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4 PHYSIOLOGY

and experimental ; the third, descriptive, experimental, and
speculative. For the first, direct or indirect observation, i.e. the
exact perception of vital phenomena, suffices—whether by the
normal use of the senses only or by the help of instruments
designed to reinforce them. For the second, observation is not
enough, experiment also is required, i.e. premeditated observation,
in which the external and internal conditions of the living
phenomena can be varied. In the third, besides observation and
experiment, an energetic eriticism is imperative, i.e. the logical
elaboration by the physiologist of the collected analytical data, in
order to interpret and synthetise them. This, in the majority
of cases, resolves itself into the arrangement of vital facts in
order of co-existence and succession, or of co-ordination and sub-
ordination.

In the first grade of physiological science we have an accumu-
lation of loose facts, more or less unorganised, but adapted to call
up a picture of the various and manifold energies of which the
living organism is the seat. In the second, we arrive at an
ordering and systematisation of the said energies, which enables
us more or less clearly to conceive what Galen called the wusus
partiwm,” i.e. the topography of the vital functions. The third
aims at harmonising the same energies, in order, by our knowledge
of the influences exerted by each element or organ upon the
other elements or organs of which the body consists, to form an
idea as to how that individual unity is built up, which is revealed
to us subjectively as the ego, objectively as the complete harmony
of funetions that characterises the state of perfect health.

The first and second' grades of physiological science have a
positive, immanent value, which time can only develop and per-
fect, while the third has seldom more than a hypothetical value,
which is for the most part temporary, and therefore varies with
time. It follows that facts, if well observed, and experimental
data well harvested, are and will for ever be true in the progress
of science, while the interpretation of faets, and their logical
order, may vary greatly, and even alter fundamentally, with the
advent of new data or new discoveries.

I11. In the interpretation of vital phenomena, the physiologist
seeks to apply the known laws of physies and chemistry, starting
from the obvious position that organised bodies cannot lie beyond
the scope of the laws of Nature. The interpretation of these laws
is entirely based on the atomistic hypothesis of matter, with its
corollary that the indivisible elements of which matter is com-
posed are in themselves indestructible and invariable in their
fundamental properties, having, 7.e., the same specific weight, the
same valency or saturation capacity, the same affinity. The
energy of which the atoms are the seat may be potential or
kinetic. The former is transformed into the latter, and vice versa,






6 PHYSIOLOGY

Vitalism, inasmuch as 1t recognises the experimental method as the
exclusive means of scientific progress.

When, on the other hand, we consider psychical phenomena
(sensibility and consciousness), the impossibility of reducing these
to physical and chemical processes becomes even more apparent,.

Ostwald (1902) has recently attempted to formulate a unitary
conception of the world by excluding the materialistic postulates
of natural science, 7.c. by eliminating the chemical concept of the
atoms and substituting the physical concept of energy, psychical
processes being regarded as special manifestations of energy. This
Energetic Monism of Ostwald is, however, illusory. It is a new
and degenerate presentation of the old Idealistic Monism of Hegel,
in which the word energy is substituted for the empty word * idea,”
although equally devoid of definite content. In what, then, does
the essential difference between the various forms of physical and
that of the supposed psychical energy consist ? In that the former
are perceptible solely by the mediation of the senses, the latter hy
introspection alone—the first being objective, the second subjective
phenomena ? It is, however, precisely in this antithesis that the
vulgar dualistic doctrine of the corporeal as distinet from the
spiritual world arises. This theory, which was adumbrated by
primitive man from his observations of death (as appears from
ethnological and prehistoric studies), became, in the course of
centuries, deeply embedded in the mind of the whole civilised
world, resisting like a granite block the most potent and repeated
attempts of scientific and philosophical critics to dislodge it. Du
Bois- Reymond says in this connection: “It is fundamentally
impossible to explain by any mechanical means why the note
of a Konig’s tuning-fork gives me pleasure, while contact with
red-hot iron gives me pain ” (1872).

A more profound (but in our opinion no less illusory)
attempt to arrive at a monistic conception is that put for-
ward by Mach in his well-known Analysis of the Sensalions,
and the Relations of the Physical and Psychical (3rd ed., 1902).
According to Mach the dualism between body and soul exists in
appearance only, and results from a superficial observation of
reality. More profound reflection shows that the ultimate
elements of reality are nothing but semsations. The entire
corporeal world, organic or inorganie, is for us nothing but an
agoregate of sensations; the whole of our thought is similarly
constituted of a more or less complex combination of sensations.
Hence there is no reason to postulate an essential difference, still
less an antagonism, between the physical fact and the psychical
fact ; the one like the other, in last resort, results from homo-
geneous elements. The disparities are in appearance only, apd
depend upon the different construction of the aggregates, while
the elements of these are quantitatively identical.
























14 PHYSIOLOGY CHAP.

the microscope the behaviour and final modifications of the half
provided with, and that destitute of nucleus. When the operation
15 effected with as little injury as possible, the edges of the cut
soon unife again, and each half of the amoeba contracts, assuming
a globular form.  After a few seconds each of these two globules
begins to wmove, changing its shape and creeping along, as is the
normal habit of intact amoebae. Later on, however, a difference
between the two halves is perceptible, and while the new nucleated
amoeba continues to live and grow, and behaves as a normal
mdividual, the half without a nucleus slackens its movements,
takes no more food, retracts its pseudopodia, and, according to the
best results obtained by Hofer, dies in ten or twelve days. This
proves the vital importance
of the nucleus.

The second experiment,
designed to show the vital
importance of the eyto-
plasm, was carried out by
Verworn on a species of
Radiolaria ; Thalassicollu
(Fig. 2). In this animal it
is possible to shell out the
nucleus, separating it from
the ray-shaped mass of the
protoplasm, and to ohserve
the effects of isolation.
Even when the operation
succeeds without any per-
Fi. 2.— Thalassicolla nucleata. (Verworn.) From EE%ptible HUF}IEﬂ-I: lesion, th&

wiihous, loyards. ssdiiing songhe of pesils; pnaleus inevitably dies

:li:t]lhﬂlal';?;th to contral eapsule ; central capsuls 'wlt,hnut, thwmg 3_]1}5" Elgﬂ

of regeneration.

A third experiment consists in bisecting a unicellular organism,
in such a way that each half contains a portion of the nucleus and
a portion of protoplasm. This succeeds readily in a trumpet-
shaped Infusorian called Sfenfor, in which both protoplasm and
nucleus are elongated (Fig. 3). When bisected each half
continues to live, and regenerates gradually into a perfect Stentor,
although of smaller dimensions. This fact cannot be adduced
against the theory which considers the cell as the lowest step in
the scale of living individuality, because each half of the divided
Stentor has the value of a cell containing the two essential
constituents, nucleus and cytoplasm. It merely shows that I;h_e
living matter in the said cellular consfituents may vary quanti-
tatively to a considerable extent, without forfeiting the conditions
necessary to the constitution of a complete individual.

Just as a half-cell may live and regenerate into a complete
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cell, so, on the other hand, a number of cells fusing their protoplasm
into a single mass may
compose a single multi-
nuclear cellular 1n-
dividual (Fig. 4). Multi-
nuclear cells are fairly
common, whether as a
living species or as the
complex elements of
higher organisms. They
represent  transitional
forms between the
simple mononuclear cell
and a tissue, which 1is
an aggregate of similar
but individually dis-
tinet cells. In some of
the lower creatures,
known as Myzomycetes,
the multinuelear proto-

lasmic mass assumes

i

=
£
he aspect of ;
externall}*t i I Fig. 3. — Stendor  [oeselii.  (Verworn.) 1, Cuul]]ﬂew in-
a ]:I.EtWUI'k Whlﬂh may dividual, t.]'l.lt't'&]mt-ri:'lkl'lﬂdrf H::_::;.wti:g in the b{?;}l-a‘iﬂfv::
ory elongated nuclens of lhighter appearance. y
COver an area of several :::i:éeted :gn A, each segment regenerates into a smaller,
{]eﬂime tres (plaam - complete individual, the upper half being represented by

2. the lower by 3.

dium). This reproduces !
by spores, and from each spore there develops an amoeboid cell of
distinet outlines. Eventually
the outlines of the cells dis-
appear, and they resume the
form of a reticulated plasmo-
dium  (Strasburger). This
fusion of many cells into a
simple mulfinuclear proto-
plasmic mass is termed a
syncylium (Fig, 5).

