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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,
blood-vessels, and valves, supply a theme of unusual interest
not only to the anatomist and physiologist, but also to
the practitioner, especially since the introduction of the
stethoscope. In order to give an intelligible account of the
circulation, and the apparatus by which it is effected in man,
it will be necessary to avail myself of whatever collateral
information 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 foetus.

By adopting this method I hope to be able to lead up to
the complex circulation 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 I succeed
in placing before you the links (fearfully and wonderfully
made) of a chain, on the integrity of which life itself may be
said to depend. In some cases we shall find only one link
of the chain present; in others, two; in others, three; and
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2 PHYSIOLOGY OF THE CIRCULATION.

so on until we arrive at a degree of differentiation and com-
pleteness which, while it commands the reverence, must elicit
the admiration eof every one who reflects, In the human
circulation 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 generalise. 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
temperature 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, through them, indirectly
into the system. In the serpent breathing is effected, and
‘the blood aerated, by the aid of lungs ; two cavities (the
auricles) receiving the blood from the lungs and from the
system ; one cavity (the wventricle) forcing it through the
‘lungs and through the system. In the reptile the circulation is
.of a mixed character, the arterial and venous blood blending
in the ventricle of the heart. In the bird and mammal the
heart consists of four cavities—two auricles and two ventri-
cles; the auricles receiving the blood from the system 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
richt ventricle propelling venous or dark blood, the left one
arterial or bright blood. The differentiation observable in the
cavities of the heart is preceded by a similar differentiation in
the channels and wvessels through which the nutritious juices
flow ; the elaboration of the heart and vessels necessitating
the presence of valves, which vary in number according to the
complexity of the circulatory apparatus. ‘In the lowest or-
-ganised plants, such as the fungi, algae, etc., and in the lower
‘classes of animals, as the polypi, actiniae, and a great part of



PHYSIOLOGY OF THE CIRCULATION. 3

the intestinal worms, the nutritious materials are transmitted
through their substance, without any distinct canals or tubes ;
while in the higher classes of plants, and in the medusae, 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 deficiency the dorsal vessel itself has a distinct
movement of contraction and relaxation 1

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 nutritious saps
at one period of the year flow from below upwards, and at
another, from above downwards. A cross circulation, 7.e. a
circulation 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 usually consist of from one to four segments. In the
arteries, as a rule, they consist of three segments® 1In the
heart they may vary from two to three, and to these as many
intermediate segments may be added. The number, however,
may greatly exceed this, for in the bulbus arteriosus of the
American devil-fish (cephalopterus giorna) we find as many as
thirty-six segments. The valves may be placed within com-
paratively unyielding structures, as the fibrous rings found at
the beginning of the pulmonary artery and aorta of the mam-
mal; or they may be placed within yielding and actively
moving structures, as the bulbus arteriosus 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 mechanical ; in the latter case
the structure of the segments is more complex, the segments

! Cyc. of Anat. and Phys,, art. * Heart.! By Dr. John Reid, p. g%.

* 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 present, the number increasing
at times to four. In such cases a segment may be absorbed or divided into two by
disease. Tt ought to be observed that rudimentary valves are found in the um-
bilical arteries, These are, strictly speaking, foetal structures,
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4 PHYSIOLOGY OF THE CIRCULATION.

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 ventricle opening and closing al-
ternately. 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 circulation comparatively.
What is true of the particular is necessarily true of the
general ; and if we succeed in comprehending a simple struc-
ture, and in following a simple action, the knowledge acquired
will greatly assist us in comprehending complex structures
and combined actions. It is comparatively an easy matter
to understand a purely mechanical act. Here the forces and
resistances can be appreciated with something like mathe-
matical 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 occa-
sions to deal with rigid 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
cavities, such as are found in animals, and which are not enly
capable of receiving an impulse, but of storing up the impulse
or power communicated, and of expending it as required.

If tothe foregoing we add that the action of muscles,—which,
in animals, are the chief motors in the circulation,—is compara-
tively unknown, we conclude a list of difficulties which it will
require time, patience, and perseverance to overcome. These
difficulties 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
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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 circulation 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 blood-vessels. Galen,
towards the end of the second century, described the course
of the blood-vessels 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 cognizant of the fact that the arteries contained
blood, and described 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 Hippo-
crates, Aristotle, nor Galen, however, was aware that the
blood circulated, 7.e. started from one point and returned to
the same point after making the circuit of the body. Galen
believed that the blood simply oscillated ; and it is a curious
circumstance 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. Johannes
Miiller, in like manner, affirms that in the leech the blood-
vessels on one side of the body contract and force the blood
into those of the other and 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
veins, and showed that the veins and the heart contained
valves. He also explained that the arterial pulse depended
upon the systole of the heart. Here was a decided advance.
Servetus, that martyr to science,’ had, as early as 1531, actually

" Servetus fell a victim to religious persecution, and was cruelly burned alive at
Geneva in 1533,
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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 nature of
the auricular septum, it must go through the lungs, where
it is changed, 7.e. undergoes a transformation 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 wvein had some other function
than that of nourishing the lungs—an inference deduced from
their comparatively large size.

Caesalpinus, 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
foetal 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 described by Fallopius,
Avranzii, and Vesalius. The last observer likewise discovered
the ductus venosus, which was figured by Fabricius and
Eustachius, It was reserved however for the immortal
Harvey to place the coping-stone on the magnificent edifice
of the circulation, and to this philosopher we owe our know-
ledge of the circulation in its entirety, and as at present ac-
cepted. Harvey was the apt pupil of a celebrated master.
He studied under the famous Fabricius of Padua, for the
prottacted period of six years, viz. from 1596 to 1602.
Fabricius, although entirely ignorant of the circulation as
subsequently developed and explained by Harvey, had, for-
tunately 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 discovery. Harvey, on his return to England, in-
stituted 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 16109, 7. &
seventeen years after he left Padua, that he ventured to teach
the doctrine of the double circulation publicly. Other nine
years elapsed before the Zxercitatio Anatomica de Moitu
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Cordis et Sanguinis in Animalibus saw the light. This
celebrated work was consequently published in 1628, and,
curiously 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 capillary circula-
tion, 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
creat 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 present lectures
is to point out the course which the blood and other nutritious
juices pursue, as they meander about in the organic world,
now free, now confined ; now checked by the presence of
valves, now hurried forward by 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 Circulation—The term circulation, in the
present day, is employed in a double sense. In its wider
signification 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 indicates 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 mind, 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
represents the systemic circulation—two accessory loops re-
presenting the pulmonic and portal circulation. The ac-
cessory loops may be increased indefinitely to meet the
requirements of any particular case,
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CIRCULATION IN PLANTS.

In plants the circulation is in its most rudimentary form :
in fact it is incomplete as a circulation, 7.e. as a continuous
flow of nutritious juices in a circle. My meaning will be ob-
vious when I remind you, that in trees the sap flows steadily
upwards in spring, and steadily downwards in autumn, The
chain is, as i1t were, broken at both ends. There is, in
addition to the upward and downward currents, a certain
amount of transfusion, z.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 principal,
and, as regards time, interrupted currents!. In order to com-
prehend 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 disjointed circulation with a certain degree of oneness
about it. Nutrition is a principal factor in the process. The

! ¢ The nutrient fluids in plants follow certain directions according to the struc-
ture and arrangement of the tissues, the locality of the sources of nutrition and of
growth, or other actions; and as regards the elaborated fluid, the movement may
be—(1) from the place of formation to that of consumption; or (2) to the stem,
cells, or reservoirs; or (3) from the latter to the place of consumption.' —Henfrey's
Botany, as edited by Dr. Masters, F.R.S., p. 550.

2« 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
functions, 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, vol. i. p. 557.

i e e il



r|'r

PHVYSIOLOGY OF THE CIRCULATION. 9

idea of a.plant or tree increasing in an upward and downrw.vard
direction and laterally at one and the same time, is consistent
with fact. When a seed grows, it extends itself into the
eround and into the air; 7.¢. it spreads from a centre In an
upward and outward direction, and in a downward and out-
ward direction®. (Figs. 1-3.)

Fig. 2 Fig. 3

Fig. 1.

Fig. .—' A secdling dicotyledonons plant with an ascending and a descentling axis."—HMenfirew.
Fig. s.—" Pawdenur sdoraliciimies, the screw-ping, with adventitious roots supporting the trunk.'—
Fenfrey.

Fig. 3—' Rhizophom mangle, the mangrove-tree, supported as ik were upon piles by its numerous
roots, which raise up the stem, The plant grows at the muddy mouths of rivers in wann climates,"—
Balfonr,

If, bearing this fact in mind, you imagine that as the tree grows
the central 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 con-
clude that the stem of the tree itself is sending off processes
in an upward and downward direction, and likewise laterally.
That the central 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 grow-
ing 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 alone, will cause
the whole mass of the plant to rise bodily upwards. This is
particularly well seen in the mangrove-tree and screw-pine,

! The hydrogastrum, one of the algae, consists of a single cell, but this cell is so
differentiated as to simulate a perfect plant, with roots, stem, bud, and fruit.
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where the stems are raised completely out of the ground, and
suEpﬂrted as it were upon piles. (Figs. 2, 3.) |
Lwo Different Systems in Plants—The embryo according
to P:ctit Thouars and Gaudichaud, consists of two ’porticnns, a
caulinary and radicular ; the one having a tendency to ascend
the other to descend. These portions, which may be taken t{;
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 is situated between the
sheath and the bark, being connected with the woody tissue

Flg. 5. Fig. 6
Flg. 4

Fig. 4 *5lip or cutting of root of Maclura, showing o number of buds, ¢, from which proceed radicolar
fibres, @, which are interposed between the bark, 8, and the fibres of the old wood. The young fibres
are traced to the buds, and, in their progress downwards, t‘h:}r resmain distinct. This example is broaght
forward by Gaudichaod as illustrating bis vertical theory of wood formation'—=8a{fier.
Fig. g 'Truncated stem of a dracaena after maceration, showkng the tracheae, £ & of the ascending
system of the stem and branch.  The radicular system of the old stem, 7 is seon in the form of fibres,
and the radicutar woody bundles, #, of the branch are disposed in a grasping manner over those of the
ald stem.  The fitres, according to Petit Thooars and Gaudichaod, come from the bases of the leaves,
and belong to the descending system.'—Falfonr.
Flg. 6.—* Vertical section of the stem of a palm, showing the wascular bundles, /v, curving downwirds
and imterlacing. This pecuolisr arranpement suggests the idea of roots ramifying. '—FSadfour.
sent down from the leaves. The woody fibres of the leaves,
aided by the cambium, 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, etc.; these bundles proceeding from the base of the
leaves, and interlacing in a curved downward direction, as
shown in the accompanying figures.

It is also confirmed by the development of aerial roots, from
different parts of the stems of screw-pines, tree-ferns, vellozias,
figs, etc. ; the stem of the screw-pine actually becoming less

in proportion to the number of adventitious roots given off.
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PHYSIOLOGY OF THE CIRCULATION. 11

(Fig. 2, p. 9.) In some palms, moreover, the descending fibres
burst through the stems externally, and appear as roots. If
further confirmation of this view were necessary, it is to be
found in the fact that occasionally 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 Salix viminalis, a species of willow. The trunk de-
cayed in the centre, and from the sound wood above the
decayed part a woody root eighteen 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 distinct, and in some respects opposite,
systems exist in plants, is rendered exceedingly probable by
the researches of De la Hire, Darwin, Knight, Auber du Petit
Thouars, Gaudichaud, and Macaire; the last observer be-
lieving that even the roots of plants have a twofold function,
the one to extract 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, neces-
sary 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 re-
moval of starch corpuscles, the simultaneous increase of a
tree by shoots, branches, and leaves in the air, and by roots
and spongioles in the ground.

Two Principal Currents in Plants — Proof that the Saps
ascend and descend.—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 cut in the autumn, the sap
flows in a downward and outward 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

! Walker's Experiments on the Motion of Sap in Trees. Trans. Roy. Soc.
Edin. i. 3. '

* Burnett on the Development of the several Organic Systems of Vepetables.
Jour, Roy. Instit. vol. i.
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was ascertained by making incisions 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 extremity 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 current
extends from the stem to the branches. To these interesting
experiments Mohl added another of great value. He showed
that if a ring of bark be removed, the sap flows up as before
the mutilation, but that if a portion of the wood be 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 iz stafu quo below the injury. If moreover, as
Henfrey states, bark be removed in patches, and the surfaces
become gradually grown over by new wood, the greater part
of the new growth comes from the wupper side'. This shows
not only that the crude 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 nutritious juices,
owing to their greater viscidity and other changes, do not flow
outwards ; which shows that the mature of the circulation
and the material circulated at this period is somewhat dif-
ferent 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 swuccus proprius or proper food of the plant. The

1 +In dicotyledons the elaborated sap descends in the fibro-vascular bundles of
the cambium layer of the wood and in the intemnal tissue of the bark. Italso passes
inward by lateral transfusion. In dicotyledons the inner layers of wood generally
become converted in course of time into keart-wood, the solidity of which obstructs
the passage of fluids, which then ascend chiefly in the younger outward layers of
the wood which constitute the alburnum or sap-wood.—Henfrey's Botany, pp.

o

in
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suceus proprius, which differs in its constitution from the crude
sap, subsequently descends into the stem, through which it
diffuses itself by a collateral circulation, to be stored up for
future wants. M. A. Gris was convinced 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 absorp-
tion 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 circulation is mainly concerned with the
elongation of the stem and branches, the development of the
buds, and the evolution of the leaves, its course being for the
most part upwards'. In summer it is chiefly concerned with
the functions of the leaf, the elaboration of sap, and the storing
up of food for the 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 down-
wards ; 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 autumn, when the period of growth is over, this process is
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 circula-
tion in animals being most vigorous when the animal is awake,
or when excited ; and least so when it is in a quiescent state,
when sleeping or when hibernating. I have attempted to

* To the progress of the sap in the direction of the axis in spring Burnett
ascribes the early development and vigour of the terminal buds,

* It may be well to state, that the ascending current of spring is accompanied by
a slight downward current, the descending current of autumn being accompanied
by a slight upward current, the spring and autumn currents diffusing themselves as

they go. This follows because of the share taken by endosmese and éxosmose in
the circulation.
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convey an idea of the scheme of the circilation in plants by
the aid of the subjoined figures. (Figs. 7 and 8.)

Fig. 7. Flg. 8.

Fig. r.—Endosmometer, showing endosmotic and excsmotic currents. 7, Glass vessel containing
witer. g, Expanded portion of glass tobe bent npon itself at ©and &; its under surfices being covered
by a plece of bladder. & Column of mercury. The space between the column of mercury and the
Hadder (g) is filled with syrup at aperture &£ Immediately the water and syrup act upon the bladder or
interposed membrane, opposite currents are indveced, the water rising through the bladder and syrup
with great epcrgy, as indicated by the arrows, & ¢ (endosmosis), the syrop setiling down into the water
more feebly, as indicated by the arrows ¢ o (exosmasis).  The water Sets towards the syrup with such
force as toclevate the column of mercury &, in the tube £ in the direction e. In addition (o the principal
currents, indicated by the arrows a and &, thers are minor currents which procecd transversely. These
arc best seen when the bladder is made to project beyond g, $0 as to display & certain amount of lateral

surface.

Fig. B—Dispram, representing the sscending, descending, and trangverse currents in the plant
a, Ascending or spring current. &, Descending or autumn cument, ¢ #, Ascending and descending
currents of summer ; these being continnous in the direction of the leaves and roots. &, ¢ Transverss
currents. The arrows in this diagram represent the endosmothe eurrents, the darts the excsmotie ones.

In contemplating figure 8 we are at once struck with the
diversity in the direction of the currents ; one ascends, another
descends, or a third runs transverselyand at right angles to both.
The ascending and descending currents are most strongly
pronounced. These currents—and it is a remarkable circum-
stance—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. But to give
to and take from implies movements in diametrically opposite
directions. In animals with hearts and blood-vessels supplied
with valves, we can readily understand why the circulating
fluids should pursue two directions, the one current setting
from the heart, the other towards it ; but in trees and animals
without hearts the explanation is not so obvious. The de-
scending current could readily be accounted for by gravitation;
but gravitation can take no part in producing the upward

current.
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Endosmose and Exosmose as Adjuncts of the Circrlation.—
Without a knowledge of the physical forces, the true nature
of the ascending and descending currents in plants® would for
ever have remained a mystery. 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 current in large quantity towards
the thicker fluid which it penetrates; the thicker fluid setting
with an equally well-marked but more feeble current, 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. (Fig. 7.)

In endosmose and exosmose we have physical forces which
bear the same relation to each other that the ascending, de-
scending, and transverse currents of plants bear to each other.
In fact we shall not be overstepping the limits of legitimate
inference if we state that the forces of endosmose and exos-
mose 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 manifestations of one and the
same force; the vital forces controlling 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
inorganic kingdoms. It is this circumstance which enables
the plant to reciprocate with the external world, and which in
some senses fixes its place in nature. Very similar remarks

! Tn animals the currents are ascending and descending only when the creatures
assume a vertical position. In animals whose bodies assume a horizontal position,
the terms ascending and descending are obviously inapplicable. The great feature
in the circulation to be kept constantly in view is that one current goes in one
direction, and another in an opposite direction.

* Recherches sur I'Endosmose et 1'Exosmose. Paris, 1828,
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may be made regarding the circulation 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 hepatica, there are no distinct
channels for the transmission of fluids ; the sap passing from

Fig. 1o, Fig. 1. Fig. 1z Fig. 13- Fig. 14 Fig. 15.
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Fig. =6, Fig. 17- Fig. 18. Fig. 13

Fig. g.~* Cells of the pith of Aeastkur weoffis, seen in o vertical sectfon.  Magmn. 200 diam,'—Hensfrey.

Fig. 1o.—" Cells of a filament of spdregywa, with spiral green bands,  Mogn, =00 dian.'—fenfrer.

Fig. 1r.—* Cells from the sporangium of sarckandts polymorphs,  Magn. eo dinm '—Befres.

Fig, 1o.—Woody tissue or pleurenchyma, consisting of fosiform or spindleshaped tubes oveslapping
each other. The walls of the tubes are thickened by deposits of lipnine.

Fig. 13— Spiral vessels, consisting of elongated cells which assume a tubular and fusiform shape, and
have & spiral fibre farmed on the ingide of their walls,"—Baffour,

Figs. 14 15 and 18— Spiral vessels from Sarmbucus ebudus, Magn. o0 dianu'—Hensfrey,

Fig. 16.—"Fragment of a vessel from the stem of a goard.  Magn, o0 diam.'—Mewfrey.

Fig. r7.—Fragment of the wall of o reticulated vessel of rhubarh.  Magn. goo diam.

Fig, 19.—" Fragment of the wall of a reticulated vessel of rhubarb.  Magm, 400 dinm,"—Hewrfrer.

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 currents set
most strongly towards those spots where growth is pro-
ceeding most rapidly. Precisely the same thing happens in
rapidly growing or secreting tissues. Thus the blood is
determined to the stag’s horn when growing, to the mamma
when suckling, and to the stomach when digesting. This
constitutes the 2#&s a fronte of modern physiologists.
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The Vessels of Plants: their Function—In plants with
well-defined stems and branches there are more or less per-
fect channels for the circulation of the nutrient material.
Thus there are the 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 4, annular, re-
ticulated, scalariform, and other vesselss. (Vide Figs. 9-19
inclusive ; and Figs. 20-22, on p. 20.

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
only in contact by their walls, which form a persistent boundary between them.
In the latter (vascular tissues) the cells enter into closer relation, becoming con-
fluent 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 called the duets and vessels of plants. The vessels, it will be seen, are in
reality compound elementary organs.’—Henfrey's Botany, p. 471.

? The presence of spiral fibres in cells is most instructive, 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 extremities
of bipeds and quadrupeds are distinetly 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
skeleton, are twisted upon themselves morphologically. This is a point of great
interest. It is important physiologically, as spiral continuous 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 sum-
mits of stems, a spiral rolling of the stems round their supports, 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 causes a revolution round the central axis of the stem.

? “The annular thickenings are less common than the spiral ones, but sometimes
occur in the same cell with reticulated ones.'—Henfrey's Botany, p- 484.

[;:n The spiral vessels are found in the youngest and most delicate parts of the

plant.

A L L L e
wood, the channels for the passage of sap are the spiral,
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Doubt has been expressed as to whether the vessels in
question are actually engaged in the transmission of saps,
but the preponderance of evidence is in favour of this belief,
Mr. Herbert Spencer has been able to show by recent ex-
periments that the passage of fluid through the spiral and
other vessels is much more 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 cor-
responding to the spiral, fenestrated, scalariform, and other
vessels of the vascular system. Through these vessels con-
sequently 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 crude 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 !,

When new wood is being formed the dye escapes from
the vessels of the vascular bundles into the cellular and

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 circumstances. . . . It is not the wood itself, but the more or less
continuous canals formed in it, which are the subsequent sap distributors.'—
Principles of Biology, by Herbert Spencer. Lond. and Edinb. 1867 ; p. 549.

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. Professor Balfour, on the other hand,
states, ‘that the tubes forming the wood are pervious 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 completed the active life
of the cell "or tube may be considered as having terminated.'—Class-Book of

Buotany, D. 420,
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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 Hoffmann 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 paren-
chymatous 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
circulation.

Mr. Spencer’s explanation of the passage 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, but it is not thereby rendered
doubtful whether it is the function of arteries to convey
blood 2,

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,

! The difference between the cellular and vascular tissues may be briefly indi-
cated. In cellular tissues the cells firmly cohere, the cell-walls being persistent.
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.

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

* Globes of air in a capillary tube with rigid impervious walls require, as Janin
has shown, a pressure of three atmospheres to force them on. As however the
walls of the vessels of plants are porous a much smaller force suffices, the air
escaping in every direction.

C2
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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 can
be no doubt that the vascular tissues of the vegetable king-
dom bear a close analogy to those of the animal kingdom.,
In the vessels of plants we have structures remarkably re-
sembling those of the blood-vessels 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
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Fig. zo.—' Vertical section of an orchiz root, highly magnified. The cells, ¢ graduslly pass into
dotted cells and vessels, /¥, the extremity of the root, called o spongiole, sp.'—Falrowr, P 5

Fiig. ar.—* Magnified representation of two plants of Lemna minor, or lesser duckweed—the green
manile of pocls—showing the extremities of the roots covered by a cellular sheath (spongiale).'—Hajfour, *

Fig. z=.—' Monocotyledonons Bbrowvascular bundie (from the spadix of Phoenlx dactyliferal.  Vertical
section. g, Parenchyma, in which the bundles e w, wood cells; so, spiral vessels; &, reticulated
ducts; up, vassa gropria; {, liber cells,  Magn. 100 Diam.'—Henfrey.

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
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 re-
ticulated vessels are found in quantity with the spiral and
annular kinds in succulent 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
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i 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 insect,
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 venae cavae and pulmonic veins of the
mammal where they join the heart. There is this further
difference, the principal vessels of animals, unless where 7efe

Fig. =3- Fig. 24 Fig. =%

Fig. 23— Abeorhent organ from the leaf of Enphlordia smerddfifia.  The cluster of fiibirous cells farming
ane of the terminations of the vascular system is here embedded in a solid parenchyma.'— Herdert
Spercer.

J|"II|='[K, oy =" A longitudinal section through the axis of an absorbent ergan from the root of a tumip,
showing it annull of reticulated cells when cut through, The cellular tissue which Alls the interior is
supposed to be removed.' —Herder? Spcncer,

Fig. as.—' A I=ss developed absorhent, showing its approximate conmexion with a disct.  TIn their
simplest forms these structures consist of only two fenestrated cells, with their ends bent round 0 as
to meet.  Such types occur in the central mass of the tumip."—/erbert Spencer.

mirabile® is present, are isolated, . e. they occur at intervals,
with muscular, bony, and other tissues between. The vessels
of plants, on the other hand, are in contiguity, and touch
each other. (Figs. 20—23).

! 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
are elastic and flexible, a certain degree of movement may reasonably be claimed
for them.

# In this remarkable arrangement, the blood-vessels sometimes run parallel to
each other, and sometimes interweave in a most perplexing and unaccountable
manner. The vessels are so numercus and so close, that they form one continuous
mass. I have had opportunities of injecting them in the sloth, spider-monkey,
and dolphin. They are found in various animals, their precise functions being
at present undetermined.
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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 perivas-
cular 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, Out-
side, or between the capillaries, so to speak, are the perivas-
cular canals. In like manner plants may be said to have
three sets of wvessels, 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. 23-25, p. 21). Whether, therefore,
we compare the actual structure, situation, or functions of
the vessels of plants and animals, we shall find they have
many things in common. The walls of the vessels in
plants are flexible and elastic when young, those of animals
being permanently so; the vessels of plants and the capil-
laries of animals are permeable by liquids and gases!, The
veins of animals convey impure blood ; corresponding vessels
of plants, crude sap. The arteries of animals convey pure
blood ; corresponding vessels of plants, elaborated sap. The
capillaries of animals “éxpose the impure blood to the in-
fluence 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 breathe at every pore?, and so of the plant—

1 In the young cells of plants the cell-wall consists apparently of a homo-
geneous membrane which is elastic, 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 its 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 structure of cell-membranes has been investigated
by Nigele. From a careful examination of the cell-membrane of starch by
polarised light, he came to the conclusion that all organic substances are composed
of erystalline molecules grouped in a definite manner—that these molecules when dry
have no interspaces, but that when moist each molecule is surrounded by a thin
film of water. The epidermis of the young leaves of the leek, as Garreau has
shown, is freely permeable by fluids; while the epidermis of the older leaves is
either not permeable or very sparingly so. Garreau attributed a decided en-
dosmotic property 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 acid.

? Spallanzani was the first to point out that the tissues respired. The subject
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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 blood what is required, while they return
to it whatever is superfluous, In the brain and in bone, this
absorption or imbibition takes place throngh 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, immediately or remotely, by vessels
or their representatives. In the capillaries of animals and
the cells of plants, the limiting membrane is composed of
an exceedingly delicate and apparently homogeneous sub-
stance, which greatly facilitates imbibition.

Respirvation of Plants and Animals—By 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, nutri-
tious juices and white blood-corpuscles, 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

has likewise been investigated by G. Liebig. M. Paul Bert (Legons sur la Physio-
logie comparée de la Respiration: Paris, 1870) shows that the muscles of cold-
blooded vertebrate animals consume, relatively to their weight, less oxygen and
evolve less carbonic acid than muscles of warm-blooded animals; also that the
muscles of adult animals absorb much more oxygen and evolve more carbonic acid
than those of young animals. He proves that all the tissues of the body absorb
oxygen and give off carbonic acid.

! Some authors are of opinion that the spiral vessels and their allies are recep-
tacles for gaseous matter formed in the course of the movement of the sap within,

? ‘Leaves have the power of absorbing carbonic acid, ammonia, water, and
aqueous 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.S,, etc. 1871; p. 451.
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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 green, There is yet another
point of resemblance between the respiration of plants and
animals—the air given off by both is laden with moisture,
The oxygen given off by trees and plants communicates to
the atmosphere of the forest its peculiarly exhilarating quali-
ties; 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 circulation,
and have a circulation of their own, it is necessary to direct
attention 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, be-
cause detached fragments 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 sac, containing
fluid or semi-fluid matter. It may represent an entire plant,
or only part of a plant® It contains, or may contain, proto-
plasm, a nucleus, a primordial utricle, starch and chlorophyll
corpuscles, etc, etc. Here, then, is a mixture of hetero-
geneous material, each substance wvarying in density, and
having its own peculiar properties and actions, The cell-

1 TIn spring the vessels are found gorged with sap, but later on in the season they
usually contain air. The intercellular passapes 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 causing 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 stomata were coloured
dark, clearly showing that a reaction had taken place.

2 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-weeds—
the so-called cellular plants—are composed of numerous cells, arranged according
to a definite order, some of the cells discharging the nutritive and others the
reproductive functions. The higher or vascular plants have vessels added to the
cells, the organs of nutrition and reproduction being more complicated.
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wall is also of uncertain and varied constitution. It is re-
carded by some as originally consisting of a homogeneous
membrane, in which spiral, annular, and other fibres are
subsequently developed; others believing that thes? 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 blood-vessels and hollow viscera of animals®. How-
ever this may be, the cell-wall in the young state is elastic,
flexible, and frecly permeable by water; and this is im-
portant, 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, mechanical, and chemical changes; the
presence or absence of heat and moisture accelerating or
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 due to endosmose and exosmose. The effect
which changes of temperature have upon cells is very re-
markable. 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 pe-
culiarities 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

! In the cell-walls of Polysiphonia complanata, Conferva melagoniam, and
Griffithsia equisetifolia, Agardh has demonstrated numerous bundles of fibres, which
cross each other at the joints to form the diaphragm. Between them finer fibres
occur, the whole being united by a gelatinous substance.—Agardh, De Cellula
Vegetabili Fibrillis tenuissimis Contextu. Lundze, 1852.
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hm:se-tails (equisetum), the cellular club-shaped filaments
:-‘-'hICh form a part of it are widely expanded when the spore
15 l:ir}', 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 wit-
nessed in the action of hollow muscles with sphincters, where,
apparently under precisely the same conditions, the sphincter
opens or expands when the viscus closes. I am inclined to
infer from this that heat or dryness, and moisture or wet,
do not act as irritants, and that plants and certain parts of
animals move without being irritated. If moisture, for ex-
ample, 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 clongates when
dried. The manner in which cells of wood, liber, etc., swell
up on the application of moisture, is deserving of attention.
They expand in the direction transverse to their axes, Z.e.
they shorten in a longitudinal 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 opposite direction, the volume remaining always the
same, It is therefore better, when speaking of the move-
ments of long muscles, to say they shorten and lengthen,
and of hollow muscles that they close and open, than that
they contract and relax. The vegetable cell-wall, when dried,

1 In the hygrometer composed of fwo preces of wood, each having different
absorbing powers, a certain amount of moisture in the atmosphere produces a curving
to the one side, a certain amount of dryness a curving to the opposite side.

2 Henfrey's Botany, p. 470.
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becomes smaller, so that the mere application or withdrawal of
moisture suffices for conferring certain movements upon it L
These movements are to be regarded as extraneous, for
the presence or absence of moisture may be an accidental
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 chemical phenomena exhibited
by plants depend in the first instance upon operations which
have their seat in the interior of those structures’ Kiihne
proved the vitality of cell contents by a very remarkable
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 pos-
sesses remarkable properties. In some plants it is endowed
with distinct movements, rendered apparent by the granules
which float in it. The source of these movements is at
present a mystery; some authors contending that the pro-
toplasmic 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 algae, when it escapes from
the parent cell; the vitalised contents of the cell establishing
a separate existence. The substance of the primordial utricle
greatly resembles that of the amoeba and the soft parts of
sponges, all three being endowed with independent move-
ments. The starch granules of cells are developed from the
chlorophyll corpuscles, and these last owe their existence to

! *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 coniracted state, and not from absorption and re-deposi-
tion.'—Henfrey's Botany, p. 480.

* *During the time when the protoplasmic contents of young cells are becoming
gradually hollowed out into spaces filled with watery cell-sap, a regular movement
of this protoplasm takes place, which may be observed very readily in young hairs

of phanerogamic plants, and which probably takes place in an early stage in all
other structures.'—Ibid., p. 551.
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kept in equilibrium 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 by the acute researches of Professor
Busk in the Volvox globator!. At a certain period of the
development of this simplest vegetable organism there ap-
pear in each zoospore, or in the bands of protoplasm with
which the zoospores are connected, vacuoles, spaces, or cavi-
ties, of about ;% 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,
spacss, or cavities here spoken of, are equally vital acts;
they close quickly and open slowly, just as in the heart:
and my impression is 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
ventricles, and wice versa: 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-
ordinated for a purpose. Indeed the structure and arrange-
ment of the fibres of the heart forbid any other assumption,
If we take the fibres of the ventricles, we find they are ar-
ranged in spiral figure-of-8 loops, the fibres being continuous
upon each other, and crossing, at various degrees of obliquity,
with mathematical precision ; some being vertical, 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 wventricles. They
are therefore under the necessity of opening just as they
closed. During the systole there is a shortening and thick-

! Transactions of the Microscopical Society of Londen, May a1, 1852,
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ing 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 4. In either case endosmose
is at work. When too much sap ascends from the root, it is
endosmose acting in an upward direction ; when too much
sap descends from the leaf, it is endosmose acting in a down-
ward direction. By placing the dense fluid above a less dense
one, we 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

Fig. 77.—Diagram showing how intracellular eireulation or gyration may be pro-
disced. a8, Two vessels, the ends.of which are covered with a porifon of animal
of vegetable membrane (¢, & ¢ ). 10 represent the absorbing or evaporatig
surfaces of plants. Between the vessels two wvegetable cells (g A) are placed.
If water (say maoisture fraom the earth) is applied at  to the thicker fuld
{erude: or other vegetable saps) contained in the vessel & an endosmotic current
sets in an upward direction towards ¢, as indicated by the arrows. If water (say
moigture from the alr, a8 rain or-dew) {5 applied at ¢ to the thicker fuid (crede or
other vegetable saps) contained in the vessel @, an endosmotic current Sets
in a downward direction towards &, as indicated by the arrows. Similar cur-
rentsTare produced if evaporation goes on at the points e and o or if absorption
goes on at_Sand ¢, and evaporatlon at £ and ¢, In either case the fubds passing
through the vessels & and & wash and penetrate the sides of the cells g & obliguely,
and cause thelr contents to gyrate (vhide arrows)., A similar result is produced i
the cells g & are bathed with a thinner fluid than that which they contain, the
endosmings and excamose induced, aided by the rounded form of the cells, tending
to rotation of the cell contents. The porosity of the walls of the cells and vessels
favours these resulis.  Abscrption may b regarded as a pushing force ; evapor-
tion as a pulling force.—Oripiral,

one at ¢, giving a continuous circulation of sap through the
plant similar to the circulation 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 travel together. In this case the fluids fuse more
or less completely #n tramsitu—an arrangement which ac-
counts for every form and variety of movement that can occur
in plants.

Intracellulay Movements in Plants—Probable Explanation
of —While the cells inaugurate or commence the general cir-
culation, the general circulation in its turn influences the in-
tracellular circulation. This follows, because when a current

E 32
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of fluid travels up the one side of a thin porous cell-wall,
and another and opposite current 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, p. 51). 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 (Figs. 30-32, p. 34).

The cell and vessel are part of a common stock, and both
are influenced by the presence of moisture. The cell and
vessel have their long axes running in the same direction, so
that fluids entering and escaping from a cell and vessel by
endosmose and exosmose produce movements in opposite
directions; these movements, seeing the cell is closed and
rounded at either end, being gradually converted into rotatory
ones. The same holds true of the general circulation when
the vessels are joined in the leaves and roots to form loops.
Certain movements (not necessarily those of gyration) occur-
ring within the cells inaugurate the general circulation, and,
when the general circulation is established, it assists the gyra-
tion of the cell contents. :

As the vessel is a differentiation of the cell, so the general
circulation is a differentiation of the intracellular circula-
tion'. The intracellular and general circulation are referable
to the same causes, and always act in harmony ; the gyra-
tion 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 2. In plants, fluids and air may circulate either

1 Henfrey is of opinion that intracellular movements take place in all cells at
ong period or other of their growth.,

? 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 principally ascends; and Tetley was inclined to regard the cells
and vessels as secreting organs which operated upon the crude sap in the inter-
cellular canals, from which they separated by vito-chemical actions liquid _:-.nd
gaseous matters. The recent experiments of Hoffmann do not support this view.
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separately or in combination. The syphon arrangement, ex-
plained here for the first time, accounts 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 de-
scending roots and spongioles—the former occasionally assum-
ing the function of the latter, and wice versa. A single system
of vessels or tubes may act by itself and discharge a double
duty, or two systems may combine and discharge a single
function. This arrangement supplies a circulation equal to
the wants of every form ‘and variety of plant. If the plant
is simply cellular, the circulation is diffused, 7z e. 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 provided with spiral and other vessels, with intercellular
and other spaces, with lactiferous vessels, and with cells having
a circulation of, their own, the arrangement is equally simple
and equally satisfactory 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 zz 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 cir-
culation is universal in its nature, and perfect of its kind. It
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 dark-
ness; it is equally suited to the simple cellular plant, and the
complex fibro-vascular one,

Rainey was further of opinion that the descent of the elaborated sap was through
the vessels, and not through the cells or intercellular spaces. Schultz maintained
that the sap descended through the lactiferous vessels, these being compared by
Cgrpcntcr to the capillaries of animals. Spencer states from experiment that the
spiral, annular, scalariform, and other vessels, form the channels not only for the
ascent, but also for the descent of the sap, the same vessels sufficing for both.
There is thus much difference of opinion as to the precise course pursued by the
ascending and descending saps,
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As the season advances, and the leaves become fully de-
veloped, 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, con-
stituting a vast drying surface. 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 upward
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 2,
The sap in summer, from evaporation and the elaboration it
undergoes in the leaves, is rendered more tenacious, and

' *In the leaves (and green portions of plants generally) the very important
phenomenon of evaporation or transpiration of watery vapours occurs, and con-
Stitutes 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 is 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. Ewven in winter, provided the stem be not absolutely frozen,
there is a motion of the juices dependent to a great 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 crude sap hecomes 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 transpira-
tion much of its water, and receives a new element in its composition, of the
highest importance to it as material for development, viz. carbon, derived from the
carbonic acid absorbed by the leaves, and decomposed there in sunlight, with the
liberation of oxygen."—Henfrey's Botany, pp. 567-569.

