that in living muscle no
lines are visible; but the fact that the dead musecle coagulates
and disintegrates, or breaks up into square patches, tends to
prove that the sarcous elements differ in some w ay from the
material which connects them, and that there are at least two
substances In an ultimate muscular fibre. I direct attention to
the sarcous elements so admirably described and figured by
Bowman, because I think they furnish us with a means of ex-
plaining the manner in which voluntary and involuntary muscles
shorten and lengthen.

Mized Muscles. een the involuntary and voluntary muscles
are a mixed class which run the one into the other by gentle
gradations. Thus, the mammalian heart, the lymphatic Tearts
of reptiles and birds, the stomach and intestines of some fish,
and the upper part of the cesophagus, are all involuntary m usules,
and yet they possess the transverse markings distinctive of the
voluntary muscles. The movements of the ruluntmy and invol-
untary muscles likewise run into each other. Thus “many invol-
untary movements are performed by muscles which are subject to
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the will ; and many muscles that are commonly independent of the
will, are liable to be affected by it or by other acts of the mind.
More than all, whether a muscle is involuntary or not, depends not
on itself, but on the nervous system; for if the brain be removed
or inactive, all the museles become involuntary ones.”

Muscles can Acet in Two Diveetions ; Saveous Elements of Muscle—
Leculicr Movements of.—The fivst fact to be fixed in the mind when
attempting to comprehend the action of a muscle, is the remarkable
one, that when a muscle contracts or shortens, it bulges out late-
ally, and elongates transversely. This follows, because when a
muscle acts, its volume remains always the same.

In order that a muscle may shorten in the direction of its
length and elongate in the direction of its breadth, and the con-
verse, its ultimate particles, whatever their shape, must have the
power of acting in two directions, viz, in the direction of the
length of the musele, and across it.

Muscular Motion as bearing on the Functions performed by the
Heart, Bloodvessels, Thorar, Extremities, efe—With a view to forming
a Just estimate of the manner in which muscles act, it is necessary
to take a wide survey of those substances, which we know are
capable of changing shape, and which take part in locomotion and
other vital manifestations. This becomes especially necessary
when we remember that some pln'aiulmrist*a maintain that even
the striation in voluntary muscles is due not to the presence of
two substances, but simply to unequal refraction and the play of
light. The advocates of this view rezard the substance of voluntary
musele as homogeneous ; the dark and light sarcous elements or
squares constituting the longitudinal and transverse strize being in
their opinion all of the same colour. The strie, as stated, are
absent in involuntary muscles, and very faintly indicated in young
voluntary museles, so that we must not lay too much stress on the
transverse markings, which may, after all, be an optical delusion.
When I employ the term sarcous LlLlllLl.‘lt- cube, or square, I wish
it to represent a definite portion of the muscular mass having that
particular form. The dark and light sarcous elements may or may
not have exactly the same chemical constitution, but this does not
interfere with the property which both possess of changing shape,
and this it is which distinguishes musecular and all other forms of
movement occurring in the tissues. The movements of the volun-
tary and v lll]lll‘lt{l.ll}’ muscles are in some senses identical. As
voluntary muscle is a development and differentiation of involuntary
muscle, so voluntary movements are to be regarded as higher
manifestations of involuntary movements. In the involun
muscle there is a recognisable strueture (Fig. 113,4), and in the volun-
tary muscle that structure apparently becomes more elaborate (Fig.
113, ); but movements definitely co-ordinated, and very precise in
their nature, ean oceur in tissues which are structureless or homo-
geneons ; and this is a point not to be overlooked when studying
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the movements of the voluntary and inveluntary museles, for it
shows that structure, in' the ordinary acceptation of the termn, is
not necessary to motion. Thus, the amceba, which consists of a
soft jelly mass, can change its shape in any direction it pleases.
It ean, as 1 have ascertained from actual obsery ation, push out, or
draw in, a knuckle of any part of its body. These movements are

not due to contr: action in the ordinary sense of the term, for the
portion of the body protruded is wedge-shaped ; no trace of con-
striction being anywhere visible. They are doubtless referable to
a centripetal and centrifugal power inhering in the protoplasmic
mass which enables the creature to advance or elongate, and with-
draw or shorten, any part of its body. At times the amwba
elongates its entire body by a wave-like movement, after which it
sends out lateral processes which exactly correspond with the
bulgings produced on a muscular fibre when it is made to contract
or shorten under the microscope.  When it sends out the lateral
processes or elongates in the direction of its breadth, the body of
the animal is shortened. When the lateral processes are shortened,
the body of the animal is elongated. The analogy between the move-
ments of an amceba and those of a muscular fibre, or a portion there-
of, is therefore complete. Indeed, there is every reason to believe
that the movements of the amaba and the sarcous elements of a
muscle are identical.  Both can change their form, elongation in
one direction entailing shortening in another and opposite direction,
In either case change “of form does not involve change of volume,
this always remaining exactly the same. Similar ]uupertws are
pussessed by the mushroom- _shaped disc of the medusa, This
consists of a jelly mass devoid of muscular fibre. The animal
advances by a deliberate opening and closing of its dise; these
movements, as [ have fully satisfied myself from an attentive ex-
amination of living specimens, being quite independent of each
other. The disc opens slowly and closes rapidly, as in the heart ;
the disc when it closes forcing itself from the surface of a fluid
wedge with considerable enerzy. Here the centripetal and centri-
fugal power which I am disposed to claim for muscle, and especially
for hollow muscles—such as the heart, stomach, bladder, uterus,
bloodvessels, ete.,—is seen to perfection. When the disc closes,
the substance of the animal converges and seeks the centre ;
when the disc opens, 1ts substance diverges and avoids the centre.
The closing movement is the result of a vital converging, closing,
or shortening of all the particles composing the body; the
opening movement being the result of a vital diverging, ex-
panding, or elmy.;atmrr of the same particles. This follows because
the fluid in which the medusa is immersed can take no part
either in the closing or opening of the dise. The movements of
the Salpa cristata still more closely resemble those of the heart
(Fig. 114). The salpa may very properly be compared to the
left ventricle. Thus, it is a conical-shaped bag, supplied with
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two apertures; one of which, situated at the extremity of the
animal (), corresponds to the auriculo-ventricular orifice ; the other,
situated at the mouth (), to the orifice of the aorta. The orifice
corresponding to the aurieulo-ventrieular open-
ing is supplied with a valve (¢) which may be
compared to the mitral valve. When the
animal wishes to advance it expands, and
draws or sucks water into its body by the
aperture furnished with the valve. It then,
by a centripetal movement, closes its body
and the valve, and by so doing forces the
water out of its interior at the aperture
which corresponds to the orifice of the aorta.
By this expedient the salpa confers on its body
3 a retrograde movement. The fact to be at-
{ tended to in the movements of this simple
creature is the power it possesses of ex-
panding and drawing water into its In-
terior, which it subsequently foreibly ejects.
It thus exerts a pulling and pushing power,
similar to that exercised by the left ven-
tricle or any other compartment of the heart.