The external form of the
cell may vary greatly both
in organisms which consist of
a single morphological ele-
ment, and in multicellular
organisms. A primary dis-
tinction must be made be-

Fra, 4, — Fudoriee slegons, (Verwormn.) [,Tmnp'lux ; e
individual (colony) resulting from fusion of a tween cells of V:illﬂ-blﬁ, and

number of flagellated individuals into o common I.ihﬂEE ﬂf ﬂKEd f’DI‘IJL T].‘IE

globular mass of gelatinons substance, 5 :
former are termed amoeboid,
because they change their shape like the Amoebae (Fig. 1), which
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32 : PHYSIOLOGY CHAP,

highly probable that both classes of substances act in virtue of the
same principle.

To Ostwald is due the special distinetion of having effectively
contributed to our knowledge of the mode of action of catalysers.
According to him, every catalytic process consists essentially of a
change of velocity in a chemical process, which occurs spontaneously.
“ A catalyser is a body which, without appearing in the end product
of a chemical reaction, alters its velocity by accelerating or by
retarding it.”

This theory is especially applicable to the example cited of
hydrogen peroxide and platinum black : we know, in fact, that
the hydrogen peroxide slowly decomposes by itself into water and
oxygen, to such an extent that after a few days there is no longer
any trace of the hydrogen peroxide in an open vessel containing
it. The platinum black merely accelerates the spontaneous
process of scission. The same thing must oceur in the case of
enzymes and the substances which they split up.

This is not the place for discussion of the various theories
put forward to explain the action of catalysers and of fer-
ments: it need only be said that nowadays everything points to
the conclusion that this action is effected not directly, but by
the formation of intermediate products (which do not, however,
appear in the end products of cleavage), and that according to
KEuler enzymes and catalysers act as collectors of ions.

X. In the present state of physiology the only possible basis
for a classification of the different enzymes is the changes which
they effect.

According to Hammarsten, the enzymes which have more
especially been made the subject of experimental research may be
subdivided into two great classes, v.e. hydrolytic and owidative.

The class of hydrolytic ferments, d.e. those which split up
complex chemical aggregates into simpler molecules by the
absorption of molecules of water, comprises all the several dlgeat_we
ferments, which, as we shall see, fulfil the office of diaintagyatmg
complex proteins, polysaccharides and alimentary fats into simpler
compounds. The latter are better adapted for absorption by the
intestinal epithelium, where they are either finally split up, or
elaborated into new and more complex chemical compounds by the
metabolic activity of the tissues. They are :— ' _

(a) Proteolytic or proteoclastic enzymes, which split up
proteins, and of which we have already spoken. In the animal
body there are two (according to some authors, three) different
types of proteolytic ferments—pepsin, trypsin, and to these,
according to some modern workers (O. Cohnheim), erepsin must be
added. We shall deal fully with these enzymes in the chapter on
Digestion. Vegetable proteolytic ferments (eg. papain) are also

known.
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energy of the sun's rays, as observed by J. R. Mayer (1845), plants

reduce carbonic acid and form orgamic sub-
stances, which serve as fuel for the animals
that constantly devour the plants and disperse
the energy stored up in them. The plant is
accordingly an apparatus for reduction, the
animal an apparatus for oxidation.

This theory was more particularly devel-
oped in France by Dumas and Boussingault,
in Germany by Liebig. There is between
plants and animals a constant circulation of
matter and exchange of energy. The animal,
by means of the oxygen of the air, transforms
into heat, electricity, or motion the potential
energy contained in the food-stuffs obtained
directly (herbivores) or indirectly (carnivores)
from plants, and produces water, carbonie acid,
ammonia and salts. The plant draws these
ultimate produets from the air and soil, and
by means of solar radiation builds them up
into carbohydrates, fats, and proteins. Animal
life as a
whole is
thus sub-
ordinated
to the pre-
existence
and co-ex-
istence of

1. 11. — Ascidium  of leaf

of  Nepenthes. At the
bottom of the pitcher-
shaped receptacle in seen
the finid ¥, secreted by the
glands, in which the ani-
maleules that fall in can
bhe digested. This fAgnre
is somewhat reduced.

Fii. 13.—Leaf of Drosera mobundifolic,  (Darwin.)
The leaf shows numerous pedunculated
glands, ench laving at its extremity a drop
of secration which serves to eateh and digest
the insect.

position. In

plant life, the latter being wholly
independent of the former.
This doetrine of wvital an-
tagonism between plants and
animals is no less false than the
teachingof Linnaeus and Cuvier,
as was readily demonstrated by
Pfliiger in 1875. 1t is a fallacy
to assume any radical difference
of function between plant and
animal protoplasm. TIn the last
chapter we saw that both kinds
of protoplasm differentiate into
cells or elementary organisms
endowed with an essentially
analogous struecture and com-

considering the vital characters common to all

living beings we recognised hoth in plant and in animal metabolism







































68 PHYSIOLOGY CHAP.

Every assimilatory or anabolic process results in an accumu-
lation of energy, and necessarily implies a source of kinetic, which
can be transformed into potential, energy. Hach dissimilatory or
katabolic process, on the other hand, results in a dispersion of
energy, and presupposes a store of potential, to be transformed
mto kinetic, energy. This is why the two opposite processes are
simultaneous, or constantly and rapidly alternating, during life,
while the two together constitute metabolism, which—as we have
seen—is the physiological basis of all the phenomena of life.

Since in green plants anabolic largely predominate over
katabolic processes, the energy which they develop by oxidation is
madequate for the synthetic formation of their highly complex
organic substances, and the intervention of the energy derived
from the sun's rays becomes necessary.

In animals, on the contrary, in which katabolic processes
largely predominate, the energy which they develop by the
oxidation of organic substances is not only enough to:yield
mechanical work, and to keep the temperature of the body above
that of the environment, but also suffices to seecure the anabolic
processes, or new organic syntheses, by elaboration of the food-
stuffs drawn from plants.

The destruction of the organic molecules by the katabolic pro-
cesses does not take place all at once, so as immediately to turn
combustible substances into final produects; but it is effected
gradually and successively, the more complex being converted
into other less complex molecules, and these into the end-produets
rejected by the body. ‘ :

The presence of oxygen is not essential to all these regressive
metamorphoses. In the absence of free oxygen, protoplasm is able
for a certain time to obtain oxygen from the combinations in
which it is held loosely or firmly, and thus to develop kinetic
energy. The great plasmodia of the Myzomycetes, e.g., it placed in
a medium deprived of oxygen, will continue their movements for
three hours ; ciliated epithelia can live even longer without oxygen
(Engelmann) ; excised frog’s muscle placed in an atmosphere of pure
hydrogen will give off carbonic acid for many hours before it
becomes inexcitable (Hermann). Many organisms of the lowest
orders, particularly in the numerous groups of bacteria, have the
faculty of living permanently without oxygen. Pasteur, who was
the first to call attention to this most important phenomenon, gave
the name of anaérobic to the organisms which live in the absence of
oxygen, in contradistinetion from the aérobic, which can only
live in presence of this gas. According fo Tarozz (1905), the
incapacity of anaérobic bacteria to develop in culture media in the
presence of oxygen, is due not to a toxic action of the oxygen on
these microbes (as has been stated by many authors) but rather to
chemical modifications of the proteins in the broth used for the
























76 PHYSIOLOGY OHAD:

chemotactic activity in the leucocytes of vertebrate blood. The
products of the metabolism of pathogenic hacteria exert a marked
t_zhemutanth action upon them (Fig. 19), a fact which is of great
lmportance in the interpretation of the inflammatory phenomena
of infective diseases, as we shall see in discussing Blood.

VIII. Mechanical stimuli (blow, contact, puncture, shake,
pressure, etc.) are the simplest means of provoking excitation
in living matter. The least shake of the object-carrier on which
the movements of an amoeba are being watched under the
microscope is sufficient to produce temporary standstill, and if the
Impact is strong enough a partial retraction of the pseudopodia.
It the shock is repeated at frequent intervals the effects induced
by each stimulus summate, resulting after a minute or two in a
true mechanical tetanus, during which there is a concentric
contraction of the whole of the protoplasm, which causes the
amoebha to assume a globular form.

In addition to general mechanical stimulation, the effects of local
stimulation have been experimentally studied, by touching or stah-
bing the amoeba with a blunt body or with very fine needles. In this
case, when a reaction appears, it is at first confined to the point
stimulated, whence it is slowly transmitted to the rest of the body.

The mechanical excitations of the living matter consist
for the most part in a modification of the pressure relations
under which it exists. In every case in which there is a
difference of pressure at two different parts of the body of any
organism, phenomena of excitation are manifested, which, since
they are produced by a unilateral pressure, are known as barotactic.
Several forms of barotaxis may be distinguished according to the
kind of pressure, while it also ean be positive or negative, according
as the organism turns towards the side of greater or less pressure.