? In Professor Lister's spray-producer, the second tube is made to bifurcate—one
portion descending into the bottle containing the fluid, which it is not allowed to
touch ; the other aseending 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 simultancously. The
cloud of spray produced by this most ingenious instrument is remarkable alike for
its great size and the extreme state of division to which its component particles are
reduced.
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shaped expansions, which he was the first to discover and
describe (Figs. 23, 24, and 23, p. 21)L,

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 leaf, 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 2,
By the club-shaped expansions a direct connexion is estab-
lished in the leaf between the vascular tubes found in the
branches, stems, and roots; in fact, the free extremities of
the tubes may be said to be united in the leaves and roots
by a series of vascular expansions resembling the capillary

! These structures, when present, form the terminations of the vascular system.
They are masses of irregular and imperfectly-united fibrous cells, such as those
out of which vessels are developed; and they are sometimes slender and sometimes
bulky—usually, however, being more or less club-shaped. Speaking of the club-
shaped expansion of the Euphorbia meriifolia, Mr. Spencer says, *Occupying one
of the interspaces of the ultimate venous metwork, 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 intercellular spaces, thus pro-
ducing an extensive surface of contact between the organ and the embedding
tissues. A further trait is that the unsheathing prosenchyma is either but little
developed or wholly absent, and consequently this expanded vascular structure,
especially at its end, comes immediately in contact with the tissues concerned in
assimilation.” Further 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 for the nutrition of the stem and
roots 7'—Principles of Biology, vol. ii. p. 550.

2 ¢t should be added that, while the expanded free extremities graduate into
tapering free extremities, not differing from ordinary vessels, they also pass in-
sensibly into the ordinary inosculations. Occasionally, along with numerous free
endings, there occur loops, and from such loops there are transitions to the
ultimate meshes of the veins.’—Ibid.,, vol. i. p. 559.
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vessels of animals. If this be so—and there is no room for
doubt—many of the difficulties connected with the circulation
in 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 Gaudichaud with the
single set of Mr. Spencer. It also enables us to explain
the ascending current in spring, the ascending and descending
currents in summer, and the descending 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, according to Macaire?,
giving off matters which are detrimental to the soil, In
this arrangement we bhave an indication of two systems
and two forces acting in opposite directions (Fig. 1, p. 9).
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 arranged in more or less parallel vertical lines. If the
vessels are united to each other by a capillary plexus, or,
what is equivalent thereto, in the leaves and roots, they are
at once, as has been shown, converted into syphon tubes,
one set bending upon itself in the leaves, the other set
bending upon itself in the roots. As however a certain
proportion 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 virtually
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, etc.,, either from above or from
below. In spring, the vessels may he said to consist of
one set, because at this period the leaves and the connecting
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 porosity of the

:" Macaire-Princeps, Sur les Excrétions des Racines, Mém. de la Soc. Phys. et
d'Hist, Nat. de Genéve, tom. v. p- 287. Annales des Sc. Nat., 1st series, xxviii, 402.
Brugmars, De Mutata Humorum in Regno Organico Indole,
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vessels. In summer, when the leaves are fully formed, the
connecting links are supplied by the capillary vascular ex-
pansions 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 down-
ward current is immediately established. When the down-
ward current has nourished the plant and stored up its
starch granules for the ensuing spring, the leaves fall, the
syphon structure and action is interrupted, and all the tubes
(they are a second time single tubes) convey moisture from
above downwards, as happens in autumn. As the vascular
expansions or networks are found also 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 autumn 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 au-
tumn, and scarcely perceptible in winter. Furthermore, as
some of the vascular expansions in the leaves are free to ab-
sorb moisture, etc,, in the same way that the spongioles are,
it follows 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 explained (see Fig. 36, p. 50).

Analogy 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, as those whose roots were
immersed2. The hairs on the under surface of leaves absorb

! Bonnet : Recherches sur I'Usage des Feuilles dans les FPlantes. Gotting., 1754-
2 ¢ Leaves proceed from the nodes of the axis, and commence as cellular processes
at the extremities of the medullary rays. The extremities of the roots are composed
of lonse cells, which appear to be the terminal tisswes of the radicle, and formed by the
elongating root.'—RBalfour's Botany, pp. 51 and g6. DBoth leaves and roots are
covered by epidermis, and have vessels developed in them, The stomata of the
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Duhamel proved this ingeniously and very simply. He
took a willow and inserted its branches into the soil, where
they took root. 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 tuberous taproots, like
the carrot, parsnip, etc., appear to be mostly true branches?.
Speaking generally, it seems to be a matter of little con-
sequence whether the stem be placed in a vertical or pro-
cumbent position. In either case the branches and leaves
strike upwards—the roots and spongioles downwards. Roots,
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, and 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 intimate 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 #ke roofs and assimilated there
at once, carbon being fixed by the green organs,; that a
continual interchange goes on from above and jfrom below
between ke leaves and roots, the roots supplying protoplasmic
material which originates all organic 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 con-
densing the moisture suspended in the air, and the roots
can pump it up from the soil from considerable depths. A
tree has, as it were, open mouths at both ends; these mouths
communicating with open channels, which, in some cases,

1 Henfrey's Botany, pp. 16-18.

3+ The strawberry plant produces in the axils of its leaves, buds, which in the
same season expand several of their internodes and form long filiform branches,
the buds of which give rise to rosettes of leaves and stock root, and thus form
independent plants.'—Ibid. p. 33-
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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 (Fig. 36, p. 50).

The Effects produced on the Circulation by the Swaying of
Plants in the Wind: Mr. Spencer's wviews—Mr, Herbert
Spencer is of opinion that the circulation is influenced to
a considerable extent by the swaying of plants and trees
in the wind ; this oscillation subjecting certain parts of the
tree or plant to lateral and longitudinal strain. The effect
of the strain, he remarks, is to bend the tree or plant alter-
nately 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 surrounding tissues. According
to him, a certain proportion of the propelling power is inter-
mittent, confined to no locality, and variable as to intensity.

To reconcile the idea of an upward and downward circu-
lation 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 absorbent 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 club-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 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 wice wersa'. Now, granting

' Mr. Spencer observes:—If, then, returning to the general argument, we
conclude that these expanded terminations of the wascular system in leaves are
absorbent organs, we find a farther confirmation of the views set forth respect-
ing the alternating movement of the sap along the same channels. These
spongioles of the leaves, like the spongioles of the root, being appliances by
which liquid is taken up to be carried into the mass of the plant, we’ are obliged
to regard the vessels which end in these spongioles of the leaves as being the
channels of the down current whenever it is produced. If the elaborated sap is
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more chiefly concerns us. That bend by which the tissues
of the convex side are stretched also produces lateral com-
pression of them. It is demonstrable that the tension of
the outer layer of a mass made convex by bending, must,
by composition of forces, produce at every point a resultant
at right 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. Hence, if at some little
distance beneath the surface of a stem, twig, or leaf-stalk,
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 compressed, 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 only 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 in roots,
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 exuda-
tion 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, occur in hothouse and other
plants, and in roots which are in no way exposed to.winds ;
wood being formed under these circumstances just as it is
out of doors. Indeed, wood is formed in trees najled firmly
to a wall, and in climbing plants which twist themselves
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around unyielding structures. Nuts and thorns, and other
hard structures, in like manner, are formed in the absence
of anything in the shape of strains. Mr. Spencer states that
in plants with stems, petioles, and leaves, having’ tolerably
constant attitudes, the increasing porosity of the tubes, and
consequent deposit of dense tissue, takes place in anticipation
of the strains to which the parts of the individual aré 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 importance to the effect produced on the cir-
culation 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 writes:—
“The causes of circulation are those actions only which
disturb the liquid equilibrium in a plant, by permanently
abstracting 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 evapo-
ration, mainly through adult leaves; and the third is the
loss by extravasation through compressed vessels. Only so
far as it produces this last can mechanical strain be regarded
as truly a cause of circulation. All the other actions con-
cerned must be classed as azds to circulation—as facilitating
that redistribution of liquid that continually restores the equi-
librium continually 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 ascending and descending currents, but also the

! Principles of Biology, vol. i. pp. 553, 554
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cross currents and the gyration or rotation of the cell con-
tents. 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 exos-
mose. 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,
etc.—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 during the day, and
least so during the night. The processes of growth and re-
production produce the vacuum into which the fluids urged
on by cell, air, and other pressure naturally flow. The pre-
sence 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 @ fronte. The leaves exhale 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 originally supplied by 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 de-
termined by the amount of evaporation, The roots exhale
F
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them, the fluids being sent on by relays; or they may ex-
tend throughout the entire length of the plant or tree. They
_consist of rigid capillary tubes with porous walls, 7.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 evaporation. The long legs of the syphons,
or what are equivalent thereto, correspond to the evaporat-
ing 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 opportunity. If you figure to
yourselves the vast drying or evaporating surfaces furnished
by a tree in full leaf, you will readily comprehend the im-
mense tractile power exerted, 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 surfaces (they are both),
2., surfaces capable of imbibing moisture, you will have no dif-
ficulty 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—can, by the syphon arrange-
ment, act together; the one operating upon the one leg of
the syphon, the other upon the remaining leg, in such a
manner as to cause a continuous flow of fluids through the
syphon, It is thus that evaporation and absorption can 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 arc
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 circula-
tion in animals is carried on exclusively by the heart. This
is an engine employed for carrying the blood to and from
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the tissues through considerable distances, but the tissues
do their own work, or rather the particles of the tissues are
50 arranged that they permit certain physical forces, such
as capillary attraction, osmosis, evaporation, respiration,
chemical affinity, etc., to do the work for them. The organic
kingdom avails itself of inorganic power. This may account
for the great rapidity with which poisons spread in animal
organisms, and also for their mode of elimination. The ca-
pillary 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, there-
fore, capable of transmitting a continuous stream of fluid
in a given direction, and of absorbing and evaporating at
innumerable points—the absorption and evaporation, as al-
ready explained, greatly facilitating instead of retarding the
general circulation. That the tissues respire has been abun-
dantly 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 arrangement which accounts
for the arteries being comparatively void of blood after
death, the blood by this process being actually diminished
in amount ; diminished, because after the death of the body
no new blood is being formed, while the old blood is being
circulated and used by the tissues so long as the tissues
retain their vitality and heat. That the heart is not neces-
sary to the circulation in its widest sense is proved by the
fact that it goes on when neither heart nor blood-vessels
are present. The heart, therefore, while the major factor
in the circulation of animals, may, after all, be regarded as
an auxiliary, 7.e. 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
compound. By the term simple, I mean a syphon consist-
ing of a tube bent upon itself, the one extremity of which
is longer than the other (Fig. 39, #, 7, p. 70). By the term com-
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out or from within—in other words, with absorption and
evaporation.

In the compound capillary syphon (Fig. 38), I find that the
moment the one end of it (@) is immersed, the fluid fills the
several loops of which it is composed, and escapes by the ex-
tremity not immersed (#). 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 repro-
duced. Here we have a syphon made of glass tube with
numerous apertures in it. These apertures are of large size,
and covered with bladder. They admit of a free evaporation
or a free absorption at a great many points. As, however,
they are covered with an animal membrane, no air is permitted
to enter the syphon to disturb its action.

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 I 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
portions of the syphon, 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 on a
previous occasion 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 attention to the fact, that evapora-
tion may go on either from above or from below, Ze. in the
leaves or roots. When evaporation (as in seasons of drought)
goes 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, p. 72).

In this case, the presence of heated air, or the condition of
dryness, induces opposite currents. But respiring surfaces
under certain conditions, say in wet or rainy seasons, may
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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 which I shall have occasion 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 them-
selves. I can instance no more beautiful example than the
heart itself. In the ventricles of the mammalian heart, as
you are aware, the muscular fibres are arranged in two sym-
metrical 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 cross with mathematical precision at all
conceivable angles, the fibres by their shortening and
lengthening 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 closing. I
employ the terms lengtliens and skortfens when speaking of
long muscles, in preference to relaves and contracts—con-
traction literally meaning a diminution of volume, no such
diminution occurring in the movements of a muscle. This is
proved by causing a muscle to 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 muscles, as involving no theory as to the manner in
which a muscle acts. All muscular movements are the result
of a wital change of shape in the sarcous elements of which

! That the one part of the heart opens while the other closes, is proved by this,
that all parts of the heart act, even when they are deprived of blood. When,
moreover, the heart is acting slowly, the ventricle or ventricles (if there be two)
open hefore the auricle or auricles, as the case may be, close. I have frequently
seen this in the fish and frog.

G
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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, medusae, planaria,
and some entozoa, where a circulation is absent or very
obscure, the caeca of the alimentary 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 circulatory apparatus, as well as of an alimen-
tary canal. What fluids are not circulated by the caeca are
circulated under such circumstances by a transudation or
interstitial movement, as in plants. In several of the medusae
no distinct organ of circulation can be detected, the alimentary
canal in such cases being of large size, and ramifying in
every direction on the surface, or in the substance of the
animal. Hitherto I have been dealing with the circulation
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 beroe, Esch-
scholtz has shown that a large loop or ring of vessels surrounds
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 beroe, 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 directions
in two sets of vessels occurring 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
contract nor dilate. We have now, you will observe, got dis-
tinct vessels in animals minus contractile power as in plants.
In the compound ascidiae, as Mr. Lister has shown, the
different individuals of the branched animal are united by
a polypiferous stem, and have a common circulation. Each
individual is furnished with a heart consisting of a single
cavity, which pulsates thirty or forty times per minute. In
the common stem two distinct currents are traceable, these
running in opposite directions (Fig. 27, p. 29). One of the cur-
rents enters the ascidia by its peduncle, and goes direct to the
G2
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etc.; or by an animal in which all these are present. It may
seem out of place to refer to the voluntary muscular move-
ments 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
involuntary muscles, such as the heart, stomach, bladder, and
uterus, give the cue to the muscular arrangements in the
extremities and bodies of animals generally.
Hitherto it has been the almost invariable custom in teach-
ing anatomy, and such parts of physiology as pertain to
animal movements, to place much emphasis upon the con-
figuration of the bony skeleton as a whole, and the conforma-
tion 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 it is in a great measure perishable.
It is the link which binds extinct 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 generalisations with regard to the osseous
system—should have proved with such cogency of argument
that the head is composed of expanded vertebrae. The bony
skeleton is a miracle of design very wonderful and very beau-
tiful in its way. But when all has been said, the fact remains
that the skeleton, when it exists, forms only an adjunct 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 import-
ance to the muscular, of which it may be considered a dif-
ferentiation. Instead of regarding the muscles as adapted to
the bones, the bones ought to be regarded as adapted to the
muscles. Bones have no power cither of originating or per-
petuating motion. This begins and terminates in the muscles
and soft parts. Nor must it be overlooked that bone makes
Ets appearance comparatively late in the scale of beipg ; that
innumerable creatures exist, in which no trace either of an
-external or internal skeleton is to be found ; that these crea-
tures move freely about, digest, circulate their nutritious juices
:_a,nd blood when present, multiply, and perform all the functions
incident to life. While the skeleton is to be found in only a
certain proportion of the animals existing on our globe, the
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the stomach, intestine, bladder, and uterus. These are hollow
muscles ! situated within the abdomen, a still greater hollow
muscle ; and when any of them acts, the abdominal muscles
take part in the movement, The hollow muscles and ab-
domen may however act separately, just in the same way that
the heart may act when cut out of the thorax. I have to
apologise for these digressions, but the object of my treating
the subject of the circulation comparatively is to bring out
contrasts, and to eliminate, if possible, from a mass of detail,
some principle or principles.

Circulation in the Leech contrasted with that in Plants—
The circulation in the leech affords a good illustration of
what may be done by rhythmic movements
acting in a given direction; the rhythmic Fi
movements of the blood-vessels sufficing for
carrying on the circulation within the body
of the leech; and, what is not a little curious,
the rhythmic movements of the oesophagus
of the leech causing the blood of another ani-
mal to circulate within its oesophagus 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  Fis #—a, a, Prin.

e clpal and most lighly

communicate freely together by small cross contractile vessels of

3 E leech. a*, minor ves.

branches along the whole body.” (Fig. 44.) scis; e cross vessels
According to J. Miiller, for a certain number

of pulsations, the middle and the lateral vessel of one side

soon becomes so large as to extend itself around the yolk-sac, intervening between
it and the membrane of the shell, and coming through the latter into relation with
the external air; but in the embryo of mammalia, the allantois, being early super-
seded by another provision for the aeration of the blood, seldom attains any
considerable dimensions.—Cargenter's Human Physiology, Lond. 1864, pp. 800, Sor1.
! The hollow muscles are adapted for transmitting air, fluids, or solids. Usually
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
mmmediately 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 Histo b Tty
h}' W. 5 Da'ilaa, qu F.L.S., P. 95. Yy ‘Wf & LLRITG. E:Hg‘ (ef i1
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in given directions, over any surface on which they are s-itu-
ated. One of the most remarkable motions, essentially ciliary
in character, is witnessed in the spermatozoa of the common
earth-worm (Lumbricus agricola). Immediately the sperma-
tozoa are extruded from the testes, everything in their prox-
imity becomes ciliated by them ; one end becoming fixed, the
other vibrating free. They thus actually establish ciliary cur-
rents on inanimate surfaces; and if the substance to which
they attach themselves is not too large, they drag it about
with an undulating motion, and sometimes cause it to gyrate.
This is precisely the kind of force which would suffice for- car-
rying on the circulation, in the absence of a heart and pulsa-
tile 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 act as lungs and organs of
sense. They are, therefore, endowed with this very remark-
able property, that they can produce currents in a given direc-
tion on any particular surface ; or they can cause the whole
animal to move in a line to any given 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 blood-vessels and
heart 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
muscles,

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 movements, and

of locomotion. Tn the infusoria the cilia are apparently under the influence of the
1-1.111. There are, however, numerous cases where they are not, and where they
vibrate for protracted perieds alter having been removed from the body.
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where there is only one pulsating sac, the double function is
necessary, The arrangement affords a very good example
of the conservation of energy in living tissues.

The heart of the chick greatly resem-
bles a segment of the dorsal vessel of the
insect. Thus it consists of a tube con-
stricted in three portions; the one por-
tion 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,
B et o hile s yet a mass of nucleated cells,

seen from ventral aspect. a, o,

primitive veins. &, auricalar por. @Nd before muscular fibres are developed

tion of the heart. ¢ ventricular = = .
cditto. &, bulbus arteriosus. o e, in 1t {Flg* 4?)

Primitive aortic arches, which sub-

scquently unite to form the de. Function performed by the Valves—
senterit e peraie™  The valves situated between the pulsa-

tile sacs of the dorsal vessel of the insect
facilitate, as stated, the forward movement, but effectually
prevent a retrograde or backward movement. As I shall
frequently have occasion to allude to the valves as I proceed
with the circulation, it may be as well briefly to refer to them
on their first appearance. They consist of crescentic redupli-
cations of the lining membrane of the vessels, around the
interior of which they are festooned like garlands (Fig. 46, *,
&, 7, p. 104). They diverge from the interior of the vessel in the
direction of its axis, and as they are directed obliquely up-
wards and inwards with reference to the axis, they readily
admit of the blood passing through them in the one direction,
but effectually prevent its return. They 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 level, but which flap together the
instant the grain is elevated to prevent its passing again in a
downward direction. They, in fact, permit motion in only
one direction. The valves are flexible elastic 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 extent that when the column of blood is at

Fig. 47.
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rest, they are more or less in apposition. The slighteqst r-::ﬂvu:{
therefore 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 Val-
salva (Fig. 49, 7, p. 108). The valves are found in infinite variety,
and vary as regards the size, shape, number, and structure
of their segments in the various orders of animals. As how-
ever they all act upon the same principle, and I shall have
occasion to describe them minutely hereafter, I shall merely
state that, when valves are present, the mystery as to the
direction of the current 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. (Fide arrows directed
upwards of Fig. 46, * p. 104.)

The circulation of the insect is remarkable when viewed in
connexion with the respiratory system. As you are aware,
the body, and indeed every part of the insect, is tunnelled
out by an innumerable series of minute elastic tough tubes,
the so-called tracheae. By 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 circumstance, 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 gua non; the
fish has its gills, the reptiles their branchiae or lungs, and so
of the birds and mammals. The respiratory and circulatory
systems more immediately connect the living organism with
the outer world. In the stems of plants there are large air
cavities, and not unfrequently the air and nutritive juices cir-
culate 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 been examined have we met with any one struc-
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PHYSIOLOGY OF THE CIRCULATION. 121

The long diameters of the veins and auricles increase when
those of the ventricle and bulbus arteriosus decrease, 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 1863, is abstracted from my note-book :—When the
heart is exposed, 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 dura-
tion. The auricles and ventricle, particularly the latter, close
in every direction—viz. 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
considerable variation as to the structure of their hearts, the
principal feature in which is the possession by many of a more
or less complete septum ventriculorum. In this class 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 circulation gradually advances from a single
or mixed ¢irculation to a double one; Z e a systemic and
pulmonic,

Circulation in Lacerta ocellata—In the Lacerta ocellata a
rudimentary septum makes its appearance.

It virtually divides the ventricle into two portions, these
corresponding 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 vessel proceeds from
the ventricle, but in the present instance the anterior or right
compartment of the ventricle gives off the pulmonic vessels,
while the posterior or left compartment gives off the systemic.
Provision is thus made to a great extent for a distinct pul-
monic 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
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but for the existence of a temporary canal, 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 vena
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
foetal heart is indicated by the arrows in Fig. 56, It is not

Fig. 56.

Fig. gh.—Diagram of the course pursued by the blood in the foetal heart.  #, superior cava, the blood
from which passes into the right avricle ; thence into the right veatricle (¢] ; thenee into the pulmonary
artery (21 and thence into the ascending (i) and descending aorta (s} 4, infertor cava, the blood from
which pasges behind the Eustachlan valve (¢ of Fig. g7, A, p. 126}, through the foramen ovale, to the left
aurbcle; thence to the left ventrlcle (r); and thence to the ascending (&) and descending (m] aocrta.

w, arch of acrta and its brancheg =[Compare with similar letters af Pig. g7, A, D 12}
necessary to describe the circulation in the lower extremities
at length. All that I wish to impress upon you is, that the
foetal circulation 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 correspond-
ing veins to the inferior cava, where it is joined by the arterial
blood originally supplied by the umbilical vein. This com-

pletes one cycle of the circulation, The other cycle is formed

The probabilities are that the lungs, towards the full term, perform rhythmic
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.
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and aliments in the majority of instances are applied to an in-
voluted portion of the animal's body, to wit, the mucous sur-
face of its alimentary canal. But the mucous lining or internal
skin of an animal is essentially the same as its external skin ;
the two bearing the same relation to each other which the
roots and leaves of plants do; the mucous lining or internal
skin of the animal corresponding 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 absorbed, and passes by osmo-
sis, capillary attraction, etc., through the animal in a direction
from within outwards, first through the lacteals, and then
through the vasctilar system and tissues of the body generally .
But fluids (in plants and animals) can be transmitted 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 fluids in cases of starvation from disease.
The transmission of fluids through the body, both from with-
out 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 in the external or true
skin, these surfaces, as already stated, being essentially the
same. The circulation within the tissues, as I have endea-
voured to explain, is in a great measure independent of
the heart, and due mainly to the operation of certain phy-
sical forces, viz. absorption, endosmose, exosmose, capillary
attraction, chemical affinity, evaporation, etc. The heart and
blood-vessels, 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 ingredients which are best
adapted for its development, maintenance, and reproduction.
The object of these remarks is to show that the placental cir-
culation 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

1 The lymphatic vessels join the vascular ones—the chyle ultimately becoming
blood.
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is grasped by the fimbriated extremity of the Fallopian tul.:re,
as by a hand extended to receive it and cc-m:'r:}fe.d to .thc in-
terior of the uterus, in the mucous lining of which it is literally
planted (Fig. 58, &.)

Fif. 5B Fig 59

Fip. tf.—Impregnated hunmn uterns, showing hypertrophy of the mucous lining of wterns {the decidua
of authorsl. The mucons lining is represented in black, and the egyp (#) is seen at the fundus of the
nterus, engaged between two of its projecting convolutions, —A e Dalten,

Fig. 55, —Human ovum at end of third month, showing placental portion (2] of the chorfon fully
formed. &, chorion. a, villous tufis proceeding from chorion. These tufts at an carly period completely
inwest the chorion, henee the epithet *shaggy chorion.” When the chorion is shaggy the placenta is dif-
Tuse, as in the rrurs. « Jf, amnidn.  x, feetus. f, umbilical vesicle.—ATer Dalfon.

=

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 foetus 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 foetus (chorion) as seen at a of
Fig. 509. Similar processes, which naturally exist in the uterine
mucous membrane of the mother, become hypertrophied and ex-
hibit a greatly increased activity. These processes of the mother
and foetus are at first distinct, a certain interval separating the
two (Figs. 57 B, m, n, p. 120; 58, §; and 77, a, g, p. 141). Gra-
dually however they approach and interweave until they are
accurately adapted to each other ; the foetus being as it were
grafted on to the mother. Notwithstanding this very intimate:
relation, the foetus and mother are essentially distinct. The!
foetus is in some senses out of, or beyond, the mother, from
the first. The arrangement is of a purely temporary character.
The internal surface of the foetus, or that part of it which

K 2
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constitutes the foetal placental area, is quite distinct from the
corresponding internal surface or mucous lining of the uterus
which constitutes the maternal placental area. In the rumi-
nants 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 mucous lining, representing the
maternal portion of the cotyledon, without rupturing the ves-
sels, and in such a manner as to occasion no bleeding what-
ever. This arises from the fact that the capillary vessels of
the foetus and mother are simply laid against each other, 7. e.

Fig. fo.

Fig. to.—Catyledan of cow's uterus. a, a, surface of fostal chorion. &, &, blood-vessels of foctal chorion
¢, ¢, surface of uterine mucous membrane. &, A, blood-vessels of utering Mucous membrin e —.4 /e
Daliarn.

J; Secretion from utricular glands (cotyledonous milk) placed between maternal and foetal vessels, and
which 8 pecessary to the mutuul interchange of gases, nutrient, effete, and other matters, between
parcnt and ofpring.—awrlar,

placed in juxtaposition; the two sets of vessels and the mu-
cous linings investing them remaining essentially distinct.
With a view to a natural and easy separation, the maternal
and foetal tufts in ruminants are arranged in wedge-shaped
masses, the apices of the wedge-shaped capillary masses of
the foetus dovetailing into the capillary wedge-shaped masses
of the mother, an arrangement which admits of very easy ex-
traction. The extraction is further facilitated by the presence
of cotyledonous milk between the tufts (Fig. 60).

In man the relation between the foetal villous tufts and
those of the mother is more intimate than in any other animal,
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the tufts themselves being slightly club-shaped ; but even here
I am disposed to believe that the foetal and maternal tufts
are radically distinct, and that each is provided with its appro-
priate coverings; that, in fact, an open space exists between
the two. This open space or neutral territory occurring be-
tween the maternal and foetal placental tufts, I propose to
designate the utricular space, from the fact that the utricular
secretion or cotyledonous milk is poured into it. It corre-
sponds, in my opinion, in the human subject, to the space
marked £ in Figs. 61 and 62, to ¢ of Fig. 63, and to e of Fig. 64.

Fig, G, Fig. ta.

Fig. 6.—The l:'!:tl.'l:'rﬂ'lt}' of a p1,-|,|:cr|'|_a_'| villas [human), , the external membrane af the villus, the
lising membrane of the vascular system of the mother. & the external cells of the willus, cells of the
central portinn of the placental decidwa, o & germinal centres of the exiernal cells. &, the space be-
tween the maternal and foetal portions of the villus. ¢, the internal membrane of the villus, the ex-
ternal membrane of the chorion. 7, the interaal cells of the chorion. g, the loop of umbilical vessels
—Goadsir, 1845,

Fig. fim.—This drawing illustrates the same structure as Fig. 6y, and has been introdoced to show the
large space (] which occasionally intervenes between the internal membrane and the external celis, It
woald appear that into this space the matter separated fromn the maternal blood by the external cells of
the villas s cast, before beiag shaorbed through the mternal membrans by the internal cells, This space
therefore ks the cavity of a secreting follicle, the extérnal cells being the fecreting epithelia, and the
maternal blaod-vessel syitem the capillaries of supply. This maternal portion of the villus and its
cavity corresponds to the glandular cotyledoas of the ruminants, and the matter thrown into the cavity
to the milky secretion of these orpans. —Gooderr, 1845

Fig. 63—Diagram illustrating Dr. John Reid's views of the human placenta. =, curling artery.
& uterine vein, ¢ uterine sinus formed by expansbon of artery (2] and veln (§). &) foetal tofts or villi,
with imner coat (¢} of vascular system (@, &) of mather eaveloping them —184r,

I have represented the utricular space at »z, #, of Fig. 57 B
(p. 129), and at ¢, g, of Fig. 77 (p. 141). Professor Turner has
represented a similar space as occurring between the maternal
and foetal portions of the placenta of the whale (Orca gladi-
ator), seen at z, f, of Fig. 65 (p. 134); a corresponding space
found in the ox being shown at f of Fig. 6o (p. 132).

The utricular space is bounded by certain landmarks which
it behoves us to study. They are essentially those of two
mucous membranes or two portions of skin. The external
and internal skin have many features in common. The former
consists of innumerable eminences or papillae, the free sur-
faces of which display a mass of looped capillary vessels in all



134 PHYSIOLOGY OF THE CIRCULATION.

respects analogous to the placental villi or tufts. Between
the papillae an infinite number of tubes with blind convoluted
extremities are found. These tubes open towards the free

Fig. 64 Fig. 6z,

Fig. 4. —Diagrammatic section of human decidua at the termination of prégnancy. o, amnion with
ﬂl:'iﬂ'll_'II!.IrI:I & chomon. ¢, decikdua. o, muscular coat. e, line of separation of the membranes of the
ovum situsted within the cell layer. f cell layer of decidua.  p, glandular layer of the same with
epithelinl celle.—Freedlander, 180,

Fig. 6z —Dhagram illustrating the placental arrangements in the whale (Oree Fladiater). «, utricular
gland. &, funnel-shaped crypt into which utricular gland opens. a, cup-shaped crypt. _£.r epithelial
Iayer lining crypts. o) fusiform corpuscles. e, #, spheroidal sub-epithelial corpuscles. g g close
capillary plexus. &, &, foetal villi projecting from chodon,  These villi are iavested by an eplihelial
layer [, i.. They conslst of connective tissue which contains a layer of sib-epithelial corpuscles (£, af
fusiform corpuscles [({), and a cloge capillary plexus [, m), detived from the wabilical arteries, which
plexus is continued into an extra-villous chorionic network (%, &) from which the umbilical vein arices.
The foetal and maternal vessels are not s contact, still less continuous with each ather, but are separated
by the layer of sub-epithelial corpuscles of the villus, the epithelial investment of the villus, the epithe-
Hal lining of the crypt, asd the layer of sul-epithelial corpuscles of the crypt.  The space betwesn the
two epithelial surfaces ks intended to show the interval between the foetal and maternal portions (of the
placenta) into which the secretion of the wlerine Elands is poured. —Furver, 1831,

surface, and correspond to the sweat-glands. They secrete a
peculiar fluid which is exhaled when we perspire®. Precisely
similar remarks may be made of the internal skin or mucous

1 The number of sweat glands in the human body is incredibly great. Krause
estimated that, on the skin of the cheeks, posterior portion of trunk, thigh and leg,
they number o0 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 sole of the
foot and palm of the hand, 2700 to the square inch. This observer estimated the
number of sweal-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 (Kolliker,
Handbuch der Gewebelehre; Leipzig, 1852, p. 147). Lavoisier and Seguin estimate
the quantity of fluid lost by cutaneous perspiration in twenty-four hours at 13,750
grains, nearly two pounds aveirdupois (Robin and Verdeil, op. cit. vol. ii. p. 145).
According to Dr. Scuthwood Smith, labourers engaged in gasworks sometimes lose
by cutaneous and pulmonary exhalations as much as three and a half pounds in less
than an hour (Philosophy of Health, chap. xiii; London, 1838). The effect pro-
duced on the circulation by the extraction of such large quantities of fluid from the
system must in such cases be very great.

e e
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lining of the alimentary canal. Here we h;u.fe a sulrf:tce ccnci
sisting of minute projections, filled with caPll_lﬂl'_}’ DOpsyan

studded with a vast array of tubular glands, 'sm"u]ar, in many
respects, to the sweat-glands and to the l:ltl‘l'f:ulél.l' glands ml-
follicles of the uterus. The structures constituting the externa
and internal skin are shown in Figs. 66 to 75.

Fig. &

Fig: 66,

Fig. &7.

Fig. 66— Compound papltae from palm of human han_:_t (magnified). a, base of papilia. &, &, ¢, branches
of papillac, [Conipare with Figs. 70 and 73.)—A/Ter Koliiber. . . o s
Fig. &7.—Plan of a secreting membirane. @, basement membrane, &, .:F.“hg-l-“:.m_ composed o “:r:
ingr nucleated cells, ¢, layer of capillary blood-vessels. {_Eumpan_- with me, mof Fig. 57 B,.p Im.iTD;n u.
Fig. t8.—Sweat-gland and duct of human skin, opening upon su rface at a (magnified). ? B [a.r: ;:ur
rounded by fat. &, duct of gland passing lhll'du.gh carium, through lower [} and urpﬂ part (& of epider-
mis, [Compare with Figs. 71 and 73, and with 5 n"n_me. Is-lr B, p. 1z )—drter Il'nj_-!r;r.,_ﬁ : e

Fig. to.—Ridges on epidermis of human skin, .I'Lth nn!i_-:r:n of sweat-glands (magni t:l 5 @, ridge.
¢ furrow, &, orifice of sweat-gland. {Compare with @ of Figs. 74 and 75 p. 138 }—ArTer Onain

Flg. 10. Fig. 71, Fig. 7=

% 10 ]
Fig. 70 A.—Vertical section af two willi, from intestinal mucous menibrans of rabbit 3« &, epithes

lium covering the villi. (Compare with s, s of Fig. 57 B, p. 120.) & substance of villi, with Iymph-cells.

e, tubular glands or crypts of Lieberkiihn, {Compare with Fig. 72, and with ¢, o of Fig. g7 B] o, ¢, capil

lary artery and vein forming capillary plexus (1 in villus. {Compare with Figs. 23, p. 135, and 78, p. 143)

g lacteal vessels of villi, Joining horizontal lacteal (&, &L 1, submucous layer,

Fig. 70 B.—Cross section of three tubular glands more highly magnifed. —A4/Fer Frey,

Fiig, yr.—Deep portion of pyloric gastrie gland, lined with cylindrical epithelium {m, @), From human
stomach (magnified).—&8iber

Fig. 7a—Utricular glands from mucous membrane af unimpregnated human uterus {magnified). =,

lining of eylindrical epithelbum, &, interlor of wericular gland. o orifice of utricular gland. [Compare
with Figs, 62 and yr.)=Dadten,



136 PHYSIOLOGY OF THE CIRCULATION.

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 emi-
nences and depressions, an inconceivable number of capillary
loops, and a vast array of utricular glands corresponding to
sweat, gastric, intestinal, and other glands of that type (Fig,
57 B, p.129.) The mucous lining of the uterus displays a re-
markably rich network of capillary vessels, looped and directed
towards the free surface as in every other part of the body.

Fig. 73

Fig. 73.—EBlood vessels of intestinal willi, miagnified (hwnank o a, arteries. o, v, veinge  The artery
and vein in each villus conducts to an intermediate capillary plexus or network, (Compare with e, of
Fig. 57 B with &, &4 of Fig, g0 A, p. 10p; and with Fig. 78 A, C, p. nis }—From Snfection &y Licher-
Adidn.

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

Fig, 74, Fig. 75

Fig. 7&—Network of capillary vessels (8), with orifices of wtricular glands {2}, as seen o surface of
mucous membrane of human uterus (magnified), (Compare with same letters in Fig, 75 }=Farre,

Fig. s5.—Network of capillary vessels (8], with orifices of gastric glands (g}, as seen on surface of
mucous membrane of human stomach (magnified).—ESicker.

exude an opalescent slightly viscid fluid resembling milk, and
which has from this circumstance been designated cotyledo-
nous milk. The cotyledonous milk of the uterus supplies
during gestation the nourishment afforded at a later period by
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the mammary glands. It also acts as an osmotic medium to the
maternal and foetal blood. The uterus and mammae syml-
pathise, 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 Toops
of the mother and foetus. These membranes and cells he sepa-
rated from each other by a space, indicated at 4 of Figs. 61 and
62, p. 133. Turner has described a somewhat similar arrange-
ment in the whale. He represents a foeto-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
foetus. Thus, proceeding from the space in the direction of
the uterus, there is, according to him, 1st, a layer of epithe-
lium, and 2nd, 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
foetus, a precisely similar arrangement obtains, there being,
1st, a layer of epithelium, and 2nd a layer of sub-epithelial,
spheroidal, and fusiform corpuscles, in which a close capillary
plexus is found (Fig. 65, p. 134).

Thus far the relation existing between the maternal and
foetal 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 un-
dergo during the process of gestation have strangely, and,
I feel assured, unnecessarily, 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 development 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 com-
ponent elements becoming excessively hypertrophied. It has,
partly from this circumstance, but chiefly because it was erro-
neously supposed to be discharged at parturition, had its name
changed from mucous membrane to decidual, When the ovum

! In the posthumous work of Dr. William Hunter (* An Anatomical Description
of the Human Gravid Uterus’), edited by Dr. M. Baillie in 1704, the decidua is
described as under :—* This membrane is an efflorescence of the internal coat of
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the uterus during pregnancy deports itself as described, I pro-
pose 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 foetation the uterine mucous
membrane is absent. Similar remarks apply to Fallopian-
tube foetation, although here the conditions more closely re-
semble those found in the uterus!. In pregnancy, whether
extra-uterine or intra-uterine, the mucous membrane, capillary

Fig. 75

iy

A
=

===

Fiz. 76.—r, Chamber occopied by ovum. 5, ¢, deciden vera. &, decidua reflexa. g decidua serstina
Compare with same letters in Fig, 77, p. 14n—0ripinay,
vessels, utricular glands, and muscular fibres of the uterus, in-
crease in size and activity. We have two admirable specimens
of Fallopian-tube pregnancy in the Museum of the Royal Col-
lege 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

! As the Fallopian tube opens into the uterine cavity the two are anatomically
continuous.