Fig. 114.

Fio. 114.—Salpa cristata. a, Orifice at mouth. & Orifice corresponding in sitnation to anal
aperture, ¢, Valve puarding orifice &, which permnts water to enter in the direetion of the
mouth, but prevents its returncin an opposite direction,

The centripetal and centrifugal movements adverted to are not
confined to animals, and we must descend still further in the scale
of being, if we would see them in their most rudimentary forms.
They oceur in such plants as the Volvox globator and Chlamy-
domonas, the vacuoles of which open and close with time-regulated
beat.! They are the smne which rcause the leaves and flowers of
certain orders of plants to open and close at various periods of the
day and night. If, therefore, structureless masses have the power
of opening and closing, or, what is the same thing, of elongating and
shortening, it is not too much to claim a similar power for a
muscular fibre and the sarcous elements of which it is composed ;
the more especially as we know, from observation and experiment,
that the museular fibre when it shortens in one direction elongates
in another direction, the fibre and its component particles possessing
the power of abandoning and returning to their original form. If it
be true that when a muscle shortens it elongates in the direction

1 That a jelly-like mass, apparently devoid of structure, is capable of shorten-
ing and elongating, is proved by a very remarkable experiment made by Kiilme.
This distinguished physiologist took the intestine of a cockehafer and stuffed it
with living protoplasm from a living ]‘-lnnt. He applied electricity to the gut
so prepared, and found, to his surprize, that it exhibited all the phenomena
wenlinr to musele when atificially stimulated—ithe intestine H]mrl,t:ning anul-
}l-.:nl:r when the stimulus was applied, and elongating slowly after it was with-
draw.
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of its breadth, and if further it be true that when a muscle
elongates it shortens in the direction of its breadth, 1t follows
that all the particles in the mass obey the same laws. Thus,
when a muscle shortens in the direction of its lemgth, all its
particles, whatever be their composition, colour, or original form,
elongate in the direction of the breadth of the musele. When,
on the other hand, a muscle elongates in the direction of its
length, all its particles shorten in the direction of the breadth of
the muscle. But the particles of a muscle are free to change shape
in any direction, for it is well known that if a long muscle be
artificially stimulated it shortens, and after a while regains its
original dimensions, so that by repeating the stimulus it may be
made to shorten a second time. This happens even when the long
muscle is cut away from its connexions, and when it is removed
from the influence supposed to be exerted upon it by what is
termed its antagonist musele. This tends to prove that the power
which all muscles possess of alternately shortening and elongating
inheres in their substance or sarcous elements, the movements being
essentially vital in their nature, and independent of each other.
That a musele or fibre or their component particles are endowed
with universality of motion, is apparent from the fact that when
a muscle or a muscular fibre shortens, it is thrown into rugse or
swellings ; the long axes of the particles of the swelled portions
being arranged at right angles to the long axes of the particles
representing the constrictions or narrow parts. But those parts of
the muscle or fibre which form the constrictions the one instant
become the swellings the next, the direction of the long axes of
the particles or sarcous elements of the muscle or fibre being in
this case reversed. Museular movements are therefore the result
of a rhythmic motion in their ultimate particles, in all respects
analogous to the rhythmic movements of the heart. The move-
ments of muscles are characterized by two forces acting at right
angles to each other; the one force flying a fixed point, while
the other seeks it (Fig. 115).

Fig. 115.

Frg. 115 shows an elementary fibre of the skate in the uncontracted and contracted state.

A.—Fibre in the condition of rest.  r, Transverse markings or cleavage. s, Longitudinal
markings or cleavage.

B.—a, a, a, One sides of fibre contracting or shortening,
_ U—h & b Both sides of fibre contracting or shorteuing. All parts of the fibre become
involved in succession. Thus, the constrictions between b, b, b of U become the swellings
ey e of D—dyter Bowntan.
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In reality, the ultimate particles or sarcous elements of a muscle
are correlated and definitely co-ordinated, neighbouring particles or
“1!}111}3 l:rl' li.,LI't.lLlL": E\LEG]EH'I" a ‘Ell'.-rltll{?}l.l Hﬂd C.E]]_t.ﬂ,]:'lﬁtﬂl Pl}“"El
which causes one set of par ticles to advance in one direction, while
a corresponding set recede in an opposite direction. This is what
virtually happens in the voluntary system of muscles. When one
muscle shortens on one side of a bone, that on the opposite side
elongates. By assigning a centrifugal and centripetal power to a
moving mass, we can readily understand how structureless tissues
open and close. Without such a power even elahorate tissues
would have difficulty in moving. From the foregoing it follows,
that from the time the particles of a muscle leave their position of
rest and begin to change their form until they return to their
original position and assume their original shape, they are in a
state of activity. This is proved by the fact that when a musele
or sarcous element shortens in the direction of its length,
broadens or lengthens in the direction of its breadth, and wice verse.
It we assign to muscles, or their sarcous elements, the power of
changing form in one direction, it is unphilosophic to assume that
they have not the power of changing form in another and opposite
direction. Even structureless masses of protoplasm are endowed with
this power, and the ameba, which may be regarded as an aggregation
of such masses, can elongate and shorten its I:n::d_i,r with equal facility,
can contract or close in one direction and expand or open in another
—can make a temporary cavity in its substance to serve the pur-
pose of a temporary stomach, and then obliterate it. Similar
a‘tributes inhere in the white blood corpuscle. The majority of
physiologists of the present day, deny that muscles are endowed
with the power of elongating. They say that muscles can only
contract or shorten, and that when they elongate their elongation
is due to Elasticitr:,f, or they are drawn out by antagonist muscles ;
a flexor drawing out its extensor the one instant, the extensor
drawing out the flexor the next. If this were so, the muscles, as
already indicated, would act upon dand against each other, instead
of upon the bones they are intended to move. The waste of
muscular energy under such ecircumstances would be inordinate.
The prevailing theory of muscular action is thus stated by Bowman :
—“The contraction of a musele will be permanent, if no force
from without be exerted to obliterate it by stretching, for a
contracted muscle has no power of extending itself.” Much of
the obscurity regarding muscular movements is, I believe, traceable
to the employment of the terms confraction and relaration, con-
traction primarily signifying a shrinkage or diminution in vﬂlume,
which does not occur in musecular mm'emﬂnts* relaxation, an aban-
donment of the contracted state. An Emmple may be useful.
According to prevailing opinions, a flexor when it contracts or short-
ens drags out or elongates its extensor ; the flexor being active, the
extensor passive. Another way of putting it is this: When the
flexor contracts the extensor relaaes ; 1.¢., offers no opposition to being
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drawn out by the flexor. This, however, is avoiding the difficulty
by taking refuge in terms. Either a muscle (or parts thereof) is or
is not active. When it is not in a state of activity, it is in the
econdition of rest, so that the phrase passive contraction, so fre-
quently employed, has no meaning. 1 propose, therefore, for
these and other reasons, to abandon the terms contraction and
relaxation, as being inapplicable to muscular movements, and
to substitute for them the more simple ones of sherfening and
elongating, as applied to long muscles ; and elosing and opening, as
apphed to hollow museles. By the shortening or closing of a
muscle, I mean its centripetal action, that action by which its
particles converge and crowd towards a certain point; by the
elongating or opening of a muscle, I mean its centrifugal action,
that action by which its particles diverge or escape from a certain
point. These movements are not equally rapid, but they are
equally imdependent and vital in their nature.! My meaning will
be obvious from the annexed woodecuts.