Verworn groups under the name of thigmotazis the tendencies
exhibited by many organisms, both animal and vegetable, to
adhere to the surface of more solid bodies, or to penetrate through
their pores, even in defiance of gravity. ‘ :

Stahl defines as 7heotaxis the peculiarity certain organisms
exhibit of moving in the direction contrary to a current of water.
Since this movement is determined by pressure acting in a particular
way, rheotaxis is merely a special f‘o‘gm of pqsitive barﬂt&xllﬂ.
Thus far the phenomenon has been studied only in the plasmodia
of Myxomycetes and in a few plants; but it is highly probable that
the rise of the spermatozoa in animals and man from the vagina
to the uterus, and thence to the oviduet to meet the ovui, 18 a
rheotactic phenomenon, since this movement is accomplished in a
direction contrary to that of the current of mueous fluid set up by
the cilia of the epithelial cells which line the surface of the uterus,
and which vibrate in a direetion contrary to the movements of the
Bpermatozoa.
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A third form of barotaxis is geolaais, or the _well-lfn:_m'n
property of plants to place themselves with their Illrl:‘.,'dltl,ll‘ u,}:]f In &
definite direction toward the centre of the earth. I'he stimulus in
this case is afforded by minimal diifbrevlpes of Fpressure il[:tllllg 0)il
points at different heights of the orgamsin. thc: istremst}n.tr Llr;{-ri;;a
grow away from the centre of the earth, and are, & f tt} ,
negatively geotactic; the roots grow toward the centre of the
earth, and are, therefore, positively geotactic ; further, the leaves,
and not seldom the branches, grow in a direction paugentml to the
earth’s surface, and thus exhibit transverse geotaxis. .

Loeb (1888) discovered that geotaxis is a phenomenon widely
diffused among animals also. It is possible to convert animals
that exhibit negative, into animals ex-
hibiting positive, geotaxis, and vice versc.

Many infusoria and bacteria exhibit
geotactic phenomena. They frequently
collect on the surface of the water 1n
which they live (negative geotaxis, Fig.
20); at other times they sink down and
crowd together at the bottom (positive
geotaxis).
~ Knight (1809) showed that geotactic
phenomena are determined by differences
in pressure acting like gravity on the
different points of the vegetable organ-
ism. He employed wheels turning in
a vertical plane, to which he attached
PlilDL_E': ll."l various Pﬂﬁiti['ll]ﬂl, a8 “'ﬁ“' a3 Frz. 20.—Glass tube containing Para-
Eermmatlng gseeds. He found that all "}umffl:-i'{-r.l!I.I,F.t!I{.-}-'l.H iﬂ.'-IUl.:n-_u"l_lu.::u:n
the stems grew in towards the cenfre fuye solleeted at the top of te
of the wheel, while the roots grew away 1L.l.E;EE%.T&;‘?E.?F&.E.,h;{f;'fff:"””H”“”“F
from it. Jensen practically repeated the
same experiments on infusoria living at the surface of the water,
by rotating the test tubes which contained them in the centrifuge.
Provided this were not driven too quickly, so as to make the
infusoria, which are specifically heavier bodies, drop to the bottom
of the test tube, they remained at the top, where pressure is lowest
during rotation.

LX. Heat rarely exerts any direct stimulating action on living
matter. In the higher animals, however, the special terminal
organs of certain centripetal nerve-fibres are excited by heat.
Kiihne was the first to observe thermal tetanus in Amoebae
when the temperature was raised to 35° C. On cooling the
atmosphere again, the amoeboid movements were slowly restored :
hlﬁnting to 40-45° C. kills the animal by coagulation of its proto-
plasm.

When the heat acts on one part only of the amoeba, the
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from the ocean bed. By this method a certain amount of exact
knowledge has been obtained in regard to the fauna and flora of
the seas. As regards the vertical distribution of these pelagic
organisms, 1t 18 1nteresting to note that the forms which live at
different heights in the same region of the sea vary enormously
among themselves, so that we ought to speak of so many special
biological zones in relation to the different depths of water.

The main factor which determines this diversity in the forms
of life at various depths, is light; then come femperature, and
movement of the water, which are of secondary importance; while
pressure of water 1s, save lor the Teleosteans provided with a swim-
bladder, of no importance, as we have already pointed out.

In regard to light, the following zones can be distinguished
in a vertical section of the water of the ocean . —

(a) A first zone, highly illuminated, which extends from the
surface to about 30 metres down.

(6) The shaded zone, from about 30 metres below the surface
to the farthest limits to which light penetrates (some 500 metres
deep).

(¢) The dark zone, which commences at 500 metres, and extends
to the greatest depth known to be inhabited, 7.e. some thousands
of metres (in the Mediterranean the Purifan dredged to a depth
of some 1500 metres).

It agrees with this, and with the fact that light is an indis-
pensable condition of plant life (chlorophyll fumetion), that mno
vegetable organisms (algae) have so far been dredged at a lower
level than the shaded zone, 7.e. below 500 metres. On the other
hand, numerous animal organisms have been found, and deseribed,
below this level, in accordance with the fact that light is not
an indispensable vital condition to animals. Tt is, however,
interesting in those animals which live entirely in the dark, to
observe the morphological changes in the sense organs destined
to receive luminous stimuli (eyes). In some they atrophy com-
pletely, as in terrestrial creatures living in caves; 1n Uth_erﬂ, on
the contrary, they develop enormously ; while in order to furnish
the stimuli required to make them perform their functions, they
develop numerous and powerful luminous organs in different parts
of the body. h :

Hensen was the first to propose the collective name of Plankton
(wAavkrds, wandering), which is now universally accepted, to indicate
the world of living organisms (fauna and flora) in mid-ocean ;
while the name of Benthos (Bévfos, bottom) is applied to the
aquatic organisms that live at the bottom of the sea. ]

Lo Bianco (1903), on the strength of the _fug:ts a,lread}*dl?.cusagd,
to the effect that light is the factor determining the varying dis-
tribution of plankton, proposed to term the biological stratum
which corresponds with the first of the above zones phao-plankton,
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b and itz derivatives.
4, methasm intion : 4, haematin in alkaling 50
in aeid solution in alkaline solution ; T, ha |
earl haemozlobin and carboxyhasmochromogen ; 9, sulpho-methaen

nrobilin in acid solution.

Fig. 35.—Abaorpt
















IV THE BLOOD: FORMED CONSTITUENTS 115
Notwithstanding these different theories and conflicting argu-
ments, Ehrlich’s view 1s that generally supported.

In the cireulating blood the white corpuscles are almost always
round, and since their specific gravity 18 somewhat lower than
that of the erythrocytes, they leave the more rapid axial current
of the vessels and follow the slower peripheral stream, keeping 1n

erpetual contact with the internal walls of the vessels and con-
stantly rotating along them (eycloid movement). When observed
in an isolated drop of bloed, the object-carrier ‘crf t.he_mmrus_c?pe
being warmed to 35-40° C., it 1s easy to recognise their mobility,
which exactly resembles that of the Amoeba, so that Lierberkithn
(1854), who was the first to study and describe them exactly,
regarded leucocytes as peculiar parasitic amoebae. It 1s more
interesting to watch the amoeboid movements of the leucocytes
within the blood-stream. Cohnheim (1869) was the first to
demonstrate the fact that leucocytes, by their amoeboid properties,
are capable of perforating the internal walls of the smallest veins
by a pseudopodium and of passing their whole body, little by little,
through the temporary wound thus formed, as through a mesh,
emigrating in this way from the blood torrent into the interstices
or plasma canals of the tissues. This emigration may become
tumultuous in tissues that have suffered inflammatory irritation
(natural or experimental). The pathological doetrine of suppura-
tion and formation of abscesses is definitely co-ordinated with
this fact. The more recent researches of Thomas, Recklinghausen
and others have demonstrated that corpuscular diapedesis must be
regarded not as a passive extravasation, but as an active emigra-
tion due (as was Cohnheim’s original idea) to the amoeboid
mobility of the leucocytes.

The discovery of Phagocytosis, founded more particularly on
the elegant researches of Metschnikoff (1892), added new and
interesting arguments for the eclose approximation between
leucocytes and amoebae. Even when removed from the blood, and
observed with the microscope, leucocytes, like amoebae, are seen to
be capable of ingesting many foreign bodies, by surrounding them
with protoplasm, whether these are inorganic particles (such as
carmine granules and other colouring matters), fat drops, dead cells
or fragments of cells, or living cells and mierobes (e.g. erythrocytes
and bacteria) of various pathogenic or non-pathogenic species.