* “The ovum 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" Physiology, p. 676, 3rd edition, 1856, The villi of the chorion
consist at first entirely of cells, bounded by an external layer of textureless mem-
brane, which gives their form. {Goodsir.) If a normal placenta be examined after
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conditions necessary being heat, moisture, and a mucous sur-
face, 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 mucous) surface to some portion of the mu-
cous surface of the uterus, At first the two mucous surfaces
are quite distinct, the relation being that rather of apposition
than actual contact. As pregnancy advances the maternal
and foetal mucous membranes, and the vessels which underlie
them, become developed (particularly in the region which cor-
responds to the placental area); the membranes and vessels
becoming entangled, adhering, and interweaving in a most re-
markable manner (Fig. 57 B, p. 129, and Fig. 77, p. 141).

The advantage of this arrangement consists in the fact that
it secures to the mother and foetus an independent and yet a
common life—the foetus being to the mother in the relation of
a parasite. It further secures independence and community
of structure,

Thus the foetus has its mucous lining (4, ¢ of Fig. 77), and
the mother her mucous lining (g, &, ¢ of Fig. 77) ; the foetus
has its capillary zone, consisting of villous tufts (%, @ of Fig. 77),
and the mother has a corresponding capillary zone, the capil-
laries found on the mucous lining of the uterus (e, f of Fig.
57 B, p. 129); the mother has utricular glands (¢, 4 of Fig. 57 B,
p. 129) ; the foetus their homologues. The foetus, as partu-
rition advances, concentrates and augments its villous tufts
and vascular supply (@ of Fig. 77, p. 141; a of Fig. 59, p. 1313
i, n of Fig. 57 B, p. 129); the maternal vessels, within the
placental area, becoming correspondingly developed (e, f of
Fig. 57 B, p. 120), and the blood-supply correspondingly in-
creased. This community of structure and of Iife secures to
the ovum and subsequent foetus the fullest opportunities for
nourishment 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 independent structures, and it is the blending of
that life and those structures for a certain period with the life

delivery, a distinct membrane can be traced on its uterine surface; i.e. the surface
corresponding to the uterine placental area. This membrane 1 am disposed to
consider the mucous membrane or lining of the chorion.
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and structures of the parent, that constitutes the mystery of
conception and gestation. .

Tlul: Mucous ?nmnbmnc of the chorion (the zfe'ﬂ{fﬂ‘ﬂ reflexa
or decidua ovuli of authors) increases in the same ratio as the
ovum, which it incloses and protects. The rcf:cptaclc ::01.1-
taining the ovum is a small chamber placed within a larger
one, viz. the uterine cavity. Those surfaces of the foetal and
maternal chambers which are directed towards each other
are each provided with a mucous lining. The walls of the

Fig. 37.—Plan of section of uterus with fully formed ovum (human). g mucous lining or membrans
of uterus, opposite placenta (decidua serotina of authors). & ¢ lining membrane on body of uterus
[decidua vera of authorsh, &, lining membrane of foetus (decidua reflexa of authors). This membrane [
Is found on the free surfaces of the choricnic willi {z), being in fact the mucous lining of the chorion.
Such parts of it as are not engaged in covering the chorionic villl become thinned away and disappear
towards the full term. It may however always be found on the free or uterine surface of a fAormal
placenta. &, chorionbe ¥illl constituting foetal portion of placenta. (The maternal portion is formed by
capillary vessels found in mucous lnkng, g.) &, chordon, from which the chorionic villl spring. f, amnion.
1, umbilical vesicle. 7, Fallopian tube.

Note.—As pregnancy advances the parts marked ¢, o, g approach each other, and become accurately
apposed.  The same holds true of the parts marked & and & This apposition and blending of maternal
and foetal structures facilitates the exchange (chiefly by csmosis) of outritive and efete materials between
parent and offspring.—Orgranad

foetal and maternal chambers are only in apposition at first;
but as development proceeds the foetal chamber becomes
fixed to the maternal one, and protrudes from it like a spheri-
cal bud. The cavities of the chambers nevertheless remain
quite distinct. On the mucous lining of both the foetal and
maternal chambers, orifices of utricular glands or their homo-
logues can be made out—a circumstance of considerable im-
portance, as showing that the foetal portion of the placenta is
supplied with utricular glands as well as the maternal portion.



I42 FHYSIOLOGY OF THE CIRCULATION.

A large number of vessels, terminating in minute capillary
plexuses, are found on the mucous surfaces of both the foetal
and maternal chambers. These interdigitate at an early
period. The ovum at first lies loose in the foetal chamber,
but becomes fixed in it towards the end of the first
month. The fixing is effected by the aid of villous processes
which project from all parts of the chorion (hence the epithet
shaggy chorion). They suspend and fix the ovum in the
foetal chamber as a spider is suspended and fixed by its web.
The embryo, surrounded by its amnion, chorion, and mucous
lining, in this manner becomes securely anchored in a haven
of its own forming. Other changes succeed. As the ovum
grows, the villi of that part of it which is in contact with the
mucous lining of the uterus increase in size, and become more
ramified. The villi of the maternal placental area become
correspondingly developed. Dissepiments or partitions of
mucous membrane also make their appearance, and divide
the maternal and foetal villi into groups, producing that lobed
appearance 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 it ;
the rest it obtains by imbibition, due to contact with the
mucous membrane of the uterus, and the utricular secretion
which it there finds. Long before blood-vessels make their
appearance in the embryo, a circulation of nutritious juices,
similar to that found in plants and the lowest animal or-
ganisms, 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, p. 141. They consist of the
capillary blood-vessels of the interior of the uterus (e, S of
Fig. 57 B, p. 129) the mucous membrane of the uterus (g, B, ¢
of Fig. 77, p. 141) the mucous membrane and capillary blood-
vessels of the chorion (e, a, % 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 secreting 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
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nucleated cells, and an internal membrane and nucleated EE}ls.
Between these a space occurs, which he regards as the cavity
of a secreting follicle (Figs. 61 and 62 4, p. 133). The external
membrane corresponds 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 explained, I regard as
the mucous lining of the chorion.

The chorion and mucous surface of the uterus arg¢, as a
rule, highly vascular. I have succeeded in minutely injecting
the 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 museums?, The mucous membranes of the uterus and

Fig. 78

Fig. 72 —A, Extremity of foetal tuft of human placenta. From an injected specimen, magnified forty
diameters. Compare with vestels in Fig. g7 B, p. 129,
B, Campound villosity of human chorion, with ramified extremity. From a three months® foetus, mag-
nified thirty diameters.
C. Extremity of villosity of chorion maore highly maghified, showing the armngement of the bload-
vessels in the interior.—.A/ter Dalion,
chorion, with their cells and blood-vessels, may with great
propriety be compared to secreting structures composed of a
basement membrane, nucleated cells, and capillaries (Fig. 67,
p. 135); and it appears to me that they only require to be
brought together to inclose 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 engaged in secreting; the product passing by

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

* Particularly fine specimens of placentae and membranes are to be seen in the
Anatomical Museum of the University of Edinburgh, the majority of them injected
by Goodsir,
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milky fluid, nutritive in character, which, as has been ex-
plained, acts as an osmotic medium to the fluids contained
without and within the foetal chamber. Of the fluids con-
tained within the foetal chamber the substance of the embryo
imbibes freely. In the later stages of pregnancy, when the
placenta is fully formed, the utricular secretion produces an
osmotic action between the blood contained in the placental
villi of the foetus and that contained in the capillaries of the
placental area of the mother (vide Fig. 79).

There is reason to believe that, even in advanced preg-
nancy, the surface of the foetus imbibes nutritive materials
from the fluids in which it is suspended, and by which it is

Fig: 10.

Fig. 5.—Diagram showing the placental relations of the maternal and foetal capillaries, and the position
pecupisd by the utricular secretion. o, a, o, utricdlar glands, pouring out utricular secretion (&, &, &).
£, ¢, r, maternal capillary plexuses [with artery and wvein) as seen on interior of uterus. 4, &, 4, foetal
capillary plexuses with artery and vein as seen on surface of placenta, directed towands interior of uteras,
The maternal and foetal linings and epithelial corpuscles which separate the maternal and foetal villi are
not represented. The presence of the utricular secretion (& &, &) between the maternal and foetal
vessels necessitates a free interchange of the ingredients peculiar to each.  See also under 7 of Fig. o,
P 132 =—Cheiprrarad.

constantly bathed. This it can readily do, as the external skin
of the foetus is so delicate that it in some respects resembles
the mucous membrane of the adult. The external skin of the
foetus 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 influ-
ence of moisture or air (Figs. 30, 31, p. 34, and Fig. 36, p. 50).

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

Goodsir has, it appears to me, transferred the mucous lining

L
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by bladder-like dilatations the villi of the foetal portion fﬁf
the placenta (Fig. 63, p. 133, and Fig. 80). If, as I presume, 1n
the specimens examined by Goodsir, Reid, Ecker, and {}tIu:‘rs,
the villi of the foetal portion of the placenta draggf:d 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, w'ith occasional
villi proceeding from or dipping into them. During pregnancy
the vessels of the uterus, particularly the veins, assume gigan-
tic proportions, the blood contained within the organ causing
it in some respects to resemble a lung; but the blood-vessels

Fig. B

Flg. Bo.—TDHagram illustrating the arrangement of the placental decidua (human). &, parietal decidoa,
&, a venous sinus passing obliquely through it by a valvular epening. ¢ curling artery passing in the
same direction. & lining membrane of the maternal vascular system, passing in from the artery and
wein, lining the bag of the placenta, and covering fe, ¢ the foetal tufts, passing on to the latter by two
routes, first by their stems from the foetal side of the cavity ; and, secondly, by the terminal decidual
bars [ ) from the uterime side, and from one tuft to the other by the lateral bar (). This membrane
is in contact with decidual cells, unless along the steos of the tufts and the foetlal side of the placenta.

. ([Compare with Fig 63, p. 133 )—{roodsir, 1845

increase in a progressive ratio with the nerves, glands,
muscular, mucous, and other tissues, and there are no sufficient
grounds, anatomical or physiological, for supposing that during
the hypertrophy which occurs during pregnancy, the maternal
. capillary vessels corresponding to the placental area, cease to
exist as such; in other words, become converted into the
bladder-like expansions referred to. Such a metamorphosis
would remove the human placenta out of the category of
mammalian placentae; a removal which neither its origin,
progress, nor final dehiscence warrants

! When the human chorion is shaggy, the placenta is diffuse, as in the mare:
and this is a reason why even in its most matured condition, i.e. in its concen-
trated and localised form, the human placenta is not to be regarded as a thing per
se, but a modification of other placentae, all of which are formed on a common
plan, In the mare the villous tufts of the chorion are applied to the mucous lining

L2
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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 referred to are
avoided by regarding the foetal and maternal portions of
the placenta as essentially distinct, not only in the early bl:lt
also in the later months of pregnancy. The structures in
_question are simply in temporary apposition (Fig. 57 B, p. 129).
This view insures, as stated, an independence and community
of structure, It assimilates the human with the placentae 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
foetus may be separated from it, without causing either injury
or inconvenience. Lastly, it shows that the maternal and
foetal evolutions which constitute a pregnancy are correlated,
the one advancing pari passu with the other.

As a proof that the relation subsisting between the maternal
and foetal placental surfaces and vessels in man is not that
ficured by Reid, Goodsir, Ecker, and others, I may state,
that wherever I have had an opportunity of injecting the
utero-placental area with the parts @n sitw—i.e. with the
placenta adhering to the mucous surface of the uterus—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 being likely to throw additional light on
this complicated and much disputed question. The monkey
was near the parturient period, the foetus being large and
well formed. In the monkey the placenta remarkably ac-
cords with that found in man. In the present instance I
injected the uterus, and then, having ascertained the site of
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
umbilical 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
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epithelium, bears to arother similarly constituted 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 foetus is nourished and respires. Goodsir
is of opinion that the foetal placental villus consists of an
external and internal membrane, each provided with nucleated
secreting cells, and that between the two membranes th‘erc
is a space which he regards as the cavity of a secreting
follicle. The cells of the external membrane of the placental
villus, according to him, secrete from the blood of the mother
by means of the uterine capillaries the nutritive matter ab-
sorbed through the internal membrane by the internal cells,
and conveyed thence to the foetus by the foetal 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 secret-
ing 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, which invest the chorionic villi, represent
the fundamental portions of the gland organ. Into these
new-formed secreting follicles, and not into the utricular
glands, the villi of thc chorion penetrate, and are bathed
by the fluid secretion, which they absorb for the nourish-
ment of the foetus®’ 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

' See a curious case of “a placenta partially adherent to a naevus occupying the
scalp and dura mater."—Lond. Med. Chir. Soc. Trans. xxii. 1829, pp. 300-300.

2 Ercolani, as rendered by Turner, in his memoir * On the Gravid Uterus, and
on the Arrangement of the Foetal Membranes in the Cetacea (Orea gladiator).'—
Trans. Roy. Soc. of Edin, vol. xxvi. p. 500 (1871).
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cells of the foetal 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 foetal placental villi
perform during intra-uterine existence a function for which
is substituted in extra-uterine life the action of the absorb-
ing chyle-cells of the intestinal villi. The placenta, therefore,
not only performs, as has been always admitted, the func-
tion 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 foetal capillary tufts (Fig. 63, , p. 133), the
foetal 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 (p. 129), and Fig.
77 (p. 141), 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 nourish-
ing the foetus, while it at the same time acts as an osmotic
‘medium. The membranes’ and cells found on the surfaces

! Anatomical and Pathological Observations, by John Goodsir, Esq., F.R.S.E.
etc. ; Edin, 1843, p. 63.

* Physiological, Pathological, and Anatomical Researches, by Dr. John Reid,
1848, p. 327. Reid's paper On the Blood-vessels of the Mother and Foetus
(Human) originally appeared in the Edin. Med. and Surg. Journal (No. 146) for
January 1841.

# If this analogy be admitted, the following difference is to be noted :—The

branchiae of the aquatic 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 foetus. In this sense the placenta is outside and beyond the foetus; hence
the necessity for that remarkable system of canals which constitute the umbilical
cord. This cord might be of any length, it being 2 mere tunnel to enable the
circulation of the foetus and mother to reciprocate. Similar remarks may be made
regarding the principal arteries and veins of all the higher animals. The really
effective circulation occurs within the capillaries and tissues, and the large vessels
stand in the same relation to the heart as aqueducts to their reservoirs. The
longest vessels of all are to be found in trees, The umbilical cord consists of
two arteries and one vein; but it is 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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the very interesting fact that the larvae of insects with
small respiring organs have a IO\.\.-'E]: temperature than 111}:
perfect insect; and that the flying insects, bc:{.::fms_%c of their
possessing a large respiratory apparatus, have a higher tem-
perature than the non-volant ones. During sleep and hiber-
nation the respiration and temperature decrease.

Distribution of the Great Vessels in Reptiles, Birds, and
Mammals—I have alluded to the general distribution of
the vessels proceeding from the ventricle or ventricles, as

Fijg. 82,

Fig, fir.—Anterior aspect of turkey's heart, with right and left ventricles aopened to show auriculos
veniricular valves. &, aorta arching to right side and dividing into three branches, two of which (8] go
to right side, and one (¢} to lelt sicde. o, pubnonary artery dividing into two, and sending a branch to
riH'|||_ anmrel Jefe |'_|1|§;_=._ . Mmascular of |!|,'~|:|:,' valve which occludes r'.'ﬁ'lll: auricelo-veniricular orifice.
. musculus papillaris of fleshy valve (compare with g). < portion of septum to which valve ks applied
when closed. % left ventricle. o, tendinous wvalve which occludes left auriculo-ventricular orifice.
g muscualus papiliaris with chordae tendineae attached to tendinous valve —Ordprmal.

Fig. B2 shows the; distribution of the great vessels at the base of the human heart, seen -"|:"|1l.'ril.l|.'|_l,'.
Contrast with Fig. Bi.  w, aorta giving off innominate, left carctid, and left subclavian arteries.  wmr, de-
sgending aoria o pulmonary artery dividing and giving branches to right [#7 and left { #) lungs.
trachea bifurcating and dividing in right { #) and left { #) lungs. ¥, descending eava. o, ascending cava.
Iy ri;.:l'.l! auricle. g, nght ventricle, ¢, left auricle. », loft ventricle,

the case may be, of the reptile, and it is important that
I should now direct attention to their arrangement in the
heart of the bird, and to the construction of the descending
aorta, as this forms one of the connecting links between
the circulation 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
before it leaves the left ventricle (Fig. 81, a, &, ¢). The

),
aorta of birds arches in the direction of the right bronchus ;

; : : 5 - i
tribe excepted) and in the invertebrata it is the same as the medium in which
they live.

In reptiles it is 82'5°, when the surrounding medium is 75° In fish (the tunny

The mammalia and birds, as Mr. Hunter ascertained, have a certain

o ke 1 : 1 3 1 ¥
permanent heat in all atmospheres, while the temperature of the other is variable
with every atmosphere.
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swimming bladder—a closed sac 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 laminae or folds. In the frogs these
membraneous sacs present ridges on their inner surface, espe-
cially at the upper part; and in the lungs of the turtle and
crocodile 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 closing
within certain limits.

The Air-sacs of Birds, efe—The air-sacs of birds have nothing
whatever to do with flight, as they are found 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 peri-
staltic action, currents of air are continually passed throughout
the entire substance of the body, very much as in the tracheae
of insects and in the older vascular bundles of plants. The
peristaltic movements of the air-sacs of birds show the in-
timate relation existing between the lungs and the heart ; the
one circulating air, the other blood. The air-sacs of birds were
described by John Hunter as early as 1774. Somewhat anal-
ogous membraneous expansions are found in connexion with
the Iungs of serpents—the python, for example ; so that the
lungs of birds, which represent the highest development of
pulmonary organs, have certain affinities with the lungs of rep-
tiles, which are not differentiated to anything like the same
extent.

The only peculiarities in the circulation of birds to which
allusion is necessary are to be found in a modification of the
portal circulation and the possession of a distinct renal circu-
lation. The veins of birds anastomose very freely. One of
these anastomosing branches extends between the united
caudal, haemorrhoidal, and iliac veins to the vena portae, so
that the blood from the viscera and posterior part of the body
passes o and from the proper respiratory membrane on the inner surface of the
lungs.'—Cye. of Anat. and Phys, * Arterial Respiration,” vol. iv. p. 331.

M 2
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distinct—the right and left ventricles being widely sépamtc.d
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 right 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 con-
figuration. The heart of the whales and dolphins more closely
resembles that of the other mammals. The arteries of the
whale, as John Hunter pointed out, are remarkable for their
tortuosity and convoluted arrangement., Vast plexuses of tor-
tuous 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 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 artificially injected the venous plexuses present a very
unusual appearance’. Hunter was of opinion that the cetacea
contain more blood in proportion to their size than other
mammals; and the vast arterial and venous expansions re-
ferred to certainly favour this view. He thought the expan-
sions had something to do with the habits of the animals—
the cetacea remaining submerged for long intervals, and de-
voting very short periods to breathing and aerating their
blood. He thought, in fact, that the plexuses acted as reser-
voirs for oxygenated 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—where, of course, no such aggregation of oxygenated
blood is required?® Sir Charles Bell believed that the plexusus
and increased vascular supply were necessary to parts per-
forming a large amount of work, or undergoing strain: such
parts requiring a more liberal supply of nutritive material,
The tortuosity of the vessels quite explains the absence of

* In illustration, see specimens prepared by the author, deposited in the Museum
of the Royal College of Surgeons, Londen.

* These preparations are deposited in the Hunterian Museum of the Royal
College of Surgeons of Londan, where they may be consulted.
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rise and.i:all. like diaphragms (Figs, 84, f; 85, m, 7, n; p. 174).
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 trans-
parent. 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’
right ventricle, and the left auricle than the right. This is
proved by the fact that in the foetus, where there is no dis-
tinct pulmonic and systemic circulation, the walls of the
ventricles, until quite towards the full term, are of nearly the
same thickness. It is also proved by hypertrophy of the right
ventricle in cases of disease of the lungs, which, obstructing
the passage of the blood through the pulmonic vessels, neces-
sitates an increase of power in the propelling organ. In order
to understand the course pursued by the blood in the right or
pulmonic and the left or systemic 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 principal openings: the one communicating
with the superior cava, through which it receives the venous
blood from the head and upper extremities; the other com-
municating with the inferior cava, through which it receives
the venous blood from the trunk and lower extremities. (Fig.
84, a, b, p. 174). 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 extremities and
neck, and in part by the closure of the cavae themselves, which
are supplied with muscular fibres for this purpose. In addi-
tion to the openings of the superior and inferior cavae, 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 auricle. 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 guarded by the tri-
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cuspid valve (f). Once in the right ventricle, the blcu::d' is
expelled through the funnel-shaped canal known as the in-
fundibulum or conus arteriosus into the pulmonary artery (&),
the orifice of which is guarded by the pulmonic semilunafr
valve (4). It thence finds its way into the lungs, where it
is arterialised ; 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 it
closes, forces it into the right ventricle, the right ventricle in
turn forcing it into the lungs. (Vide arrows of Fig. 84, p. 174.)
The Blood wrged on by a Wave-Movement; Heart and
Vessels Open and Close in Parts—The blood is projected by
a progressive wave-movement, which begins in the cavae and
extends to the right auricle, and thence to the right ventricle ;
the right auricle opening as the cavae close, and the right
ventricle opening as the auricle closes. The blood is thus
forced on by a w#s @ ferge, aided by a sucking or vis a fronte,
movement. The zis a fergo or closing movement acts in con-
junction with the elasticity of the vessels; the vis a 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, ceteris paribus, have the power of open-
ing to receive a new supply. Dr. Carson believed that the
different parts of the heart relaxed after being contracted ; the
relaxation being favoured by the distribution of the muscular
fibres, by the elasticity of the lungs, and by a diminution of
atmospheric pressure on the outer or convex surface of the heart,
the pressure of blood on the great veins which conduct to the
organ, and which act on its zuner 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 in-
crease of atmospheric 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, I attribute the opening and closing powers possessed

' An Enquiry into the Causes of the Motion of the Blood, by James Carson,
M.D., 1815,
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The inferior vena cava, the renal, azygos, and external iliac
veins, and the large trunks of the portal venous system and
hepatic veins, as Dr. Gray has shown, contain longitudinal and
circular non-striated muscular fibres, so that they have a struc-
ture resembling that of the intestine, the power of which to
transmit solid, semi-solid, or fluid contents is well known. In
addition, the inferior cava and the pulmonary artery and aorta
at their origins are abundantly supplied with nerves—an
arrangement which assimilates the great vessels situated at the
root of the heart to the bulbus arteriosus of fishes, which, as
has been shown, is endowed with thythmic 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 equalise the current, and give continuity of move-
ment.. That the calibre of the great vessels increases when
the ventricles close 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 rigid vessels were compatible with the movements of
animals, they would be preferable to elastic ones for carrying
on the circulation, as, in this case, the heart would merely
require to force on the blood without having to dilate the
vessels. If, even with our imperfect knowledge of mechanics,
we were asked to transmit fluid from one point to another, we
would never dream of employing 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 trans-
mission at second hand to the recoil of an elastic apparatus.
This, I repeat, with our imperfect knowledge of mechanics,
we would not do, Can it be thought, then, that nature, per-
fect in every direction, would employ a method to which we,
with our limited knowledge and crude methods, would object?
The vessels or ducts must of necessity be flexible: they form
part of a living, moving mass, and must yield to accommodate
themselves to the varying postures and shapes assumed by the
organism to which they belong. It does not however follow
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from this that they are to be regarded as simply elastic tubes :
on the contrary, we know that some of them pulsate—.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 in-
testines ; the intestines exhibiting vermicular movements. Nor
must it be forgotten that the presence of nerves and of mus-
cular 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 exceed-
ingly improbable that the blood-vessels 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
accommodate 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 ulti-
mately to open and close of themselves, and to act either in-
dependently 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 corresponding 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
vessels, and evoke their elastic properties. Under these cir-
cumstances a very distinct venous pulse is felt, the elasticity
which begets a continuous current 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 virtually 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 compressible even under high pressures. The
incompressibility of the fluid column of blood accounts for the
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extreme rapidity with which the pulsation communicated
during the systole travels, the impulse at the heart and ex-
tremities being nearly synchronous. This rapidity of travel
is accounted for by the blood ejected from the ventricles dis-
placing that immediately in front of it, this in turn displacing
the blood in front of it, and so on ad énfinitum, until the capil-
laries 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

Fig. 84. Fig. 8z Fig. &

Fig. By —Pulmonie or right side of human heart. & right auricle. f, right ventricle, a, superinr cava,
&, inferior cava. ¢, aorta. o, pulmenle artery. A, segment of pulmonic semilunar valve, 7, sinus of
Valsalva. £ segment of tncuspid valve. f musculus papillaris. The arrows indicate the directian in
which the blood enters and leaves the right or pulmonic heart. —Afer Gray.

Fij. Bs—Tricuspld valve in action seen from above (human). The segments are folded and twisted nto
each other by a screwing wedging motion {vide arrows s, £, 8, occasioned by the spiral movements of
the ventricles and the spiral impulse communicated to the blood eontained within the right ventricle.—
Oriprual.

Fig. tb,—Semilunar valve of pulmonary artery In action, seen from above (human)., Shows how, when
the valve is closed the segments r7, 5o, or, are folded upon themselves, and spirally wedged towards the
axis of the vessel [eide arrows). To produce a perfect closure the margng (o, #) of the scgments must
flatten against each other, the extent of the fattening increasing as the pressure exerted by the blood is
augmented. —Or frinal,

Fig. Br.—Diagram showing sectional view of the sinuses of Valsalva [r] in the human pulmonary artery.
Shows also the different positions assumed by the segmenis of the pulmonic semilunar valve when at rest
and in actien. «, arrow indicating the course taken by the blood on leaving the right veniricle. The
Blood in its passage pushes aside the segments (/) of the valve, untll they assume the positions & and e
o represents the position of the segments when at rest and foating in blood ; ¢ thelr pasition when
pushed aside by the advancing tide ; and ¢ their position when closed.  The arrow & indicates the direcs
tion maken by the bload when it retrocedes and closes the valve; ¢ base of right xentricle (infundibull-
form portion),—Orirrmad

the ventricles, at each systole, may be compared to the water
and debris contained in the buckets of a dredging-machine,
where each bucket is pursued by every other bucket in a con-
tinuous round. The all but incompressible 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

PDWEI'.
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Valves of Right Heart of Mammal—To facilitate the circu-
lation of the blood through the heart, the valves, sluices, or
gateways of the heart are constructed to open in only one
direction ; thus, the tricuspid valve opens towards the right
ventricle (Fig. 84, f), and the semilunar one (Fig. 84, %) to-
wards the pulmonary artery ; the blood is consequently com-
pelled to travel from the right auricle (Fig. 84, @) to the right
ventricle (g), and from the right ventricle to the pulmonary
artery (£) and lungs. It is 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 fluid wedge (the infundibulum is wedge-
shaped). The fluid wedge throws the segments of the semi-
lunar valves back into the sinuses of Valsalva, as opening
folding-doors are forced into recesses formed for their recep-
tion (Fig. 87, #). This has the effect of increasing the orifice
of the pulmonary artery very considerably. But the recesses
or sinuses of Valsalva (Fig. 87, #) have yet another function,
They are large enough always to contain a certain amount
of residual blood, which by its mere weight tends to force
the segments towards the axis of the pulmonary artery, the
instant the systole of the right ventricle ceases. This move-
ment is favoured by the sucking power exerted by the right
ventricle when it expands (vide arrow & of Fig. 87). The
segments of the semilunar valve, in addition, incline towards
the axis of the vessel when left to themselves (Fig. 87, 4). In
virtue of this mechanical adaptation, the margins of the seg-
ments are forced towards each other by the slightest reflux ;
the reflux, when it increases, producing a folding or wedging
of the segments into each other, as shown at Fig. 86. The
tricuspid valve acts on the same principle (Fig. 85), but has a
more complicated function 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 chordae tendineae’, to

* In the substance of the pulmonic semilunar valve, similar bands are found : and
In certain cases of disease they are dissected out, and greatly resemble the chordae
tendjacae of the tricuspid. Both valves are evidently formed on the same type.
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acti?ely-c?ntracting structures, viz. the musculi papillares
(/.7 of Fig. 84, p. 174).

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

The blood is forced by the right ventricle into the lungs
with considerable energy. Much of the force exerted is how-
ever dissipated by the rapid bifurcation of the pulmonary
arteries, these dividing and subdividing at such short dis-
tances as effectually to slow the current before it reaches the
delicate capillaries of the lungs, This is a wise provision, for
in cases of hypertrophy of the right 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
some®, that, in order to prevent injury to the pulmonary
organs, the tricuspid valve is never exactly competent, and
that, when the right ventricle closes, the blood, which cannot
be forced into the lungs without producing mischief, escapes
into the right auricle, and thence into the cavae. I am not
disposed to look favourably on this argument, as it assumes
an imperfection in the circulatory apparatus, which I do not
believe exists. In the fish, where there is no reason to suspect
a regurgitant action, the gills are situated in close proximity
to the heart, but no harm accrues from the proximity, although
the ventricle and bulbus arteriosus are both exceedingly power-
ful structures®. The walls of the right and left ventricles of
the mammal, as has been already stated, are of the same
thickness in the foetus until quite near the full term. Towards
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 exact amount of pressure required

! Pulmonary apoplexy 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.

3 Mr. T. W. King, in Guy's Hospital Reports for April, 1837, No. IV.

? For explanation of the manner in which the ventricle and bulbus arteriosus of
the fish act, see under * Circulation in the Fish,' p. 113.
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for forcing the blood without danger through the lungs and
through the system. If the blood which should be forced into
the lungs was allowed to regurgitate into the right auricle,
and thence into the cavae, it would tend 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, .2, 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 segments of the tri-
cuspid are gradually floated up by the water, approximated,
and apposed sd perfectly that not a single drop of fluid is per-
mitted to regurgitate (Fig. 85, p. 174).

I have repeatedly performed this experiment, and always
successfully. If regurgitation is a serious matter in the bicus-
pid and semilunar valves, it would be illogical to infer it was
harmless in the tricuspid. The express function of the tricus-
pid and all other valves is to prevent regurgitation. Not only
is the power of the right ventricle exactly suited to the re-
quirements of the pulmonic circulation, but the pulmonic
vessels are provided with that degree of elasticity and of vital
movement which enables them to reciprocate with the utmost
nicety. In virtue of this arrangement the blood arrives at the
capillaries of the lungs, and the vessels 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 respiration, nu-
trition, growth, waste, etc. The slowing of the blood in the
delicate capillaries of the lungs increases the opportunities
afforded this fluid for taking in oxygen and giving off carbonic
acid and other matters, These interchanges effected, the
blood is urged on, partly by the closure of the right ventricle,
partly by the opening of the left auricle, and partly by atmo-
spheric 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 ventricle, by the vital expansion of the left auricle, aided
by atmospheric pressure and by the movements of the lungs

H i
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themselves. Once in the left auricle, the arterial blood is pro- .
jected 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.

Circulation in the Head, Liver, and Erectile Tissues.—In
mammals the circulation 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 be regarded as a reservoir for providing a regular
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 cranium,
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 brain 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 cranium was perforated, and air admitted to
the brain before the bleeding took place, the brain and system
generally were blanched equally.

I 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 two inches by one
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
so rapid and considerable, as to impress him with the idea that the br?in in some
respects resembles erectile tissue, (West Riding Lunatic Asylum Medical Reporis,

wol. 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 Kol-
liker 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 is suspended by nervous influence, the blood being
permitted to distend the plexuses mechanically. It is more
natural to suppose that the organic muscular fibres alluded to
by Kélliker are not in a state of habitual contraction, 7. e. con-
stant activity, in the non-erectile state, but resting ; the mus-
cles being active and expanding during the erectile 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 sphincter muscles. It seems irrational
to invest a muscle with the power of contracting or closing, and
to divest it of the power of elongating and expanding.

The venous blood of the principal abdominal viscera passes
through the liver on its way to the heart. The following is
the arrangement:—* The blood supplied by the cceliac 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, pancreas, mesentery, omenta,
and gall-bladder, unite together below the liver into one large
vessel, the trunk of the vena portae, which branches 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 portae, 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
1»=Erhi1:h the venous and arterial blood circulated through the
liver is carried to the inferior vena cava, and thus reaches at
last the right side of the heart.

Tht great arteries are important accessories of the circu-
lation of the mammal, inasmuch as they transmit the blood

N 2
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to and from the heart, which is the central engine for its pro-
pulsion. They are, however, as has been stated, only acces-
sories. The most important functions performed by the
vessels are delegated to the capillaries, a mazy labyrinth of
minute vessels which ramify and inosculate in every con-
ceivable 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 pecu-
liar fluids for which it has an affinity, and which are best
adapted for its support, nourishment, and decay. The capil-
laries are therefore deserving of very particular attention, the
more especially as their structure and movements indicate the
structure and movements of the larger vessels; these, again,
indicating the structure and movements of the heart, which in
its turn curiously enough foreshadows the structure and move-
ments of all the other muscles, voluntary and involuntary.

The Lymphatic and Capillary Vessels of Animals,—The
capillaries 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 alimentary canal and tissues gene-
rally. “The lymph, Mr. Huxley observes, ‘like the blood, is
an alkaline fluid, consisting of a plasma and corpuscles, and
coagulates by the separation of fibrine from the plasma. The
lymph differs from the blood in its corpuscles being all of the
colourless 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 which 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
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and birds the lymphatics are provided with pulsating sacs or
hearts and valves—an arrangement which insures that the
lymph shall travel in only one direction, viz. towards the
general circulation. The lymph in man is discharged into
the general current of the circulation by two apertures situated
between the angles of junction of the right and left internal
jugular and right and left subclavian veins. The openings by
which the lymph is discharged into the general circulation are
each provided with a pair of valves to prevent regurgitation
of the venous blood. The lymphatic vessels are to be re-
garded as the feeders of the vascular vessels, in the same
sense that the vessels of the roots of a tree are to be con-
sidered the feeders of the vascular vessels in the trunk of
the tree. In this respect the sanguineous circulation is to be

Fig. =4, Fig- B, Fig. oo

Fig. B2.—A minute artery {a) ending 1 [} ] T 1l

I —d ery (al, ending ) larger and (¢} smaller capillaries. & nuclel embed i

g b ; - i, nucel redided

the walls of the capillaries :\|_'|.:!II.'|I\.-|| o0 cliameters. =
Fig. 8. —A, epithelial cells of the arteries. @, the nuelews, B, muscolar fibres of the artezles: the

middie one, having been treated with acetlc acid, shows more distinctly the nucleus (a), Magnified
diameaterd. ! e

Fig go—A, a small artery. B, a small vein, both treated with acetic acld; & fibroos coat; & nuclei
of the muscular coat; ¢ nuclei of the epithelial coat. Magnified 300 dismieters — A e Hurfey,

looked upon as an evolution or development of the chyliferous,
The colourless corpuscles, which are so abundant in the lym-
phatic vessels, reappear in the capillaries of the vascular sys-
tem, and are known as the white corpuscles of the blood.
They are possessed of independent movements and change
shape. They have attracted an usual share of attention L:at'
late from the power they possess of forcing themselves through
the thin walls of the capillaries. The capillaries vary in size
from 1% t0 zoop of an inch in diameter, and form an infinite
variety of minute loops, being now straight, now slig rav

and now tortuous. '1]]."]1-:3; gri‘nurally ﬁ:fm ’a nitw.&?rll?:t]gn“;;fi
that the point of a pin cannot be introduced without lacerating
some of them. The capillaries of the vascular system lie mid-
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way between the arteries and veins—the arteries conducting to
and the veins from them. Around and between the capillaries is
a system of still more minute vessels, the hypervascular canals,

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 matter. They form a through route for the blood, 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 capillaries of the lymphatic system, so far as
known at present, do not form a through route, but begin in
the tissues by blind ends, resembling the spongioles of the
roots of plants. The lymphatic system would therefore appear
to be the precursor of the vascular system, and to form a con-
necting link between the vegetable and animal. The lym-
phatics 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 Arteries and Veins:
Vessels 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 considerable resemblance to the walls of the
cells and young vascular bundles of plants.

The capillaries differ from 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, 7.e. the ultimate particles of the plant and
animal, are outside the vessels!. In this sense the foetus is

1 There are portions of the body, such as the nails, hair, teeth, cartilage, epi-
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due not to any increase or diminution in the volume of
muscles, 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
elongated epithelial cells constituting the internal layer.
When, therefore, the fibres of the central or transverse mus-
cular 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 regaining 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
ar 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. go, p. 181).