Fig. 116. Fig. 117.

Fig. 116.—Elementary fibres from leg of newly-born rabbit after having been exposed to
the aetion of spirit. Shows longitudinal snd transverse elenvage, and the manner in which
the sarcous elements or cubes (o, @) may become detached. — 4 fter Sowman.

F1i. 117.—A, Sarcons element or enbe capable of changing shape in any direction (vide
arrows). B, Same element when elongated vertically. C, Ditto when elongated horizon-
tally. ‘The position of rest, and the form of B and C when at rest, is that represented at A.
Crrigingl.

! Dr Martin Barry endeavoured to explain museular actions by assuming that
the sarcous elements were arranged as in a spiral spring ; but neither the dis-
position of the dark and light squares, nor their mode of action, favours tll:lﬁl
view. The late Professor Alison attributed the contraction and relaxation of
muscle to the attraction and repulsion of its ultimate particles. Thus, he states
that contraction essentially consists in a greatly increased attraction among the
particles or globules constituting the muscular fibres, and alteration in the direc-
tion in which the attraction acts, rapidly communicated from one particle to
another, both along the same fibre and among adjacent fibres, and 1'-'1]!'1!.”}"
succeeded by repulsion or return to the previous state of cohesive attl':n:lgm
existing among those particles ; and Dr C. B. Radcliffe {,"v.r.r{.ﬁu'e:, 2 I-IZ'I.]:I. 1872)
expresses a belief “ that living musele is kept in a state of elongation by the
presence of an electrical charge, and that contraction is nothing more I']_J'rm the
action of the fibres, by virtue of their elasticity, when liberated by discharge
from the charge which kept them elongated previously.” Matheucel had come
to a similar conclusion at an anterior date, and expressed his belief that muscular
action 15 accompanied h_i,' a lljr_,-auh;llj_gu of l-_':l{,‘:l..'t'l'i"_‘lil..:r' ml:’L!ﬁ_‘_{frliﬁ to that of a for] el o,
This view, Dr J!imll.:lilt'e adds, has received confirmation from the new quadrant

electrometer,
L
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At Fig. 117, A, a sarcous cube or integral portion of a muscle 1s re-
presented. This cube, like the ameeba, is endowed with universality
of motion. Thus it can, by a conjoined centripetal and centrifugal
movement (see solid arrows), assume the shape represented at B ; or
it can by a similar but opposite movement (vide dotted arrows)
assume the shape represented at c. In the case of the open or
expanded heart, the long axes of the sarcous elements of the more
vertical fibres are arranged as at B, those of the more transverse
fibres as at ¢. When the heart closes, the sarcous elements of the
more vertical and transverse fibres assume the shape A. In the case
of an open hollow musele with a closed sphincter, the long axes
of the sarcous elements of the nearly vertical and horizontal fibres
forming the body of the muscle are arranged as at B and ¢, the
sarcous elements of the fibres forming the sphineter having the
shape indicated at A. When the hollow muscle closes, the sarcous
elements of the vertical and horizontal fibres assume the shape A,
those of the sphineter assuming the shape ¢ (see Fig. 128). The
same arrangement obtains in the voluntary muscles. When a flexor
and extensor muscle are at rest, their sarcous elements or cubes as-
sume the form figured at A, When the flexor shortens, its sarcous
elements take the form ¢; the sarcous elements of the extensor, when
it elongates, taking the form 8. When the extensor shortens, its par-
ticles assume the form c; the particles of the flexor, when it elongates,
assuming the form B. The change of shape in the sarcous elements
is necessary to produce the shortening of the flexor and the elonga-
tion of the extensor, and the converse ; the one musele, as explained,
always shortening when the other elongates, and wvice versa. The
particles of the muscle, like the muscles
themselves, as already stated, are co-or-
dinated. They work together and not
against each other. The cube figured at
A consequently not only represents the
position of rest for the sarcous elements of
both flexor and extensor muscles, but also
the line on either side of which they oscil-
late or vibrate when the muscles are in
action. The shape of the sarcous ele-
ments, as seen in the biceps and triceps
in flexion of the arm, is shown at Fig. 118,

¥ia. 115 illustrates how the forearm is flexed or folded on the arm by the combined action of
the biceps and triceps, When the biceps () shortens and the triceps () lengthens, flexion
is produced. When the triceps shortens and the biceps lengthens, extension is produced.
In flexion the bong axes of the sarcous ¢lements of the biceps mnscle (o) are directed trans-
vorsely; those of the triceps () longitudinally.  These conditions are reversed in extension.
At a, the eentripetal action of muscle is seen (vids arrows marked ) at b, its centrifugal
aetion {vide nrrows marked j). (Compnre with arrows of Fig. 130.) o Coracoid process of
geapula from which the short head of the biceps arises. s, Insertion of the biceps inte the
radins.  Long head of the triceps. g Insertion of triceps into the olécranon of the ulna.
#y Hand.— Original.