Leucocytes, like amoebae, are capable of digesting dead bodies,
and of chemically killing and dissolving the living cells and
microbes which they have ingested. 'The red corpuscles thus
dissolve slowly in the interior of the phagocytes (large lencocytes),
leaving a residue of pigment. They exercise a similar dissolving
action upon pus granules (dead or dying leucocytes), on the fibrin
of inflammatory exudates, and on muscle fibres in cases of acute

atrophy of the muscular tissue. Lastly, the phenomenon of the
VOL. 1 Ia
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vapidly) to the normal quantity, owing to their conversion into
nitrogenous waste products. A marked increase of urea in urine
is actually observed during the first (2-5) days after tl‘ﬂ;ﬂﬁ-fuﬁmll
(Worm-Miiller, Landois). The erythrocytes d_lmlﬂléjsh far 111':1'1*9:
slowly, so that the blood for about a month is richer i corpuscles
(polyeythaemie) and haemoglobin (Panum, Lesser, W orm-Miiller).
The diminution of the corpuscles is due to the breaking-up of their
constituents, as manifested in a moderate iqﬂreaae i the urea
excreted daily by the kidneys, and the bile pigments secreted by
the liver (Landois). ,

It is remarkable that a rapid consumption of transfused blood
is observed even during inanition. In a dog that has been sub-
jected to a prolonged fast, periodical transfusion does not hinder
progressive wasting of the body (Luciani). A

Indirect, as well as direct, homogeneous transfusion 1s tolerated
(provided the amount be not excessive), although defibrinated
blood contains a considerable quantity of thrombin and of co-
agulative nuclein-containing substances. Panum succeeded 1n
replacing almost the whole of a dog’s blood by other homogeneous,
defibrinated blood, without injury to the animal. In this case, no
plethora is produced ; the transfused blood is supported well by
the new individual, and shows no abnormal tendency to degenerate.
This indicates homogeneous transfusion as a rational measure to
avoid the danger of death in severe haemorrhage. Since, however,
in many cases death ensues not from deficiency of the nutritive
matters of the blood, but beeause the necessary mechanical conditions
of the circulation are wanting, it is simpler in practice to replace
transfusion of blood by intravenous injection of physiological saline
(09 per cent), as suggested by Kronecker. The salt water is of itself
capable of maintaining the circulation, giving time for new blood
to form, and thus averting the danger of death from haemorrhage.

Transfusion of heterogeneous blood is dangerous to the life of
the animnal even when it is administered in moderate doses. It
provokes fever with haemoglobinuria (Ponfik), due to dissolution of
erythroeytes (Landois); capillary embolism, due to agglutination of
foreign blood -corpuseles (Albertoni); fibrinous eclotting, extra-
vasation of blood, diarrhoea, cholaemia, and bile pigments in urine,
ete., all effects of the destruction of blood-corpuscles.

This toxic and specifically haemolytic action of the blood of an
animal in regard to the blood of another animal of a different
species is exhibifed regularly, but in varying degrees, in the
different species. Thus the blood of certain fishes, e.q. of the eel
and lamprey, is excessively toxic to mammals (A. Mosso). In order
to kill a rabbit, it suffices to inject 05 grm. of eel’s blood for each
kgrm. of the rabbit’s, into the cireulation or peritoneal cavity ; while
to produce the same effect with duck’s blood, 7 grms. are required ;
with dog’s blood 40 grms. per kgrm. (Héricourt and Richet).
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and a left or arterial heart, connected by a system of vessels
running centrifugally and another running centripetally, which
are closed, and communicate by a capillary system. ThE,S}'Etﬂlll
of the lesser, or pulmonary, circula-
tion unites the ventricle of the
right with the auricle of the left
heart ; the system of the great, or
aortie, circulation connects the
ventricle of the left heart with the
auricle of the right. The auri-
culo-ventricular orifices and the
orifices of the two big arteries
which arise from the ventricles are
provided with valves; the orifices
of fhe great veins, which open
into the auricles, have no valves,
although on the other hand valves
are plentiful along the course of
the veins.

The importance of the several
parts of the circulatory system is
very different. Only the capillary
portion serves the ph:,rsiufﬂf_{iml
uses of the blood. The arteries
and veins are only paths to con-
duct the blood to the seat of its
activity, whence it is againreturned
to the heart. The heart is the
motor, a perfect pumping machine
to circulate the blood, emptying
its contents into the arteries during
systole, filling itself again with
blood from the veins during dia-
Fra, 45 —Disgram of cardio-vascular systein. Stﬂlﬂ. d " .

Hed irl:lim'l.ldlrr; the vessels connected with The d]ﬁﬂ:}'\!ﬂ]‘}f of the Gll‘ﬂ‘l‘llﬂ—
sireuiatas,  Bluo. indicates. the vesssts tion of the Blood is certainly the
conmrsied i, e M, e S L most important event recorded. in
dicates the lymphatic system. o, Lesser, the history of p}]}'ﬁiﬂlﬂg}'. B}" 1t;

or punlmonary circulation ; p, lung; ge, . .
great or gystemie cirenlation, formed by ﬂEﬂ-I’].‘}' the whole fi}'ﬁtﬁﬂl of phfﬁlﬂ-

all the vessels of the aortic arterial systam - G = : - A
and the venous system of the venae cava r lﬂglﬂa’]‘ and Il]El:llﬁal ]"nﬁ_“ J.Edgﬁ, a8
of, portal system ; ce, hepatic system; e, handed down from Ell‘.'ttll.]ultj', Tre-

caphalic cirenlation ; of, lymph vessels, A wmugh, RS
went a fundamental reconstruetion. With it begins the modern
science of physiology, founded on the ruins of the ancient doctrine.
It is indispensable that any one who aspires to physiological
culture should be acquainted at least in its main points with the
history of this great discovery (which has been misrepresented in
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the peripheral fluid cylinders, being lowest or nil in those imme-
diately adhering to the walls of the tube. . ‘ j

This decrease of velocity of movement from axis to periphery
of the fluid cylinder, as represented by the blood, fully explains the
rotation of the leucocytes in the plasmatic la;,rerrz round an axis
perpendicular to the direction of the current. The necessity of
this rotation is obvious, when we consider that the leucocytes
nearest the axis of the vessels are under the influence of a more
rapid current than those nearest the walls. :

The explanation of the fact that the leutou_}_(tEH are nearly
always in contact with the walls of the vessel while the erythro-
cytes move along the axial stream, is not (as many think) that
some viscosity of their surface makes them adhere to the walls, but
lies in the difference between their specific gravity and that of the
erythrocytes. It can be demonstrated in the microscope that
granules of graphite, carmine, and colophonium suspended in
water, and made to circulate in capillary glass tubes, behave like
the red and white corpuseles in respect to- parietal and axial
currents. The granules of graphite, being specifically heavier, swim
in the axial current ; the particles of earmine, which are specifically
lighter, follow the marginal stream. On the other hand, these last
occupy the axial current, when they are made to circulate with
grains of colophonium, since the specific gravity of the latter is
lower than that of carmine. If has also been determined experi-
mentally that the leucocytes leave the parietal current and follow
the axial, when they are made to cireulate, not with erythrocytes,
but with drops of milk, which are specifically lighter (Funke).

IX. The phenomenon of diapedesis of blood-corpuscles, alluded
to in Chap. IV., which may be observed in the microscope, deserves
special mention on account of its great importance.

Cohnheim, in 1867, was the first who directed the attention of
biologists to the fact of the active emigration of leucocytes from
the blood-stream through the uninjured vessel walls. He founded
on this fact a new theory of inflammation and suppuration which
18 a complete antithesis to that of his celebrated teacher Virchow.
The same facts, however, had been observed and described in 1846
by Waller, who was the first to recognise the identity of the
leucocytes and pus corpuscles, but regarded the migration of the
blood-corpuscles as a phenomenon of filtration, ;

In 1849 W. Addison formally expressed the concept of an
active emigration of the leucocytes, and distinguished various
stages 1n the course of the phenomenon,

In 1864, v. Recklinghausen discovered and described the
movements of the leucocytes through the spaces of the connective
tissue and the lymphatic canaliculi of such tissues as the cornea,
which have no blood-vessels, dmtmguiaping between the fixed and
the movable or migratory cells. He did not investigate the origin
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anatomicun, 1649), that of pre-systole by Spring, 1860, who, however, intended
to describe an imaginary active dilatation of the ventricle, immediately

prf-.l:ﬂding 5}'5[91(‘,
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Normally the duration of presystole is much shorter than
that of systole. With accelerated cardiac rhythm, .. when the
period of the cardiac cycle decreases, perisystole, more particularly,
shortens, and shows a tendency to disappear altogether: the
duration of systole, on the other hand, 1s either unchanged
(Ludwig), or shortens only
when there is an exag-

erated acceleration of
rhythm (Donders).