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 muscles, either the
muscles of the heart, or the muscles of the vessels themselves.
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 closing 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 tl:se
recoil of the fibrous and elastic elements, is apparent from this,
that they invest the vessel in the direction of its length. At
most, therefore, the elastic elements, when they spring back,
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shorten the vessel. It remains for the muscular element to
elongate, and by its elongation to expand and wide'n the
vessel. The power to increase and diminish the size of
the vessel resides chiefly if not exclusively in the mus-
cular fibres, these, as already explained, having a centri-
fugal 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-ordination in muscular movements, all the
parts of the muscles involved, 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 decreasés the duration of
the pause. The value of elasticity in interrupted or rhythmic
movements, such as those employed in the circulation, be-
comes 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 power-
ful pectoral and other muscles. Nearly half of the wing
movements are therefore performed by a purely mechanical

'_ 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.
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striped muscular fibres, which run circularly, obliquely, or
even longitudinally; the third, consisting of one or more
strata of very fine elastic tissue, minutely reticulated in a
longitudinal direction, the innermost stratum (when several
are present) being lined by epithelium. Of these layers
the second and third, from the fact of their contributing to
the formation of the venous valves, are the most important,
The coats of the veins, as has been long known, are tough,
elastic, and possessed of considerable vital contractility 7,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 tending to
approximale the segments of the valves. As the valves of the
veins are very ample and very flexible, they readily accom-
modate 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 com-
paratively much thicker than those of the wveins, while the
layers composing them are more numerous. The external
coat, according to Henle, consists 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 an
admixture of elastic tissue; the fibres and elastic tissue being
disposed circularly round the vessel. The internal coat is
composed 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 obvious that the large veins and arteries possess a

! Dr. Chevers says, that in the deep. aswell as in some of the superficial, veins of
the trunk and neck, the middle coat is composed of several layers of circular 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 circular layer, and
immediately within this of a strong layer of longitudinal fbres.—Med, Gazatie,

1845, p. 638.
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from above downwards, and from without inwards, and as it
unites above with that next to it, 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 semilunar valves, The ring surrounding the
pulmonary artery is broader, but not quite so thick as that
surrounding the aorta, and both are admirably adapted for
the reception of the large wvessels which originate in three
festooned borders (Fig. g4).

Fig. o3 Fip. 04.

Fig. 93— Transverse sectlons of ventricles of heart of deer. Shows how the right and left ventricles
ohliterate their cavities dufil'-g the i}-:".tih‘:.. Fig. g3 A, transverse section near the base of the ventricles

&, left ventricular cavity obliterated by the heads of the musculi papillares ; €, cavity of right ventricle

obliterated by the approximation of the right ventricular wall (a); ¢, ¢, circular fibres of left ventricle ex-

ercising their centripetal function, These fbres powerfully contribute to the closing of the left ven-
tricular cavity., Fig. g3 B, trangverse section near apex of ventricles 3 &, ¢, ibres which form the inasculi
papillares of left ventricle, curving towards ventricular cavity (#). which they obliterate by a centripetal
action. Fig. o3 C, transverse section at apex of ventricles; & left ventricular cavity obliterated by the
centripetal action of the circular fbres (6 o) and those of the muscull papllaces (s, o) —Orirrnal

Fig. g4.—Base of ventrlcles of heart. o, & Cartllaginous festooned rings, to which pulmenary artery

{=) and aorta (8) are attached. Within these the pulmonlc and ascrtie semilunar valves In their closed con-

dition are seen. & filrous ring partly surcounding right auriculo.wventricular orifice. o, ditto surround-

ing left auriculo-ventricolar orifice.  To these rings the tricuspid and mitral valves, and a certain number
I of the superficial fibres of the ventricles are attached, The larger proportion of the fibres of the ventricles
are continuous alike at base and apex.—Origraal,

Structure of the Heart of the Mammal ; the Arrangement of
the Muscular Fibres in the Auricles and Ventricles—The
auricles of the mammalian heart, as already explained, are
two in number, a right and a left. They are irregularly shaped
muscular pouches or receptacles which collect arterial and
venous blood, the right communicating with the ascending
and descending cavae, the left with the pulmonary veins. The
cavae and pulmonary veins are invested with muscular fibres
of considerable strength, which confer on these vessels a cer-
tain 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. g5 and 97, p. 192).
The fibres in the auricular appendages are disposed in ridges

to form the musculi pectinati, Where most plentiful, they are
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arranged in layers. They are circular in some cases, looped
in others, and occasionally plicate. They are specmll}r ar-
ranged to procure strength, and with a view to opening and

closing the auricular cavities, which they do by alternate cen-
tnfuml 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 of com-
pletely expelling it (Fig. 93, A, B, C). The auricles serve as
reservoirs, and are to be regarded as intermediate structures
between the large veins and ventricles. The auricles are ana-
tomically distinct from the ventricles, and in boiled hearts the
auricles and ventricles may be separated from each other with-
out 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 fol-
lows 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 forcibly dilate
the ventricles. It ought however to be stated that the veins
are more or less closed at the commencement of the auricular
contraction. The great veins and auricles exhibit sponta-
neous and rhythmical movements, the veins closing when the
auricles open, and wvice versa. Analogy favours the belief that
the great vessels conducting from the heart (pulmonary artery
and aorta), as well as those conducting to it (venae cavae and
pulmonary veins), participate in those rhythmical movements,
The bulbus arteriosus of fishes and reptiles (the homologues
of the first part of the aorta in mammals), as I 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 g7, p. 192).

The ventricles of the mammalian heart, like the auncles, are
two in number, a right and a left. They form a wedge-shaped
hollow muscular mass, which is slightly twisted ‘upon itself,
particularly at the apex. The base of the wedge is directed
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upwards, and to this portion 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, p. 190), but none of the muscular 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

Fig. os. Fig. of. Fig. or-

ig. gr.—Anterior aspect of the auricles, showing the distribution of the muoscular Ebees (hism T A
cins. &, vena cava superior. The great vessels (@ and &) are invested with muscular fibres,
10V EIERS.—. A S8 F (nfiney,

F'!;". o —||||_ al tramsverse section of the ventricles, showing hoew the septom which divides the right
and left ventricles from each other Is formed I'he heart onginally conssts of a single tube. At an
early perod it is divided by a longitedinal and transverse fold into four & mpartments, two auricles and
two ventricles. The ventricles ed frem each other by the fold (&) passing s an an-
taro-posterior direction ontil it r wall (o] of the ventncles, into Which it penetrates
and becomes fixed. The twao l fald likewlse inter penetrate, the septum bet ouing of nrn:l_llr
the same thickness as the lefi veniricle, whic £ the '.5,|-i«.'.l| veniricle Thizs accounts for the fact that
the muscular ibres are contd ct of the wentricles, and Interrupted on the ans
terior aspect, and hence les are two muescles |'!||\'|'|-'E].|;.: inathird. Thete
points | re explained ot le: J'Lr.".1|'.|‘:-c'I|||;!ILl|'|":|'|' Musculnr Fibres In the Vea-
1r¢..L-|‘l||.‘-.Lr|rr-.r i { :

- r -n:-'-": of the S the distribution of the muscular fbres (human).
£, vena cava inferior. TI ese are surmounded by mascular fibres, and take part
d into the auricles.— Arler Gerdy.

involuntary muscle, its fibres nevertheless possess the dark
colour and transverse markings 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 ; 7. e. they are continuous alike at the apex
of the ventricles and at the base. They are further distin-
guished by the almost total absence of cellular tissue as a con-
necting medium ! ; the fibres being held together partly by

1 The little cellular tissue there is, is found more particularly at the base and
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several external and internal layers, which is observed to occur
in all parts of the ventricular walls, whether they be viewed
anteriorly, posteriorly, or septally, has been partially figured
by Senacl, and imperfectly described by Reid 2, 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 cross-
ing with a slight deviation from the vertical, as in the letter
X : the succeeding external and internal layers, until the fourth
or central layer, which is transverse, is reached, crossing at
successively wider angles, as may be represented by an 4
placed horizontally (Figs. 98, 99, and 100).

Fig. a8, Fig. o Fig. 100

Figs. off, o9, too, which are skeleton drawings copied from photographs of my dissections, illustrate the
peculiarities in the direction of the fibres of the left ventricle, which I regard as the typical ane.

The solid lines (2] of Fig. 98 represent the external fibres constituting the first layer; the dotted lines
(1) of Fig. 100 representing the corresponding intergal fbees forming the seventh layer. The interrupted
lines (4 of Fig. of represent the fibres o e second layer, the interrupted lines (&) of Fig. 100 the fibres
of the sixth or corresponding layer. The dotted lines {c} of Flg. g% represent the fibres of the third layer,
the continuwous Hnes (g) of Fig. 1oa the fibres of the fifth or cormesponding layer. At & ¢ of Fig. g9 the
fibres constityting the central or fourth layer are geen; all the filires to the outside of this layer being ex-
ferarad, all to the inside of it Pernad. The fibres are spiral in their nature, and Fig. go i5 particularly
interesting as showing the point at which the external hbres reverse their course and become mnternal,
T-"H.'].' wind in the direction o, ¢ (vraf arrow) round the left apex, and reappear atyt =, left auriculo-ven-
tricular opening. . aortic orifice, with semlilunar valve closed.—Ordp inal.

V. The fibres composing corresponding external and inter-
nal layers, such as layers one and seven, two and six, etc., are
continuous in the left ventricle at the left apex (Fig. 102, p.
197), and in the right ventricle in the track for the anterior

' Traité de la Structure du Coeur, de son Action, ete. Paris, 1749.
? Cyc. of Anat, and Phys., art. * Heart.” London, 1839.
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IX. If the right ventricular walls be cut thrnuhgh im-
mediately to the right of the track for the anterior :‘md
| 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. 1oz); and if their course in the interior
(Fig. 103, m, #) be traced, they are observed to extend in

Fig. oL Fig. o Fig. o3,

Fig. ror.—Right and left ventricles of mammal seen posteriorly (human).  Shows how the fbres 1ssue
from the right and left auriculosventricular apenings (6 o) ; the fibres from the left opening passing from
the lefit ventricle (¢ across scptum () to the right ventricle (). Of these some courve in a downward
direction and disappear in the left apex ; others curve round anteriorly and disappear in the anterior
coronary groove. Compare with Fig. of, p. 1920 &, orhee of pulmonary artery.—OrFiime:.

Fig. 1oz shows how the two sets of external fbres (a8, ¢ @) of the left ventrical curve round and form
2 beautiful whorl prior to entering the left apex to hecome the two sets of internal fibres known as the
musculi papillares, seen at #2, & of Fig. 103, The fibres twist into each 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.—ripanad.

Fig. 103, ~Musculi papillares (m, n), chordae tendineas and mitral valve (2, @) of lefe ventricle of deer.
Shows how the musculi papillares, which are continuations of correspondingr external fibres, are .‘\.IIiI.'.'IJ
in their nature, and how, when they alternately elongate and shorten, they alternately liberate and drag
upon the segrents of the mitral valve in a spiral manner; this, in conjunction with the blood, causing
the segments to wedge and screw into each other, first in an upward and then ina downward direction
{Fig. 85). The segments of the mitral and tricuspid valves rise and fall like diaphragms when the ven-
tricles open and close. They alternately increase and diminish the cavities of the ventricles. Similar
remarks may be made of the semilunar valves situated at the orifices of the pulmonary artery and aorta,
Campare Fig. 85 with Fig, 6. —0Orfpinal.

the direction of the left auriculo-ventricular opening, also in
two sets; in other words, the left ventricle is bilateral. I wish
particularly to direct attention to this bilateral distribution,
as it has been hitherto overlooked, and furnishes the clue
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-ventricular openings at the base, are regulated with
almost mathematical precision; so that while the one set
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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
tI:1f: 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, in-
stead 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 continuous in the interior with the musculi
papillares (Fig. 103, m, n, p. 197), to the free ends of which the
chordae tendineae are attached. The musculi papillares, as
will be seen from this account, bear an important relation
to the segments of the mitral valve (2, 2), to which they are
directly connected by tendinous bands. The musculi pa-
pillares from this circumstance merit a more particular de-
scription 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. g4, &, p. 190), and from the auriculo-
ventricular tendinous ring (&) in two divisions : the one division
proceeding from the anterior portions of the rings,and winding
in a spiral, nearly vertical, direction, from before backwards, to
converge and enter the apex posteriorly (Fig. 102, &, p. 197);
the other set proceeding from 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, p. 197).
Having entered the apex, the two sets of external fibres are
collected together, and form the musculi papillares and carneae
columnae; the one set, viz. that which proceeded from the
auriculo-ventricular orifice anteriorly and entered the apex
posteriorly, curving round in a spiral direction from right to
left upwards, and forming ke anterior musculus papillaris (Fig.
103, #2, P. 197), and the carneae columnae next to it; the other
set, which proceeded from the auriculo-ventricular orifice pos-
teriorly, and entered the apex anteriorly, curving round in
a corresponding spiral direction, and forming #ke posterior
musculus papillaris (Fig. 103, m, p. 197) and adjoining carneae
columnae. As the external fibres converge on nearing the
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fibres of the carneae columnae and musculi papillares (Fig,
104, x, ). As the two spiral musculi papillares project into
the ventricular cavity, it follows that between them two
conical-shaped spiral depressions or grooves are found (Fig,
104, ¢, 7). These grooves, which appear as spiral ridges in
the cast, are unequal in size ; the smaller one (Fig. 104, )
beginning at the right side of the apex, and winding in an
upward spiral direction to terminate at the base of the
e:-c!:ernal or left and smaller segment of the bicuspid valve
(Fig. 105, #) ; the larger groove (Fig. 104, g) beginning at the

FiE' 104, Fig. 105 ﬁ:’. 106,

Fijg. ro4.—Wax cast of left ventricle () and portion nfﬁght ventricle (@) of deer. Shows spiral nature
of the left ventricular cavity,—the spiral courses or tracks of the musculi papillares [, #), and how, be-
tween the musculi papiilares, two spiral grooves (f, ¢} are found (they are spiral ridges in the cast),
which conduct the blood to the segments of the mitral valve in spiral waves,.—Oririnal.

Fig. 1os.—FPlaster of Paris cast of right and left ventricles of zebra, scen posterforly.  Shows the mitral
(r2, ) and tricuspld (g %) valves in action, and how the blood, when these are elosed, assumes a conical
form {d‘i for pushing aside the segments of the semilunar valves, and causing them to fall back upon the
sinuses of Valsalva (=, =), Italso shows how the right ventricular caxity (c) curves round the leftone (29,
and how the pulmonary artery (8 and aorta (4] pursue different directions. @, beginning of aorta
4, portion of left ventricle adhering to plaster of Paris. 7 ditto of right ventricle, ¢, spiral groove con-
ducting to aorta,—0rigranal,

Fig. so6.—Plaster of Paris cast of right and left ventricles of zebra, as seen from the left side. Shows
infundibulum or conus arteriosus () of right ventricle, and analogous portion of left ventricle (8, ) ;
also three prominences on each () ¢, &, », ), corresponding to the sinuses of Valsalva, It also shows
the double cone formed by the left ventricular cavity, the one apex pointing towards the apex of the
heart (#}, the other towards the aorta (4). », portion of anterior musculus papillaris adhering to
plaster of Parts. &, portion of posterior musculus papillaris. w, spiral groove between muscull papillares
corresponding to ¢ of Fig. 1o4. o, portion of muscular wall of septum, J, portion of base of left ven-
tricle, &, conical space of pulmonary artery where two of the segments of the semilunar valve join each
other. o, point where coronary artery is given off. &, pulmonary artery. Jf, aoma.—Oripinal.

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).

Running between the grooves in question, and correspond-
ing to the septal aspect of the ventricular cavity, is yet
another groove, larger than either of the others (Fig. 105, ¢).
The third or remaining groove winds from the interior of the
apex posteriorly, and conducts to the aorta (@), which, as you
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ventricles. Beneath the pectorals and deltoids we find the
external and internal intercostal muscles running obliquely
and crossing each other as in the letter X ; while the serrati
muscles run transversely 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
across 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).

Fig. 105,

r_R.‘_ 107, 1 8, and rog show how the muscles of the huaman chest, arm, forearm, and .L:|II|"I||'||:I'.r|:|. In
vertical, slightly obligue, olligue, and transverse directions, as in the heart {left ventricle), and €ross, oF
tend to cross, each other. Compare the letters of these figures with corresponding letters of Figs. o8,
oo, and 100, . 105 —Oripinal,

Proceeding to the posterior and lateral aspect of the
thoracic region 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 inter-
sect if produced. Beneath the trapezii we have the rhomboidei
and splenii crossing obliquely as in the letter X. The
longitudinal muscles of this region are represented by the
levatores anguli scapulae, the accessorii, the longissimi dorsi,
spinales dorsi, and semi-spinales dorsi. The slightly oblique
muscles are represented by the levatores costarum, the mul-
tifidi spinae, the transversales colli, etc.; and the transverse
muscles by the serrati,
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Proceeding to the loins and the region currespnndfng to the
abdomen behind, the arrangement again repeats itself. %n
the quadrati lumborum, erectores spinalis, and szl.-::ri lun::bahs,
we have longitudinal muscles ; in the multifidi spinae, slightly
oblique muscles; and in the latissimi dorsi, oblique muscles.
If therefore I eliminate the element of bone from the thorax
and abdomen, there will remain a muscular mass with fibres
running longitudinally, slightly obliquely, obliquely, and
transversely ; the longitudinal muscles intersecting the trans-
verse muscles at right angles, the slightly oblique muscles
intersecting each other at acute angles, and the oblique ones
at obtuse angles, symmetrically as in the ventricles of the
heart. We have consequently in the thorax and abdomen
two hollow muscular 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 originate movement. Nor
does the resemblance stop here. Between the thorax and
abdomen there is a movable muscular partition—the dia-
phragm, which descends when the thorax opens and the
abdomen 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. The
thoracic and abdominal movements are correlated for the
reception and discharge of air, food, urine, faeces, etc., 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 ventricles,
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, abdomen, etc.,
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 oscillating on either side of a given line.- The
diaphragm ascends when the ribs descend, and wice zersa.
The ascent of the diaphragm and the descent of the ribs
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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 diminish 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 arrangement 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 mammal in which the ex-
tremities are rudimentary !. They reappear in the extremities
when these are sufficiently developed. Thus, in the human
arm the biceps represents the longitudinal fibres, the supinator
longus and flexor carpi radialis the slightly oblique fibres, the
pronator radii teres and flexor sublimis digitorum the oblique
fibres, and the pronator quadratus the transverse fibres
(Fig. 108, p. 202).

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. 110-112, p. 205.

As the soft tissues precede the hard in the scale of being,
I am disposed to tabulate the muscles thus:—ist, The heart
and hollow muscles, which act independently of bone; 2nd,
The muscles of the trunk, which act in conjunction with bone ;
3rd, The muscles of the extremities, also geared to bone.
I place the hollow muscles first, because they are found before
any trunk proper exists; the 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.

t Vide a very splendid memoir on this rare animal by Dr. James Murie, Trans.
Zool. Soc. vol. viii. plate 21,
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- In the smallest blood-vessels 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 running
across the vessels, and the other in the direction of their
length!. The 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 extremities, the muscular fibres are
arranged at right angles and obliquely, but always sym-
metrically and in pairs. The muscles of the tongue afford a
good example. In this organ a large proportion of the
inherent muscles are arranged in the form of a St. An-
drew’s cross. Thus there are longitudinal fibres which traverse
the tongue from side to side ; others which traverse the tongue
from above downwards or vertically. 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 increasing
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 certainly
possesses an inherent power of elongating and shortening ;
indeed in many of the ruminants 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

! In some of the larger veins, there are two sets of muscular 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 longi-
tudinal fibres mixed up with the areclar tissue and longitudinal elastic fibres 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 developed in the veins of the gravid uterus, being found in all three
coats, and in the venae cavae and pulmonary veins it is prolonged on to them from
the auricles of the heart. Muscular tissue is wanting in the veins of the maternal
part of the placenta, in most of the cerebral veins and 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.—dAnatomy, Descriptive and Surgical, by
Henry Gray, F.R.S. etc.; p. 401, '
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which they are developed (Fig. 113 B, a, @); these corre-
sponding to the rod-shaped nuclei of the _invm]untary musu?]e
(Fig. 113 A, a). The striae are very faintly marked (Fig.
113 B, C). The fibres of the adult voluntary muscles, on the
other hand, are distinctly striated or striped, 7 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 sym-
metrical rows (Figs. 113 D, H). Each fibre is covered by a thin
transparent elastic membrane, the sarcolemma, which isolates
the one fibre from the other (Fig. 113 E, a). The involuntary

Fig. 113.

Fig. 113—A, Unstriped elementary fibres from homan colen ; treated with and without acetic acid.
B, elementary fibres from pectoral muscle of foetal ealf, two and a half months old, showing corpuscles
a, @, magnified 300 diameters. C, elementary fibires from larva of dragon-fly, in an eady stage of develop-
ment, showing central row of corpuoscles, :rnn.gn:iﬁl:d o0 diameters —Fomwrran, D, muscular fibrils of pEg.
magnified 7o diameters. ¢, single fibril, showing quadrangular outling of component particles, thelr dark
central part and bright margin and their lines of junction crossing the light interwils & longitudinal
segment of fibre, consisting of a nember of fibrils still connected together, o, ather smaller collections
of fibrils.—From @ Pregavadion by My, Leatharm, after Dr. Sharpey.

E.—Fragment of an elementary fibre of the skate, held together by the untorn and twisted sarcolemma.
a, sarcolemma; &, &, L'rppmil!c fragments of the Abre,

F.—Fragment of striped elementary fibres, showing transverse cleavage (e &) of sareous elements.
The longitudinal cleavage is seen at & of I. G, H, appearances presented by the separated single
fibrillaz., At G the borders are scalloped and the spaces bead-like, At H the borders and transverse
lines are all perfectly rectilinear, and the included spaces perfectly rectangular. The latter is the more
commaon.—ATer Beneman,

fibre is not invested with this membrane. The voluntary
differs from the involuntary fibre in being of a cylindrical
shape.

Much confusion unfortunately exists as to the utimate
composition 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 they consist of little masses of pellucid

P
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a means of explaining the manner in which voluntary and
involuntary muscles shorten and lengthen.

Mived Muscles—Between the involuntary and voluntary
muscles are a mixed class which run the one into the other
by gentle gradations. Thus the mammalian heart,_the lj??m-
phatic hearts of reptiles and birds, the stomach and intestines
of some fish, and the upper part of the oesophagus, are all
involuntary muscles, and yet they possess the transverse
markings distinctive of the voluntary muscles. The move-
ments of the voluntary and involuntary muscles likewise run
into each other. Thus ‘many involuntary movements are
performed by muscles which are subject to 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 muscles become involuntary ones.’
I Muscles can act in Two Directions; Sarcous Elements of
Muscle— Peculiar Movements of —The first fact to be fixed
in the mind when attempting to comprehend the action of
a muscle, is the remarkable one, that when a muscle con-
tracts or shortens, it bulges out laterally, 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 converse, its ultimate particles, whatever their shape,
must have the power of acting in two directions, viz. in the
direction of the length of the muscle, and across it.

Muscular Motion as bearing on the Functions performed by
the Heart, Blood-vessels, Thorax, Extremities, etc—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 manifesta-
tions. This becomes especially necessary when we remember
that some physiologists maintain that even the striation in
w,:-luntarj.f muscles is due not to the presence of two sub-
stances, but simply to unequal refraction and the play of light.
The advocates of this view regard the substance of voluntary

P2
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muscle as homogeneous ; the dark and light sarcous elements
or squares constituting the longitudinal and transverse striae
being in their opinion all of the same colour. The striae,
as stated, are absent in involuntary muscles, and very faintly
indicated in young voluntary muscles, 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 element, cube, or square, I wish it to represent
a definite portion of the muscular mass having that par-
ticular 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 mus-
cular and all other forms of movement occurring in the
tissues. The movements of the voluntary and involuntary
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 mani-
festations of involuntary movements. In the involuntary
muscle there is a recognisable structure (Fig. 113, A, p. 209), and
in the voluntary muscle that structure apparently becomes
more elaborate (Fig. 113, D, p. 209) ; but movements definitely
co-ordinated, and very precise in their nature, can occur in
tissues which are structureless or homogeneous; and this is
a point not to be overlooked when studying the movements
of the voluntary and involuntary muscles, for it shows that
structure, in the ordinary acceptation of the term, is not
necessary to motion. Thus, the amoeba, which consists of
a soft jelly mass, can change its shape in any direction it
pleases. It can, as I have ascertained from actual observa-
tion, push out or draw in a knuckle of any part of its
body. These movements are not due to contraction in the
ordinary sense of the term, for the portion of the body
protruded is wedge-shaped; no trace of constriction being
anywhere visible. They are doubtless referable to a cen-
tripetal and centrifugal power inhering in the protoplasmic
mass which enables the creature to advance or elongate,
and withdraw or shorten, any part of its body. At times
the amoeba elongates its entire body by a wave-like move-
ment, after which it sends out lateral processes which
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‘exactly correspond with the bulgings produced on a mus-
cular 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 movements of an amoeba and those of a mus-
cular fibre, or a portion thereof, is therefore complete.
Indeed there is every reason to believe that the movements
of the amoeba and the sarcous elements of a muscle are
identical. Both can change their form, elongation in one
direction entailing shortening in another and opposite direc-
tion. In either case change of form does not involve
change of volume, this always remaining exactly the same.
Similar properties are possessed 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 disc; these movements, as I have
fully satisfied myself from an attentive examination 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 energy. Here the cen-
tripetal and centrifugal power which I am disposed to claim
for muscle, and especially for hollow muscles—such as the
heart, stomach, bladder, uterus, blood-vessels, etc.,—is seen
to perfection. When the disc closes, the substance of the
animal converges and seeks the centre; when the disc
opens, its 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 elongating 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 disc.
The movements of the Salpa cristata still more closely re-
semble those of the heart (Fig. 114, p. 214). The salpa may
very properly be compared to the left ventricle. Thus it is
a conical-shaped bag supplied with two apertures; one of
which, situated at the extremity of the animal (&), corre-
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sponds to the auriculo-ventricular ofifice ; the other, situated
at the mouth (a), to the orifice of the aorta. The orifice
corresponding to the auriculo-ventricular
opening is supplied with a valve (¢)
which may be compared to the mitral
valve. When the animal wishes to ad-
vance 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 a retrograde
movement. The fact to be attended
to in the movements of this simple
creature is the power it possesses of
expanding and drawing water into its
s ot o @ interior, which it subsequently forcibly

orifice at mouth, & orifice cor-

e et sl ejects:’ It thus exerts 'al pulling sand

aperture. o vilve guarding

e e permits water  pushing power, similar to that exercised

e e e s e by the left ventricle or any other com-

partment of the heart.

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 occur in such plants as the
Volvox globator and Chlamydomonas, the wvacuoles of
which open and close with time-regulated beat!. They
are the same which cause 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,

Fig. 114

! 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 Kiithne.
This distinguished physiologist took the intestine of a cockchafer and stuffed it
with living protoplasm from a living plant. He applied electricity to the gut so
‘prepared, and found, to his surprise, that it exhibited all the phenomena peculiar to
to muscle when artificially stimulated—the intestine shortening suddenly when
the stimulus was applied, and e¢longating slowly after it was withdrawn.
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| 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 muscular 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 elon-
gates in the direction of its breadth, and if further it be
true that when a muscle elongates it shortens in' the direc-
tion of its breadth, it follows that all the particles in the
mass obey the same laws. Thus when a muscle shortens in
the direction of its length, all its particles, whatever be their
composition, colour, or original form, elongate in the direction
of the breadth of the muscle. 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 muscle.
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 essen-
tially vital in their nature, and independent of each other.
That a muscle 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 rugae or swellings, the long axes of the par-
ticles of the swelled portions being arranged at right angles
to the long axes of the particles representing the constric-
tions 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. Muscular movements are therefore
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the result of a rhythmic motion in their ultimate particles,
in all respects analogous to the rhythmic movements of the
heart. The movements of muscles are characterised 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-, IIE.

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

A.—Fibre in the condition of rest, », transverse markings or cleavage, s, longitudinal markings or
cleavage,

B,—a, a, a, one side of fibre contracting or shortening.

C.—#, &, &, both sldes of fibre contracting or shortening.  All parts of the fitre become involved in
succession. Thus, the constrictions between & & & of C become the swellings e ¢ of D.—ffer
Hewnuan,

In reality the ultimate particles or sarcous elements of a
muscle are correlated and definitely co-ordinated, neighbouring
particles or groups of particles exercising a centrifugal and cen-
tripetal power which causes one set of particles to advance in
one direction, while a corresponding set recede in an opposite
direction. This is what wvirtually happens in the voluntary
system of muscles. When one muscle shortens on one side
of a bone, that on the opposite side elongates. By assign-
ing a centrifugal and centripetal power to a moving mass,
we can readily understand how structureless tissues open
and close. Without such a power even elaborate 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 muscle or sarcous element shortens
in the direction of its length, it broadens or lengthens in
the direction of its breadth, and wice wersa. If 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
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opposite direction. Even structureless masses of protoplasm
are endowed with this power, and the amoeba, which may
be regar'dc'd as an aggregation of such masses, can elongate
and shorten its body 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. Simi}ar
attributes 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 elasticity, 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 and against each other, instead
of upon the bones they are intended to move. The waste
| of muscular energy under such circumstances would be in-
Ii:nrdinatc. The prevailing theory of muscular action is thus
“stated by Bowman :—* The contraction of a muscle 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 mus-
cular movements is, I believe, traceable to the employment
of the terms contraction and relaxation, contraction primarily
signifying a shrinkage or diminution in volume, which does
not occur in muscular movements ; relaxation, an abandon-
ment of the contracted state. An example may be useful.
According to prevailing opinions a flexor, when it contracts
or shortens, 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 relaxes,
2. e. offers no opposition to being 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 condition
of rest, so that the phrase passive contraction, so frequently
employed, has no meaning. I propose therefore for these
and other reasons to abandon the terms contraction and
relaxation, as being inapplicable to muscular movements,
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and to substitute for them the more simple ones of shortening
and elongating, as applied to long muscles ; and closing and
opening, as applied to hollow muscles, By the shortening
or .c!u:-‘,ing 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 par-
ticles diverge or escape from a certain point. These move-
ments are not equally rapid, but they are equally independent
and vital in their nature’. My meaning will be obvious
from the annexed woodcuts,

Fig. 11t Fig. 119,

bres from leg of newly-born rabbic after hay ing been exposed to the action of
and transverse cleavage, and the manner in which the sarcous elements ar
ched.—A ey Fowman,

5 element or cube c Ny abile of changis IF shape in any direction (vl arrows).
B, same element when elongated vertically., €, dittowhen e grated |'_uri;.::||_||;}-l The position of rest,
and the fornrof B and C when at rest, is that represented at A.—Oriprinal.

At Fig. 117 A, a sarcous cube or integral portion of a
muscle is represented. This cube, like the amoeba, is en-

* Dr. Martin Barry endeavoured to explain muscular 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, favonrs this 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 con-
traction essentially consists in a preatly increased attraction among the particles,
or globules constituting the muscular fibres, and alteration in the direction in
which the attraction acts, rapidly communicating from one particle to another,
both along the same fibre and among adjacent fibres, and rapidly succeeded by
;r:*]m]hif}r: or return to the pru_:rim:ls state of cohesive attraction uxinli:!lg among
those particles; and Dr. C. B. Radcliffe (Nature, Jan. 2, 1872) expresses a belief
‘ that living muscle is kept in a state of elongation by the presence of an electrical
charpe, and that contraction is nothing more than the action of the fibres, by
virtue of their elasticity, when liberated by L]ii;t}ng;:’: from the chﬂrgu which k:_-]ht
them elongated previously.! Mattencei had come to a similar conclusion at an
anterior date, and expressed his belief that muscular action is accompanied by
a discharge of electricity analogous to that of a torpedo. This view, Dr. Radcliffe
adds, has received confirmation from the new quadrant electrometer,
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dowed 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 (zéde dotted arrows) assume
the shape represented at C. In the case of the open or ex-
panded 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 C. 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 muscle 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 C, the sarcous elements
of the fibres forming the sphincter 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 sphincter assuming the shape C (see Fig. 128, p. 231).
The same arrangement obtains in the voluntary muscles.
When a flexor and extensor muscle are at rest, their sarcous

| elements or cubes assume the form figured at A. When the

| flexor shortens, its sarcous elements take the form C; the

sarcous elements of the extensor, when it elongates, taking the
form B. When the extensor shortens, its particles 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 elongation of the extensor, and the converse; the
one muscle, as explained, always shortening when the other
elongates, and wice wersa. The particles of the muscle, like
the muscles themselves, as already stated, are co-ordinated.
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 cither side of which they oscillate
or vibrate when the muscles are in action. The shape of
the sarcous elements, as seen in the biceps and triceps in
flexion of the arm, is shown at Fig. 118, p. 220.

That muscles possess a centripetal and centrifugal power
—.e. a power by which they alternately shorten and elon-
gate—and that one set of muscles is never employed for
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the ventricles rolled together 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 posses-
sion a human stomach, 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 wersa. But the closing of the stomach,
bladder, and rectum, is occasioned by the simultaneous
closing, shortening, and broadening of all the fibres com-
posing the bodies of the viscera ; the opening of the sphincters
being occasioned 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 force 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; 7. ¢. exert a centrifugal and centripetal power.
They occur in muscular and other tissues.

The opening and closing of the rectum and its sphincters
are represented at Figures 119 and 120, p. 222.

Another element calculated to introduce confusion into our
ideas of muscular movements is the arrangement, of the
muscular 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 antagonise each other—must, in

‘. The patient to which this stomach belonged died of inanition, occasioned by
stricture of the oesophagus. The stomach itself is quite healthy.
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different parts of their persons. Thus you will find a con-
siderable number of patients who for hours together move
their head, trunk, or limbs, backwards and forwards, or
laterally, with a steady see-saw motion, automatically an_cl
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, t_he
medical superintendent 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 muscular 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 com-
posed, being arranged to act either with or without elastic
substances 1,

Elasticity is to be regarded as an auxiliary of muscular
manifestations, a modification to confer continuity of move-
ment. All muscular movements are interrupted movements—
7.e. 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 beginning 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 blood-
vessels are endowed with a greater share of elasticity than the
hollow muscles and involuntary muscles generally, the in-
voluntary 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

* When the sarcous elements have departed as far as they can from their original
shape and position of rest, elaslicity 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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vessel and increase its calibre, This follows because the
circular fibres form closing rings, and any change in their
shape produces either an elongation and narrowing of the
vessel, or a shortening and widening thereof (Fig. 124, p. 231),
The circular fibres are capable of acting by 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 circular 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 elongating. They confer rapidity and
continuity of movement by assisting the muscle over its dead
points : muscle, of necessity, acting first in one direction and
then in another. :
In the larger vessels a longitudinal layer of muscular fibres
is added to the circular one. Under these circumstances,
the two sets of fibres 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 lengthen ;
when it is to be widened and shortened, the circular fibres
lengthen and the longitudinal ones shorten. The two sets of
fibres take part in both movements, and do not antagonise
or act against each other (Fig. 125, p.231). The same thing
happens in the vermicular movements of the intestine and the
creeping of the earthworm (Lumébricus agricola), to which they
are likened. The muscular tunics of the intestine and worm
“are composed of longitudinal and circular fibres, so that they
exactly resemble certain of the blood-vessels. I have studied
' the movements of the worm with considerable attention, as
being likely to throw some light upon similar movements in
the vessels. Prior to moving, the earthworm draws itself
together, and shortens and thickens its whole body (Fig. 121
A, p. 226). It then elongates and narrows, telescopic fashion,
the first inch or so (Fig. 121 B, @, p. 226). In this movement
the rings representing the circular fibres are separated 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 equal share in the
work. The power possessed by the worm of elongating a

Q
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]‘Jlm"r}ﬂf]its body is undoubted, When the first instalment of
the body is sent forw: it is corrugated or

‘ ground by the
assistance of the setae or hairs situated on the ventral ;;s];t-ct
of the animal. A second inch or so is now elongated
telescopic fashion, and sent on precisely as in the first 1'11.«;1:1|1c+;
(Fig. 121 C, 4). The second instalment is not drawn forward
as is generally believed, but pushed forward as dus{:ri!:mrdi
When the second instalment is gathered to the first, and both
fixed to the ground by the setae, a third instalment is sent on,

the worm not beginning a second step until the tail instal-

F-'p: I3E.

Fig. 1a1.—A represents the worm as drawn together prior to commencing a step, and divided {nto
four equal portions, a, &, ¢ o —Origreal.

Bs LW the furst part of the wornn as el I:|I'.|.I:I!'|| OF "-!.".!'I{.'.I Ut () the parts & & .-.\,;'|i:|_:' s fulere—
Chripinal

C shows the first part af the wonno fa) shortened, corrugrated, and hxed on the ground, the second
part ol the worm (4} being elongated or pushed out; the parts ¢ and o acting as fulcra.—Orirrnal

ment is forwarded and added to the body. The worm
advances by a peristaltic or wave movement. It pushes
itself forward upon the ground, 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, a).

The movements of the worm are exceedingly interesting,
as showing that a muscular mass composed of circular and
longitudinal fibres (each set continuous upon itself) has the
power of elongating even in the absence of fixed points.
The locomotion of the worm is performed by two forces,
which always act at right angles to each other. ‘Thus when
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the first part of the body is sent forward, the circular fibres
exert their centripetal power, the longitudinal ones their
centrifugal power. When this portion of the body is short-
ened and corrugated prior to being fixed on the ground by
the setae, 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 parts. It follows from
this that the part of the worm which is corrugating and
broadening may be compared to a sphincter 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 rhyth-
mic movement) no locomotion can 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 wice versa. If any part of the worm
attempted to shorten 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 #z statu gquo. The commonly-
received opinion, that muscles have only the power of
shortening, and cannot elongate, is, 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 muscle. 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 muscle in the act of elongating, cause it to
Flongate more rapidly ; in other words, they would quicken
its movements, and in no instance check or reverse them,
MusFlc is not the only substance which shrinks or retires
within itself on being assailed by a troublesome neighbour.

Q2
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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 irritant 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 muscular
movement. A long muscle when it shortens virtually re-
produces the movements observed in the body of the worm
when creeping, one part of the muscle 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 ampuliac when it shortens
(Fig. 115 C, D, p. 216).