That muscles possess a centripetal and centrifugal power—i.e, a
power by which they alternately shorten and elongate—and that one
set of muscles is never employed for violently pulling or drawing

Fig. 118.
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out another set, is abundantly proved by the action of the heart and
the hollow musecles with sphincters, such as the stomach, bladder,
rectum, uterus, ete. The heart pulsates in the embryo while yet a
mass of cells, and before it is provided either with cavities, blood,
or muscular fibres. The different compartments of the heart open
and close after the organ is cut out of the body, and when it is
deprived of blood ; but the deprivation of blood prevents the auricles
acting upon the ventricles, and the converse. The auricles and
ventricles are to be regarded as anatomically and functionally dis-
tinet. That the auricles when they close do not forcibly distend
or open the wventricles, is evident from the fact that the ven-
tricles open and close 5lmntanemmlv when the auricles are removed,
Further, it occasionally happens when the heart is intact, in sitw,
and acting slowly, that the ventricles open before the auricles close.
Finally, the ventricles, which are very powerful structures, obliterate
their cavities when they close, so that the auricles, which are very
feeble structures, have not the requisite power to force the blood
which they contain into the solid muscular mass formed by the
ventricles at the termination of the systole. That the ventricles
do obliterate their cavities when they close is a matter of observa-
tion. Ever and anon, when making post-mortem examinations at
the Royal Infirmary of Edinburgh, I find the ventricles rolled to-
gether in the form of a solid ball. Even the stomach is endowed with
the power of all but obliterating its cavity, and I have at present in
my possession a human stmmu,]; the body of which has a diameter
not greater than that of the small intestine.' The movements of
the hollow muscles with sphincters also support the view that
muscles have the power of elongating as well as shortening; in
other words, have a centrifugal and centripetal action. When the
stomach, bladder, or rectum close, their sphincters open, and wvice
versa.  But the closing of the stomach, bladder, and rectum, is
oceasioned by the simultaneous closing, shortening, and broadening
of all the fibres composing the bodies of the viscera; the opening
of the sphincters being oceasioned by the simultaneous opening,
elongating, and narrowing of all the fibres which go to form the
sphincters. As the sphincters are powerful structures which guard
narrow apertures, and the bodies of the viscera are comparatively
feeble, it follows that no effort on the part of the bodies of the
viscera, acting upon their fluid contents, could force a passage.
Such foree is not required, as the sphincters open spontaneously
when the bodies of the viscera close. The movements are co-
ordinated in the same way that the movements of the different
parts of the heart, or those of the flexor and extensor muscles, are
co-ordinated. These movements are, however, only possible in
structures which alternately open or elongate, and close or shorten;
1.¢., exert a centrifugal and centripetal power. They oceur in
muscular and other tissues. |

! The patient to which this stomach belonged died of inanition, occasioned by
stricture of the wsophagus, The stomach itself is quite healthy.
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The opening and closing of the rectum and its sphincters are
represented at Figures 119 and 120,

Fig. 119. Fig. 120.

Fra.119 shows how the rectum clozes and the sphincters open to discharge the feces Inthe act
of defecation, the rectum closes, and narrows in the direetion a o, and elongates in the direction & b ;
the sphincters opening and widening in the direction ¢ ¢, The arrows indicate the direction in
which the forees engaged in discharging the ficces operate. The assistance derived from the co-
operation of the abdominal museles is not estimated. —Original,

Fiz. 120 shows how the rectum opens to receive the fmoes, and how the sphineters close to pre-
vent their eseape. In this ease, the rectum opens in the direction o o, and shortens in the
direction ¢ e ; the sphincters elosing in the direction /. Here the arrows indicate the direetion
in which the forees act to retain the feces.— Criginal.

Another element caleulated tointroduce confusion into our ideas of
muscular movements is the arrangement of the musecular fibres, and
the muscles themselves. Hitherto, and by common consent, it has
been believed that, whereas a flexor muscle is situated on one aspect
of a limb, and its corresponding extensor on the other aspect, these
two muscles must be opposed to, and antagonize, each other—must,
in fact, work against each other. Now, there can be no greater
fallacy than this. Nature never works against herself. The volun-
tary muscles—whether flexors and extensors, or abductors and
adductors, or pronators and supinators—form cyeles, one segment of
the cycle being placed on one side of the bone to be moved, the remain-
ing segment of the eyele on the opposite side of the bone. When
the one side of the cyecle closes or shortens, the opposite side of the
eycle opens or elongates (vide Fig. 118). Museular energy isthus con-
served to the utmost, and the bones are made to vibrate within their
muscular e¢ycles with marvellous precision and exactitude. But for
this arrangement, the delicate manipulations required in the manu-
facture of watches, philosophical instruments, ete., could not be per-
formed. The opening and closing, say of the flexor and extensor ares
of the cycles, are, in all respects, analogous to the opening and closing
movements whmh oceur in the different parts of the heart and in
the hollow muscles with sphincters. It is thus that the move-
ments of the voluntary and involuntary muscles may be assimilated
and referred to a common source.

The involuntary hollow muscles supply the type or pattern on
which the voluntary muscles are formed. Nor is this all. In
idiots whose nervous system 1s deranged, the involuntary move-
ments return in the voluntary muscles; and it is by no means an
uncommon thing fo see in our large lunatic asylums poor demented
creatures exhibiting rhythmic movements in different parts of their
persons. Thus, you will find a considerable number of patients
who, for hours together, move their head, trunk, or limbs, backwards
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and forwards, or laterally, with a steady, see-saw motion, automati-
cally and unconsciously. I was particularly struck with these
rhythmic movements in voluntary muscles, on a recent visit to the
West Riding Lunatic Asylum, where, owing to the courtesy of my
distinguished friend, Dr J. Crichton Browne, the medical superin-
tendent of the institution, I had an opportunity of studying them
under unusually favourable conditions.

I am well aware that elasticity is assigned a high place in mus-
cular movements by modern physiologists, but there are grounds
for believing that its power has been greatly over-rated ; the sarcous
elements, of which muscles are composed, being arranged to act
either with or without elastic substances.!