Presystole consists in a
eontraction of the mus-
cular walls of the auricles,
seen with the unaided eye
to be peristaltic; this peri-
stalsis starts from the
extreme end of the veins
which open into the aur-
icle, is propagated in the
auricle from above down-
waras, and extends as far
as the auriculo-ventricular
groove. The presystolic
contraction diminishes the

cavity of the auricles in

every diameter, least, how-

jever, in the longitudinal

“direction (Kﬁl‘-‘iﬂhﬂ&l‘} Fig. S0.—Human heart dissected after boiling, to show
A stiperficial muscular fibres, seen anteriovly. (Allen

The striated muscle
fibres with which the
veins are provided in the
vicinity of their openings
into the auricle, and the
arrangement of the mus-
cular fibres of which the
walls of the auricles con-

Thomson.) «, Aorta ; I, pulimonary artery ent short
cloge to semilunar valves, to show anterior fibres of
aurieles ; o, superficial layer of fibres of right ventricle ;
&, that of 1eft ;. r, ¢, anterior interventricular groove ; o,
right anviels; «, its appendix, both showing chiefly
1H!r|]!'!ILII'lI;,'-ll]H1.' fibres; & upper part of left auricls:
wtweet € and b the transverse fibres, which, behind
the aorta, pass across both auricles; ¢, appendix of
left anricle ; f, superior vena cava round which, near
the auricle, circular fibres are seen ; g, ¢, right and left
pmlmonary veins with eirealar bands of fibres surronnd-
ing them

sist (Figs. 50, 51), account for the changes in diameter exhibited
n presystole.

~ In systole, the ventricles seem on simple inspection to contract
simultaneously at every point. Yet more delicate ohservation
shows that the contraction here also is peristaltic, commencing at
the auriculo-ventricular groove, when the presystolic movement
has reached its maximum, and spreading thence‘to the apex with
such velocity that the eye cannot follow it. Systole is accordin gly
only a continuation of the presystolic contraction wave, which
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suffers a brief delay on reaching the auriculo-ventricular eroove
and is then propagated with extreme rapidity from base to apex
of the ventricles. ;

+ II The changes exhibited in the three principal diameters of
tl}e ventricles, and the modifications of the internal conformation
of the heart during systole, can be estimated by direct observation
(Harvey), by approximate measurements (Ludwig),and by recordi ng
apparatus (Roy and Adami). Not only the transverse diameter—
which no one eontests—but the longitudinal diameter also, shorten
during systole ; the sagit-
tal or antero- posterior
diameter seems on the
other hand to lengthen
a little— although this
1s contradicted by some
observers. It is certain
that during systole the
elliptical base of the
heart becomes almost
circular, and the apex,
which in rest is filted to
the left, becomes perpen-
dicular to the centre of
the base, advancing to-
wards the thoracic wall.
The ventricles simul-
taneously undergo a
twist from left to right,
by which a portion of
the left wventricle wall
S becomes visible, which
Fui. 51.—Posterior view of same preparation as in preced- dlll‘iﬂg rest is covered by

ing figore. (Allen Thomson.) o, Left ventricle: b, left %
ventricle ; ¢, o, posterior interventricular groove : d, {ﬁ;ht. the ‘.‘F’H]_]_ ot t'hE I.Eft 1ul'lg+

auricle; e, left auricle; £, superior vena cava; g, o, That these chances
pulmonary veins cut short; &, sinus of great coronary . : T 7 =]
vein covered by muscular fibres: A, middle cardine Of form in the ventricles

;if::t;ﬁ]?:l?ﬁlgﬂrg:mﬂ #inns; 1, inferior vena cava : i, l:hl].'ing STEI]U].E dEPE]]Ii
essentially, like those of
the auricles during presystole, upon the specific structure of the
myocardium, is shown by the fact that the same changes of form
and diameter can be observed in the mammalian heart, when
excised and placed upon a flat surface (Ludwig). _
The structure of the myocardium is so complicated that it
only lends itself to schematic representation, and not to exact
description. The more recent studies of Hesse and Krehl, follow-
ing on those of Ludwig and Henle, have, hpwever, cleared up. the
points of greatest physiological interest, which may now be briefly
summarised.
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The external muscular layer of the myocardium 1s common

to both ventricles
(Figs. 50, 51, 52).
Its fibres take origin
in the fibrous ring
at the base of the
ventricle; they de-
scend obliquely from
above downwards,
and after rejoining
the apex of the
heart most of them
form a vortex, sinlk-
ing deeper and fur-
nishing almost the
whole of the inner
layer of the left
ventricle, papillary
muscles, columnae
carneae and muscu-

l!l.l" aS0C1a l}l ”1'3 Fra. 52, —=arface libres of ventricles of hinan heart feom the front
IFT . e and below, (Reid.) o, YVortex of apex® U, bundle of fibres emers-
‘Jl_ eater G}lﬂldﬂ,ﬂ ,tﬁn ing from exterior of :|4l-lt. ventricle at \'urE{-x i, and crossing lower
dineae of the mitral  part of septum uninterruptedly. At d the surface fibres are

somewhat interrupted.

valves, as first de-

scribed by Oehl. The fibres of the internal muscular layer of the

Fig. 58, —Section across middle third of a human heart fixed
in diastole. Heen in perspective. (Krelil.) The cavity of
the right ventricle shows a number of trabeculas, muscle
bunidles and tendinons filaments, which connect the walls
r.d' the ventricle in every direction with the interventricnlar
septum. ‘The eavity of the loft ventricle is much simpler.
The figure also gives n clear idea of the difference in thick-
nigs of the walls of the two ventrieles,

right ventricle, on the
contrary, originate in
the upper border of the
mterventricular  sep-
tum, and form numer-
ous reticulated, almost
transverse, trabeculae.
At different heights of
the ventricular cavity,
innumerable little
muscle hundles and
tendon fibres unite the
septum with the walls
of the wventricle, while
other separate bundles
ascend as papillary
muscles, to unite by
the chordae tendineae
with the tricuspid valve
(Fig, 53).

In the cavity, both of the left and of ight ‘
he cavity, , ¢ the right ventricle, two
parts of the internal wall can be distinguished, which are termed
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coni arteriosi (lying beneath the orifices of the aorta and pulmonary
arteries); these present a smooth surface, destitute of reticular
trabeculae, and provided with stout bundles of longitudinal
muscles,

The far greater bulk of the walls of the left ventricle, in
comparison with those of the right, is especially due to =l‘.he.
presence of a third layer of muscle fibres, which can be isolated
'.\_rlth nitric aeid; this dissolves the tendinous and connective
tissues, making it possible to separate the inner and outer coats of
muscle fibres. In this way an intermediate layer of fibres can he
isolated which are almost circular in direction and form a some.
what conical mass ; these do not end in tendons, but wind round
upon themselves, and belong ex-
clusively to the left ventricle
(Krehl: Fig, 54).

No less interesting -than the
changes of external form ave the
systolic changes within the ven-
tricular cavities. To form an
adequate notion of these, it is
necessary to fix and harden two
human hearts, one in a state of
total systole, the other, as nearly
as possible of the same size, in a
et state of maximum diastole(Krehl’s
method).

Fio. 54, —Middle Inver of muscular fibres,
destitute of tendons, from left ventriele of . . "
human heart, after removing internal and T'o obtain the dead heart fixed in

Sehematically indicated, 3 the mefur iastole, it must either not have entered
aize, , (Rrelil) the state of rigor mortis, or must already
have passed out of it. After earefully
removing the heart from the thorax, all the great vessels must be made
water-tight (by means of corks introduced into their lumen), with the exXeep-
tion of the pulmonary vein and the vena cava superior, into which two
glass tubes of the same calilne as that of the vessels must be introduced, and
fixed by ligatures. Through these tubes the heart is filled with water under
a hydrostatic pressure of 50-100 mm. of mercury. The water enters by the
great veins into the auricles, and by the aorta into the coronary arteries, out
of which it filters slowly through the cardiac walls. The heart is thus
thrown into acute diastole, which is more pronounced than in life, and
is left 6-8 hours in this state. It is then fixed with 96 per cent aleohol,
which is passed through it for 3 to 4 hours under the same pressure as that
used for the water, To complete the hardening, absolute is substituted for
the dilute alcohol, without any further pressure.

Fixation in systole is effected by Hesse's heat method. The freshly
extracted heart is placed for an hour in a solution of potassium bichromate
at 52° C., which throws it into a state of pronounced systole.

Total systole of the human heart ean only be demonstrated on the heart
of a subject who has died suddenly, at the maximum of rigor mortis.