Similar movements to those described in the worm occur in
the tentacles of the gasteropoda. In murex, the tentacles are
thick solid fleshy stems, composed of various strata of circular,
longitudinal, and oblique muscular fibres. These are elongated
and retracted at pleasure (Fig. 122, p. 229). In the garden-snail
(Helix pomatia), the tentacles are hollow tubes, composed of
circular bands of muscle. Within each tentacle is a long
muscular slip (Fig. 123, ¢, d, p. 229), extending between its
free extremity and the common retractive muscles of the foot.
When the muscular slip (¢) shortens, the circular muscular
fibres elongate, and the tentacle is invaginated (a). The
same thing happens in invagination of the intestine. A
reverse action takes place when the tentacle is protruded (&),
the enclosed muscular slip (d) elongating, and the circular
fibres shortening, That the evagination or protrusion of the
tentacle is not due to the contraction or shortening of the
circular fibres alone, is evident from this. If the tentacle is
half invaginated (@), the shortening or closing of the circular
fibres by themselves tends rather to invagination than evagina-
tion. To complete the process the longitudinal muscular

slip (¢) must elongate and push slightly.
1 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 upits
leaves. When however it became accustomed to the movement, it expanded them.
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" When a garden-snail elongates its tentacles, we feel that
the act is a voluntary and a vital one. The moment however
they touch a foreign body, they shrink?., The alarm passes
away, and again the tentacles are cautiously elnngateii. The
same thing happens in the sea-anemone. When this mag-
nificent creature expands its tentacles like a gorgeous ‘Hﬂ:‘lﬁtﬂr
opening to the sunlight, it pushes them out with exquisite
orace like so many microscopic telescopes. If, however,
foreign matter be dropped into the water upon the anemone,

Fig. ya2. = Fig. 123

Figr. 123 shows tentacles of murex (v, & in elongated state.—. 4 dxféed.

Fig. 123 shows the four tentacles of garden snail (@, &, ¢ /), one of which [a) s invaginated, and its
muscle [¢] shortened ; a second one [8) being evaginated or pushed out, and its muscle {#) elongated.—
A,

‘the tentacles instantly retreat into the interior of the animal.
The power of elongating and shortening possessed by the
~ tentacles is, I 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 compre-
hend how the heart, blood-vessels, and hollow viscera act;
how we are capable of migrating from one place to another ;

' In phthisical patients, as Dr. Stokes has shown, a smart tap on a muscular
part is followed by a contraction and swelling of the part struck, The part struck
is surprised, and contracts or rolls itself together,
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and how the hand is supplied with its cunning. All are vital
manifestations. The elongation and shortening of the ten-
tacles 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 retractile proboscis. This remark, I may observe, ap-
plies to the mouth and lips of a great many animals, the
oval aperture and lips being pushed out and retracted at
pleasure.

In the gasteropoda, which have no jaw or masticating
apparatus, the moveable proboscis 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 re-
traction 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 contrary movement. The tongue, as has been stated,
is also endowed with the power of elongating and shorten-
ing ; 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 cir-
cular fibres can be made to act by themselves or in com-
bination, 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 longi-
tudinal and circular fibres arranged at right angles, the
circular fibres shorten in the direction of the breadth of the
vessel, the longitudinal fibres elongating in the direction of
its length. These movements are reversed if the vessel is
to be widened. If a cavity is to be obliterated by longi-
tudinal and circular fibres, the fibres shorten longitudinally
and transversely. If it is to be opened, they elongate. IFf
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oblique fibres are present, they are accessories, and deport
themselves in exactly the same way as the others. In
hollow muscles the fibres require to be continuous upon
themselves. and this accounts for the fact that in the heart,
stomach, bladder and uterus, the fibres have neither origin
nor insertion. (Fide Figs. 124—130.)

Fig. 124 Fig. 125 Fig, raf Fif. 7.

Fig, 12p—Veitel supplied with circular or transverse hbres [a ipal of IRCREASINE OF dac rn.'-l-u:ﬂ,;' Itz
calibre, and riening or elongating tt,—{rrrFraned,

Fig. 135.=V | supplied with circular (@) and longitudinal (3) fbres, capable ofincreasing or diminisi-

irits I shorten ting i

nof fclt YeRir
pen. wr, ventricle wh .
the walls of the ventricle vibrate

wien the venimcular hbres gxgrcise their centnipetal (s, i) and centrifugal (o

the apen and closed
A FTIARTHLAT Y

11 it
on elther seile

The heart differs slichtly from the blood-vessels, inasmuch
as when 1t closes, all its diameters are shortened ; whereas,
when it expands, all its diameters are elongated. In the
opening and closing of the different compartments of the
heart we have two diametrically opposite conditions. To
produce this apparently impossible result in the wventricles,
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the fibres and the sarcous particles of the fibres are arranged
vertically, transversely, and obliquely, in continuous spirals, as
shown at Fig. 129, p. 231. Fig. 130, p. 231, v, shows a trans-
verse section of the left ventricle of the heart in the expanded or
dilated condition ; @, of the same figure, showing a transverse
section of the left ventricle when its cavity is obliterated, The
arrows # #, o p of Fig. 130, p. 231, indicate the centripetal and
centrifugal force possessed 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
closing 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 wvice
versa. When the walls of the ventricle travel beyond the
circle represented by x of Fig. 130, p. 231, in an inward direc-
tion, 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 caoutchouc bag,
if immersed in water and squeezed at intervals, will do the

- same. The ofder in which the closure occurs 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 large veins (even to the venae hepaticae) close first;
then the auricle or auricles, as the case may be; then
the wventricle; and lastly the bulbus arteriosus. In the
warm-blooded animals the terminations of the pulmonary
veins and cavae (superior and inferior) close first; then the
auricles, then the ventricles, 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 dismissed, the seizure
and the dismissal being alike necessary to the circulation.
The blood is not permitted to wander about at pleasure in
the cavities of the circulatory apparatus. On the contrary,
it is made to flow in a continuous onward stream, by a series
of very wonderful peristaltic movements, very much in the
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same way that the blood is forced into the alimentary ::an‘al
of the leech by the simultanecus opening and closing in
regular succession of the different portions of its muscular
oesophagus. Nay more, it is made to open and close the
doors which lead to and conduct from the chambers through
which it passes. It 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 closing. 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 in-
compressible, and if it is ejected from one place it must be
received in another of nearly, I might safely say of exactly,
the same dimensions, 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 infinitum. The blood is alternately pushed and pulled.
That the vessels may take a part in and modify the circula-
tion is evident from the researches of Marey and Garrod,
who show that any obstruction or narrowing in the small
vessels slows the action of the heart.

Analogy between the Movements of the Thorax, Abdomen,
and Heart—The primary function of the thorax is alter-
nately 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 act. It is likewise expelled by a vital act.
In like manner the blood is drawn into the auricles and
forced out of the wventricles 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 me-
chanically, and was expelled thence by the mere elasticity
of the lungs, we could not regulate the supply of air admitted
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into and sent from the lungs in inspiration and expiration.
There would moreover be an absence of the rhythm which
characterises 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 re-
spiration, we can also arrest the circulation. M. Groux, who
had a congenital fissure of the sternum, could arrest the
pulsation of his subclavian and rodial 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 appeared 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 subclavian, jugular, and superior and
inferior cavae—are full of blood, the blood being attracted
by inspiratory effort. During expiration the vessels are
comparatively 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 blcod 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 inspira-
tory and expiratory acts 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 ex-
tremities, 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 inspira-
tion, and to swell out or expand during expiration. The
attraction of the blood to the chest, and the consequent
draining of the capillaries of the brain, sufficiently account
for the diminution of its volume during _inspiratiun; 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
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. 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 experiment. By causing the blood of horses
and dogs to enter a vertical graduated tube, he found that
| with each beat of the pulse the haemostatic 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 in-
spiratory 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 vicinity 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
respiration as anm 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, I cannot overlook the fact that in some of the
lower animals the circulation is carried on where no re-
spiration 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 cilia, 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 diffusion of gases in the lungs is analogous
to the diffusion of fluids in the tissues, The chest and lungs

' The Forces which carry on the Circulation of the Blood, by Andrew Buchanan,
MD., etc., Professor of Physiology, University of Glasgow.

* Professor Alison is of opinion that the effects of asphyxia first show themselves
in the lungs, that the arterialisation 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 circulation is cut 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 tissues,
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form an apparatus for supplying fresh relays of air, just as,
the heart and blood-vessels form an apparatus for supplying
fresh relays of blood. When once the air is inside the lungs
it is manipulated, and caused to pass in two directions, by
the pulmonary cilia, and the tendency which the carbonic
acid and the oxygen in the lungs have to diffuse or pass
through each other. The ciliary movements produce currents
within the air-passages and lungs akin to those -produced
within a bee-hive by the fanning of the wings of the bees
at the entrance. The ciliary movements and passage of
gases in opposite directions produce the primary circulation
of air as it exists in the lowest animals; and it is not a
little curious to find that, as the circulation of the blood
becomes differentiated, so the breathing apparatus becomes
complicated. Thus, to the ciliary movements and the me-
chanical diffusion of gases found in the lower animals, there
are added in the higher a complex muscular and bony
apparatus.

The movements of the chest, like those of the heart, are
said to be active and passive; the expansion or opening of
the chest and glottis being due, it is stated, to the contraction
of the diaphragm, the intercostal muscles, and the crico-
arytenoid muscles ; the diminution or closing of the chest and
glottis being due to the relaxation of these muscles, to the
resiliency of the costal cartilages, and the elasticity of the
pulmonic substance and vocal chords. Dalton states that the
movement of expiration is entirely a passive one. I am
however disposed to regard the movement of expiration as
well as that of inspiration as vito-mechanical. Dalton evi-
dently experiences a difficulty in regarding expiration as a
purely passive act ; for he says, in expiration the muscles of
both chest and glottis are relaxed, while the elasticity of the
tissues, by a kind of passive contraction (observe, passive
contraction), restores the parts to their original condition'.
If contraction is active in inspiration, it must also be active in
expiration, otherwise there is a contradiction in terms. It is
worthy of remark that, according to current views, a vital act
opens the chest, while it closes the heart. But why this

1 Dalton’s Treatise on Human Physiclogy, p. 206.
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discrepancy, seeing the movements of the thorax and heart
are involuntary and rhythmic in character, and in this sense
identical'? There is plainly a difficulty here, which requires
to be cleared up, and which only disappears when the opening
and closing of the thorax and heart are regarded as vital in
their nature. The presence of cartilage and bone in the
thorax may be thought by some to afford a sufficient ex-
planation, but these need not be taken into account, as the
muscles of the thorax are arranged in such a manner as
would enable them to open and close the chest even in the
absence of the hard parts. Nor must it be forgotten that the
movements of the thorax are muscular movements, and that
whatever change is induced in the hard parts is referable to
prior change in the soft parts % If we attend to the inspiratory
and expiratory movements in our own persons, and convert
what are naturally involuntary movements into voluntary
ones, we find that in inspiration we draw in the air by a vital
act, and that in expiration we expel it by a vital act. This
is proved by the fact that if we interfere either with inspira-
tion or expiration, the movements are arrested. If we make
a forcible inspiration, we must also, if we would avoid dis-
comfort, make a forcible expiration,

The Movements of the Mammalian Heart, intervupted and
yet continuous, Hew the Heart rests—Having described the
direction and distribution of the muscular fibres composing
the heart of the mammal, the order in which the several
compartments of the heart act, and the change of shape
induced in all muscles, whether voluntary or involuntary, in
a state of activity, we are now in a position to speak of the
general and particular movements of the heart. The following
are the appearances observed in the living heart of a puppy
one day old. The large veins at the base of the heart close
in the direction of the auricles, and the auricles slowly open.
The auricles then close in the direction of the ventricles with

' Inspiration corresponds to the opening of the heart; expiration to its closing.
The former act is performed more slowly than the latter.

* Since the above was written, Dr. Arthur Ransome has assigned an outward,
forward, or pushing movement to the chest in inspiration; and an inward, back-
ward, or pulling movement in expiration. These movements are seen to most
advantage in women and children, where the ribs and costal cartilages are soft-
est.—Froceedings of the Royal Society, November 21, 1872,



238 PHYSIOLOGY OF THE CIRCULATION,

a vermicular wavy movement, somewhat suddenly, the ven-
tricles opening meanwhile. Finally, the ventricles close
suddenly and with great energy, a wave movement travelling
in spiral lines from the apex to the base, and then from the
base in the direction of the apex. When the heart is in
motion it rotates on its long axis alternately to right and
left, the extent of the rotation being rather more than a
- quarter of a turn either way. When the ventricles open, the
left apex is elongated and pushed downwards by a peculiar
screwing motion, similar to that witnessed when a screw is
being forced into wood. When the ventricles close, the left
apex is shortened and elevated by a remarkable screwing
motion, which exactly corresponds with that observed when a
screw is being extracted from wood. The left apex, while
this screwing motion is taking place, describes an irregular
ellipse; the apex impinging against the thorax, particularly
towards the termination of the systole, when it gives a sudden
bound in an upward and forward direction as if from recoil .,
The auricles close simultaneously, and so of the ventricles;
the auricles always opening when the ventricles close, and
vice versa. These structures increase and diminish by about
a third when they open and close. They also change colour
slightly. This is due to a diminution or increase in the
quantity of blood in the walls of the heart and within its
cavities at any given time. It is trifling when compared with
that observed in the heart of the frog or fish. The ventricles
completely empty themselves during the systole. Of this
there can be no doubt, as the ventricles are occasionally found
so firmly closed after death that their internal or endocardial
surfaces are in contact throughout. Amnalogy also favours
this view; the ventricles of the fish and frog completely
emptying itself of blood and becoming pale during the
systole. When the heart is beating normally, one or other
part of it is always moving. When the veins cease to close
and the auricles to open, the auricles begin to close and the
ventricles to open, and so on in endless succession. In order
to admit of these changes, the auriculo-ventricular valves, as
has been stated, rise and fall like the diaphragm in respira-

1 In the fish and frog the impulse of the heart, as has been explained, cor-
responds with the termination of the diastole and the beginning of the systole.
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tion; the valves protruding now into the auricular cavities
and now into the ventricular ones. There is in reality no
pause in the heart's action. The one movement glides into
the other as a snake glides into grass. All that the eye can
detect is a quickening of the gliding movements at stated and
very short intervals. A careful examination of the sounds of
the heart' shows that the sounds like the movements glide
into each other. There is no actual cessation of sound when
the heart is in action. There are periods when the sounds
are very faint, and when only a sharp or an educated ear can
detect them, and there are other periods when the sounds are
so distinct that even a dull person must hear: but the sounds
—and this is the point to be attended to—merge into each
other by slow or sudden transitions. It would be more
accurate, when speaking of the movements and sounds of the
heart, to say they are only faintly indicated at one time, and
strongly emphasized at another, but that neither ever alto-
gether ceases.

If however the heart is acting more or less vigorously as a
whole, the question which naturally presents itself is, How is
the heart rested? There can be little doubt it rests as it
acts, viz. in parts. The centripetal and centrifugal wave
movements pass through the sarcous elements of the different
portions of the heart very much as the wind passes through
leaves: its particles are stirred in rapid succession, but never
at exactly the same instant; the heart is moving as a whole,
but its particles are only moving at regular and stated
intervals; the periods of repose, there is every reason to
believe, greatly exceeding the periods of activity., The
nourishment, life, and movements of the heart are in this
sense synonymous. That the different parts of the heart act
consecutively and in regular order was proved by Mr, Malden.
He found that if a part of the ventricle of a frog or turtle was
irritated exteriorly, it instantly contracted, the contraction
spreading from the irritated point in every direction. He
found moreover that before the contractile wave had spread
over the entire ventricle, the part originally irritated, and
which contracted first, expanded or bulged out to form a
sacculation ; thus showing that the act of dilatation is as
much a vital movement as the act of contraction. In proof
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'l:'}f this, some poisons apparently kill the heart by destroying
its expanding power, the organ in such cases being found
firmly contracted after death. The older observers, as
Pechlin, Perrault, Hamberger, and more recently Bichat and
Dumas, expressed their belief that the dilatation or expansion
of the heart is a vital act in the same sense that its contraction
is a vital act ; and it appears to me that modern physiologists
have fallen into a grave error in stating that the contraction
of the heart represents its only period of activity; the heart
being passive when it expands, or, as they term it, relaxes,
The heart no doubt must rest like every other part of the
body, and the most convenient explanation of the phenomenon
is to suppose that when the heart is contracting and forcing
out the blood it is active, but that when it is receiving the
blood it is passive, 7. ¢. resting. This however, as I have
endeavoured to show, is not the real explanation, the heart
performing work not only when it closes, but also when it
opens. The heart cannot be said to be resting when it is
returning to its position of rest, for if the sarcous elements
are doing work from.the time they leave their position of rest,
it is obvious that they must be doing work until they return
to it. The position of rest moreover of the ventricular walls
does not correspond to that assumed by them during their
diastole or opening, any more than to that assumed by them
during their systole or closing. It corresponds to a line
midway between both, as shown at x of Fig. 130, p. 231. In
like manner the position of rest of the voluntary muscles is
semi-flexion or semi-extension ; the muscles being in a state
of activity in complete flexion and complete extension. During
repose the limbs are always slightly bent. i
Size of the Cavities of the Heart (Mammal).—The auricles
and ventricles increase in all their diameters when they open,
and decrease when they close. As however the auricles are
always closing when the ventricles are opening, and the
contrary, the actual contents of the pericardium fluctuate very
little. This circumstance renders it somewhat difficult to
determine whether the long diameter of the heart as a whole
varies. This was a question keenly debated by the Mont-
pellier and Parisian anatomists and physiologists, but is
practically of little importance. There are several subjects
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which hinge on the degree of opening and closing which
occurs in the heart. One of these is the comparative size
of the auricular and ventricular cavities. Winslow, Senac,
Haller, and Lieutaud, maintain that the disparity in the size
of the auricles and ventricles is considerable ; Laennec, Bouil-
laud, Meckel, and Portal, that it is trifling ; Lower, Sabatier,
and Andral, that there is no difference whatever. The latter
is most probably the correct opinion, as it is natural to suppose
that the auricles contain the exact quantity of blood to be
injected into the ventricles; these forcing out into the large
arteries (aorta and pulmonary artery) a corresponding amount,
which in due time is returned to the auricles by the large
veins (venae cavae and pulmonary veins). This opinion is in
a great measure corroborated by the practically incompressible
nature of the blood, If a certain quantity of blood is forced
out of one chamber, it is natural to suppose (seeing fluids are
virtually incompressible) that a chamber of exactly the same
size is prepared to receive it. A contrary supposition would
tend to disturb the even tenor of the circulation. It is quite
impossible, as I know from experience, to determine the size
of the cavities of the heart after death, and there is no means
of accurately ascertaining it during life. The parietes of the
heart after death yield to such an extent that they may
be distended at pleasure; a uniform pressure giving anything
but a uniform expansion, as the ventricular walls, because
of their varying thickness, become unequally stretched.
Impulse of the Heart (Mammal)—Another subject arising
out of the degree of opening and closing occurring in the
living heart is the impulse or beat of the organ against the
anterior wall of the chest. TIs this due to the closing or
opening of the heart? The heart during the diastole has
its apex pushed deeper into the chest; and if to this cir-
cumstance be added the fact that at this particular period
the organ is enlarged, we @ priori arrive at the conclusion
that the heart is impelled against the thorax during the
diastole of the wventricles. Pigeaux, Burdach, and Beau,
&ntm:tain this belief. There can be no doubt, however, that
the impulse in the mammal is communicated, not during
’_chﬂ cl'lastule of the ventricles, but during the systole. The
illustrious Harvey found it so in man when the heart was
R
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exposed by disease. I have not had an opportunity of
examining the human heart thus disclosed, but I have made
observations on an anaesthetised living monkey, in which
the pericardium was opened sufficiently to enable me to
witness without disturbing the cardiac movements. The
heart in this case beat with great regularity and apparently
quite normally. The heart when it opened and closed, ro-
tated on its long axis in opposite directions, to the extent
of nearly a quarter of a turn either way. The ventricles
elongated themselves during the diastole, and shortened
themselves during the systole; a spiral wave of motion
travelling from the apex towards the base, and from the
base towards the apex. The left apex had a distinct
screwing motion, The left apex and the middle third of
the right ventricle impinged against the thorax during the
systole: the former structure describing an ellipse, as in the
fish and frog. Senac stated correctly enough that the im-
pulse is communicated during the systole, and endeavoured
to prove his position by averring that the heart is suspended
from two curved tubes, viz. the pulmonary artery and aorta ;
these tubes, when the blood is forced through them by the
closing of the ventricles, endeavouring to straighten them-
selves, and causing the apex of the heart to impinge against
the thorax. This is the principle on which the steam-
gauges at present employed for registering steam-pressure
are constructed. The explanation is ingenious, but the large
vessels, as Shebeare and Corrigan have shown, curve in
such a manner that their recoil would not force the apex of
the heart in the direction indicated, but just the opposite.
There is this further objection, the ventricles are shortened
in their long diameter during the systole. Senac seems to
have been aware of this difficulty, for he endeavoured to
strengthen his position by adding that the impulse was
partly due to the expansion of the left auricle, which, be-
cause of its situation between the spine and the left ventricle,
tended to force the apex of the heart outwards. The heart,
however, tilts forwards when the large vessels are cut through,
and it is altogether removed from the body; in which case,
of course, neither the straightening of the vessels nor the
swelling of the blood within the left auricle could produce
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any effect. The true explanation is, I believe, to b:: found
in the shape of the ventricles, and in the distribution and
direction of their muscular fibres. The ventricles form a
twisted cone, which is flattened posteriorly and truncated
obliquely in this direction at its base. The anterior fibres
of the ventricles are consequently much longer than the
posterior fibres; and as muscular fibres shorten in propor-
tion to their length, this accounts for the heart tilting when
removed from the body—the apex, as stated, describing
a more or less perfect ellipse. A similar explanation was
suggested by Professor Alison, and accepted by Mr. Carlisle
and Dr. John Reid.

The Valves of the Vascular System.

Before proceeding to a consideration of the sounds of the
heart, it will be necessary to describe somewhat minutely
the structure and movements of the cardiac valves.

These are important and interesting, in a medical point
of view, from the fact that they are frequently the seat of
morbid lesions which inaugurate a long list of painful com-
plaints, very bewildering to the physician, and especially
dangerous to the patient. In order fully to comprehend the
nature and uses of the highly elaborated cardiac valves as
they exist in man, a knowledge of the relations, structure,
and functions of the more rudimentary valves found in the
veins of mammals and in the hearts of the lower animals
is necessary 1,

Venous Valves—thetr Structure, efc—The valves of the
veins vary as regards the number of the segments com-
posing them. In the smallest veins, and where small veins
enter larger ones, one segment only is present. In the
middle-sized veins of the extremities two segments are
usually met with; while in the larger veins, as the internal
jugulars of the horse, three and even four segments are by
no means uncommon. (Fig. 131 A—], p. 244.)

The segments, whatever their number, are semilunar in

' Vide Memoir ‘On the Valves of the Vascular System in Vertebrata, by the
Author; Transactions of the Royal Society of Edinburgh, vol. xxiii. part iii., 1864.
The preparations on which this investigation is based are preserved in the Hunterian
Museum of the Royal College of Surgeons of London,

R 2
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diameter of the vessel. In such cases both segments are
usually of the same size, so that they divide the vessel into
two equal parts (Fig. 131 B, €, F). They are placed across
the vessel, their free margins being inclined towards the heart
and the mesial plane of the vessel. The free margins, when
the vessel is placed in fluid, run parallel with each other
(Fig. 131 E, ¢; Fig. 132 E, ¢, p. 248). The attached margins, on
the other hand, diverge to form festoons in the interior of
the vessel (Fig. 131 A, #, s, #. This is necessary, as the
attached margins must accommodate themselves to the in-
terior of the vessel, which is more or less circular. The
free margins of the segments, like the attached ones, start
from a common point (Fig. 131 C, #); but the shape of
the segments, and the angle at which they are placed with
regard to each other and the mesial plane of the vessel,
are such that the free margins do not diverge to the same
extent as the attached ones, but run in a nearly straight
line across the vessel. I was much struck, on injecting
the external saphenous vein of the human subject from
the dorsum of the foet, to find, on dissection, that the
free margins of the segments of some of the valves were
in contact throughout; clearly showing that when the seg-
ments are allowed to float in a fluid, they are more or
less parallel, and so projected against each other that even
the slightest reflux instantly closes them. This relation of
the segments is in part accounted for by the presence of a
fibrous structure (Fig. 131 C, #), which extends from the
wall of the vessel into the interior, and supports them at a
certain distance from the sides of the vessel. The fibrous
structure referred to is well seen in the semilunar valves of
the pulmonary artery and aorta (Fig. 133 A, &, p. 252), and
seems to have escaped observation. In a line corresponding to
the attached border of each of the segments, the middle
and internal coats of the vein are thickened, as may be
ascertained by a vertical section, or by introducing coloured
plaster of Paris into the vessel .. I particularly direct atten-

' Thave derived much information from the employment of this material ; its
us¢ having enabled me to determine with accuracy the relation of the segments
of the valves to each other when in action, and other points connected with the
physiology of the heart.
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tion to this circumstance, as the thickenings referred to
form fibrous zones which extend for a short distance into
the substance of the segments, and afford them a considerable
degree of support (Iig. 131 E, %; C, »,p.244). They further
assist in preserving the shape of the segments, and in enabling
them to maintain the proper angle of inclination, the said
angle inclining the segments towards each other in the mesial
plane of the vessel (Fig. 131 E, ¢, p. 244). When a valve con-
sisting of two segments is situated at the junction of a smaller
with a larger wvein, one of the segments is usually placed
between the two vessels at the point of juncture (Fig. 131 J,
upper &, p. 244), the other on the wall of the smaller vein
(upper a@). The position of the segmentsin such instances varies,
their long diameter sometimes running parallel with the larger
vessel, sometimes obliquely, but more commonly transversely.
When the valve consists of three segments (Fig. 131 A and
G, p. 244), the segments, as a rule, are unequal in size, one of
them being generally a little larger (¢) than either of the other
two (#, 5). They are semilunar in shape, as in the smaller
and middle-sized veins, and differ from the latter in being
less capacious. * The tri-semilunar valves in the veins may
therefore be regarded as intermediate between the fully
developed bi-semilunar valves found in the veins of the ex-
tremities and the fully developed tri-semilunar valves which
occur at the origins of the pulmonary artery and aorta. The
existence of valves in the veins is indicated externally by
a dilatation or enlargement of the vessel (Fig. 131 D, %, g,
p. 244; Fig. 132 A, 4, g, p. 248), the dilatation consisting of
one, two, or three swellings, according as the valve is com-
posed of one, two, or three segments. ‘These dilatations or
swellings are analogous to the sinuses of Valsalva in the
arteries (Fig. 133 A, B, 4, p. 252). They form, with the segments
to which they belong, open sinuses or pouches which look
towards the heart, and as they extend nearly as far in an
outward direction as the segments project inwardly, they
give a very good idea of the size and shape of the segments
themselves. The object of the swellings is evidently two-
fold —firstly, to cause the blood to act on the segments of
the valve from without inwards, 7. e in the direction of the
mesial plane, or of the axis of the vessel, according as there are
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two or three segments present ; and secondly, to increase the
arca over which the pressure exerted by the reflux of the
blood extends.

The segments of the venous valves are exceedingly flexible,
and so delicate as to be semi-transparent. They possess
great strength and a considerable degree of elasticity '
Usually they are described as consisting of a reduplication
of the fine membrane lining the wvessel, strengthened by
some included fibro-cellular tissue, the whole being covered
with epithelium. This description, however, is much too
general to convey an accurate impression of their real struc-
ture, and the following, drawn up from the examination of
a large number of specimens taken from man, the horse,
ox, sheep, and other animals, may prove useful.

When one of the segments of a well-formed bi-semilunar
valve removed from the human femoral vein is stained with
carmine, fixed between two glasses, and examined micro-
scopically, I find the following :—

1st, The lining membrane of the vessel which forms the invest-
ing sheath of the segment, and which is covered with epithelium,

2nd, Large quantities of white fibrous tissue mixed up
with areolar and yellow elastic tissue, and a certain amount
of non-striped muscular fibres from the middle coats of the
vessel. The distribution of the fibres is represented at B, C,
D of Fig. 132, p. 248.

Thus running along the concave or free margin of the seg-
ment (Fig. 132 B, a, p. 248), as likewise on the body, especially
where the segments join each other (&), is a series of very
delicate fibres, consisting principally of yellow elastic tissue.
These fibres proceed in the direction of the long diameter of
the segment, but transversely to the course of the vessel, and
may be denominated the horizontal fibres,

Running in a precisely opposite direction, and confining
themselves principally to the body of the segment, is a
series of equally delicate fibres (¢), having a like composition,
and which, for the sake of distinction, may be described as

! Hunter denies the elasticity of the segments, on the ground that the valvular
membrane is not formed of a reduplication of the lining membrane of the vessel—

an opinion at variance with recent investigation.—Treatise on the Blood, pp. 181,
182.



245 PHYSIOLOGY OF THE CIRCULATION,

the vertical series. These two sets of fibres are superficial,
and to be seen properly a power magnifying from 200 to 255
diameters is required.

Radiating from thecentre of the segment (Fig. 132 C, ¢),
towards its attached border (7, 7), and seen through the more
delicate horizontal and vertical ones, is a series of stronger
and deeper fibres, composed of white fibrous and yellow
elastic tissue, the former predominating. Still stronger and
deeper than either of the fibres described, and proceeding
from the attached border of the segment (Fig. 132 D, s, #),
is a series of oblique fibres, continuous in many instances
with corresponding fibres in the middle coat of the vessel.
These fibres cross each other with great regularity, and form
the principal portion of the segments. They are most

Figp 13x

Fig. 132 A. Vertical section of vein distended with plaster of Paris. * Shows the nature of the union
between the segments [¢f. A g, pouches behind the segments (o, &), —0rdrivad.
E. The same, the section being carried between (¢} instead of across or through the segmenis. ¢, por-
tion of segment Aattened against corresponding segment, which in this case is removed. &, portion of
segment not flattened by pressure. g, bulging of wall of vein behind segment.—Oririnal
B, C, D), show the structure of the venous valves,—Orijinai.
strongly marked at the margin of the convex border of the
segment, where they form a fibrous zone or ring, which, as
has been explained, supports the segment, and carries it
away from the sides of the vessel into the interior. I have
also detected, in the vicinity of the attached border of the
segment, some non-striped muscular fibres. The segment of
a venous valve, it will be observed, is a highly symmetrical
and complex structure, the fibrous tissues composing it being
arranged in at least three well-marked directions; viz, hori-
zontally, vertically, and obliquely. The great strength which
such an arrangement is calculated to impart to the segment
is readily understood.

The segment is thinnest at its free margin, and thickest
towards its attached border. This follows because the free
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margins of the segments support each other when the valve
is in action—the strain falling more upon the attached
borders.

The Venous Valves in Action—The manner in which the
venous valves act is well seen when a vein is suspended per-
pendicularly overhead, and water, oil, glycerine, or liquid
plaster of Paris, poured into it by an assistant from above.
In order to witness this experiment properly, that part of
the vein beneath the valve should be cut away, the better to
expose the segments to the view of the spectator. When
the valve consists of one segment only, the fluid is observed
to force it obliguely across the wessel, and to apply its free
crescentic margin to the interior or concave surface of the
vessel with such accuracy as to prevent even the slightest
reflux. When two segments occur in the course of a vein
they are forced by the fluid simultaneously towards each other
in the mesial plane of the vessel (Fig. 131 E, e; ], ¢, p. 244),
the sinuses behind the segments becoming distended, and
directing the current and regulating to a certain extent the
amount of pressure. The closure in this instance is almost
instantaneous, and so perfect that not a single drop escapes.
It is effected by #ke free margins of the segments, and a large
portion of the sides coming into accurate contact, the amount
of contact increasing in a direct ratio to the pressure ap-
plied. If liquid plaster of Paris be employed for distending
the vein, and the specimen is examined after the plaster has
set, one is struck with the great precision with which the seg-
ments act (Fig. 131 E, 4, 6; ], 2, 4, p. 244 ; Fig. 132 A, a, 4,
p. 248), these coming together so symmetrically that they form
by their union a perpendicular wall or septum (Fig. 132 A, ¢) of
a beautifully crescentic shape' (E, ). This fact is significant,
as it clearly proves that the free margins of the segments
and a considerable proportion of the sides are pressed against
. each other when the valve is in action, a circumstance dif-
1 ficult to comprehend, when it is remembered that the attached

! In order to see the perpendicular wall formed by the flattening of the sides
of the segments against each other when the valve is in action, the vein and
E the plaster should be cut across immediately above the valve, and the segments

forcibly separated by introducing a thin knife between them. In Fig. 132 E one
of the segments has been so removed.

|
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borders are applied obliquely to the walls of the vessel, and
that the segments, when not in action, incline towards each
other at a considerable angle. When three segments are
present, as happens in the larger venous trunks, the closure
is effected as in the semilunar valves of the pulmonary artery
and aorta. The fluid employed, in virtue of the direction
given to it by the venous sinuses, causes each of the segments
(Fig.131 G, 7, 5,7, p.244) to fold or double upon itself at an angle
of something like 120°; the three lines formed by the folding
and union of the three segments dividing the circle corre-
sponding to the wall of the vessel into three nearly equal
parts. (Compare with Fig. 86, p. 174). In the folding of the
segments upon themselves, each segment regulates the amount
of folding which takes place in that next to it, and as the
free margins of the segments so bent advance synchronously
towards the axis of the vessel, they mutually act upon and
support each other. As the three segments are attached
obliquely to the wall of the vessel, while the free margins,
after the folding has taken place, are inclined towards and
run parallel with each other, they form a dome, the convexity
of which is always inclined towards the heart. The dome
consists of three nearly equal parts, the margins of the seg-
ments, and a certain portion of the sides, when the pressure of
the refluent blood is applied, flattening themselves against each
other to form three crescentic partitions or septal, which run
from the axis of the vessel towards the circumference. (Com-
pare with » s #, v w z, of Fig. 134, p. 253.)

The tri-semilunar valve, as will be seen from the foregoing
description, is closed in a somewhat different manner from
the bi-semilunar one. The occlusion of the vessel, however, is
not the less complete ; the segments, when three are present,
being wedged into each other from without inwards and away
Jrom the heart, As the apices of the wedges formed by the
doubling of the segments whilst in action are composed
principally of the flexible and free crescentic margins, and
are at liberty to move until the wedging process is completed,
a careful examination has satisfied me that they rotate fo a

1 The crescentic partitions, as they oceur in the semilunar valves of the
pulmonary artery and aorta, are shown at Fig, 133 C, b, p. aga.
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greater or less extent before the valve z.f ﬁfmf{;!: closed. This
spiral movement, which is simply ind;catﬂ_d in the venous
valves, is more strongly marked in the semilunar ones of the
pulmonary artery and aorta (Fig. 134, 7§ 4, 7 W %, P. 2513:': and
attains, as will be shown subsequently, a maximum in the
auriculo-ventricular valves of the mammal (Figs. 140—143,
pp. 268, 281). ‘

By whatever power the blood in the veins advances—
whether impelled by the heart alone, or aided by the shorten-
ing and lengthening of muscles in different parts of the body,
or by rhythmic movements which take place in the vessels
themselves, or by respiratory efforts, or by atmospheric pres-
sure, or by combinations of all of these,—there can be no
doubt that this fluid, in its backward or retrograde movement,
acts mechanically on the valves as described. It ought how-
ever to be borne in mind that the veins and the valves are
yital structures, and that, although a perfect closure may be
effected by purely mechanical means in the dead vein, it
is more than probable that, in the living one, the coats of
the vessel, with their included nerves, exercise a regulating
influence.

Avrterial or Semilunar Valves, thetr Structure, ete—The
arterial valves may be regarded as occupying an intermediate
position between the venous valves on the one hand, and the
auriculo-ventricular valves on the other. The segments com-
posing them are three in number, and resemble the segments
of the venous valves in their shape, position, mode of attach-
ment, and movements; whereas structurally they are more
nearly allied to the segments of the auriculo-ventricular, z.e.
the mitral and tricuspid, valves. Like the venous valves,
the arterial occupy the interior of vessels, and are crescentic
in shape. Thus the segments have a free crescentic thin
margin, and a thicker convex attached margin. The convex
margin is firmly secured to the scalloped aortic and pulmonic
fibrous rings already described (Fig. 94, &, &, p. 190). The seg-
ments are surrounded by a fibrous framework, which enables
- them to maintain their shape and relative position to each other.
| This framework carries the segments away from the interior
of the vessel, and inclines their free margins towards its axis,
so that if the vessel, with its semilunar valve, be submerged,




252 PHYSIOLOGY OF THE CIRCULATION,

:[]'IL' free margins of the segments are naturally more or less
In contact—an arrangement which insures the immediate
closure of the valve the instant the blood regurgitates, The
great vessels are thickened where the segments approach each
other (Fig. 133 A, 4), and thinned and dilated behind each
segment (B, Z), to form three large cavities or sinuses, known
as the sinuses of Valsalva (B, d). These sinuses contain a
considerable amount of residual blood, which by its weight
and pressure assists in closing and wedging the segments
together ‘during the diastole. They are also the receptacles
which receive the segments during the systole—an arrange-

Fig. 133

Fig. 133 A. Section of pulmonary artery and right ventricle of human heart between the sepments of
the semilunar valve, Shows the variation in the thickness of the vessel (2, 8. and how g bifureates (7] at
its origin, 5, segment of valve. ¢ & f, f, fibrous framework surrounding it, &, sinus of Valsalva
pulmonic fibrows ring, o, ventricle.—Original

B, Similar section carnied through polmonary artery (o, & and middle of sepment (5. Shows the
thinning of the vessel in this situation {£). ¢, portion of Bbrous framework, &, sinus of Valsalva. e, pul-
mofnic fbrous ring. o, veatricle—0ripival

C. Huoman semilunar valve distended with plaster of Paris, and one of the segments {7 removed to
show the shape of the lunulae or cpposing surfaces which come together when Avid pressere is applied
to the sepments.  w, aorta e, fattened portion of segmenst.  This flattening increases with the pres-
sureg, as at & The fAattening represents the degree of contact between the sepments. [t s much preater
than is usually supposed. —=Oririnai.