Elasticity is to be regarded as an aux#liary of muscular mani-
festations, a modification to confer continuity of movement. All
muscular movements are interrupted movements—«. ¢., muscles act
first in one direction, and then in another. In order that muscles
may reverse their movements, they are endowed with a certain
amount of elasticity to assist them over their dead points. That,
however, elasticity is quite a secondary matter, is evident from this :
elasticity cannot generate a movement, muscular movements begin-
ning and terminating in the muscles themselves. Elasticity is to a
prime mover (such as a muscle) what an echo is to a sound. It
repeats, or tends to repeat, movements generated without or beyond
the substance in which it inheres. The bloodvessels are endowed
with a greater share of elasticity than the hollow muscles and in-
voluntary muscles generally, the involuntary muscles having a
greater share than the voluntary ones. In proportion as muscles
become differentiated, and their movements exact, their elastic
properties disappear. By assigning a centripetal and centrifugal
action to muscles, as apart from elasticity and antagonism, we secure
to the muscles, and the sarcous elements composing them, absolute
rest when the:; are not engaged in shortening or lenfrthenmrr There
is no necessity for supposing, as hitherto,” that muscles are ke.pt upon
the stretch by the nature of their position and attachments, and by a
state of passive confraction which opposes their elongation by anta-
gonists.” It is more natural to assume that the muscles which form
opposite sidesof musecular cycles, instead of maintaining their relative
positions by a state of passive contraction, as it is termed, are simply
in a state of inaction. By assigning, as I have done, to the muscles
and their sarcous elements the power of acting in two directions at
right angles to each other, we get rid of the passive contraction of
authors, and the necessity for one muscle or sarcous element, when 1t
shortens, dragﬂmﬂ out another muscle or element which has been re-
garded as its antagonist, but which in reality is its correlate. It is

1 When the sarcous elements have departed as far as they can from their
original shape and position of rest, elasticity assists the particles in reversing
their forces, and gives continuity of motion. The elementary particles may be
said to vibrate, and elasticity is calculated to help them over their dead points.
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impossible to understand how a muscle can be resting in a state of
even passive contraction. A healthy musele is firm in absolute in-
action, but its hardness is not due to contraction. A muscle enjoys a
greater degree of repose than is usually imagined. It isina state of
absolute rest when not shortening or elongating. But the sarcous
elements of a muscle, even when shortening and elongating, have
intervals of repose, from the fact that they do not all act at once, but
alternately and successively. As a muscle moves in its ultimate
elements, so it rests therein, This explains how the heart can go on
without pausing as long as life lasts ; how a muscle during its action
produces a sound, the so-called susurrus ; and how it develops heat,
the ultimate particles trituratingeach other as they advance or recede.

How Muscular Fibres open and close the Vessels, the Compartments of
the Heart, the Stomach, Bladder, Thoraz, Abdomen, efe.—In the small-
est capillary vessels no muscular fibres are to be detected. In the
larger upﬂl;mm faint traces of circular fibres make their appear-
ance. It is only in the smaller arteries and veins that a circular
layer of muscular fibres becomes well marked. Every vessel fur-
nished with eircular muscular fibres can open and close. When
the circular muscular fibres shorten, they elongate the vessel and
diminish its calibre. When they elonw ate, the}r shorten the vessel
and increase its calibre. This follows because the circular fibres
form elosed rings, and any change in their shape produces either
an elongation and narrowing of the vessel, or a shortening and
w 1{1311111" thereof (Fig. ‘3‘-1) The circular fibres are capable of
acting b}' themselves, or in conjunction with elastic structures
arranged in the direction of the length of the vessel. When elastic
structures are present they are stretched when the civeular fibres
shorten. As elastic structures tend to regain their original form
when the force which extended them has ceased to act, they assist
the circular fibres in elomgating. They confer rapidity and con-
tinuity of movement by assisting the muscle over its dead points:
nmuscle, of necessity, acting first in one direction and then in another,

In the larger vessels, a longitudinal layer of musecular fibres is
aldded to the circular one. Under these circumstances, the two sets
of fibfts are arranged at right angles, and work together. When
the vessel is to be narrowed and elongated, the circular fibres
shorten and the longitudinal ones lunn'tlmn ; when it is to be
widened and l‘slmrtf-nul the circular fibres ]engthen and the longi-
tudinal ones shorten. The two sets of fibres take part in both
movements, and do not antagonize or act against each other (Fig.
125). The same thing happens in the vermicular movements of the
intestine and the creeping of the earthworm (Lumbricus agricola),
to which they ave likened. The muscular tunics of the intestine
and worm are composed of longitudinal and civeular fibres, so that
they exactly resemble certain of the bloodvessels. I have studied
the movements of the worm with considerable attention, as
being likely to throw some light upon similar movements in the
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vessels.  Trior to moving, the earthworm draws itself together, and
shortens and thickens its whole body (Fig. 121, A). 1t then elongates
and narrows, telescopie fashion, the first inch or so (Fie. 121, B, a).
In this movement the rings representing the cireular fibres are se-
parated from each other and thickened, the part moving being of a
paler colour than the rest of the body. This shows that while the
circular fibres shorten and broaden, the longitudinal ones lengthen
and narrow, both sets of fibres taking a nearly egual share in the
work. The power possessed by the worm of elongating a paxt of
its body is undoubted. When the first instalment of the body is sent
forward, it is corrugated or gathered together (Fig. 121, ¢, «), and
sec 11':1_'11.' fixed on l]w around by the assistance of l]w setee or hairs
sitnated on the ventral aspect of the animal. A second inch or so
1s now elongated, telescopic fashion, and sent on preecisely as in the
first instance (Fig. 121, ¢, #). The second instalment is not drawn
forward, as is generally believed, but pushed forward, as described.
When the second mmstalment 1s gathered to the first, and both fixed
to the ground by the setie, a third instalment is sent on, the worm
not beginning a second step until the tail instalment is forwarded
and added to the body. The worm advances by a peristaltic or wave
movement. It pushes itself forward upon the oround, and in this
respect resembles all other animals with terrestrial habits. If the
worm had not the power of elongating and pushing its body forward,
it is evident that it could never begin a step (Fig. 121, B, «).
Figs. 121.

Fro, 121.—A mepresents the worm as drawn together prior to commencing & steyp, and divided into
four equal portions, a, b, e, d.—Uriginal, k

B shows the first part of the worm aselongated or pushed out (a); the parts &, ¢, d, acting as
fulera.— Criginal.