Dissociation of the cardiac fibres is easy after treatment with ordinary
nitric acid, This acid, however, shortens the muscle fibres, and throws the
beart into more or less complete systole,. In order to dissect out the heart
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it with the acid 1|r||1l|;-|'1.:¢_]|-['i':-.~‘.|r'-- 11:1'

aneeess, put often Ialls, owWiIng 1o
heart, 1I|I|T1|][]uj ! |[-I ri l:l lllu I'-t Inul t]f“l 5 auricles. ~5‘1LI'|E1Iri
L S s :I':-l|)|1]|[1 :tllll.lll :';__'1'1']:‘ li»]:llllll:lll.r;t |.-1. }:1“:'

111 I|ié|-51-.IILL'. 1 .!*-C TECEESALY Tt '||11 |.!l;|.|l
g0 mm. mercury. This may be
the easy rupture of the
-|111tml1|||-' it to the
for ‘-1'-.If-ll¢1|"-"~ in water, in which the
acid, partly dissolves, and the T
tissne. The muscle fibres can then be teaszed o

rest can be t-.lllll‘. separated from the mus seular
111 withont |!|"".1|1

Fia. 55, —A, Section throngh heart of a eriminal, fixed in systole, at limit of lower thirvd of ver
A’ Section throngh same heart, at limit of upper thind. B, Section throngh heart of approxi-
mately the same size as the preceding, Hxed in diastole, at same level as A, 1, section of
same heart. at level of A'. All fonr flermres are diminished Iy half. (Krel 1.}

\
pnaiidd (L8

The cavity of the left ventricle, seen in section, appears in
systole as an irregular, somewhat st: [l—‘-]hﬂ]l‘d fissure, the centre of
which t_lllll]hlﬁlllllh with the conus arteriosus. This proves that
the left ventricle is umable to empty itselt completely, even in
maximal contraction, so that a small quantity of blood is left in
1t, more especially in the space immediately behind the semilunar
valves of the aorta. Its driving power depends mainly on the
middle layer, contraction of which must produce a lengthening
of the longitudinal diameter of the ventricle : this is, however,
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regurgitation, which

V1l

centrifugal vortex and subsequent wave of
drives the valves upward, and tends to close them. So soon as the

Fin. 60.—Apparatus ; : e
(EiSe Toprecant St s mot s aloyclosare of suticulo-sentriculac valves. The tvo
i Fo Pl young subjesct, ha tw ia zir

pulmonary, aro divided near the oifcss, and ligared to corc. ~The wallsof the auricle e
héart with \'I-':l;,-l,‘.l’ t:lllli‘l -I'L‘I.Lii[‘;tﬁ |-.rI| l:lrr:1_1 ring clamped to o sapport.  On filling the 01\_;{1 e ; :}nu
(npper figure), 1Aftu'-:r p _;.L!m-'.i tl‘l.:lj[t!-lt]l'll" valves are secn to flogt into the Sﬂnti-u‘;e:” ¥ ”‘i i e
orifices, the valves temporaily of & few c.c. of water in the direction of the il

f alves temporarily assume the prsition of perfect closurs (lower “;:‘lt]!lal_h of hoth

- ! B}

injection ceases, the 5 of
. ga?lt.lifn ]LELIHE.H{ the flaps of the valves suddenly come together
g the ostium completely for the space of a few seconds.
: i ) 5.
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VI In order to comprehend the nature of the evacuation and
refilling of the heart, it is important to make an experimental
study of the oscillations of pressure within the auricles and the
ventricles, in presystole, systole, and perisystole.

These observations were first made by Chauveau and Marey
(1861) on the horse, by means of the so-called cardiographic
sound, in conjunction with a tambour and lever writing upon
a rotating cylinder (Figs. 62 and 63). The modifications 1n
instrument and method made by Fick, von Frey, Hiirthle, Roy,
Fredericq, Bayliss and Starling, and Porter, have led to results
which differ in certain important points from those of the two
French investigators. :

In the original researches of Chauvean and Marey, the tracings
of the oscillations of pressure in the right auricle were very
imperfeet, owing possibly to insufficient sensibility of the elastic
ampulla introduced into
the said cavity. At the
Rome Congress (1894),
Chauvean corrected cer-
tain errors of Marey, on
the strength of new
cardiographic  curves,
obtained from the horse
h}" means of more Per- Fig. 63. —Marey's tambour with writing lever (Verdin's

perfected type)l. o, Metal capsule closed by rubber

fect EKPIDI‘H.EDI‘F sounds. membrane, attached without tension to metal ring B.
T]}ege 'U'hEEl'VE'Lt-iUHH The alumininm dise fixed to the centre of the membrans

3 + carries o writing lever. Special contrivances make the
were pllb]lﬁhed 1M a instrument more or less zengitive by adjusting the initial
series of memoirs (1899 D or uther froms the Sicee o e mavie g, e
1900), which seem to us
rather to indicate the unreliability of results obtained with the
cardiac sound, than to add to the known data of eardiac mechanism.

Let us examine the most important of these memoirs, that
entitled L'[ntersystole du ceur (1900). This Chauvean calls a
phase of his cardiographic tracings, interpolated between presystole
and systole.

If the interpretation which he gives of this period, interposed
between the systole of the auricles and that of the ventricles, were
correct, it would involve a complete revolution in the fundamental
concepts of cardiac mechanism. To prove this, it is only necessary
to bear in mind the conclusions above stated in regard to the
function of the auriculo-ventricular valves. '

These close at the end of presystole, so that they are
already shut at the beginning of systole. If, however, we admit
an intersystolic phase, then the said valves, not being kept
in the position of closure by rise of ventricular pressure, would

reopen, and thus render useless the entire apparatus described
above for closing them.
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E,ham'f::m,_|11.-'rv;,;':|.i'c1ill;' the conclusions of Ceradini (whom he
does not mention ), maitains on the ground of ohscure experiments
and complicated arguments, that the contraction of the

. . _ apillary
muscles of the ventricles occurs d B '

| of : uring his “ intersystole,” with the
object of disposing the flaps of the auriculo-ventricular valves in
such a manner that the systolie rise in ventricular pressure (w hich
according to him, brings about the valvular elosure) may impiu-wj
]lI‘]lT][_'-iIl.lil“:g.' not upon the axial but upon the lr;l.t"ll‘l.-él:l face of the
valves.

No long argument is required to demonstrate the IMpossi-
bility of this hypothetical doctri ' icu.
DLULY of this hypothetical doctrine. We know that the auriculo-
ventricular valves close at the termination of presystole. The

Fig. 64.—<Tracings obtained by Chs i arse, by his perfected cardiographic soumnd.
I, Qscillations of pressura in 1T, oscillations of pressure in ht ventricle =
r, rotarn Lo -:LI':"I'Eﬂ!-I: L% ||Il| al ml I III"I! (contraction ;|_i||i relpxati = &) |.|-|ir_||i nfl
intersystole ; 8, period of ventricinlae | (contraction only). This is succeeded by the period

of ventricular diastole, which Chawveau does not indicate.

supposed intersystolic contraction of the papillary muscles,
causing them to reopen, could not, even if it placed them In a
position unfavourable to the systolic reflux, entirely prevent it.
Un the other hand, the researches of Roy (1890) show that the
papillary musecies do not contract before the muscular walls of the
heart, but enter into tardy contraction, thus facilitating the almost
complete evacuation of the ventricles in systole.

Tigerstedt’s interpretation of Chauveau's intersystole, in the
fourth edition of his Physiologie des Menschen, seems no less
impossible. He thinks it depends on the elastic reaction of the
walls of the ventricles, which are passively distended in auricular
systole, and which occurs only in cases in which the termination
of the latter and the commencement of the ventricular systole are
separated by a considerable time interval. It 1s, in faet, sufticient
to look at one of Chauveau’s curves, especially that of the internal
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depressions faithfully reflect the phases of activity of the right
heart. ) 7

The phlebograms made by Wenckebach present three elevations
and three depressions as shown in Fig. 65.

Elevation (@) coincides with presystole, and expresses the
temporary arrvest of the venous current (perhaps its partial reflux
also) during the contraction of the right auricle. The second rise
(¢) corresponds with systole and depends, according to Mackenzie
and Wenckebach, on the mechanical transmission of the carotid
pulse beneath the vein that is being explored. This is rightly

Fra. 60, —Tracing
AEmEILIve axy
fram I'!I':.ill'l':"" 1
rercarded with tl

L= |
tracings divide the

n juguler vein (phlebograms) recorded with a fairly
e of the r in & vouth of 23, recovering
LTH 41 Hphygmograms Al is
ihlebograms.  Time marked in J;". The g of return marked on the
period of pulsation into the five intervals deseribed in the text,

contested by Frederieq, on the strength of his researches on dogs,
from which he proved that the rise (¢) which accompanies the
beginning of systole is due to the closure movement of the
tricuspid valve. (Better expressed as, due to the projection
towards the auricle of the said wvalve, already closed at the
termination of presystole.) The third rige (¢) coincides with the
tension of the semilunar valves already closed at the termination
of systole, and probably depends upon the impulse received by the
right auricle in the dilatation of the ostium and arterial bulb in
consequence of the wave of rebound which occurs at the com-
mencement of diastole.