. Shows how the segments of the semilanar valve are falded, Aattened, and n|1Er.‘1i|:,- wedped into each
other when the valve i8 cloged. o %, direction in which the blood fows down upon the segments o
fold them. o #r, line of union Detween the segments, ¢ a &, nature and amoust of Aattening occurting
glong the free margins of the segments.—0riFrinal.

ment which increases the diameter of the great vessels at
their origins at this particular period (Fig. 87, ¢, p. 174). When
the reflux of the blood occurs, the segments of the semilunar
valves fold or bend at their central portions in such a manner
that their free crescentic margins become accurately applied
to and flattened against each other, the flattening increasing
according to the pressure. This arrangement effectually pre-
vents regurgitation in healthy valves. (Fig. 133 A, B, C, D.)

The sinuses of Valsalva are not disposed in the same plane.
They are moreover unequal in size. The highest and
smallest is placed anteriorly, that which is intermediate in
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size posteriorly, the lowest and largest being directed towards
the septum. They correspond in situation and dimensions to
the segments behind which they are found, and differ from
the venous sinuses in being more capacious, a section of the
sinus and its segment (which is likewise very ample) giving
a sweep of nearly half a circle. As a result of this amplitude,
those portions of the segments which project into the vessel
are, during the action of the valve, closely applied to each
other throughout a considerable part of their extent (Fig. 133
C, &; D, a, b, ¢), the great size of the sinuses furnishing an
increased quantity of blood for pressing the segments from
above downwards, and from without inwards, or in the direc-
tion of the axis of the vessel. ZTie sinuses of Valsalva curve

Fig. 133.—Base of heart, with right and left ventricles removed to show the pulmonic, aortic, and mitral
valves. The pulmonic and aortic valves (&2 ¢ o x) have been closed by pouring liquid plaster of
Parls into them. The mitral valve (¢} is open, it always happening that when the semilunar valves are
closed, the auriculo.ventricular ones are open. The segments of the pulmonic and aortic valves {'b-'ﬂ'l'e
Arrows o g f, 7 x) are spirally wedged into each other. a, &, rigrht and left mugculi papillares of lefe
entricle. ¢, aortic segment of mitral valve. From photograph.—Oripinadl

towards each other in a spiral divection ; and this ought to be
attended to in speaking of the action of the semilunar valves,
as the sinuses direct the blood spirally on the mesial line of
each segment (Fig. 133 D, 7, w, ), and cause the segments
to twist and wedge into each other, as shown at » s 4, v w z,
of Fig. 134. In order to determine this point, I procured
a fresh pulmonary artery and aorta, and after putting the
valves in position with water, caused an assistant to drop'
liquid plaster of Paris into the vessels. The greater density
of the plaster gradually displaced the water, and I was in this
way furnished with accurate casts of the sinuses and of the
valves. The segments of the semilunar valves are unequal
in size, and consist of a reduplication of the fine membrane
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cular fibres, which he has termed, according to their supposed
action, dilators and retractors; and Dr. Monneret® has de-
scribed two similar sets, which, for like reasons, he has named
elevators and depressors, I have sought in vain for the
muscular fibres in question, and am inclined to think that
when found, they have been mistaken for the tendinous bands
accidentally stained with blood. The tendinous bands have
hitherto been regarded as following three principal directions,
—one band being said to occupy the free margin, and to be
divided into two equal parts by the nodulus or corpus Arantii,
otherwise called corpusculum Morgagni, and corpus sesamoi-
deum ; a second band, proceeding from points a little above
the middle of the segment, and curving in an upward direc-
tion towards the corpus Arantii; the third band, which is
the thickest, surrounding the attached border of the segment,
A careful examination of a large number of mammalian
hearts, particularly those of man, has induced me to assign
to the semilunar valves a more intricate structure. (Fig. 135
A—E.)

In a healthy human semilunar valve?® taken from the
pulmonary artery, the following seems to be the arrange-
ment. Proceeding from the attached extremities of the seg-
ment above, and running along its free margin, is a delicate
tendinous band, which gives off still more delicate slips (Fig.
135 A, x,7), to radiate in a downward and inward direction, 7. e.
in the direction of the mesial line and body of the segment.
These fine slips interdigitate in the mesial line, and are
attached below to the uppermost of a series of very strong
fibrous bands which occupy the body of the segment (s, ).
In the interspaces between the slips the valve is so thin as
to be almost transparent. Those portions of the segments
included within the delicate fibrous band, running along the
free margin and the uppermost of the stronger bands occu-
pying the body, are somewhat crescentic in shape (#), and
have, from this circumstance, been termed lunulae. They do

! Lancet, Dec. 29, 1850.
- .It 15 comparatively a difficult matter to get a perfectly healthy human aortic
semilunar valve, especially if the patientis at all advanced in years. Out of

twenty adult hearts examined by me, nearly half of that number had the valves
abnormally thickened,
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not form the perfect crescents usually represented in books,
the horns of the crescents directed towards the mesial line
of the segment being much broader than those directed
towards the extremities, or where the segments unite above,
The object of this arrangement is obvious. The broader
portions of the crescents are those which, when the segment
is folded upon itself during the action of the valve, are
accurately applied to corresponding and similar portions of the
two remaining segments (Fig. 133 C, &; D, a, &, ¢, p. 252). If
however the lunulae had been symmetrical—in other words,
if they had terminated in well-defined horns towards the
mesial line, or where the segments fold upon themselves—
then the union between the segments in the axis of the vessel
(Fig. 133 D), where great strength is required, would have
been partial, and consequently imperfect.

Proceeding from the attached extremities of the segments
at points a little below the origins of the marginal band, and
curving in a downward and inward direction, is the first of
the stronger bands (Fig. 135 A, 4, p. 254). The band referred to
splits up into brush-shaped expansions as it approaches the

mesial line (¢), where it interdigitates and becomes strongly
~ embraced. Other and similar bands, to the extent of three
or four (s), usually the latter number, are met with, and as
they all curve in a downward and inward direction, and have
finer bands running between them in a nearly vertical direc-
tion, they suspend the body of the segment; so that when
blood or water is directed upon it, the various parts of which
it is composed radiate from the attached or convex border
(&, s) like a fan, each band dragging upon that above it; the
whole deriving support from the thickened convex margin.
The bands, which are thus from five to six in number, are
best seen on that aspect of the segments which is directed
towards the sinuses of Valsalva, The surfaces of the segments
directed towards the axis of the vessel are perfectly smooth,
and so facilitate the onward flow of the blood. The bands
are thickest at their attached extremities, where they interlace
slightly, and are mixed up to a greater or less extent with
the pale soft flattened fibres and elastic tissue of the central
layer of the vessel. The several points alluded to are well
seen in 'Fig. 135 E, p: 254
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As the bands under consideration are exceedingly strong
when compared with those occurring in other portions of the
segments, and project in an inward direction, or towards th.t:
axis of the vessel, when the preparation is sunk in water, their
function, as ascertained from numerous experiments on the
semilunar valves of a whale (Physalus antiquorum, Gray),
seems to be the following :(—

1st, They carry the bodies of the segments away from the
sides of the vessel, and incline their free mavgins towards eack
other at such an angle as necessitates the free margins of
netghbouring segments being always more or less in apposition.
In this they are assisted by the thickened portion of the pul-
monary artery which projects between the segments, where
they unite above, and by the fibrous zones which correspond
to the convex border of each segment.

and, The stronger fibres suspend the bodies of the segments
Jrom above, and permit the reflux of blood to act more immnie-
diately upon the mesial line of each segment where thinnest
and wihere least supported, to occasion that characteristic fold-
ing of the segments upon themselves when the valve is in
action. The closure of the valve is in part due to the weight
. of the blood, in part to the sucking action of the right ven-
tricle when opening, and in part to the elastic properties of the
artery. :

From the foregoing it will be perceived that the segments
of a semilunar valve are bilaterally symmetrical, and con-
structed on a plan which secures the greatest amount of
strength with the least possible material (Fig. 135 C, p. 254).

On some occasions the tendinous bands proceeding from
the marginal one are abnormally thickened (Fig. 135 B, s, 7),
and terminate in brush-shaped expansions in the body of
the segment (2); the body under such circumstances pro-
jecting in an upward direction towards the corpus Arantii
(@). In such cases, those portions of the valve which occur
between the thickened bands proceeding from the marginal
one, are exceedingly thin, and in some diseased conditions
altogether awanting (#), so that the segment very much
| resembles one of the segments of the mitral or tricuspid
valve, with its chordae tendinae. That there is an analogy
between the semilunar and the mitral and tricuspid valves,

5
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and that the tendinous chords are a further development
seems probable from the fact that in the bulbus artcriasus:
of certain fishes, as the gray and basking sharks, lepidosteus
etc, the semilunar valves are furnished with what may b;
regarded as rudimentary chordae tendineae (Figs. 137 and
I 38, &); the auriculo-ventricular valves of fishes, which have
hitherto been regarded as semilunar, exhibiting tendinous
chords in various stages of development (Fig. 136, ¢).

Fig. 136, Fig. 137, Fig. r38.

Fig. 136 —Bulbug arterlosus and ventricls of sturgreon © the former [a) displaying five rows of semi-

lunar valves (4), the latter an suriculowentricular valve [c), with numerous tendinous bands running o
it—Oriprmal

Fig. 137.—Bulbus arteriosus and partion of ventricle of lepidosteus.  Shows the i
great thickness of the
huﬂ_: (e} amed af ‘.1“ valves (¥, betwesn which tendinous bands Tun,—rdpinal.
Fig. 138.—Partion of bulbus arteriosus of basking shark. Shows the great thickness of the bulb {a) and
of the valves (&), and how the latter support each other.—Oririnal,

The corpus Arantii is never present in a perfectly healthy
semilunar segment; nor will its absence occasion surprise,
when it is remembered that its presence materially interferes
with the folding of the segments upon themselves when the
valve is in action. That its existence is not necessary to the
perfect closure of a semilunar valve, is proved by its complete
absence in the segments of the human pulmonic valve, in the
segments of the pulmonic and aortic semilunar valves of the
lower animals, and in all veins. In the semilunar valve of
the whale, where one would have naturally expected the
corpus Arantii in perfection, I could not detect even a trace
of it. I am therefore disposed to regard it as a morbid con-
dition, due to irritation and subsequent deposit.

What has been said of the semilunar valves of the pul-
monary artery may with equal propriety be said of those
of the aorta; the only difference being that the segments
of the aorta are stronger and more opaque, to harmonise with
the greater strength of the left ventricle. '
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The Arterial or Semilunar Valves in Action—As the
manner in which the semilunar valves are closed does not
seem to be well understood, an account of some experiments
conducted by me some time ago with various fluids and liquid
plaster of Paris may prove interesting :—

When the aorta is cut across an inch or so above the aortic
semilunar valve, and water introduced, the segments, if
watched from beneath, are seen to act with great alacrity,
the smallest segment, which is situated highest, descending
with a spiral swoop, and first falling into position; the
middle-sized segment, which is placed a little lower, descend-
ing in like manner, and fixing the first segment by one of
its lunulae or crescentic surfaces; the third and largest
segment, which occupies a lower position than either of the
others, descending spirally upon the crescentic margins of
the other two, and wedging and screwing them more and
more tightly into each other. The spiral movement, as has
been already explained, is occasioned by the direction of the
sinuses of Valsalva, which curve towards each other, and
direct the blood in spiral waves upon the mesial line of each
segment (Fig. 133 D, v w z, p. 252; Fig. 134, v w 2, p. 253).

From the foregoing description of the venous and arterial
semilunar valves in mammalia, it will be evident that there is
nothing either in their structure or relations to betoken any
great degree of activity on their part. That these structures
are, on the contrary, to a great extent passive, seems certain
from the fact that a stream of water or other fluid directed
upon them from above as recommended at once closes the
orifices which they guard. Thus far my remarks have been
confined to the so-called venous and arterial semilunar valves
of the mammal. I will now say a few words regarding
similar structures in the fish, reptile, and bird.
~ Semilunar and other Valves of the Fish, Reptile, Bird, etc—
The semilunar valves in the bulbus' arteriosus of the fish,
and the auriculo-ventricular valves in the fish and reptile,
differ from the venous and arterial semilunar valves of the
mm.'nmal in being, for the most part, exposed, either directly
or indirectly, to the influence of muscular movements, The
bulbus arteriosus is a muscular structure which opens and
closes like the other parts of the heart. As a consequence,

52
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the valves situated in its interior are opened and closed by
vito-mechanical movements. The segments vary as regards
number, size, and shape, apparently with a view to meeting
the requirements of the structure in which they occur. Thus,
in the frog-fish (Laphkius piscatorius), the origin of the bulbus
arteriosus is guarded by a semilunar valve, consisting of two
ample and very delicate segments, resembling those found in
the middle-sized veins; while in the sun-fish (Orthagoriscus
mola, Schneider) the same aperture is guarded by a semilunar
valve consisting of three segments, the segments being
analogous in every respect to those found in the largest veins,
and in the pulmonary artery and aorta. As the valve in
these cases is situated between the actively moving bulbus
arteriosus and ventricle, it is surrounded by a fibrous ring
similar to that occurring at the origin of the pulmonary artery
and aorta in man. The movements of the valve are conse-
quently nat affected by the movements of the bulbus arteriosus
and ventricle toany great extent. The semilunar valves in the
frog-fish and sun-fish are to be regarded as connecting links
between the venous and arterial ones in the bird and mammal,
and that more complex system of analogous valves which is
found in the bulbus arteriosus of fishes generally. In the
bulbus arteriosus of the skate (Raza batis), the segments
occupy the whole of the interior of the bulb, and are arranged
in three pyramidal rows of five each. As the segments in
this instance are very small, and cannot obliterate the cavity
of the arterial bulb, they must be looked upon as being useful
only in supporting the column of blood; it being reserved for
the segments at the termination of the bulb, which are larger
and more fully developed, to effect the closure. The action
of the segments in the bulbus arteriosus of the skate is
rendered more perfect by the pressure from without, caused.
by the closure of the bulb itself. In the bulbus arteriosus
of the sturgeon (Aecipenser sturio), the segments are arranged
in four rows of eight each (Fig. 136, &, p. 258). They are more
delicate, and less petfectly formed than in the skate. In the
bulbus arteriosus of the American devil-fish (Cephalopterus
giorna), the segments increase to thirty-six, are more im-
perfect than in any of the others, and are supported by three
longitudinal angular muscular columns. As the segment-
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bearing columns, from their shape, project into the cavity
of the bulb, and almost obliterate it when the bulb closes,
they in this way bring the free margins of the segr:ncnts
together, The orifice of the bulbus arteriosus, hawev?r, 15 r}at
closed by the imperfect segments referred to; ‘Ehls .bcmg
guarded by two well-formed and fully-developed trisemilunar
valves, the one of which is situated at the beginning, the other
at the termination, of the bulb. In the bulbus arteriosus of
the gray shark (Galeus communis), we have a slightly different
arrangement, the two rows of segments of which the valve
is composed being connected with each other by means of
tendinous bands, resembling chordae tendineae. In the bulbus
arteriosus of the lepidosteus (Fig. 137, 8, p. 258), and that of
the basking shark (Fig. 138, 4, ib.), the same arrangement pre-
vails; the segments being stronger and less mobile, and the
tendinous bands which bind the one segment to the other
more strongly marked. As the tendinous bands referred to
are not in contact with the wall of the bulbus arteriosus,
but simply run between the segments, and are in some
instances, as in the basking shark, very powerful, they must
be regarded in the light of sustaining or supporting structures;
their function being probably to prevent eversion of the
segments. Other examples might be cited, but sufficient have
been adduced to show that the form, as well as the number
and arrangement, of the segments is adapted to the peculiar
wants of the structure in which the segments are situated;
and it ought not to be overlooked, that when a multiplicity of
segments is met with in an actively moving organ, the muscles
and valves act together.

If we now direct our attention to the auriculo-ventricular
valves of the fish and reptile, similar modifications as regards
the number of the segments, and the presence or absence of
chordae tendinecae and analogous structures, present them-
selves. Thus, in the heart of the serpent (Python tigris), the
two crescentic apertures by which the blood enters the pos-
terior or aortic division of the ventricle are each provided
with a single semilunar valve. The same may be said of
the aperture of communication between the left auricle and
ventricle of the crocodile (Crocodilus acutus) and of the
sturgeon (Accipenser sturio, Linn,). In the heart of the Indian
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tortoise (7estudo Indica, Vosmaer), the left auriculo-ventri-
cular orifice is guarded &y a single membranous fold, the right
orifice having in addition a slightly projecting semilunar ridge,
which extends from the right ventricular wall, and may be
regarded as the rudiment of the fleshy valve which guards
the same aperture in birds (Fig. 139, 7, 7, p. 264). In the heart
of the bulinus, frog-fish, American devil-fish, gray shark, and
crocodile, the auriculo-ventricular orifice is guarded by a
semilunar valve consisting of two cusps or segments; while in
the sturgeon, sun-fish, and others, it is guarded &y four, two
larger and two smaller.

So much for the number of the segments constituting the
auriculo-ventricular valves in fishes and reptiles; but there
are other modifications which are not less interesting physio-
logically. In the bulinus, frog-fish, and crocodile, the seg-
ments of the valves. are attached to the auriculo-ventricular
tendinous ring, and to the sides of the ventricle, and /Zawve 7o
chordae tendineae. In the sun-fish the valve is likewise
destitute of chordae tendineae; but in this instance the
muscular fibres are arranged e the divection of the free
margins of the segments of the valve, and no doubt exercise
an influence upon them. In the gray shark the membranous
folds forming the segments are elongated at the parts where
they are attached to the wventricular walls, these elongated
attachments being more or less split up, so as to resemble
chordae tendineae.

In the American devil-fish the auriculo-ventricular valve
consists of two strong well-developed membranous folds,
which, like the preceding, are attached by elongated pro-
cesses to the interior of the ventricular wall; #hese processes
consisting of distincl tendinous slips, which are attached o
rudimentary musculi papillares.

In the sturgeon three tendinous chords from rudimentary
musculi papillares are seen to extend into the half of each
of the segments; while in the left ventricle of the dugong,
six chords proceeding from tolevably well-formed musculi
papillares are distributed to the back, and six to the margins
of each of the segments. It is however in the bird and
mammal, particularly the latter, that the musculi papillares
are most fully developed, and the chordae tendineae most
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numerous—the number of tendinous chords inserted into
each of the segments amounting to cighteen or more. As
the chordae tendineae of the auriculo-ventricular valves are
attached either to the interior of the ventricle, or to the
musculi papillares or carneae columnae, it is evident that the
closure of the ventricle must influence both valves and chords
to a greater or less extent. That, however, the presence of
muscular substance does not impair the efficiency of the
valves appears from this—that some valves are partly muscular
and partly tendinous, a few being altogether muscular. Thus,
in the heart of the cassowary, the right auriculo-ventricular
orifice is occluded by a valve, which is partly muscular and
partly tendinous; the muscular part, which is a continuation
of two tolerably well-formed musculi papillares, extending
into the tendinous substance of the valve where it gradually
loses itself. In the right ventricle of the crocodile, a muscular
valve, resembling that found in the right ventricle of birds,
exists, ' :

In some birds the right auriculo-ventricular valve is alto-
gether muscular. It is usually described as consisting of
two parts, from the fact of its dependent or free margin
being divided into two portions by a spindle-shaped muscular
band, which connects it with the right ventricular wall. As
however the valve consists of one continuous fold towards the
base, and the two portions into which its free margin are
divided are applied during the systole not to each other but
to the septum, the valve in reality consists of a singular
muscular flap or fold, as shown at 7 of Fig. 139, p. 264.

The muscular flap or fold extends from the edge and upper
third of the septum posteriorly to the fleshy pons anteriorly.
It opens towards the interior of the wentricle in a direction
from above downwards, and is deepest at the edge of the
septum posteriorly. As it gradually narrows anteriorly (z),
it is somewhat triangular in shape, its dependent and free
margin describing a spiral which winds from behind forwards,
and from below upwards. The valve, from its shape and
structure, might not inappropriately be termed the musculo-
spiral valve, It is well seen in the right ventricle of the
emu, swan, turkey, capercailzie, and eagle. The muscular
valve of the bird is composed of the fibres entering into the
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formation of the several layers of the right ventricular wall
(the ventricular wall in fact bifurcates or splits up towards
its base); the external layers forming the outer wall of the
valve, the internal layers, which are slightly modified, forming
the inner. If the muscular valve be regarded as an in-
dependent formation, which it can scarcely be, it will be best
described as a structure composed of fibrous loops, these
loops being of three kinds, and directed towards the base—
the first series consisting of spiral, nearly vertical fibres,
forming a somewhat acute curve; the second series consisting
of slightly oblique spiral fibres, forming a larger or wider
curve; and the third series consisting of still more oblique
fibres, and forming a still greater curve. As the fibres
composing the different loops act directly upon each other

Fig. 130.—Anterior aspect of turkey's heart, with right and left ventricles open to show aurfcolo-ven-
tricular valves. @, acria arching to right side and dividing into three branches, two of which (3 go to
right side, and ene (c) to left side. & pulmonary artery dividing into two, and sending a branch to right
and left lungs. ¢, muscular or fleghy valve which cccludes right auriculo-ventricular orifice. J musculug
papdilaris of fleshy valve (compare with g}, e portion of septum to which valve is applied when clased.
o 1efe ventricle. =, tendinous valve which occludes left aurlculo-ventricular orifice. g, musculos papil-
laris with chordaes tendineae atiached to tendinous valve —Oririmal

when the ventricles close, the:object of the arrangement is
obviously to supply a movable partition or septum which
shall occlude the right auriculo-ventricular opening during
the systole. The manner in which the several loops act is
determined by their direction. Thus, the more vertical ones,
in virtue of their shortening from above downwards, have the
effect of flattening or opening out the valvular fold, and in
this way cause its dependent or free margin to approach
the septum. The slightly oblique fibres, which shorten
partially from above downwards, but principally from before
backwards, assist in this movement by diminishing the size of
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the right auriculo-ventricular orifice in an antero-posterior
direction—it remaining for the very oblique and transverse
fibres, which shorten from before backwards and from with-
out inwards, to complete the movement by pressing the inner
leaf of the fold directly against the septum—an act in which
the blood plays an important part, from its position within
the valve; this fluid, according to hydrostatic principles,
distending equally in all directions, and acting more im-
mediately on the dependent or free margin of the valve, which
is very thin and remarkably flexible. When a vertical section
of the fold forming the right auriculo-ventricular valve of the
bird is made, that portion of it which hangs free in the right
ventricular cavity is found to be somewhat conical in shape,
the thickest part being directed towards the base, where it
has to resist the greatest amount of pressure; the thinnest
corresponding to its dependent and free margin, where it
is applied to and supported by the septum. The upper
border of the fold is finely rounded, and in this respect
resembles the convex border which limits the right ventricle
of the mammal towards the base.

The spindle-shaped muscular band (Fig. 139, 7, p. 264), which
from its connexion may be said to command the upper and
lower portions of the right ventricle interiorly, is obviously
for the purpose of co-ordinating the movements of the mus-
cular valvular fold (2) ; and as its position and direction nearly
correspond with the position and direction of the musculus
papillaris situated on the right ventricular wall of the mam-
mal, it is more than probable that it forms the homologue of
this structure. Indeed this seems almost certain from the
fact that if the ventricles of the bird be opened anteriorly and
the band referred to (/) contrasted with the anterior musculus
papillaris of the left ventricle (g ), both are found to occupy a
similar position, The fleshy band is therefore to the muscular
valve of the right ventricle, what the anterior musculus
papillaris and its chordae tendineae are to the segments of
the mitral valve. Compared with the tricuspid valve of the
mammal, the muscular valve of the right ventricle of the bird
is. of great strength. As, moreover, it applies itself with
unerring precision to the septum (g), which is slightly promi-
nent in its course, its efficiency is commensurate with its
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strength. The prominence on the septum alluded to is very
slight, and might escape observation, were it not that im-
mediately below the prominence the septum is hollowed out
to form a spiral groove of large dimensions. This groove,
like the valve, runs in a spiral direction from behind forwards
and from below upwards, and when the valve is applied to
the septum during the systole, converts the right ventricular
cavity into a spiral tunnel, through which the blood is forced,
on its way to the pulmonary artery. The efficiency of the
right auriculo-ventricular muscular valve in birds, clearly
shows that large apertures may be occluded by purely
muscular arrangements and by vital movements; and it is
important to bear this fact in mind, as it shows how the
musculi papillares in mammals, by their elongating and
shortening, may take part in the opening and closing of the
mitral and tricuspid valves. In addition to the muscular
valve of the bird described, it may be well to state that in
the serpentsthe opening between the right and left ventricles
occurs as a spiral slit in the septum. It is guarded by two
projecting muscular surfaces, which are rounded off for the
purpose. The orifices of many of the venous sinuses are closed
by purely muscular adaptations ; the fibres in such instances
running parallel with the slit-like opening (Fig. 131 I, @, &),
and being continuous with two or more bundles of fibres
(¢, d), which supply the place of musculi papillares. From
the great variety in the shape and structure of the auriculo-
ventricular valves, and-from the existence in almost all of
tendinous chords, which connect them with actively moving
structures, there can, I think, be no doubt that these valves
possess an adaptive power traceable in a great measure to
the centripetal and centrifugal power residing in muscle.

As it would obviously occupy too much time to give a
detailed account of the numerous auriculo-ventricular valves,
to which allusion has been made, I have selected for descrip-
tion the auriculo-ventricular valves of the mammal, and those
of man more particularly.

Intricate Structure of the Mitral and Tricuspid Valves in
Mammalia; Relations of the Chordae Tendineae to the Valves
and to the Musculi Papillares.— The auriculo-ventricular
valves, known as the mitral or bicuspid and tricuspid valves,
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are composed of segments which differ in size, and are more
or less triangular in shape. They are much stronger than
the segments composing the aortic and pulmonic semilunar
valves, which in some respects they resemble in structure
as well as function. The segments of the mitral and tricuspid
valves are very dense, and quite opaque, unless at the margins
and apices, where they are frequently remarkably thin. They
unite at the base where thickest, to form tendinous zones, which
are attached to one or other of the fibrous rings surround-
ing the auriculo-ventricular orifices (Fig. 94, ¢, &, p. 190). The
auriculo-ventricular fibrous rings have been variously described,
the majority of investigators regarding them as strongly
pronounced structures, which afford attachment, not only to
the valves, but to all the muscular fibres of the auricles and
ventricles. A careful examination of these rings in boiled
hearts has led me to a different conclusion. They afford
attachment to the muscular fibres of the auricles and to the
valves, but to almost none of the muscular fibres of the ventricles.
They are most fully developed anteriorly, and on the septum,
where they form a dense fibrous investment. The left ring, like
everything else pertaining to the left ventricle, is more fully
developed than the right ; but neither the one nor the other can
compare in breadth or thickness with the pulmonic or aortic
fibrous rings (Fig. 94, a, &, p. 190). The influence exerted
by the auriculo-ventricular fibrous rings in conferring rigidity
on the auriculo-ventricular orifices is consequently immaterial.
The position of the segments of the mitral and tricuspid
valves in the auriculo-ventricular orifices, and their relation to
the musculi papillares, is deserving of attention. The left
auriculo-ventricular orifice is provided with a valve consisting
of two major or principal segments, and two minor or smaller
segments which are placed between the principal ones. The
major segments are unequal in size and form; their shape
and depending position resembling a bishop’s mitre inverted,
hence the epithet mitral or bicuspid applied to this valve.
The larger of the major segments is suspended obliquely
between the left auriculo-ventricular and aortic openings, and
occupies a somewhat internal and anterior position; the
smaller one, which runs parallel to it, occupying a more
external and posterior position. The right auriculo-ventricular
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orifice, on the other hand, is supplied with a valve composed
of three major or principal segments, and three minor or
smaller intermediate segments. From this it follows that the
right auriculo-ventricular valve has been denominated tricuspid
to distinguish it from the mitral or bicuspid one. The three
principal segments forming the tricuspid valve vary in size,—
the smallest running parallel with the septum; the largest
being placed anteriorly and inclined to the right side; the
one which is intermediate in size occupying a more posterior
position. The segments, whatever their size, are attached by
their bases to the auriculo-ventricular fibrous rings, and by
their margins and apices (by means of the chordae tendineae)
to the spiral musculi papillares,

Fig. 140,

Fig. 14o.—Anterior segment of human mitral valve, Shows the threefold distribution of the chordae
tendinese from above downwards, and frem the me HE » margins of the segment. x, bage
of segment. &, apex ditto. » ¥, rof, chordae te portions [ ¢} of right and left
muscull papillares, bifurcating and losing themsalves in margins of sepment. & & posterior portions of
right and left musculi papillares, which send chordae tendineae bo posterior segment of mitral valve.-
Origrnad,

The segments of the mitral valve, to which the following
description, drawn from an extensive examination of mam-
malian hearts!, more particularly applies, consist of a redu-
plication of the endocardium, or lining membrane. of the
heart, containing within its fold large quantities of white
fibrous tissue, and, as was pointed out by Mr. W. 5. Savory,

1 Of the hearts examined, those of man, the elephant, camel, whale (Physalus
antiguorum, Gray), mysticetus, horse, ox, ass, deer, sheep, seal, hog, porpoise,
monkey, rabbit, and hedgehog, may be mentioned.
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and after him by Professor Donders’, of a moderate amount
of yellow elastic tissue. The white fibrous tissue greatly
preponderates, and is derived principally from the chordae
tendineae, which split up into a vast number of brush-shaped
expansions, prior to being inserted into the segments. The
fibrous expansions, which assume the form of bands, may con-
sequently be regarded as prolongations of the chordae ten-
dineae. They are analogous, in many respects, to similar
bands in the semilunar valves (Fig. 135 B, s, p. 254) ; the only
difference being, that in the semilunar valves, the bands re-
ferred to, instead of being free, as in the present instance (Fig.
140, » 7, 5 5, p. 268), are involved in the valvular substance.
As gach of the segments composing the bicuspid or mitral
valve, like the left ventricle itself, is bilaterally symmetrical,
it will be convenient, when speaking of these structures, to
describe in the first instance only the half of one of the
segments ; and in -order to do this the more effectually,
it will be necessary to consider each musculus papillaris as
essentially consisting of two portions?®, amn anterior portion
(Fig. 140, ¢, p. 268), which gives off two (more commeonly three)
chordae tendineae (7, #') to #hat half of the anterior segment
of the mitral valve which is next to it; and a posterior portion
(d), which also gives off three tendinous chords, these being
inserted into the adjacent kalf of the posterior segment. The
three tendinous chords which proceed from the anterior
portion subdivide, and are inserted by brush-shaped expan-
sions into the half of the anterior segment in nine different
places®. Of these, three are inserted into the mesial line of
the segment, viz. into the base, central portion, and apex;
three into the basal, central, and apicial portion of the free
margin ; and three into intermediate points between the
mesial line and the margin. On some occasions, as in the
mitral valve of the whale, a slightly different arrangement
prevails; three chordae tendineae being inserted into the

' Professor Donders describes the yellow elastic tissue as being most abundant
in the upper surface of the segments.

* The musculi papillares in the human and other hearts either bifurcate or show
a disposition to bifurcate at their free extremities, so that the division of the
chordae tendineae into two sets is by no means an arbitrary one.

* The number of insertions varies in particular instances, In typical hearts,
however, it is remarkably uniform,
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mesial line of the segment at the base, at the centre, and
at the apex; an a.ddi:cicmal chord going to the free margin
near the apex; three into intermediate points between the
mesial line and the margin; a second additional chord going
2o the central portion of the margin. A third and independent
chord goes to the base of the margin. In the whale, as will
be observed, the arrangement is virtually the same as that
first given; the insertions being nine in number,—three into
the mesial line, three into the free margin, and three into
intermediate points. The tendinous chords pursue different
directions prior to insertion; the three which are inserted
into the mesial line of the segment (7), and are the longest
-and strongest, being less vertical than those which are in-
serted nearer the margin (#') ; these in turn being less vertical
than the ones inserted into the margin, which are the shortest
and most delicate. The basal chord of each set (z), on the
contrary, is more vertical than that beneath it, or nearer
the apex () ; the apicial chords being more or less horizontal.
As there is a disposition on the part of the higher and more
central chordae tendineae to overlap, by their terminal brush-
shaped expansions, those below and to the outside of them,
the segment is found to diminish in thickness from the base
(£) towards the apex (2), and from the mesial line towards the
periphery or margin; the basal and central portions of the
segment being comparatively very thick, the apicial and
marginal portions very thin; so thin, indeed, that in some
hearts, particularly in the right ventricle, they present a
cobwebbed appearance. As the marginal portions form the
counterparts of the lunulae in the semilunar valves, and are
those parts of the segments which come into accurate ap-
position when the valve is in action, they are from this
circumstance entitled to consideration. When a perfectly
healthy mitral valve from an adult, or still better, from a
foetus at the full time or soon after birth, is examined, the
portions referred to are found to be of a more or less cres-
centic-shape (vide that part of the mitral valve to which the
chordae tendineae marked 7', Fig. 140, p. 268, are distributed),
and so extremely thin, that the slightest current in the fluid in
which they are examined causes them to move like cilia. The
physiological value of this delicacy of structure, and con-

™
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sequent mobility, is very great; as the most trifling impulse
causes the marginal parts of the segments, which are naturally
in juxtaposition, to approach towards or recede from each
other. The half of one of the segments of the mitral valve,
it will be seen, consists of a reduplication of the endocardium
or lining membrane of the heart, supported or strengthened
in all directions by nine or more tendinous brush-shaped
expansions ; these expansions being arranged in three vertical
rows of three each, with much precision, and according to a
principle which is seldom deviated from. In addition to the
reduplication of the lining membrane and the tendinous
expansions described, Lancisi’, Senac?® and Kiirschner?® have
ascertained that there is a sligcht admixture of true muscular
fibres®. When a segment of the mitral valve is examined by
being held against the light, or by the aid of a dissecting lens,
it is found to consist of tendinous striae running transversely,
obliquely, and more or less vertically ; the striae of opposite
sides being so disposed that they mutually act upon and
support each other—an arrangement productive of great
strength, and one which secures that the segments shall be
at once tightened or loosened by the slightest shortening or
lengthening of the musculi papillares. The minor or accessory
segments of the mitral valve resemble the principal ones
in structure and general configuration. They are, com-
paratively speaking, very thin; and the chordae tendineae
inserted into them differ from those inserted into the principal
segments, in having a more vertical direction, and in being
longer and more feeble. The description given of the bicuspid
valve applies, with trifling alterations in particular instances,
to the tricuspid, if allowance be made for an additional large
segment, and three or more accessory segments. With regard
to the smallest of the three large segments forming the
tricuspid, I have to observe that, in all probability, it is
simply an over-developed accessory segment; the so-called
tricuspid valve being in reality a bicuspid one. Nor is this to

! De Motu Cordis.

* Traité de la Structure du Ceeur, livre i. p. 76.

* Wagner's Handwarterbuch, art, * Herzthatigkeit.'

* According to Mr. Savory’s observations the muscular fibre is found more
particularly at the upper or attached border of the valves.
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be wondered at, when I remind you that the right ventricle
is a segmented portion of the left, and partakes of its bilateral
symmetry even in matters of detail, The opinion here
advanced is by no means new, but it appears to me that the
point has not been sufficiently investigated, and we are in
want of statistics regarding it. In ten human hearts which I
examined for this purpose, no less than four had well-marked
bicuspid valves in both ventricles (Fig. 144, p. 281): and on
looking over a large collection of miscellaneous hearts in the
Museum of the Royal College of Surgeons of England, I found
that nearly a third of them had the peculiarity adverted to;
if indeed that can be called peculiar, which seems to me to be
typica. When two principal segments, with two or more
accessory segments, occlude the right auriculo - ventricular
orifice, the chordae tendineae are arranged as in the segments
of the bicuspid valve already described. When there are
three principal segments, with as many or more accessory
segments, the distribution is varied to meet the exigencies of
the case: there being a tendency in each of the chordae
tendineae to divide into three; one of the chords so divided
being inserted by one of its slips into the mesial line of the
segment at the base; by another into the margin of the
segment, likewise at the base; and by the remaining slip
into a point intermediate between the mesial line and the
margin. Other chords, similarly divided, are inserted at
intervals in a direction from above downwards, or from base
to apex, the insertions in each case proceeding from the
mesial line towards the margin. The segments of the tri-
cuspid valve are thinner than those of the bicuspid. This is
traceable to the fact that the right heart is more feeble, and
has less work to perform, than the left one. As the chordae
tendineae are inserted into every portion of the bicuspid and
tricuspid valves, and freely decussate with each other in all
directions, by means of their terminal brush-shaped expan-
sions; as, moreover, the chordae tendineae are of infinite
variety as regards length and strength, those at the base of
each segment being long and exceedingly strong, while those
at the margins and towards the apices are short, and in some
instances as delicate as hairs, it follows that every part of the
mitral and tricuspid valves is under the control of the conical-
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shaped spiral musculi papillares, whose power to shorten and
lengthen is now well established!. There can be little doubt,
therefore, that the chordae tendineae are to be regarded as
the satellites of the constantly moving musculi papillares,
under whose guidance they have to perform, not only a very
important, but a very delicate function, and one which could
not by any possibility be accomplished by a simply mechanical
arrangement.