C shows the first part of the worm (a) shortened, corrogated, and fixed on the ground ; the !‘_J";llllﬂ !
part of the worm (&) being elongated or pushed out; the parts ¢ and  acting as fulern— Griginal.

The movements of the worm are exceedingly interesting, as
showine that a muscular mass composed of eircular and longitudinal
fibres (each set continuous npon itselt) has the power of t‘]l'J'!I”H.'I]]”
even iu the absence of fixed points. The locomotion of the worm
is performed by two forees, which always act at right angles to each
other. Thus, when the first part of the body is sent forward, the
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circular fibres exert their centripetal power, the longitudinal ones
their centrifugal power. When this portion of the body is shortened
and corrugated prior to being fixed on the ground by the setz, the
circular fibres exert their centrifugal power, and the longitudinal
ones their centripetal power. The sarcous elements of the circular
and longitudinal fibres alternately seek and fly the centre of the
moving part. It follows from this, that the part of the worm
which is corrugating and broadening may be compared to a
sphineter muscle which is opening ; while that part of the worm
which' is elongating and narrowing may be compared to a hollow
muscle closing. In these two movements, both of which are
necessary to the locomotion of the worm, the elongating and
shortening power possessed by muscle is clearly shown. One part of
the worm elongates while another part shortens, and but for this con-
sentaneous double movement (which is a co-ordinated rhythmic
movement) no locomotion ean take place. The same holds true of the
voluntary muscles. When bones are to be moved, one part of the
muscular cycle must shorten when the ‘other elongates, and vice versa.
If any part of the worm attempted to shorfen and lengthen at the
same instant, it is evident that no locomotion would ensue. In like
manner, if the voluntary muscles situated on one aspect of a bone
or bones acted against the muscles situated on the opposite aspect,
the bones would remain ¢n sfafw guo. The commonly-received
opinion, that musecles have only the power of shertening, and
cannot elongate, 1s, I believe, founded in error. The belief is
no doubt traceable, in a great measure, to the incautious use
of artificial stimuli. If, e g, electricity is applied to the first
part of the worm when in the act of elongating, it instantly
shortens. This, however, is no proof against the elongating power
of musele. It is simply the sudden substitution of an abnormal
for a normal movement. If artificial stimuli produced natural
movements, they would, when applied to a musele in the act of
elongating, cause it to elongate more rapidly ; in other words, they
would quicken its movements, and in no instance check or reverse
them. Muscle is not the only substance which shrinks or retires
within itself on being assailed by a troublesome neighbour. The
sensitive plant does the same.! The worm elongates its body on
the withdrawal of the stimulus, and the sensitive plant regains its
original shape. The return movements are therefore vital and
normal. In the same way a muscle, when cut out of the body and
made to shorten by an irritant, regains its original shape when the
nrritant is withdrawn, and may be made to shorten many times in
succession. When the muscle returns to its original shape it
elongates, the elongation being necessary to a repetition of the

! Desfontaines once carried a sensitive plant with him in a coach, with the
following curious result. The jolting of the machine caused it at first to curl
up its leaves, When, however, it became accustomed to the movement, it
expanded them,
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muscular movement. A long muscle when it shortens, virtually
reproduces the movements observed in the body of the worm when
ereeping, one part of the musele swelling out or broadening by a
centrifugal movement, while another portion thins or narrows by a
centripetal movement. This accounts for a long muscle being
thrown into @mpuliec when it shortens (Fig. 115, ¢, p).

Similar movements to those described in the worm oceur in the
tentacles of the gasteropoda. In murex, the tentacles are thick
solid fleshy stems, composed of various strata of eircular, longitudi-
nal, and oblique muscular fibres. These are elongated and retracted
at pleasure (Fig. 122). In the garden-snail (Helix pomatia), the
tentacles are hollow tubes, composed of ecireular bands of muscle.
Within each tentacle is a long muscular slip (Fig. 123, ¢, d), extend-
ing between its free extremity and the common retractive muscles
of the foot. When the muscular slip (¢) shortens, the eircular
muscular fibres elongate, and the tentacle is invaginated (¢). The
same thing happens in Invagination of the intestine. A reverse
action takes place when the tentacle is protruded (), the enclosed
muscular slip () elongating, and the circular fibres shortening,
That the evagination or protrusion of the tentacle is not due to
the contraction or shortening of the ecircular fibres alone, is evident
from this. If the tentacle is half invaginated (a), the shortening
or closing of the circular fibres by themselves tend rather to
invagination than evagination. To complete the process, the
longitudinal muscular slip (¢) must elongate, and push slightly.

Fig. 122. : Fig. 123.

Fig. 122 shows tentacles of murex (a,b) in elongated state.—Adopled,

Fia. 123 shows the four tentacles of parden-snail (e, b, e, f); one of which {a) iz invaginated,
and its muscle (¢) shorténed ; & second one (&) being Evaglllumd of pighed ont, and its musele
(d) elongated . —A dapled,

When a garden-snail elongates its tentacles, we feel that the

act 1s a voluntary and a vital one. The moment, however, they
' 2B
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touch a foreign body, they shrink.! The alarm passes away, and
again the tentacles are cautiously elongated. The same thing
happens in the sea-anemone. When this magnificent creature
expands its tentacles like a gorgeous flower opening to the
sunlight, it pushes them out with exquisite grace like so many
microscopic telescopes. If however, foreign matter be dropped into
the water upon the anemone, the tentacles instantly retreat into the
interior of the animal. The power of elongating and shortening pos-
sessed by the tentacles, is, 1 believe, possessed by every muscle, by
every one of its fibres, and by every one of its sarcous elements.
If we grant to muscles the power of alternately shortening and
elongating, we have an explanation of the multifarious move-
ments which we behold in our own bodies. We can comprehend
how the heart, bloodvessels, and hollow viscera act; how we are
capable of migrating from one place to another; and how the
hand is supplied with its cunning. All are vital manifestations.
The elongation and shortening of the tentacles are analogous to
the opening and closing of the heart, the extending or flexing of the
arm, or the protruding and retracting of the tongue.