The depressions of the phlebograms are more interesting to
consider, 7.e. the two negative phases of the venous pressure. The
first (), from the apex of (¢) to the base of (v), coincides with
the phase of systolic emptying of the ventricles, and is due to
the sinking of the base of the ventricle by which the auricular
cavity becomes filled, and exercises a marked aspiration upon the
veins. The second negative phase () coincides with diastole, :llilll]:
depends, according to Wenckebach, on the fact that during
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ments are retarded, the diastolic aspiration increases so much that
the tube connected with the ventricle is emptied. ‘

(d) If the hollow of the pericardial chamber is filled with milk,
and connected with a horizontal glass tube, containing a fluid to
serve as index, the total volume of the heart will be found to
increase during diastole, while with gent_le stimulation of the
vagus this diastolic increase of volume is still further augmented.
This phenomenon is not necessarily connected with slowing of the
heart’s action, since the same thing can be seen in the frog with
no appreciable changes in systolic frequency. (Coats.)

The conelusions we deduced from this and other facts had the
rare fortune of being confirmed by more complete and decisive
experiments. A. Fick (1873) showed by means of the metal
manometer, which he connected up with the right or left ventricle
of the dog (by a sound introduced through the jugular vein or
carotid), that pressure sinks below the zero line during diastole.
Goltz and Gaule (1878) endeavoured with their minimum mano-
meter to determine the absolute value of the negative diastolic
pressure with open thorax, and found that it may amount to
— 520 mm. of water in the left, and — 25 mm. in the right ventricle,
and diminishes progressively with the weakening of systole, .. in
proportion as the systolic evacuation becomes less complete. The
values obtained by De Jager by the same methods were higher :
he found a negative pressure that may amount to — 38 mm. Hg.
in the left, and -6 mm. Hg. in the right ventricle. Values
approximating very closely to these were obtained by other
workers, e.g. Rolleston, v. Frey, and Krehl (1890), with the elastic
manometer, both with closed and with open thorax.

It was Stefani, however, who directly undertook the task of
experimentally checking, one by one, the propositions which
we had formulated in 1871, and repeated with certain altera-
tions in 1874 and 1876. In a series of interesting memoirs (1877-
1891) he placed on a firm experimental basis that same doctrine
of the activity of cardiac diastole which we had preached for
many years with ever-growing conviction, adding many new
arguments in its favour.

It is essential to the comprehension of this theory to premise that
the thesis of active diastole may be considered from two different
pomnts of view. The diastole may be considered active in a purely
mechsanmal sense, viz. that the refilling of the ventricles durine
the first period of perisystole is the effect not of the vis a tergo of
the blﬂt_ld descending from the auricles into the ventricles, but of
the aspiration developed by the latter during that interval. The
expression active can, however, also be employed in a striet
physiological sense, viz, that the diastole is controlled and regulated

the action of the vagus, Let us first i .
aspect, g consider the mechanical
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forward by Thebesius (1708). According to this theory the
coronary arteries empty during systole and expand in diastole,
either because in systole the orifices of the coronary vessels are
closed by the raising of the semilunar valves and their application
to the walls of the sinus Valsalvae, or because the finer ramifica-
tions and capillaries of the coronary vessels are closed or drawn
together by the contraction of the myocardinm. : o

The first argument was refuted by Lanecisi (1728) in opposition
to Thebesius, and again, with more cogent reasoning, by Hyrtl
against Briicke, and it is, in the light of all that is known about
the mechanism of the semilunar wvalves, entirely erroneous.
Neither Hyrtl nor Ceradini, however, found any valid objection to
the second argument, which is to-day regarded as established by
the experiments of Klug and Rebatel, and the more recent work
of Porter and Hyde. Klug succeeded in the living animal in
ligaturing one heart in systole and another in diastole. On
microscopic examination he found that the superficial vessels were
tull of blood in the first heart, while the deeper ones were almost
empty : in the second, all the coronary vessels were turgid.
Rebatel, using Chauveau’s haemodromograph (see next chapter),
succeeded in obtaining a tracing of the pressure and velocity of
flow in the coronary arteries of the horse. He found that pressure
and velocity increase in the first period of systole; that at a
second period, pressure increases and veloeity decreases until it
becomes negative (arrest and recession of blood into the coronary
vessels); finally, that at the beginning of diastole there is accelera-
tion of velocity without increase of pressure. Porter was able to
convince himself by an admirable method, in the dog, that the
intramuscular branches of the coronary vessels were compressed
and emptied by the contraction of the myocardium, and that this
systolic evacuation assisted the streaming of the blood through the
walls of the heart when the myocardium relaxed, owing to the
diminished resistance offered by the slack and empty vessels to the
blood-stream. Lastly, Hyde studied the effects of the various
distensions of the ventricular cavities on the isolated cat’s heart,
by suffusing blood through the coronary vessels at constant
pressure. He defermined that whether the heart was at rest or
beating, the How of blood diminished when the heart was more
extended, ¢.e. when ecirculation in the coronary arteries was
1mpeded.

But even if the automatic regulation of the heart, in so far as
E-:;'Hmdle impedes the eirculation in the coronary arteries by com-
pressing l'-hEIZE’l, while diastole facilitates the fillin & of the coronaries
be accepted, 1t does not necessarily follow, as assumed by Briicke,
thﬂ_t- there is in diastole a kind of erection of the cardiac wal]é
t‘:‘l’h_lﬂ_h tengla o Ernducﬁ a negative pressure in the cavity, and to

acilitate its filling. It is true that Donders and Albini elaim,
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is that of Galen, who distinguished in the heart predominatingly
transverse, and predominatingly longitudinal fibres. In systole
the former contract, and the cavities of the heart are restricted ;
in diastole the latter contract, and the ea.vitqas are dilated.
Vesalius assumed much the same position, which had many
adherents both before and after Harvey, who denied that there was
diastolic activity. In 1861 it was revived (with slight modifica-
tions) by Spring. He supposed that the more or less longitudinal
fibres of the heart contracted somewhat before the transverse, thus
producing an active dilatation of the ventricular cavities before
the commencement of systole proper. This theory is, however,
put out of court by the fact that aspiration is determined not at
the pre-systolic but at the post-systolic moment.

Brachet (1815) maintained that active diastole depended on
hypothetical radial fibres, coursing from endocardium to peri-
cavdium, which he believed himself able to demonstrate on the
heart of man, horse, and ox. According to this author, the walls
of the heart exhibit a considerable thickening in systole; in
diastole the radial transverse fibres contract and reduce the
diameter of the walls of the heart, thus augmenting its capacity.
Most French writers of the first half of last century, eg. Filhos
(1855), Choriol (1841), upheld this view, which, however, was
strongly disputed by Parchappe and Bérard. In order to prove
this position it would be necessary to show that the two kinds of
fibres in eardiac muscle contracted successively and not simul-
taneously, as we must assume,

In a corrected and amended form the hypothesis of Galen, of
Brachet, and of Spring was revived by Krehl (1891). He assumes
an unequal (é.e. a non-sychronous) relaxation of the different
muscular layers of the heart, and held that the expulsor muscle
(intermediate layer of the left ventricle) relaxed earlier than the
longitudinal fibres of the internal layer, so that the latter, being
no longer compressed, enabled the walls of the ventricle to move
apart. He founds his position upon the experiment of Roy (1890),
- who succeeded in obtaining simultaneous tracings of the contraction
of the walls of the heart, and of the papillary muscles, and demon-
strated that these last contract later and relax earlier. This
fact, however, contradicts Krehl's view, according to which the
papillary muscles relax later than the walls of the ventricle,
Among Krehl's various hypotheses this appears to us the least
acceptable,

. (¢) The most universally accepted view of diastolic aspiration
1s that it depends on the elastic reaction of the myocardium,
tl}wnwu o tension ﬂ:t- systole, This is the theory which was
clearly gxprea_sed in 1838 by Magendie, when he compared diastole
to the dilatation of a rubber tube when released from compression.
L. Fick (1849) was the first to prove this on the dead heart in
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katabolic produets, to assimilate oxygen and nutrient juices from
the environment. For this purpose the anisotropous suhstan::e seeks
to acquire the largest possible superficies, v.e. 1t expands. Verworn
does not deny that this expansive movement (d.e. relaxation) is
assisted by numerous extrinsic factors, e.g. the tension of tendons
and faseia, ete., but he still attributes a not inconsiderable function
to the expansive activity proper of the muscle fibres. Albrecht
extended to the heart the idea which Verworn had formulated for
museles in general. He accordingly defines diastolic activity as a
functional necessity of recuperation. : ,

Other authors, on the contrary, ascribe the active character of
diastole to the elastic tissue contained in the myocardium. Krehl
appears to have adopted this hypothesis. He holds that there are
many elastic fibres beneath the endocardium, surrounding the
muscle bundles of the internal layers, which may be thrown into
tension during systole, and react in diastole by dilating the
cavities of the heart. The elastic lamellae which extend from the
semilunar valves passing under the origin of the aorta into the
interior of the musecles may produce the same effect. Lastly, he
believes that the root of the aorta, deeply implanted, and always
distended under high pressure during the energetic systolic
diminution of the base of the heart, must be deformed ; so that at
the commencement of diastole, when it recovers its position of
equilibrium, the pressure must involve a distension of the soft
muscles. This last idea is a new form of (Gaule’s hypothesis, as
already refuted. In any case, Krehl's propositions, as a whole,
leave us uncertain whether the dilator reaction of the heart, at
the commencement of diastole, 1s to be ascribed to the elastic
tissue or to the cardiac muscle. The former is, however, absolutely
put out of court by certain very important facts adduced by
Stefani, which go to determine the physiological character of the
active diastole.