The Mitral and Tricuspid Valves of the Mammal in
Action—The theories which have long divided the attention
of physiologists as to the action of the mitral and tricuspid
valves are two in number; one sect maintaining that the
valves are acted upon mechanically by the blood, as if they were
composed of inanimate matter; the other believing that #key
Jorm part of a living system, their movements being traceable
to their conmexion with the musculi papillares, which, as
explained, have the power of elongating and shortening.

According to the mechanical theory, the segments of the
valves are supposed to be passively floated up by the blood,
which acts upon them from beneath during the systole, and
brings their edges or free margins into such accurate apposi-
tion as enables the segments completely to occlude the
auriculo-ventricular orifices. In these movements e musculi
papillares and carneae columnae are said fo take no part, the
chordae tendineae acting miechanically, like so many stays,
to prevent eversion of the segments in the direction of the
auricles.

According to the vital theory, the segments of the valves
are supposed to be from the first under the control of the
musculi papillares ; these structures, when they shorten, draw-
ing the lips or free margins of the segments closely together
in the axes of the auriculo-ventricular openings to form two
impervious cones, the apices of which project downwards into
the ventricular cavities.

! Dr. John Reid states from experiment, that the carneae columnae act simul-
taneously with the other muscular fibres of the heart, and that the musculi
papillares are proportionally more shortened during their contraction than the
heart itself taken as a whole. He attributes this to the more vertical direction of
the musculi papillares, and to their being free towards the base and in the
direction of the ventricular cavities.

T
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as the systole advances shortening insuch a manner as occas?m_ns
the spiral descent of the segments into the ventricular cavities
(Fig. 141, 2 n, 7 5, p. 281), to form Zwe spiral dependent cones, the
apices of which are directed towards the apices of ﬂ"llE ven-
tricles. As the decrease of the blood in the ventricles is
followed, as has been stated, by a corresponding increase 1n
the auricles, the blood in the auricles assists in keeping the
free margins and apices of the segments from being everted
by the uniform pressure exercised on them by the blood
in the ventricles during the systole. From this account of
the closure of the auriculo-ventricular valves it will be evident
that the bicuspid and tricuspid valves form two movable
partitions or septa, which rise and fall during the diastole and
systole of the heart, in the same way that the diaphragm
rises and falls during expiration and inspiration. The advan-
tage of such an arrangement is obvious. Wihen the ventricles
are full of blood, and the auricles empty, or comparatively so,
the valvular septa are convex towards the base of the heart,
and protrude into the auricular cavities (Figs. 143, 144, p. 281).
When, on the other hand, tke auricles are full of blood, and the
ventricles all but drained of it, the valvular septa are dragged
downwards into the ventricular cavities to form inverted cones
(Fig. 141, p. 281). Certain portions therefore of the auriculo-ven-
tricular cavities are common alike to the auricles and to the
ventricles ; and it is important to note this fact, as the valvular
septa, by their rising and falling, at one time increase the
size of the wventricular cavities, while they diminish the
auricular ones, and vice wersa. The principal object gained
by the descent of the segments into the ventricles is the
diminution of the ventricular cavities towards the base: the
dependent cones formed by the valves fitting accurately into
the conical-shaped interspaces situated between the slanting
heads of the musculi papillares and the auriculo-ventricular
fibrous rings. As the musculi papillares, when the ventricles
close, mutually embrace and twine round each other, the
obliteration of the ventricular cavities is readily effected.

An important inference to be deduced from the spiral
nature of the ventricular fibres and ventricular cavities and
the undoubted spival action of the auriculo-ventricular valves,
is the effect produced on the blood as it leaves the ventricles,

T2



276 PHYSIOLOGY OF THE CIRCULATION,

that fluid being projected by a wringing or twisting movement,
which communicates to it @ gliding spiral motion. This view
is favoured by the spiral inclination of the sinuses of Valsalva
to each other, these structures—as has been already explained
—gradually introducing the blood so projected into the vessels.
The phrase ‘ wringing the heart’s blood’ is consequently true
in fact. It is not a little curious that other hollow viscera
besides the heart, as the bladder and uterus, also expel their
contents spirally.

The Mechanical and Vital Theories of the Action of the
Mitral and Tricuspid Valves considered—That the theory
which attributes the closure of the auriculo-ventricular valves
to the mechanical floating up of the segments from beneath
by the blood, forced by the auricles!' into the ventricles,
distending equally in all directions?, is of itself inadequate to
explain all the phenomena, is, I think, probable from analogy
and the nature of things; for if a merely mechanical arrange-
ment of parts was sufficient for the closure of the auriculo-
ventricular orifices, then it may be asked, why were these
apertures in birds and mammals not furnished with-sigmoid
or semilunar valves similar in all respects to those met with
in the veins and arteries? The answer to this question is no
doubt to be found in the nature of the structures in which
the valves are situated, as well as in the circulation itself.
In the veins, as is well known, the movements of the blood are
sluggish—the closure of the vessels being feeble, and not
consequently calculated to interfere to any great extent with
the closing of the valves. In the arteries, where the circulation
is more vigorous, and the closure of the vessels more decided,
the valves are surrounded by dense fibrous rings, which
protect them from the opening and closing alike of the
ventricles and vessels. No such fibrous rings occur in the
bulbus arteriosus of fishes, and as a consequence the valves
are exposed to the influence of muscular movements. To

! According to Harvey, Lower, Senac, Haller, and others, the auricles contract
with a very considerable degree of energy. _

% +In a quantity of fluid submitted to compression, the whele mass is cq!la!i}*-
affected and similarly in all directions,’—Hydrostatic Law. Dr. George Britton
Halford attributes the closure of the auriculo-ventricular valves entirely to the
pressure exercised by the auricles on the blood forced by them into the ventricles.
That however this is not the sole cause, will be shown further on.
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obviate this difficulty the segments of the valves are not only
increased in number, but chordae tendineae, in the shape of
tendinous bands, begin fo make their appearance. In the
auriculo-ventricular valves of fishes and reptiles, chordac ten-
dineae in various stages of development are discovered, these
being attached to the interior of the ventricle fo more or
less fully developed musculi papillares. The musculi papillares
in fishes and reptiles are in no instance so well marked as in
birds and mammals. As we rise in the scale of being, and
the requirements of the circulation become greater, it will be
observed that the relation of the segments to actively moving
structures becomes more and more defined. In the ventricle
of the fish, as I pointed out, the fibres proceed in wavy lines
from base to apex, and from apex to base, from without
inwards and circularly ; so that the organ closes and opens
very much as one would shut and open the kand. In the
reptilia the external and internal fibres pursue a slightly spiral
direction—2he wventricles rolating more or less when in action.
In the cold-blooded animals moreover, as every one is aware,
the circulation is languid or slow, so that an arrangement of
valves similar in some respects, though more complex than
that which exists in the veins and venous sinuses and in the
arteries, amply suffices. In the hearts however of the warm-
blooded animals, where the ventricles are composed entirely
of spiral fibres, and where the circulation, on account of #ke
sudden twisting and untwisting of the fibres, is rapid, a system
of wvalves which will act with greater alacrity and precision
is absolutely necessary. But functional precision implies
structural excellence; and hence that exquisite arrangement
of parts in the auriculo-ventricular valves of mammals, where-
by every portion of every segment (by reason of the ever-
varying length and strength of the chordae tendineae) bears a
graduated relation to the musculi papillares and carneae
columnae. Although the partial closing of the valves during
the diastole is occasioned by the uniform expansion of the
blood owing to the force exercised upon it by the closure of
the auricles, still it must be evident to all who reflect, that
this cause is not of itself adequate to the complete closure,
and for a very obvious reason. The blood which is the
expanding force, enters the ventricular cavities by the
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auriculo-ventricular orifices. Once in the ventricles, however,
the blood has no inherent expansive power by which it can of
its own accord entirely shut off or close the apertures by
which it entered. This act requires for its consummation the
force exercised by the closure of the ventricles at the com-
mencement of the systole. Admitting however that the
expansion of the blood was adequate to the closure of the
auriculo-ventricular valves at one period,—say at the end of
the ventricular diastole, when the ventricles are full of blood
and the auriculo-ventricular orifices widest,—it is scarcely
possible that it could keep them closed towards the end of the
systole, when the auriculo-ventricular orifices are greatly
diminished in size and the blood itself all but ejected. A
regulating and motor power therefore, in addition to the
blood, for adapting the different portions of the segments
of the valves to the varying conditions of the auriculo-ven-
tricular orifices and cavities during the systole, seems requisite,
Such a power, in my opinion, resides in the conical-shaped
spiral musculi papillares with their proper tendons, the
chordae tendineae, \

That the theory which ascribes the closing of the auriculo-
ventricular valves entirely ‘to the contraction of the musculi
papillares,’ is likewise of itself insufficient, appears for the
following reasons :—

1st, If the valves which, at the commencement of the ven-
tricular diastole, are floated mechanically upwards, and have
their edges approximated by the blood towards the ter-
mination of the diastole, were dragged upon at the beginning
of the systole from above downwards, or in an opposite direc-
tion to that in which the force by which they were brought
together acts, the segments of the valves, instead of being
further approximated, would inevitably be drawn asunder, and
regurgitation to a fatal extent supervene.

2nd, By such an arrangement as Dr. Halford has satisfac-
torily shown, the cavities of the ventricles would not only be
materially diminished at a very inconvenient time!, but a

1 Dr. Halford states his belief, *that the segments of the valves are forced even
beyond the level of the auriculo-ventricular orifices, and in this way become con-
vex towards the auricles, and deeply concave towards the ventricles.'—On the Ttme
and Manner of Closure of the Auriculo-ventricular Valves. Churchill, London, 1861.
In his zeal for the enlarged accommodation of the ventricles, Dr. Halford forgets
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certain amount of the force required for the expulsion of the
blood from. the ventricular cavities would be expended in
closing the valves.

The auriculo-ventricular valves are so constructed and so
placed that they equally obey the impulses communicated
by the blood and by the musculi papillares, Thus, as the
blood finds its way into the ventricular cavities, the segments
of the valves are floated upwards upon its surface like the
leaves of water-plants. This floating upwards brings the
delicate margins of the segments into such accurate ap-
position, that they are closed the instant the ventricles begin
to contract, an arrangement which effectually prevents re-
curgitation. The sudden closure of the ventricles upon their
contained blood has the effect of momentarily forcing the
valves in an upward direction into the auricular cavities—a
movement limited by the chordae tendineae, which effectually
prevent eversion. The upward movement is gradually checked
as the systole advances and the musculi papillares shorten ;
the valves being made to descend upon the blood rapidly
disappearing from the wentricular cavities. In this move-
ment the valves form depending cones, the sides of which
fit accurately into the conical spaces formed at the base of
the heart by the slanting heads of the musculi papillares.
The ventricular cavities are diminished towards the base
of the heart by the depending position of the segments of
the mitral and tricuspid valves towards the end of the
systole. If to this be added the fact that, at this particular
period, the musculi papillares twine into and around each
other so as to become strongly embraced, and the ventricles
are greatly diminished from below upwards and from without
inwards, it will not be difficult to understand how the ven-
tricular cavities are drained of blood during the systole.
that the auricles are equally entitled to consideration, and that it is unfair to give
to the one and take from the other; for if, as he argues, the segments of the valves
form convex partitions, whose convexities throughout the entire systole of the ven-
tricles point in the direction of the auricles, the space beyond the level of the
auriculo-ventricular orifices is appropriated from the auricles without compensation.
As, however, such an arrangement could not fail materially to inconvenience the
auricles when they are fullest of blood, we naturally turn to the ventricles for
redress. The additional space required is, as I have already shown, supplied by

the descent of the segments of the bicuspid and tricuspid valves towards the end of
the systole, when the ventricles are almost drained of blood.
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It therefore appears to me that the auriculo-ventricular
valves are alternately active and passive, there being a brief
period when they are neither the one nor the other,

The passive state corresponds to the diastole or opening
of the ventricles; the active state, to the systole or closing ;
and the neutral or intermediate state, to that short interval
which embraces the termination of the diastole and the
commencement of the systole. In speaking of the closure
of the valves, it is of great importance to remember that the
action, although very rapid, is a strictly progressive one, and
necessarily consists of stages. In this however, as in many
other vital acts, it is often very difficult, if not indeed im-
possible, to say precisely where the one stage terminates and
the other begins. As the action of the valves is, to a cer-
tain extent, dependent upon and induced by the action of
the auricles and ventricles, the following slight differences
as regards time are to be noted. The passive state of the
valves corresponds to that period in which their segments arve
floated mechanically upwards, and their margins partially ap-
proximated by the blood forced by the auricles into the
ventricles; the neutral state, to that almost inappreciable
interval which succeeds the sudden closure of the ventricles,
in which the blood set in motion is arranged in spiral
columns, and acts in such a way as not only instantly closes
the valves, but screws and wedges the segments thereof into
each other', in an wpward spiral direction. The active state
corresponds to the period occupied by the progressive closing
of the ventricles. During this period the valves arve dragged
Sforcibly downwards by the shortening of the musculi papillares,
in an epposite direction to that by whick they ascended; and
are twisted into orv round each other fo form spiral dependent
cones. In the active stage, as in the neutral, the blood acts
from beneath, and keeps the delicate margins and apices
of the segments of the valves in accurate contact. The
appearances presented are represented at Figs, I41—144,
p. 281,

! This act takes place just before the blood finds its way into the aorta and
pulmonary artery, the amount of pressure required for shutting and screwing home
the auriculo-ventricular valves being less than that required for raising the semi-

lunar ones.
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That the foregoing is the true explanation of the gradual
approximation and continued closure of the auriculo-ven-
tricular valves, there can, I think, be little doubt, both from
the disposition and structure of the parts, and from experi-

Fig. 141. Fig. 142

Figs 145, 142 and 143 show the mitral (» 5} end tricuspid (= £ n) valves inaction (homan) @ how the seg-
ments, acted upon by the spiral columng of blood, roff wp from beneath towards the end of the diastole
[Fig. 141) ; how, at the beginning of the systole, they are wedged and twisted into each other, on a level
with the auriculowentricular orifices (Fig, 142) ; and how, if the pressure exerted be great, they project
1ata the auricular cavitics (Fig. 143). When the mitral and tricuspid valves (Fig. 141 # 1. #r ) are opefi,
the aortic and pulmonic semilunae valves (o2, v 5 £) are closed.  When, on the other hand, the mitral
and tricuspid valves are closed (Flgs 142, 143, and 148 = 5, s s w), the aortie and pulmonic semilunar
ones (e w, o ijare open.  To this there is no exception.—Oripinad

Fig. 143 Fig. 144~

Fig. 144 shows a human heart with a trive mitral valve in Both ventricles as seen in action at the O
mencement of the systole.  Fhe letters are the same as in Figs. 141, 147, 145 —Oririual,

MNote.—=The splr:l_lduwnwm!m_ovtmr:ut of the mitral and tricuspid valves (Fig. r41) has only been partly
shown, from the difficulty experienced in representing sfiral cavitics,

ment. If, e.g., the coagula be carefully removed from per-
fectly fresh ventricles, and two tubes of appropriate calibre
be cautiously introduced past the semilunar valves, and se-
curely fixed in the aorta and pulmonary artery!, and the

i s -
1 Stn-:ﬂyl speaking, the tubes should be introduced into the auriculo-ventricular
orifices, as it is through these apertures that the blood passes during the dilatation
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preparation be sunk in water until the ventricular cavities
fll, it will be found, when one of the tubes!, say that fixed
in the aorta, is carefully blown into, that the segments of
the bicuspid valve roll up from beneath in a spiral direction
(Fig. 141,75, p. 281), in a progressive and gradual manner ; each
of the two larger or major segments, by folding upon itself,
more or less completely, in a direction from within outwards,
forming itself into a provisional or temporary cone, the apex
of which is directed towards the apex of the left ventricle
(first stage in which the crescentic margins and apices of the
segments are slowly approximated by the uniform expansion
of the blood forced into the ventricle by the auricle). As the
pressure exerted by the air is gradually increased, and the
action of the valve is further evolved, the segments, folded
- upon themselves as described, are gradually elevated, until they
are on the same plane with the auriculo-ventricular fibrous
ring, where they are found to be wedged and screwed into each
other, and present a level surface above (Fig. 142, » s, p. 281).

At this, the second stage of the closure, the crescentic
margins of the segments are observed to be accurately ap-

plied to each other, fo form two perpendicular crescentic walls,
- which accord in a wonderful manner with similar walls formed
by the union of the semilunar valves (Fig. 133 C, 4, p. 252);
in fact the manner of closure is, to a certain extent, the
same in both ; the segments in either case being folded upon
themselves by the blood, and presenting delicate crescentic
margins, which are flattened against each other in proportion
to the amount of pressure employed. When the crescentic
margins of the segments are so accurately applied to each
other as to become perfectly unyielding, and the distending
process is carried beyond a certain point, the bodies or
central portions of the segments bulge in an upward or
downward direction respectively, the segments of the mitral
valve protruding into the auricle (Fig. 143, 7 s, p. 281) ; those of

of the ventricles. As, however, the insertion of tubes, however small, into the
auriculo-ventricular openings would necessarily prevent the complete closure of the
valves, that is one goed reason for adopting the plan recommended in the text.

! Thin metallic tubes with unyielding parietes are best adapted for this purpose,
as they can be readily fixed in the vessels, and the amount of pressure exercised by
the breath on the valves easily ascertained.
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the semilunar ones into the ventricle (Fig. 134, p. 253 and
Fig. 141, v @ %, v § I, p. 281). Compare Figs. 85 and 86,
p. 174.

This completes the first and second stages of the process.
by which the mitral or bicuspid valve is closed ; but th_{:
more important, as being the more active and difficult, is
yet to come. Z7his consists in adapting the Segmenis J:if the
valve to the gradually diminishing auriculo-ventricular orifice ;
and in dragging them down into the left wentricular cavily,
to diminish the ventricle towards the base. By this act,
the segments, as has been shown, are made to form a spiral
dependent cone, an arrangement which renders the oblitera-
tion of the left ventricular cavity towards the base a matter
of certainty.

The third stage of the closure of the mitral valve entirely
differs from the first and second stages, inasmuch as the
chordae tendineae, when the musculi papillares shorten,
drag the segments in a downward direction, to adapt them
to the altered conditions of the auriculo-ventricular orifice
and ventricular cavity. That this downward movement
actually takes place, is proved as follows:—If a portion of
the fluid be withdrawn by applying the mouth to the tube
in the aorta, so as to create a certain amount of suction,
the segments of the bicuspid valve are found gradually to
descend in a spiral direction (Fig. 141, m, 2, p. 281), forming as
they do so a spiral cone, whose apex becomes more and
more defined in proportion as the suction is increased ; the
water in the interior keeping the margins of the seg-
ments accurately in apposition, and thereby preserving the
symmetry of the cone. If, again, the musculi papillares be
cut out of the ventricular walls and made to act in the di-
rection of their fibres, Z.¢. in a spiral direction from left to
right downwards, they will be found, in virtue of being
connected by the chordae tendineae more or less diagonally
to either segment of the bicuspid valve, to act simultaneously
on that side of the segment which is next to them; the
anterior musculus papillaris acting spirally on the margin
and apex of the larger or anterior segment; the posterior
musculus papillaris acting spirally on the margin and apex
of the smaller or posterior segment, in a precisely opposite
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and of a mixed character, as regards intensity and duration ;
and to make matters worse, they run into each other by
insensible gradations, sometimes slowly, sometimes suddenly,
The sounds in fact merge into each other precisely in the
same way that the movements of the different parts of the
heart merge into each other. They have their points of
maximum and minimum intensity, and it is upon these the
physiologist and physician fixes when he attempts to define
their nature and duration. Such definitions I need scarcely add
are more or less arbitrary. The first and second sounds
are followed by apparent pauses—the pauses corresponding
to the brief intervals which follow the closing of the ven-
tricles and auricles respectively. Thus the dull, deep, pro-
longed, or first sound is followed by a short pause, while the
sharp, short, or second sound is followed by anotherand longer
pause. The sounds and the pauses which occur between
them follow in regular order, and when taken in connexion
with the closing and opening of the different parts of the
heart to which they owe their origin, constitute the rhythm
of the heart. They occasionally vary in duration, just as
the pulse varies in frequency, and in certain cardiac affec-
tions the sounds are increased in number, while the pauses
are decreased in duration. When the movements and sounds
of the heart are very irregular, the condition is expressed
by the term ‘tumultuous. Various attempts have been made
to represent the duration of the sounds and pauses in figures.
Thus some authors state that if the number ¢ be made to
represent one complete pulsation, the first sound occupies
a third, the short pause a sixth, the second sound a. sixth,
and the long pause a third. Others aver that if we divide
one entire action of the heart into four parts, the two first
will be occupied by the first sound, the third by the second
sound, and the fourth by the pause; all which proves very
conclusively that the sounds and pauses run into each other
and cannot be separated with any degree of accuracy. When
so many causes exist it is exceedingly difficult, perhaps
dangerous, to particularise. There are however many cir-
cumstances which induce me to believe that the susurrus,
or sound produced by the opening and closing of the auricles
and ventricles, and the rushing of the fluid blood against
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the valves and into the cavities and vessels of the heart,
constitute the major factors, the opening and closing of the
valves the minor,

The Dublin committee, appointed to investigate this matter,
concluded that the first sound is produced either by the
rapid passage of the blood over the irregular internal surface
of the ventricles on its way towards the mouth of the arteries,
or by the &druit musculaire (susurrus) of the wventricles, or
probably by both of these causes. The London committee,
.appointed for a like purpose, came to similar conclusions.
It found that the sound produced by the contraction (shorten-
ing) of the abdominal muscles, as heard through a flexible
tube, resembles the systolic sound, and that the impulse of
the heart against the chest in certain positions of the body
intensified this sound. M. Marc DD’Espine maintained that
both the first and second sounds depend on muscular move-
ments—the first sound upon the systole and the second
upon the diastole of the wentricles. I)’Espine, it will be
observed, attributes sound both to the diastole or opening
of the ventricles, and to the systole or closing of them, and
in this I think he is perfectly correct—the opening and
closing of the different parts of the heart, as I have en-
deavoured to show, being equally vital movements. That
muscle invariably produces sound during its action is well
known ; and that a powerful compound muscle like the heart,
with fibres interlacing in every direction, should, when closing
and opening in hollow cavities such as the pericardium and
thorax, produce audible and characteristic sounds, is what
we would a priori expect. That sound may be produced
by the impinging of fluids against animal tissues, or by
the trituration of the particles of the fluid itself, can be
proved by direct experiment. Valentin, e ¢, showed that
if a portion of a horse’s intestine be tied at one end, and
moderately distended with water without any admixture of
air, and a syringe containing water be fixed into the other
end, by pressing the piston of the syringe down, and forcing
in more water, the first sound is exactly imitated, When,
on the other hand, the aortic or pulmonic valves are diseased,
their surfaces roughened, and the apertures which they guard
diminished, the character of the first sound is altered.
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the segments, from their being more or less in contact at
the end of the systole, being closed by the slightest reflux,
and with almost no noise. By transfixing by hooks two of
the six segments composing the aortic and pulmonic semi-
lunar valves, an abnormal element is introduced which renders
the experiment of little value. The substitution of one sound
for another proves nothing, and if the second sound is de-
stroyed there is some fallacy, as only two of the six segments
which were supposed to produce it were restrained. I am
therefore disposed to put a different construction on the
results obtained by Dr. Williams, and to attribute the second
sound partly to the closure and susurrus of the auricles, but
mainly to the rush of blood into the ventricular cavities, and
against the auriculo-ventricular valves, chordae tendineae,
carneae columnae, and musculi papillares. To this is to be
added the flapping together of the semilunar valves, a slight
degree of regurgitation, and the susurrus produced by the
dilatation of the ventricles, venae cavae, and pulmonic veins.
As an illustration of the extreme difficulty experienced by
investigators in determining the precise nature of the move-
ments and sounds of the heart, I may cite the case of M.
Groux, who exhibited in his person an almost unique example
of congenital fissure of the sternum. Here we had the parts
in the vicinity of the heart opened up as it were for inspection.
M. Groux visited the principal schools on the Continent, in
America, Russia, and Britain, and was examined by upwards
of 2000 physicians, many of them eminently distinguished,
The discrepancy of opinion is quite remarkable. In M.
Groux’s case, the fissure extended the whole length of the
sternum, and presented a V-shaped appearance. In natural
respiration, the fissure was depressed to variable depths, and
had a transverse measurement at its upper boundary of one
inch and a quarter; this increasing at the central part on a
level with the third and fourth ribs to an inch and a half,
and decreasing at the lower boundary of the fissure to a
quarter of an inch. Through the action of the pectoral
muscles, the hands being joined and pulling upon each
other, the fissure could be dilated to the width of about
two and a half inches. The fissure could be increased
by forced.expiration and decreased by forced inspiration.
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About the middle of the fissure, on a level with the fourth
rib, a large pulsating tumour could be seen and felt. In
a vertical line with the principal tumour were two smaller
ones, the one above, which could be felt; the other below,
which could, like the large one, be seen and felt. I examined
the pulsating tumours with others interested in the heart
when M. Groux was in Edinburgh, and at first sight it
appeared as if no great difficulty would be experienced in
determining which parts of the heart produced the pulsations
and sounds, A closer examination however revealed in-
numerable difficulties, all traceable to the circumstances
already adverted to—viz. that the movements and sounds of
the heart merge into each other by slow and sudden transi-
tions. This case, simple as it appeared, has baffled the most
expert physiologists and stethoscopists in all countries, so
that instead of a few valuable facts we have a mass of con-
flicting evidence of comparatively little value. By some the
large tumour has been supposed to be the aorta, by others
the right auricle, by others the right ventricle, by others
the infundibulum or conus arteriosus, and by others the
arteria innominata. I have taken the pains to tabulate some
of those opinions, Professor Hamernjck (Prague), Dr. Wil-
helm Reil (Halle), Professor Baumgirtner (Friburg), Professor
Forget (Strasburg), M, Jules Biclard, M. Aran, M. Piorry,
M. Pouchet (Rouen), Dr. Ernst (Zurich), Dr. F. W. Pavy
(London), Dr. C. Radcliffe Hall (Torquay), and Dr. Robert
D. Lyons (Dublin), thought the pulsating tumour was the
right auricle; Sir James Paget, Dr. George Burrows, Dr,
William Baly (London), and Dr. Traube (Berlin), that it was
the right ventricle; Dr. Lionel S. Beale (London), Dr. John
Hughes Bennett (Edinburgh), and Dr. Charles C. King
(Galway), that it was the right auricle and ventricle; Dr.
Lombard (Litge), and Dr. Francis Sibson (London), that
it was the aorta and right auricle; M. Boillaud and M., Marc
d’Espine (Geneva), that it was the aorta; Professor Virchow,
that it was the right ventricle and conus arteriosus; Dr.
Carlisle (Belfast), that it was the ascending aorta and pul-
monary artery ; Dr. P. Redfern (Aberdeen), that it was the
aorta, right auricle, and ventricle; Professor W. T. Gairdner
(Glasgow), that it was the right auricular appendage, aorta, and
U2
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The pneumogastric nerve has its origin within the cranium,
while the sympathetic lies outside the spinal chord. Both
however are connected by nerve-filaments to each other and
to the cranial and spinal nerves, an arrangement which in
part accounts for the involuntary rhythmic movements of the
heart, and for the influence exerted upon those movements by
certain mental states. Considerable difference of opinion
exists as to the exact nature of the so-called sympathetic and
cerebro-spinal nerves. There are two leading views:—* Ac-
cording to the one, which is of old date, but which has lately
been revived and ably advocated by Valentin, the sympathetic
nerve is a mere dependency, offset, or embranchment of the
cerebro-spinal system of nerves, containing no fibres but such
as centre in the brain and cord, although it is held that these
fibres are modified in their motor and sensory properties,
in passing through the ganglia in their way to and from the
viscera and involuntary organs. According to the other, the
sympathetic nerve (commonly so called) not only contains
fibres derived from the brain and cord, but also proper or
intrinsic fibres which take their rise in the ganglia; and in its
communications with  the spinal and cranial nerves, not only
receives from these nerves cerebro-spinal fibres, but imparts
to them a share of its own proper ganglionic fibres, to be
incorporated in their branches and distributed peripherally
with them. Therefore, according to this latter view, the
sympathetic nerve, commonly so called, though not a mere
offset of the cerebro-spinal nerves, yet receiving as it does a
share of their fibres, is not wholly independent, and for a like
reason the cerebro-spinal nerves (as commonly understood)
cannot be considered as constituted independently of the
sympathetic; in short, both the cerebro-spinal and sym-
pathetic are mixed nerves; that is, the branches of either
system consist of two sets of fibres of different and inde-
pendent origin, one connected centrally with the brain and
cord, the other with the ganglia.’

In order to comprehend the relation existing between the
heart and the cerebro-spinal and sympathetic systems of
nerves, it will be necessary to speak first of the pneumogastric
and those branches which it sends to the heart; second, of
such parts of the sympathetic as supply filaments to the
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organ ; and third, of those nervous extensions which connect
the pneumogastric, sympathetic, and cerebro-spinal nerves
together. This done, we shall then be in a position to
describe the meshes or plexuses formed by the splitting up
and mingling of the several nerves referred to at the base of
the heart, their distribution on the surface and in the sub-
stance of the organ, and the nature of the ganglionic en-
- largements which characterise the cardiac nerve reticulations.

In man the pneumogastric nerve springs from that part of
the cerebro-spinal axis known as the medulla cblongata. It
issues from the jugular foramen, an aperture at the base of
the skull, and courses down the neck and chest to supply
filaments to the organs of voice, respiration, the alimentary
canal as far as the stomach, and to the heart. It is the
longest of the cranial nerves, and displays two ganglionic
enlargements or swellings, the one designated the ganglion of
the root of the pneumogastric, situated within the jugular
foramen; the other the ganglion of the trunk of the pneumo-
gastric, situated half an inch or so below that opening,

The upper ganglion, viz. that of the root, is somewhat
spherical in shape, two lines in diameter, and of a grayish
colour ; the lower ganglion, viz. that of the trunk, being of a
flattened cylindrical form, ten lines in length, two in breadth,
and reddish in colour. In the neck the ganglion of the root
(upper ganglion) is connected by nerve-filaments with the
facial, the glosso-pharyngeal, spinal-accessory, and sympa-
thetic nerves ; the ganglion of the trunk (lower ganglion) being
connected in the same region with the hypo-glossal, spinal,
and sympathetic nerves.

In the thorax the branches of the right and left pneumo-
gastric nerves pursue somewhat different courses: the re-
current laryngeal branch on the right side curving backwards
and upwards round the first part of the right subclavian
artery, the recurrent laryngeal branch on the left side curving
backwards and upwards round the arch of the aorta. The
recurrent nerves send branches to the so-called deep cardiac
plexus, placed behind the pulmonary artery and aorta. The
pneumogastric nerves (right and left) supply branches to the
ear, pharynx, larynx, lungs, the cesophagus, stomach, spleen,
liver, and other organs. They also furnish two sets of nerves
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to the heart—a cervical and thoracic set: with these alone
we have to deal in the present instance.

The cervical cardiac branches are given off by the pneumo-
gastric at the upper and lower portions of the neck. The
upper branches unite with the cardiac nerves of the sympa-
thetic, are few in number, and small.” There is only one
lower branch. This, in the left side, crosses the arch of the
aorta, and terminates in what is called the superficial cardiac
plexus, situated in front' of the pulmonary artery and aorta.
On the right side it unites with one of the cardiac nerves
and takes part in the formation of the deep cardiac plexus,
located, as explained, behind the pulmonary artery and aorta.
The nerves constituting the superficial and deep cardiac
plexuses are continuous with each other, and completely
envelop the great vessels (pulmonary artery and aorta) at
their origins.

The thoracic cardiac branches on the right side proceed from
the first part of the right recurrent laryngeal nerve, and the
‘trunk of the right pneumogastric nerve, where it is in contact
with the trachea ; those on the left side proceeding from the
left recurrent laryngeal nerve. The thoracic branches assist in
the formation of the deep cardiac plexus. The pneumogastric
nerves, as will be seen from the foregoing account, are con-
nected with the cranfal nerves issuing from the head, with
‘the spinal nerves issuing from the spinal cord, and with the
sympathetic nerves lying in front of the spinal cord.

The sympathetic system supplies the major portion of the
nerves to the heart. It also sends branches to the lungs and
stomach, the upper part of the alimentary canal, the bladder,
uterus, and the coats of the blood-vessels.

The nerves of the sympathetic system consist of a com-
plicated series of ganglia, cords, and plexuses; the ganglia
and the cords which extend between them being arranged
in a double row on either side of the spine, and corresponding
for the most part in situation with the bodies of the cervical,
dorsal, and lumbar vertebrae. There are, however, only three
ganglionic enlargements in the neck in man to seven verte-
brae, there being even fewer in some of the lower animals.
This state of matters is probably due to the ganglia in the
neck having at some period approximated and coalesced.
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pneumogastric. It sends filaments to the deep cardiac plexus,
The middle cardiac nerve on the left side also sends branches
to the deep plexus.

The inferior cardiac nerve on the right side communicates
with the middle cardiac and recurrent laryngeal nerves, and
terminates in the cardiac plexus at the arch of the aorta. On
the left side it unites with the middle cardiac nerve and ends
in the deep cardiac plexus.

The superficial and deep cardiac plexuses, as already stated,
are continuous with each other, They receive filaments from
the recurrent, lower cervical, and thoracic branches of the
right and left pneumogastric trunks; and from the superior,
middle, and inferior cardiac nerves of the right and left
sympathetic trunks. They envelop the origins of the pulmo-
nary artery and aorta in a meshwork, after which they resolve
themselves on the anterior and posterior surfaces of the heart.

Thus the superficial cardiac plexus sends branches to the
anterior and right coronary arteries,and to the anterior portions
of the right and left auricles and ventricles; the deep cardiac
plexus sending branches to the coronary sinus and left
coronary artery, and the posterior surface of the right and
left auricles and ventricles. A few of the branches forming
the superficial cardiac plexus pass backwards and appear on
the posterior surface of the heart; a certain number of the
branches from the deep cardiac plexus passing forwards to
appear on the anterior surface of the heart. It is quite
correct to say that the surface and substance of the auricles
and ventricles are enveloped in a more or less uniform plexus.
The superficial and deep cardiac plexuses and their prolonga-
tions on the surface and in the substance of the heart display
numerous ganglionic enlargements, to be described presently.

The branches supplied by the pneumogastric and sympa-
thetic nerves to the heart on the right side of the human
subject are represented at Fig. 145. This figure also shows
the interlacing of the nervous filaments which forms the various
plexuses described, as well as the ganglionic enlargements,
which are a distinguishing feature of the plexuses.

In the lower animals the relations of the pneumogastric
and sympathetic nerves are less complicated than in man, and
if time had permitted it would have been interesting to trace
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Flg. 145 shows the nerve-filaments supplied to the heart by the pacumogastric and sympathetic nerves
on the right side in inan {after Hirschield and Levelllé), & tronk of right pnewmogasiric nerve in neck.
&, ganglion of trunk of right poneumograstric nerve, o trunk of preat sympathetic nerve In neck, &, ditto
at root of neck.  f, ditto in thomx, a, superior cervical ganglion of sympathetic nerve.  middle cer-
vical ganglion of sympathetlc. 7 inferior cervical ganglion of sympathetic. e, superior cardiac nerve
£ middle cardiac nerve. o, nerve from middle cervical ganglion of sympathetic proceeding to right re-
current laryngeal nerve (p) & intercostal nerves [ intercostal vein  w, intercostal artery furaished
with nerve from ganglion of sympathetic, ». intercostal nerve recelving branch from trunk of sympa-

ic. ¢ Innon r, trachea with nerves procesding to desp carding plexus  r, arch of
aorta with nerve agped forward by & hook. #, posterior or deep carding plexus with ganglion.
M, pulmonary artery with nerve.plexus. o su OF CAYA ¢t acrods.  we, rigrht
x, Fight ve cle with nerve-plexus, . plexus of nerves Investing the vessels
or right auricule-ventricular gr

srcle 1-;.I:| noery |_--|_|!|.-!L|_;ln
ying the horzontal,
2, & similar plexus investing the vessely occupying the wertical ven-

tricular groove anteriorly,
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the gradations through which the nerves furnished to the
heart by the pneumogastric and sympathetic in some of the
lower animals pass. I have dissected them in the cat, rabbit,
and calf, and find that, while the branches supplied by the
pneumogastric nerves are tolerably constant, those furnished
by the ganglia of the sympathetic and the ganglia themselves
vary. Thus, in the cat, according to my dissections, only four

PR, 146, Fig. 147,

Fig. re6.—Nerves and ganglin on anterior surface of cal{'s heart. a. ." pulmenary artery ~.-.| noTta
with nerve-plexuges and ganglia. f descending cava with nesve-plexus and ganglia. ¢, right auricle. o,
left auricle. & Nerves and fia distributed on right side of I L. _,'" ditto on leftside. g, anterior
rl-r"r.:lr:.' vessels covered w plexuses and gang §-.—

i 14 erves and gang wasterior surface of calf®s heart. 1 ll!‘u.LI'!III. AV &, MEFVES A
F N 1 t i il calf® 'I t 1 1
'l"lrl'l on T iluriche I L e £, HErVCh <1 g III;_ 1 L T I,. alrL itricle. § ditto on lefi.
L ight le. o, d lefi. and | tricl fit i
[ nerve-plexos and ganglia covering coronary sinog (v} and ext efiding 115 &elf nn the right (&), left
nd posterior coronary vessels, and the right (g and lefe (7)) ventricles L_-:l.-\.r.'.ll_'.. The gangtia in

i5 case are very numnerous, particularly on the coronary sinus [rl.—Origraad

ganglia (two on the right side and two on the left) send
branches to the heart; whereas in the rabbit, the ganglia
supplying branches are increased to six, and in the calf to
eicht. The number of nerves found on the surface and in
the substance of the calf’s 11{:.111: is E_fI'L'"Lf.CI‘ thdll in any heart
which I have examined,
me to select it for {It‘:SCI‘[}]liGIl].