To take another example: The mouth of the gasteropoda in
most instances presents the appearance of a prehensile and re-
tractile proboscis. This remark, I may observe, applies to the
mouth and lips of a great many animals, the oval aperture and lips
being pushed out and retracted at pleasure,

In the gasteropods, which have no jaws or masticating apparatus,
the movable proboseis consists of a muscular tube composed of
longitudinal and circular fibres as in the intestine. By means of
this simple structure, every possible kind of movement is effected,
the tube seizing the food, and, by alternately opening and closing,
forcing it into and along the alimentary canal, just as the blood is
forced along a vessel endowed with rhythmical movements. The
retraction of the proboscis is occasioned by the shortening of
the longitudinal fibres, and the expansion or elongation of the
circular ones ; the elongation being effected by a counter and con-
trary movement. The tongue, as has been stated, is also endowed
with the power of elongating and shortening; the organ being
employed by the ox for seizing the grass, and by the chameleon
for securing insects.

By investing the sarcous elements of muscle with the power of
shortening and elongating, longitudinal and circular fibres can be
made to act by themselves or in combination, and so of every form
of oblique fibres. If circular fibres are to act by themselves and
diminish the calibre of a vessel, they shorten in the direction of
the breadth of the vessel. If the same function is to be performed
by longitudinal and circular fibres arranged at right angles, the
circular fibres shorten in the direction of the breadth of the vessel,

! In phthisical patients, as Dr Stokes has shown, a smart tap on a musecular
part is followed by a contraction and swelling of the part struck. The part
strnek is surprized, and contracts or rolls itself togethe.
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the longitudinal fibres elongating in the direction of its length.
These movements are reversed it the vessel is to be widened. If
a cavity is to be obliterated by longitudinal and ecircular fibres, the
fibres shorten longitudinally and tmmu-hvlv If it 1s to be opened,
they elongate. It f]hh:lm, fibres are present, they are accessories,
and deport themselves in exactly the same way as the others. In
hollow musecles the fibres require to be continuous upon themselves,
and this accounts for the faet, that in the heart, stomach, bladder
and uterns, the fibres have neither origin nor insertion. ( Fude
Figures, 124, 125, 126, 127, 128, 129, 130.)
Fig. 124. - Fig. 125 Fig. 126. Fig. 127.

Fra. 124. —Veszel supplied with circular or transverse fibres {a), capable of increasing or de-
creasing its calibre, and of shortenine or elonzating it.—Orisfol.

Fia. 125.—V |'"*-hl:‘|.*ht|'l||'|n il with eirealar (o) and longitidinal (&) fibreg, capable of increasing
or diminishing its calibire, and of shortening of clongating it.—riginal,

FiG. 135.—Ilnllow muscle provided with eiveular (n) and longitudinal (&) fibres, capalle of
inere l.:.-ml: and diminishing its cavity so as to take in and sject floid.—Gripinal,

Fig. 127.—Hollow MSE 1 provided with circular (o), Iongsitmdinal (k) amd obligue (e, o)
fibres, capable of opening and closing, and of taking in and ejecting Auid.  In this case I!ll:
opening and closing, becanse of the presence of the obligue fibres, is more perfect than in
Fig. 126, — Opiginal.

Fig. 1235.—Hollow mnsele (human bladder) provided with cirenlar (o), longitodinal (8], and
oblique (¢, d) spiral fibres, continuons at base (b} and apex (<), in which latter situation they
form a sphineter. When the fibres eonstituting the bedy of the misele close, the eontinna-
tions= of those fibres which form its sphincter, open, and wice versa. Such & musele caureceive,
eontain, and eject Anid.— Driginel.

FiG. 1X.—Hollow muscle (lefi ventricle of heart of mammal) provided with circular (a),
lomgmitndinal (&), and oblique (¢, d) spiral fibres, continuous at apex (#) and base (¥). These
ﬁhre.-z. by l.11|'-.5|‘ |1r|i.t:'1,! efforts, can apen or close the muscle, and can eatise it to auek in and
eject the blood alternately. (Compare with Figs. 85, 99, and 100} —thriginaf,

F16. 130.—Transverse section of left ventricle of heart (mammal}, showing it in the open
and elosed condition. o, Ventricle when open. w, Ve rmu:-lm- when closed, and caxity (i)
obliterated. =, Imaginary line, on either side of which the walls of the ventricle vibrate
when the ventricle closes and opens, and when the ventricular fibres exercise their centripetal
(i, u) and centrifugal (o, p) action.— frigival.

The heart differs slightly from the bloodvessels, inasmuch as
when it closes, all its diameters are shortened ; whereas, when it
expands, all its diameters are elongated. In the opening and closing
of the I].lﬁt‘l‘i“llf. compartments of the heart we have two diame lt:mth’
opposite conditions. To produce this apparently imposzible result
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in the ventricles, the fibres and the sarcous particles of the fibres
are arranged vertically, transv eracl}, and obliquely, in continuous
spirals, as shown at Fig. 129, Fig. 130, », shows a transverse section
of the left ventricle of the heart in the expanded or dilated con-
dition ; w, of the same fig,, showing a transverse section of the
left ventricle when its cav ity is obliterated. The arrows m n, o0 p
of Fig. 130 indicate the centripetal and centrifugal foree pussessed
by the heart, in virtue of which it acts as a sucking and propelling
organ. The heart has the power of forcibly expanding itself, as
it. has of forcibly cloging itself. It can therefore, in virtue of its
rhythmic movements, alternately suck in and eject blood — the
auricles attracting it while the ventricles are repelling it, and wice
verse.  When the walls of the ventricle travel beyond the circle
represented by a of Fig. 130 in an inward direction, they push the
blood out of the ventricular cavity ; when they travel beyond the
same circle in an outward direction, they suck the blood into it.
A common caoutchoue bag, if immersed In water and squeezed at
intervals, will do the same. The order in which the closure oceurs
in the vessels and hearts of the lower animals and in the heart
of the mammal favours this view. In the cold-blooded animals, the
larce veins (even to the venwe hepaticie) close first ; then the auricle
or auricles, as the case may be; then the ventricle; and lastly the
bulbus arteriosus. In the warm-blooded animals the terminations
of the pulmonary veins and eavee (superior and inferior) close first ;
then the auricles, then the ventrieles, and then the large vessels
in the vicinity of the heart; these vessels, as already pointed
out, being supplied with an elaborate plexus of nerves. The
blood is, as it were, manipulated while it is being transmitted.
Thus, it is drawn into and seized by the large veins leading
to the heart; then by the auricles, then by the ventricles,
and then by the large arteries leading from the heart. No sooner,
however, is it seized than it is dismmssed, the seizure and the dis-
missal being alike necessary to the eirculation. The blood is not
permitted to wander about at pleasure in the cavities of the cir-
culatory apparatus. Omn the contrary, it is made to flow in a con-
tinuous onward stream, by a series of very wonderful peristaltic
movements, very muech in the same way that the blood is forced
into the ﬂhmentmy canal of the leech, by the simultaneous opening
and closing in regular succession of the different portions of its
muscular w sﬂplmgﬂa Nay, more ; it is made to open and close the
doors which lead to and conduct from the chambers through which
it passes. [t is customary, when speaking of the action of the
heart, to refer only to the closure of the organ, its opening being
regarded as comparatively unimportant and depending indirectly
on the elosing. The opening of the heart, however, is as necessary
to the circulation as its closing ; and but for the fact that one part
of the heart opens while the other closes, the blood could not be
made to perform its endless round without quite an extravagant
waste of power. The blood, like other fluids, is nearly incompres-