I My cardiac nerve dissections, fifty in number, are deposited in the Anatomical
Museum of the University of Edinburgh, where they may be consulted. They
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Plexus formed on the Coronary Sinus of the Calf—This
plexus, which is either altogether omitted or Very Irtlﬁ-til:l'fl.::_'t]}-’
represented in works on the nerves of the heart, is composed
almost exclusively of branches from the second and third
dorsal ganglia of the sympathetic on the left side (Fig. 147, 7.7,
P- 300, and Fig. 146 C, 7, #). It affords the chief supply to
the left ventricle, which it occasionally envelops in a beautiful

Fifr. 148

Fir. 148, A.—MNerves and panglia on horse's heart. a, large gquadmnpular gangilon |,':'|||r|;||_|'.if_;|'|i:|1:'
with five branches., Three of these branchies form AmIpeliAE or "-\.‘.::I-\.!Ii_'-hl aped swelhhgs wlierse t"'||:}-
Crosg !hl_' COFGNArY artery. Similar x'-r.;li|.'|‘:h Afe |-||xcr'r-|_'|| H’:H_'El_‘ I:'|||_' nerves Crose the vedgels |_||_'|'_|_'|F|}li|'|z'
the anterior ventricelar proove (o), £) O dgrrard

B.—Apex of left venteicle of calfl's hears Shows that the miascular fibres of the ventricle Puriue a

i the nerves pursuing a spiral direction from right to

spiral direction from left to right downwands |
filrres at nearly right angles. Several ganglia are

left downwards {a) and always crossing th
to be abderved om the nerves as they apg 16X feh—ChF s,

I::.-v—:'\:l_'r'l.'q:-llil_‘x';l\. u’.‘lll;:_':i.l. £ifs 1EFY Si0us (5] anil base of left ventricle [ af calf"s heart, The
granglia {r) in this situation are for the most part quadrangular and triangular in shape, and stand boldly
out. They constst of a superhcial and a deep set.—Uripranad

network of delicate nerves, as shown at f of Figs. 147, p. 300,
and 150, p. 304. The nerves forming the coronary plexus are in
many cases so fragile that it is impossible to preserve them. In
one specimen, which I showed Professor Goodsir, the sinus was
completely covered with nerve-filaments, so that it would
have been difficult to insert the head of a pin between them.
In other specimens (Fig. 147, 7, p. 300 ; Fig. 148 C, 7) the nerves
are stronger and not so plentiful, the meshes or spaces between
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the nerve-filaments being somewhat greater. In every case
the nerves on the coronary sinus and posterior surface of the
heart display a vast number of ganglionic enlargements and
spindle-shaped swellings, some of them so large as readily
to be detected by the naked eye; others requiring the aid
of a pocket lens and a good light. The ganglia vary in shape
as well as size. Thus in one of my dissections a stellate-
shaped ganglion with seven branches is found on the coronary
sinus ; another with five branches is seen in a second dis-
section on the left coronary artery posteriorly; a large
triangular mass, with numerous nerve-filaments, is detected
in a third, where the coronary sinus receives the left coronary
vein. In a fourth, several irregularly-shaped ganglionic
masses of large size occupy the coronary sinus. In a fifth,
a triangular-shaped ganglion is found on the left coronary
artery below the sinus; while in a sixth a well-marked
ganglionic enlargement, situated on the sinus and having five
branches, is readily recognised.

The cardiac plexuses have been more or less accurately
represented by Scarpa, Remak, Swan, Lee, and others.

Distribution of the Nerves on the Surface and in the
Substance of the Auricles of the Calf.—The nerves supplied
to the right auricle are as a rule very delicate, and proceed
from the right pneumogastric, from the first dorsal ganglion
of the sympathetic on the right side, and from the coronary
plexus. .

Those supplied to the left auricle are derived principally
from the coronary plexus, some offsets being sent from the
left pneumogastric, and the first dorsal ganglion of the sym-
pathetic on the left side. The nerves, on reaching the surface
of the auricles, break up and spread out to form a nervous
reticulation or network. Ganglia may be detected in numbers
where the nerves split up, where they encounter vessels, and
where they dip into the substance of the auricles. Of the
nerves which enter the substance of the auricles not a few pass
through the auricular walls. The nerves supplied to the
auricles are not quite so numerous as those supplied to the
ventricles.

Distribution of the Nerves on the Surface and in the
Substance of the Ventricles of the Calf—The nerves on the
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surface of the ventricles, if allowance be made for their break-
ing up slightly to form meshes, follow a common course ; 7. e,
they run in spiral lines from right to left downwards. The
direction pursued by the nerves is precisely the opposite of
that pursued by the muscular fibres; in other words, the
muscular fibres form left-handed spirals, whereas the nerves
form right-handed spirals. I mention this, because although
it has been noted that the nerves cross the muscular fibres

Fig. 145 Fij

Fig. r4g.—Nerves and ganglin on rght ventricle of calf's heart. a. pulmonary artery. 5, aorts.
¢, fght nuricle. A, plexus of nerves on right c oronary vessels. e nerves and ganglin on right ventricle.
S lefe ventricle. g, anterior coronary vessels, & lamre ganglion with nomern nerves proceeding to
and from it. A large number of similar but smaller and more delicate ganglin are secn on a close ex-
amination. —Oviprral,

Fig. 1so.—Nerves and ganglia on left ventricle nf calf’'s heart. o, pulmonary artery. ¢ right nuricle.
(] £ panglin and nerves on right ventricle. f dittoonlef. §, panplia and nerves on coropnry
ERET ] i I d el ventrcle |'__.|"|_ hiath af 18CH Ik cﬂll.':‘_"-'l]'-'ﬂ. ina benu-
tiful netwark af i : and Ean . The ganglia are well g2en on the left coronary artery () and one
of the branches (w) of the anterior coronaryartery. The swellings or enlanfements of the nerves as thoy
eross the vessels are represented more especinlly at s, but they are observed wherever vessels ocour.—
rizrranad,

obliquely from base to apex, no allusion is made to the com-
plete spirals formed by them, particularly as they near the
apex. These points are illustrated at Figs. 146, 147, p. 300,
148 B, p. 302, 149 and 1350.

The nerves, from the fact of their crossing the muscular
fibres and blood-vessels at a great many different points, are
in a position to stimulate or intercept stimulus, so that one
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and the branches of the cardiac vessels. Generally, they
split up from time to time, the branches maintaining a certain
parallelism and becoming finer and finer as they.reach the
posterior of the ventricle (Fig. 149 ¢, p. 304). Occasionally the
nerves coalesce or run together, and under these circumstances
there is a marked increase of nerve-substance at the point of
junction. Thisis particularly the case in the large ganglion
represented at # of Fig. 149, p. 304. When the nerves reach
the posterior surface of the ventricle (¢), they unite with others
from the plexus on the coronary sinus to form stellate-shaped
expansions or ganglia—well seen at ¢ of Fig. 147, p. 300. The
expansions referred to display, on microscopic examination,
numerous unipolar and bipolar nerve-cells, The plexus
formed on the right coronary artery (Fig. 149 %, p. 304), when
examined with a lens in a good light, is found to be very
complex. The nerves on the right ventricle (Figs. 147 and
149 €, pp. 300, 304) are fewer in number than those on the
left ventricle (Fig. 150 f, p. 304). Posteriorly, there is usually
a part of the right ventricle comparatively unprovided for,
where the terminal nerve-filaments of the right ventricle unite
with similar terminal nerve-filaments from the plexus on the
coronary sinus, '
Distribution of the Nerves on the Left Ventricle—This
ventricle derives its nervous supply almost exclusively from
the plexus situated on the coronary sinus (Fig. 147 7, », p. 300;
Fig. 148 C, 7, », p. 302; Fig. 150 7, p. 304). It exhibits still
more clearly than the right the spiral course pursued by the
nerves. As a rule, the nerves on the posterior surface of the
left ventricle proceed in almost parallel lines (Fig. 147 £, p. 300),
subdividing and becoming more attenuated as they near the
apex. On the lateral and anterior aspect of the ventricle the
arrangement is more irregular, 7., it assumes to a certain
extent the plexiform character (Fig. 150 £, & p. 304). In
one of my dissections it is altogether plexiform, and the
nerves, by alternately dividing, subdividing, and reuniting, pro-
duce a beautiful network of nerves which envelops the ven-
tricle from base to apex. In examining this network I find .
that sometimes as many as three branches unite when cross-
ing a vessel, after which they separate and reunite when
another vessel is to be crossed (). The plexus formed on the
X2
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of needles—a procedure which displaces the nerves, and
causes shreds of the exocardium or fibrous membrane invest-
ing the heart greatly to resemble nerves). In my own dis-
sections, deposited in the Anatomical Museum of the Uni-
versity of Edinburgh, I have endeavoured to avoid this
source of error by careful injections of the cardiac arteries
and veins with two colours, and from dissecting everything
away from the nerves, without dragging or pulling upon the
nerves themselves. The nerves in my dissections are con-
sequently all 7 situ, and their relations to the cardiac vessels
and muscular fibres undisturbed. The ganglionic enlarge-
ments found on the nerves of the human heart have been
partially figured by Scarpa and more fully by Lee. I have
shown them at Fig. 145, p. 299. They are not so distinct as
those found on the nerves of the heart of the calf, neither are
they so numerous; nevertheless, they are sufficiently numerous
and well-marked to attract attention.

The arrangement of the nerves in the heart of the camel,
alpaca, panther, seal, and all the other mammals which I
have examined, is in every respect similar to that already
described in the calf. :

Microscopic Appearances presented by the Ganglia found on
the Coronary Sinus and Cardiac Vessels.

The ganglia of the heart, as already explained, vary greatly
in size, some being so minute that a pocket lens or microscope
is required to detect them; others being so large as to be
readily recognised by the unaided eye even at a distance.
In every case they are characterised by an increase of nerve-
substance, the aggregate of any one ganglion being greater
than the aggregate of the nerves which enter and leave it.
The increase in bulk is due for the most part to the presence
of an infinite number of unipolar nerve-cells mixed with a few
bipolar ones'. The ganglia also vary in form. Thus some,
as has been stated, are stellate-shaped, others quadrangular,
others oblong, others triangular, and others spindle-shaped.

! Similar ganglia are found in the stomach, intestines, bladder, uterus, and certain
of the blood-vessels ; and it is worthy of remark, that the structures here enumerated
are endowed with more or less typical rhythmieal movements.
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the dark central mass of the nerve-centre and the lighter
nerve-filaments in connexion therewith. A keen eve may
also detect traces of the nerve-cells, which appear as dark
rounded masses. To see the nerve-cells properly, the ganglion,
if large, must be broken up with needles; if small, a thin
covering-glass should be employed, and pressure applied with
a view to flattening and even squashing it. A microscope,

Flg. 151,

E'.u. I5E A= ].:|r.:|- and small terminal g "|,._|I'L'-‘. ith nerve-cells and nerve-filires ;'|.|._|_l|_l._l|_-|-.: o and from
theim a, bundle of nerve || ments in connexion with I'.r,-: FappEicn |J'| A simalar bundle i conpected
with small ganglion (c].- FEF N,

B. Ganglionic t'l-.-lr'.:l.'l=ll.'=ll OF 5% l.'!!=='lj.: of nerve as It crosses a vessel. o, 8, nerve-filaments |'-" el i
to and from the ganglion and nerve-cells [¢). &, nerve-substance surrounding and investing ganglion {¢).

Oriprmal

C. Large ganglion erowded with nerve-cells from coronary slnus of calf, , <" ¢, d, &, . o B, nerve-
filaments proc :l:‘l|l'||‘1 o and from the ganglion and nery - cells. The nerve- tain & nucleus and
z nuclenli,. They are for the most part unipalar in character. J'n few bipolar nerve-ce I\ are

One OF 1608
also fou -
13, Unipolar (@) and bipolar (&) nerve-cells from cardine ganglion, displaying nucleus and sucleolus. —

¥ J [ ML s E 1

Cheagrimeal.
E. Terminal ganglion or aggregation of cells in & nerve 85 it crosses o vessel. @, nerve-filaments pro-
ceeding to and from the nerve-cells of the terminal ganglion (. —0Orgrfnal,

magnifying from 300 to 400 diameters, will reveal the nerve-
cells as represented at Fig. 151 A, B, C, D, E. These figures
are copied from my Inaugural Dissertation, deposited in the
Library of the University of Edinburgh in 1861, and it will
be observed that they remarkably accord with analogous
figures representing the ganglia and nerve-cells in the heart
of the frog, published by Dr. Beale in 1803.
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heart moved with a regular rhythm, when cut out of the body,
deprived of its blood, and placed in an exhausted receiver
with a view to excluding the air which was supposed to act
as an irritant. This difficulty induced Haller to deny that
the heart owed its movements to its nerves, and led him
ultimately to declare that the movements of the heart are due
to irritability inhering in the muscular fibres (wis insita) as
apart from its nerves. Haller's theory failed to account for
the presence of nerves on the surface and in the substance.
of the heart, and for the connexion which is known to exist
between that organ and the head. Some of his followers,
Soemmering and Behrends for instance, endeavoured to evade
this difficulty by supposing that the cardiac nerves were
distributed only to the vessels of the heart; a view which,
in the present state of the subject, is untenable. Stannius, in
recent times, has made experiments to show that the rhythm
of the heart is referrible to its ganglia, which he regards as
automatic nerve-centres; and Sir James Paget has argued
with much ability to the effect that it is due to rhythmic
nutrition. There are no sufficient grounds for believing that
the nerves actually produce the movements of the heart.
These in all probability originate in the sarcous elements
composing the muscular fibres of the heart, as is partially
demonstrated by the following experiment :—When the
nerves proceeding to a muscle are poisoned by certain sub-
stances, such as woorara, so that stimulation of the nerves
fails to produce shortening or contraction of the muscle,
the muscle may nevertheless be made to shorten by applying
the stimulus to its fibres directly. Furthermore, Bowman
asserts from observation, that a muscular fibre destitute of
nerves may be made to contract. The heart acts rhythmically
for protracted periods after it is cut out of the body and its
nerves divided },—a circumstance which compels us to conclude
either that the rhythmic movements inhere in the muscular
substance or are referrible to the ganglia which are found in
great numbers on the surface and in the substance of the
heart generally. But, as has been stated, the nerves may be
poisoned, and still the heart contract under stimulation, The

t The heart of the frog, if supplied with fresh serum, will pulsate for several
days after removal.
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will exercises no influence upon the movements of the heart
under ordinary circumstances, and the brain and spinal cord
may be crushed without interfering with them even in a
remote degree. In the anencephalous foetus, where the brain
and spinal cord are absent, the heart acts rhythmically and
regularly. On the other hand, it is well known that certain
mental states (joy, grief, etc.) affect the heart, and that division
of the pneumogastric nerves is followed by a quickening of
the heart’s action, while irritation of the cut ends of these
nerves is accompanied by slowing of the heart's action.
Division of the nerves tends to prove the regulating influence
of the nervous system ; the cause of the rhythm of the heart
remaining still unexplained. Sir James Paget, whose phi-
losophic utterances have necessarily great weight, is disposed,
as already stated, to attribute the rhythm of the heart to
rhythmic nutrition. This however cannot be accepted as the
final explanation; for one naturally inquires, Why should the
nutrition of the heart be rhythmic, seeing it is only a muscle,
and there are innumerable other muscles equally well nourished
whose movements are not rhythmic?

There is a further difficulty as to whether nutrition is to be
accredited with the movements, for cilia vibrate rhythmically
when removed from the body, and even when on the verge of
putrefaction. Granting however that the rhythmic nutrition
of the heart produces its rhythmic movements, the question
still remains (and it is equally hard of solution), What causes
the rhythmic nutrition? The rhythmic nutrition hypothesis
only removes the difficulty one step further back; it cannot
be accepted as a final explanation. All nutrition is not
rhythmic, and when it is, there must be laws to regulate it.
Those laws are as yet undiscovered, and are probably only to be
recognised by their effects. For reasons to be stated presently
I am disposed to believe that the rhythm of the adult heart is
due partly to a healthy nutrition, partly to the inherent
vitality or power of moving residing in muscles, and partly to
the influence exerted on the cardiac movements by the ganglia
and nerves situated on the surface and in the substance of the
heart and other parts of the body. There can be no doubt
that the nervous system presides over the nutrition of the
circulatory apparatus as a whole, and it is equally evident
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that the movements of the heart and blood-vessels, and the
degree of vascular tension or pressure, are modified by the
condition of certain nerves and nerve-centres. With a view
to simplifying our comprehension of this very involved but
highly interesting problem, I propose to arrange existing
materials under two heads :—

I. Proofs that the heart can move independently of the
nerves.

II. Proofs that the movements of the heart are regulated
and co-ordinated by the nerves.

Proofs that the Heart may act independently of the Nerves—
Analogy favours this view.

(2.) Certain plants when vigorous and exposed to a bright
light, such as the Hedysarum (Desmodium gyrans), exhibit
rhythmical movements,

(¢.) Professor Busk showed that at a certain period of the
development of the Volvor globator (a very simple vegetable
organism), there appear in each zoospore, or in the bands
of protoplasm with which the zoospores are connected, va-
cuoles, spaces or cavities, of about v4% 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, as in the heart.

(¢.) Similar phenomena were observed by Cohn to occur
in Gonium pectorale and Chlamydomonas, the vacuoles or
water vesicles contracting regularly at intervals of from 4o
to 45 seconds. Here, of course, neither nerve nor muscle,
nor blood, nor any kind of stimulus, or anything in the
shape of irritation, is present. Sir James Paget attributes
the rhythmic movements in plants to rhythmic nutrition.
This, however, can only be accepted as a partial explanation.
All nutrition is not rhythmic. Only certain plants exhibit
rhythmic movements, but all plants are equally nourished.

(d.) Rhythmic movements occur in cilia, these, so far as
known at present, not being supplied with nerves. That
ciliary movements, at least, are not due to rhythmic nutri-
tion appears from this, that cilia vibrate rhythmically when
removed from the body, and even when on the verge of
putrefaction,

(e.) The amoeba, which consists of an undifferentiated mass
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equally devoid of nerve and muscle, can change shape in
every direction, and can open and close any part of its body
to produce a temporary stomach.

(£) The heart pulsates while yet a mass of nucleated cells,
7, e, before it is furnished with either muscular fibres, nerves,
or blood. ;

(¢.) Bowman showed that a muscular fibrilla on or in which
no nerve can be detected may be made to contract artificially.

(/.) The brain and spinal cord may be gradually crushed
without in the slightest disturbing the movements of the heart
(Marshall Hall).

(2.) The branches of the pneumogastric nerves which supply
filaments to the heart have little or no sensibility, and the
filaments supplied to the organ by the sympathetic trunks
only act upon it after being stimulated a short time previously.

(7) The great sympathetic nerves which furnish the prin-
cipal nervous supply to the heart in the mammal are par-
ticularly sluggish in their action, and when stimulated affect
the movements of the heart only after a considerable interval;
the effect produced not ceasing when the stimulation is dis-
continued.

(£) When woorara poison has been administered to an
animal, it completely paralyses the motor nerves, leaving
the sensory nerves and muscular irritability intact. Under
these circumstances the muscular fibres may be made to
contract by the direct application of a stimulus, showing
that movement inheres in the sarcous elements of the mus-
cular fibres of the heart, This power of moving on the
application of a stimulus which inheres in muscle was desig-
nated by Haller the vis insita.

() When an animal is poisoned by woorara, and the
thythm of the heart maintained by artificial respiration, the
galvanisation of both pneumogastric nerves does not affect
its movements. If the pneumogastrics be powerfully gal-
vanised the heart is stopped for a short period, but resumes
its functions as soon as the motor filaments are temporarily
exhausted and deprived of what is termed their inhibitory
or slowing power (Bernard).

(72.) In birds, according to Bernard, galvanisation of the
pneumogastric nerves does not affect the heart.
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(72.) The heart may be cut out of the body and deprived
of blood, and still beat regularly, This experiment shows
either that the movements of the heart are independent of
the nerves as a whole, or are referrible to the nerves and
ganglia situated on its surface and in its substance ; but, as
has been already explained, the nerves of the heart may be
paralysed by woorara poison in such a manner that they do
not respond to stimuli; the muscular fibres, on the other
hand, responding to the stimuli as if no poison had been
administered. The latter fact inclines to the belief that the
motor power of the heart resides in its muscular fibres,

(0.) Many physiologists maintain that the rhythmical move-
ments of the heart continue not only in the heart as a whole
when its cerebro-spinal and sympathetic connexions are
severed, and when it is removed from the body and deprived
of blood, but also in fragments of the muscular substance
in which no ganglia or nerve-centres can be discovered.
Those who oppose this view aver that nerve-cells can, as a
rule, be detected in the pulsating shreds, whereas they are
absent in the non-pulsating shreds. This, however, does not
always hold true,

Proofs that the Movements of the Heart are Regulated and
Co-ordinated by the Neruves.

(@) That the movements of the heart are regulated and
co-ordinated by the nerves, is proved indirectly by their pre-
sence on the organ and by the fact that the nerves exercise
a marked influence on the movements of voluntary muscles;
the voluntary muscles, as has been shown, being a differen-
tiation and development of the involuntary.

(6.) Mental excitement arising from sudden joy, etc., quick-
ens the movements of the heart.

(¢.) The heart may be stopped indirectly by a voluntary
effort. This is effected, first, by distending the lungs, stop-
ping the mouth and nose, and making a strong expiratory
effort ; and, second, by partially emptying the lungs, stopping
the mouth and nose, and making a strong #nspiratory effort,
These are dangerous experiments,

(d.) The direct action of the pneumogastric nerves upon
-the heart is through their motor filaments, as shown by di-
vision of the nerves in the neck. Galvanisation of their
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pressure in the arteries diminished by a reflex action. The
diminution of arterial pressure is not due to the slowing of
the heart, for it occurs even when both pneumogastrics are
divided in the neck and the action of the heart quickened
(Cyon and Ludwig). These experiments are calculated to
show that the depressor nerves exert a twofold influence ;
viz. on the heart and on the blood-vessels.

(/) If the spinal cord be divided immediately below the
medulla oblongata and the cord stimulated by electricity,
the arterial pressure is increased and the movements of the
heart quickened (Ludwig and Thiry). The nerves by the
instrumentality of which those changes are produced, pass
through the lower cervical ganglion, and are known as the
‘ accelerator nerves” They are regarded as the antagonists of
the pneumogastric nerves, whose function, as stated, is sup-
posed to be ‘anktbitory.

(m2.) The filaments of the sympathetic nerves everywhere
invest the heart and blood-vessels. These they supply with
innumerable nerve-plexuses and ganglia, the nerves to the
smaller vessels being in some cases excessively minute.

(2.) Division of the sympathetic produces vascular conges-
tion and widening of the wessels supplied by the portion of
the sympathetic divided. The congestion is removed by
irritating by electricity the portion of the nerve supplied to
the tissues (Bernard). :

(0.) Excitation of the spinal cord of the frog by electricity
causes contraction or narrowing of the arteries of the web of
the frog’s foot, and if the excitement is kept up, the circu-
lation in the arteries is stopped.

(p.) Direct excitation of a vaso-motor nerve causes confrac-
tion of the arteries to which it sends nerve-filaments. Division
of a vaso-motor nerve, on the other hand, produces dilatation.

(g.) Division of the sympathetic in the neck of the rabbit,
causes dilatation of the central artery of the ear; but if
the peripheral end of the nerve be excited, the artery con-
tracts (Brown-Sequard).

(r.) If one of the splanchnic nerves be divided in the rabbit,

branches to the heart between the origins of the great vessels {pulmcm:lr.y artery
and aorta). Cyon finds the homologue of the depressor nerves of the rabbit in the
horse.—{Brit. and For. Med.-Chir. Rev. Lond. 1871. No xcvi. p. 540.
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the arterial pressure is reduced ; but if the divided nerve be
stimulated by electricity, ¢ #s increased.

(s.) If a portion of the base of a frog’s heart be removed
with a sharp knife or scissors, it acts rhythmically ; whereas a
portion removed from the apex does not, as a rule, act rhyth-
mically. This does not always hold true, but when it does,
it is supposed to be due to an increase in the ganglia and
nerves at the base of the heart as compared with the apex.

() If a ligature be adjusted so as to enclose or map off
the sinus venosus of the frog’s heart, it is found that when
the ligature is tightened the sinus continues to: pulsate,
whereas the ventricle after a few beats is arrested in diastole.
After a short interval the ventricle also begins to pulsate,
but the pulsations of the sinus venosus and ventricle are no
longer synchronous (Stannius). This experiment is supposed
to prove that the sinus venosus contains an automatic nerve-
centre, 7.e. a ganglion in which nerve energy is accumulated
and discharged at stated intervals or rhythmically. As, how-
ever, the automatic motor centre has not been demonstrated
to exist anatomically, the statement must be received with
caution. Admitting, however, that the automatic motor
centre really exists, the rhythm of the heart is still unex-
plained. The mystery of the movement confronts us as
before. The question, then, comes to be, What causes the
automatic motor centre to act rhythmically? The answer
to this question will probably bring us face to face with the
hidden springs of life itself ; and the why and the wherefore
of existence, there is reason to believe, will for ever remain
a sealed book.

The theory of Irritability as bearving on the Action of the
Heart, considered. — The voluntary muscles, according to
Haller, are alone under the influence of the nerves: the
hollow muscles, such as the heart, stomach, bladder, and
uterus, not being stimulated by their nerves but by their
contents. In Haller's opinion, the blood is the stimulus to
the heart. Dr. John Reid also adopted this view. He says,
‘The ordinary and natural stimulus of the heart is the blood
which is constantly flowing into its cavities. The oreater
irritability of the inner surface over the outer is evidently
connected with the manner in which the stimulus is habitually

Y
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applied. When the blood is forced on more rapidly towards
t!ie heart, as in exercise, its contractions become propor-
tionally more frequent; and when the current moves on more
slowly, as in a state of rest, its frequency becomes propor-
tionally diminished. If the contractions of the heart were
not dependent upon the blood, and their number regulated
by the quantity flowing into its cavities, very serious and
inevitably fatal disturbances in the circulation would soon
take place.” If, however, the impinging of the blood against
the inside of the heart is the cause of the heart’s move-
ments, it is natural to suppose the heart would close the
instant the blood enters its cavities, without waiting until
those cavities are full. If exception be taken to this state-
ment, and it is asserted that the blood only becomes a
stimulus when a certain quantity has been collected, then
we are equally entitled to assume that the heart has become
accustomed to the stimulus up to a certain point, But if
so, seeing the heart is always receiving blood, why does it
not become altogether accustomed to the presence of blood,
and the blood cease to act as a stimulus? I will go further,
and ask, how can the blood possibly act as a stimulus to
the dilating ventricles? When the ventricles have closed,
every drop of blood is literally wrung out of them. The
ventricles, in fact, at the end of the systole, form a solid
mass ; the auricles have no power to force blood into a solid
mass; and, if the blood be not present, it cannot act as a
stimulus. The heart, moreover, closes and opens when re-
moved from the body and placed in an exhausted receiver,
and when neither blood nor air are present. I have on
many occasions made transverse sections of the human and
other hearts when in the contracted state, and have satisfied
myself that the ventricles can completely obliterate their
cavities 1,

! The ventricles of the heart obliterate their cavities in the following manner:—
Towards the ends of the systole, the walls of the ventricle thicken to a marked
extent; the ventricles become shorter; the musculi papillares shorten and twist
and plait into each other, and the auriculo-ventricular valves are dragged down
into the ventricular cavities to form two dependent twisted cones, The thickening
of the ventricular walls from without inwards, aided by the shortening of-the more
oblique spiral fibres, tends to diminish the ventricular cavities from side to side;
while the shortening of the more longitudinal spiral fibres and spiral musculi
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bladder, the faeces for the rectum, and the foetus for the
uterus, these organs would eject their contents, not at stated
intervals, but whenever the stimulus was applied to them.
It would be impossible, I apprehend, to apply the stimulus
of electricity to any one of them, without producing violent
closure of their muscular walls; nor would this state of
matters be improved by keeping up the electricity with a
view to familiarising them with it, as this would result in
paralysis. The hollow viscera are living muscles ; they open
out, to receive the substances prepared for them, and when
they have received the full measure thereof, they close and
expel them according to fixed laws, and independently of
irritation.  If the closing of the hollow viscera was due simply
to irritation, our bodies would be much more uncomfortable
habitations than theyare. I am disposed to believe that a
living organism has the power in all its parts of avoiding or re-
jecting and selecting and appropriating whatever it chooses.
It is this power which makes it superior to the outer world in
which it lives, moves, and has a being. It is more rational
to suppose that a living creature, or a part thereof, controls
or avoids the inanimate matter by which it is surrounded,
than that the inanimate matter inaugurates and controls its
movements, For my own part, I cannot for a moment
imagine that the presence of the urine and the faeces in
the bladder and rectum act as irritating stimuli. I can still
less believe that the blood and foetus act as such to the heart
and uterus. This view will no doubt be met by the old objec-
tion, ‘viz. that we may have an irritable stomach, bladder, or
rectum, and that under these circumstances the viscera close as
soon as anything is placed within them. If this argument
proves anything, it proves that, in a normal or healthy con-
dition, the contents of the hollow viscera do not act as irritants,
I am aware that those who hold the doctrine of irritability in
its entirety, assert that, when a call is made to pass faeces or
urine, and the call is not attended to, the uneasy feeling passes
away, because the viscus becomes accustomed to the irritant
which is stimulating it. Would, let me ask, the viscus become
accustomed to the presence of a coil of wire in its interior
conveying electricity? The fact that the uneasy feelings do
pass away when the call is not attended to, proves conclu-
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sively that the contained matter is not an irritant in the
ordinary acceptation of the term. It is very difficult, I
believe impossible, to reconcile the theory of irritability with
vital manifestations in a healthy organism. The effects pro-
duced by artificial stimuli are, I strongly suspect, calculated
to mislead. Even the amoeba, which is a mere protoplasmic
jelly-like mass, has the power of taking in, containing, and
ejecting at will, the dead or living matter on which it de-
pends for support; and it will take no great stretch of the
imagination to believe that the hollow viscera are provided
with a like power, the more especially as they are abun-
dantly supplied with blood, and provided with innumerable
nerve-plexuses and ganglia. The oesophagus seizes and
transmits the food intended for the stomach, the muscular
walls of this tube closing or contracting behind the bolus,
and expanding or dilating in front of it—a fact inconsistent
with the doctrine of irritability ; for in that case the oeso-
phagus would close before the bolus, and not behind it.
The stomach, when it has received the food which consti-
tutes a meal, immediately sets to work upon it, and causes
it to travel in certain determinate directions in its interior,
until, in conjunction with the gastric and other secretions,
it reduces it to a pulp. This done, it opens its pyloric valve,
and causes the more fluid portions of the mass to pass into
the duodenum. The pyloric valve is then closed, and the con-
tents of the stomach rolled about as before. The pyloric valve
is a second time opened, and the more pultaceous portions of
the digesting mass ejected. The pyloric valve is a second
time closed, and the contents of the stomach again rolled
about and manipulated as by an intelligent agent. The
pyloric valve is opened a third time, and the entire contents
of the stomach ejected!. Now, it will be observed that it
cannot be the irritation produced by the food which causes
the movements of the stomach; for in that case, the food
would be expelled immediately it came in contact with the
lining membrane of the stomach, which it is not. If more-
over, the food be regarded as the irritant which causes the
body of the stomach to close or contract, it cannot con-

* In the case of Alexis St. Martin, who had the anterior portion of his stomach
removed by a gunshot wound, these movements could be seen.
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“ sistently be regarded as the irritant which causes the pyloric
valve or sphincter of the stomach to open, as these are op-
posite acts, and the sphincter lies beyond the source of the
irritation. What is said of the stomach applies equally to
the heart, the bladder, the rectum, and the uterus. All
these have a common structure and a common nervous sup-
ply, and their movements are, strictly speaking, rhythmic
in character. The heart acts rhythmically when deprived
of blood, both before and after it is removed from the body,
and M. Chauveau has introduced caoutchouc bags into the
ventricles of the heart, when full of blood and acting nor-
mally, without in the slightest degree disturbing their action.

The bladder in a healthy subject acts from four to six times
in the twenty-four hours, 7. e. it contains a fluid for six hours
at a time, without causing the slightest inconvenience to the
patient. During that period the urine certainly does not act
as an irritant in the common acceptation of the term, yet this
same fluid at the end of the sixth hour is said to occasion
its own expulsion. It could only do so by being suddenly
transformed into a highly irritating fluid, which its presence
in the bladder for six hours proves it not to be. But grant-
ing that the irritating nature of the fluid at the sixth hour
caused the body of the bladder to contract, it could not
cause the sphincter of the bladder to open, as this is an
opposite act, and the sphincter is placed beyond the reach
of the irritating medium. If I am here met by the argu-
ment, that it is the irritation produced by the increased
pressure of the urine at the sixth hour, I reply that this
cause cannot operate in the case of the stomach—the sto-
mach and bladder, as has been pointed out, having a common
structure and a common nervous supply. Similar remarks may
be made of the rectum and its sphincters. The rectum in a
condition of health receives faeces for twenty-four hours, at
the expiry of which period it closes by a rhythmic movement
and expels its contents. The closing of the body of the
rectum is accompanied by the opening of its sphincters, but
the former act does not produce the latter, both being equally
vital in their nature. The uterus in the human subject
retains its contents for nine months. During this long period
(and the term is greatly exceeded in the case of the ele-
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of blood is reduced, and the contractile power of the organ
diminished? The heart, as I have already pointed out, does
not, in a state of health, contract the instant the blood
touches its interior; on the contrary, its several parts do
- not begin contracting until they have received all the blood
they are capable of containing. If, however, the heart, under
certain circumstances, contracts more frequently when it
contains a small quantity of blood and its irritability is di-
minished, than when there is a full supply of blood and its
irritability is greatest, then we are, I think, entitled to con-
clude the blood contained within the cavities is not the
cause of the movements of the heart. Furthermore, it is
known that arterial tension or fulness retards rather than
increases the heart's action; the pulsations being fewest
when the blood is as it were dammed up in the heart. If,
£.g. the aorta is compressed, the pulse rate is at once di-
minished. The injuries to which Reid alludes most probably
change the character of the heart’s action by paralysing or
otherwise impairing the function of the nerves which regu-
late its nutrition. The rapid feeble pulse in the cases re-
ferred to is rather to be attributed to the fact that the
vitality of the heart is temporarily lowered, and that it only
admits a minimum quantity of blood as it has not the power
to expel the maximum quantity. In the same way, in certain
chest complaints, the respiratory efforts are increased in
frequency—the inspiratory and expiratory acts being decreased
in duration. Dr. Kay furnishes a direct proof that the pre-
sence of blood within the cavities of the heart is not the
cause of the movements of the heart. In his experiments
on asphyxia, he describes how the left side of the heart
dies. He says, ‘A smaller quantity of blood is received
into its cavities and expelled vigorously into the arteries.
The ventricle, meanwhile, diminishes in size as the quantity
of blood supplied becomes less, until at length, although
spontaneous contractions still occur in its fibres, no blood
issues from the divided artery, and the ventricle, by con-
traction, has obliterated its cavity.” As a further proof that the
heart does not depend for its movements on the blood it con-
tains, the following experiment may be cited :—If a frog be
slightly curarized and its spinal cord destroyed, it is found on
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exposing the heart that the sinus venosus, vena cava inferior,
the auricles and ventricle, are quite destitute of blood, z‘md
yet the organ beats normally and with the utmost regularity.
The heart also beats normally when cut out of the body,
deprived of blood, and placed under a bell-jar. Furtherfnore,
the interior of the heart, as M. Chauveau has shown, is al-
most devoid of sensibility. He proved this by introducing
small caoutchouc bags (cardiac sounds) into the cavities of
the ventricles of the horse, without causing the animal either
pain or inconvenience.

Concluding Remarks.

In bringing the present lectures to a close, I have to ex-
press my gratitude for the kindly spirit in which they have
been received. I am no stranger to their defects, but, like
others discharging a variety of duties, have to plead ‘Time
stolen by snatches’ To the more advanced, some of the
lectures may savour of redundancy ; while to the novice they
may even appear fragmentary. My having had to address
a mixed audience affords an explanation of this circum-
stance. I have aimed at producing a comprehensive view
of the circulation as it exists in the lowest vegetable and
highest animal forms; and in carrying out this design have
been compelled to expunge much that is old and introduce
much that is new. How far I have been right in doing so,
time and an advanced Physiology will determine. 1 will
not attempt a recapitulation ; suffice it to say, I have en-
deavoured to prove by a variety of arguments that the cir-
culation, whenever and wherever found, differs less in kind
than in degree; that fluids may move in living tissues with
or without vessels and hearts; that the circulation in an
aggregation of vegetable cells is essentially the same as that
which occurs in the tissues of our own bodies. As a chain
is composed of links, all of which are formed on a common
type and fit into each other, so the circulation in the lowest
vegetables and animals gradually develops into that of the
higher, until we reach man himself ; the circulation in the one
being relatively as perfect as in the other.
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