e
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sible, and if it is ejected from one place it must be received in
another of nearly, I might safely say of exactly, the same dimen-
sions. These are but so many proofs of arrangement and design.
When the veins close, the auricles open; when the auricles close,
the ventricles open; when the ventricles close, the arteries and
veins open, and so on ad infinttwm. The blood is alternately pushed
and pulled. That the vessels may take a part in and modify the
circulation, is evident from the researches of Marey and Garrod,
who show that any obstruction or narrowing in the small vessels
slow the action of the heart.

Analogy between the Movements of the Thovax, Abdomen, and
Heart—The primary function of the thorax is alternately to
suck in and eject air; but it has a second function, it attracts
or determines blood to the heart. In fact, the movements of
the chest and heart are essentially the same, the object of both
being to bring relays of air and blood into intimate contact within
a given area. In breathing, the air does not simply rush into the
lungs : it is drawn in by a vital aet. It 1s likewise expelled by a
vital act. In like manner, the blood is drawn into the auricles and
forced out of the ventricles by vital acts. This follows because
the chest and heart have the power of alternately opening and
closing. If the air rushed into the lungs mechaniecally, and was
expellf,d thence by the mere elasticity of the lungs, we could not
regulate the supply of air admitted into and sent from the lungs
in inspiration and expiration. There would, moreover, be an
absence of the rhythm which characterizes the chest movements,
We can arrest both the inspiration and expiration, which shows
that these actions are voluntary and vital as well as involuntary
and mechanical. That an intimate relation exists between the
thorax and heart appears from this: by arresting the respiration,
we can also arrest the cireulation. M. Groux, who had a congenital
fissure of the sternum, could arrest the pulsation of his subelavian
and radial arteries by making a full inspiration, and then by holding
his breath for a short interval. If he held his breath for a few
moments after a full expiration, the pulsating tumour which ap-
peared at the cleft sternum became larger, apparently from the
heart becoming unusually distended with blood.

During inspiration the great veins entering and contained
in the chest—viz., the subeclavian, jugular, and superior and
inferior cavie—are full of blood, the blood being attracted by
the inspiratory effort. During expiration the vessels are com-
paratively flaccid. These changes are not confined to the
chest; thus the radial pulse is weaker and less voluminous
during inspiration, and stronger and more voluminous during
expiration. The pulse is weakened during inspiration, from the
fact that when air is inspired, a large mass of blood is attracted
to the chest, which has the effect of relieving the plethora of
the arterial system—the blood being as it were dammed up in the
arteries during expiration. The inspiratory and expiratory acts
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affect all the vessels of the body, the respiratory influence being
most marked in the vessels of the head, chest, and trunk, and least
in those of the extremities. This is rendered obvious by the fact
that when the brain, which contains a very large number of
vessels, is ‘exposed, it is seen to shrink and recede during in-
spiration, and to swell out or expand during expiration. The
attraction of the blood to the chest, and the consequent drain-
ing of the capillaries of the brain, sufficiently account for the
diminution of its volume during inspiration; the absence of that
attraction and the gorging of the capillaries accounting for the
opposite condition during expiration. The rise and fall of the
brain here referred to, is not to be confounded with similar but
minor changes induced by the action of the heart itself, as the two
sets of phenomena occur at different periods. The celebrated
Hales made this a matter of experimment. By causing the blood of
horses and dogs to enter a vertical graduated tube, he found that
with each beat of the pulse the hiemostatic column rose and fell
two, three, or four inches; but that when the animals respired
deeply or struggled, it rose and fell from twelve to fourteen inches.
Here again the principal rise and fall of the column coincided
exactly with the inspiratory and expiratory acts, the column being
lowest during inspiration, and highest during expiration. Another
proof that the inspiratory act draws the blood towards the chest, is
to be found in the fact that when a wound is made in a vein
anywhere in the vicimity of the thorax, the air is most apt to enter
during sighing or when deep inspirations are made.

Dr Buchanan, of Glasgow,! attaches great importance to respira-
tion as an auxiliary of the circulation, and states his conviction
that asphyxia is less due to the poisoning of the blood than
to the fact that, when the breathing ceases, the heart is unable to
carry on the circulation by itself.? I am not disposed to go thus
far ; for, while admitting that respiration forms one of the forces
of the circulation in the mammal, T cannot overlovk the fact that
in some of the lower animals the ecirculation is carried on where
no respiration proper exists. The respiration may be divided into
three kinds—viz.,, (@) the respiration due to the action of the
chest and laryngeal muscles; (&) that due to the action of eilia,
situated on the trachea and bronchial tubes; and (¢) that occasioned
by the diffusion of gases. The two former correspond to the
visible vascular circulation ; the latter to the invisible. The

¥ The Forces which carry on the Cireulation of the Blood, by Andrew
Buchanan, M.D., ete., Professor of Physiology, University of Glasgow.

* Professor Alison is of opinion that the effects of asphyxia first show
themselves in the lungs, that the arterialization of the blood has the power
of attracting that fluid to the lungs, and of drawing it on through the
capillaries, and that when this auxiliary to the cirenlation is eut off, the blood
stagnates in the lungs. He assigns to the absorption and exhalation which
goes on in the lungs in a state of health, a power similar to that claimed by
most physiologists for the tissnes.
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diffusion of gases in the lungs is analogous to the diffusion of fl