VIIL In a previous paragraph we referred to the changes in
total volume of the heart, during the several periods of its activity.
We said that it diminished during systole, at the termination of
which metocardia oceurs, v.e. the maximal diminution of the heart's
volume ; and that it increases during perisystole until it attains
the maximal volume, or awwocardia, at the commencement of
presystole.

After our first experiments in 1871 (in which, to estimate
the changes in volume of the heart, we employed the pericardial
cavity filled with milk) Franck and ,Stefani (1877) were the first
who adopted the method of the pericardial fistula for curarised
dogs, kept alive by artificial respiration—tracings of the oscillations
of the total volum‘e of the heart (cardiac plethysmogram) being
recorded on a rotating drum. This is easy enough with simple air
bransmission, .. by connecting up the cannula applied to the
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pericardinm with a tambour and writing lever, artificial resplra-
tion being temporarily suspended.

The lellntnuH:Lun obtained by this method give an
approximate picture of the quantity of blood with which the

Fig, 60, —Cardine plethysmosrams. (Btefaniy
outttow ; b,
ASCETIne 1

b, Degcending portion, coineiding with ayvstolic
pidly ascending partion, coinciding with active diastolic infux ; e, a, slowly
._l:!iI:Ei'l.' ng with [MESSIVE diastolic x 1 i, notehes, which ||-;;|_!'__-, _-.51,-.;.;}-_;
oeeur on the asCancing --E’:||.|:|f|-_".

heart 1s charged, or which it disc harges at the different periods of
its cycle, .tlul :[Jt]wq-qmnl]\ of the systolic
u.a[ulu- amplitude of the ventricular cav 1ty.

As appears from the tracings in Fig. 69 we can distinguish :—

() A rapidly descending line which coincides with the period
of systolic evacuation.

(0) A rapidly ascending line (in which there is invariably a
noteh ) corresponding with the period of active diastole.

."r'? A slowly ascending line (sometimes horizontal or even
Hlil’]ﬂh 'I]l"‘*l-!'TILllll“ as shown in F iz, 70), which corresponds to the
time of passive diastole and presystole.

liminution, and peri-

It 18 obvious that neither the period of presystole mor the
succeeding interval of tension or latent systole, during which the
total volume of the heart undergoes no important modification, can
be distinetly shown in cardiac plethysmosrams. Since in the

3 f AT i1l 18 desentid I O
Fig. 70 Cardiae plethysmoprams, in which the ling <, o of passive relill 18 lesed II]IF|..
almost horizontal.

third per 10 of the }JJ{‘t]H’H]I]H”l 1 there mis |."- be a "'1]”]“ Augnenti-
tion of cardiac volume, or it may be station: ATy, Or i[””””‘?h the
deduction of Stefani seems valid, to the effect that * the LI
current (in consequence particularly of presystole) s must 1n ”W
first case suffer a simple retardation, in the second an arrest,
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The most important results which Stefani
plethysmograms are as follows :

‘t‘ul}' 1n different
that the heart,

the third a reflux.”
obtained from analysis of cardiac

(@) Their magnitude varies considerably not me
animals, but also in the same animal, showing

Fio 71— A, Plethvamozram obtainad under normal eonditions 3 B, Plethy
doe, dnrine dyspnoeic excitation of yagus.

ander different circumstances, is able more or less c'||||11|h!l.t'|:.' to
fill and empty itself of blood, “so that 1t may assume a volume
considerably greater than that attained in the preceding cycles,
r..ri'.fl‘rr"ar-'-'f'.ffffa'.lr.'r r:'_.f' ey J'.r-'rm".';,."n"r':r.-"h-ﬂ :..'r £l 1_|"'.-'-"fl,u'f-f-"nr'.-'_.-' |_r.|'" !";"rr I'IH"I’EI..I
(This comes out clearly in Figs. 69, 70, 71.

(b) There i1s no }us:n'w]utihiu difference in the duration and form
of the two hrst ]-f-l'imlq of the ]I].E"I]]:&'H]JH':_T]':‘[II! _lim* of H.‘-'FL{JHI'

Fio. T2.—Plethysimnogram showing aungmentation of candiae volume durimge exeitation

f"nl'al:R"Il!li.-il'J!Il and active diastolie refill) with changes m frequency
of the heart’s beat. It is only the third ]u=|'icu]- (of slow ]l:l_:-i,‘-lix'lit
refilling) that varies in duration and form with the acceleration
or retardation of the cycle. (This 1s demonstrated in the tracines

d3 ] e gy

of Figs. 71, T2, 73.)
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From this Stefani draws the 1

1 ogical conclusion that botl @
rat and second ] S it both th

Ll : : _'5'1'i"'|r~' r'_Jll the ]|||'1h}.'hllln;l‘:ltn are the effect of
physiological activity—while only the third can be regarded

1ysiolo | as the
eliect of repose of the heart.

ine that i -~ T
ing that stimulation of one yvogus by streone induetion enreents
JTal Ll 1 q f . 515 it i 1 3 < 3

(HE] 1 [E] SYHLOITE #yvE Lhon, i conspiewons|y imcrenses the peri L o] passive relil

(¢) It the vaous he excited, either directly or In cessation of
artificial respiration (which has the effect of increasing the venosity
of the hllllll.l;, EJ]"l!.II!HlIl t'||éi|]_‘_{i'h‘ appear i the cardiae }1lL'l]II}'?“:--
mograms, varylng in form according to the degree of exeitation
and the excitability of the nerve, but all having this in common
that the ascending line of the diastolic refill has a considerable
upward lift, which signifies that the heart acquires a oreater
volume. (Tracings of Figs. 71, 72. 73. 74 75.)

This phenomenon eannot he dependent on the slowing or
suspension of the beats of the heart, because on the one hand the
increase of volume oceurs rapidly and in a degree which far exceeds
the normal, and on the other there is a marked demarcation
between that part of the line of refill which corresponds with active
and that which :'rrt‘1'|-:-c]un|]|l.~=' with ]::1.-.='i*.|' diastole : and fiu;i!]_\'
because the heart is able on excitation of the vagus to attain its
maximum volume before the venous pressure has had time to rise
. to any considerable
extent (g, 76).

Stefant considers
that these lacts con-
firm the doetrine
we have maintained
since 1871, to the
FiG. T4.—Plethysmozram in which zentle excitation of one vaguz  effect that the vapus

{at ) makes ayvstolic evacnation incomplete, while it inereases

I i 1
1msTolle s |

15 a diastolic nerve,
iIn the sense that
“1t actively provokes mmerease of volume i the heart, by modify-
ing the physiological condition of the cardiae muscles.”

This same theory of the mode of action of the vagus upon the
heart (to be discussed in detail in the next l']l;l[s[L'['] Was :-zlzc'.l::L'HHi'l.'t:]}'
put forward by Rossbach (1882), Heidenhain (1882), Williams
(1887), Tigerstedt and Johannssohn (1889), and also by Frangois-
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Franck (1891), who in 1877 had pronounced In precisely the
welte sense.
ul!pllhl,liah:'-.II}J:*E ame necessary to de termine more exactly the nature
of the action of the vagus, in 8o far ag it is a diastolic nerve, capable,
e., of modifying the internal
ph}'ﬁiu]ngiu;u] state of [h_l:
cardiac musecles. With this
object, Stefani undertook to
measure the pressure that
must be exerted on the outer
surface of the heart in order
to arrest the circulation of
the blood. This he compared
with the pressure simultane B e lat AonE
ously e xerted upon its In citation of one Vagus (at -+) exuggerates R Moot
ternal surface, and noted the SO DReEC B AR
changes in the difference E:: tween the two pressures, acc ording as
the vagus was excited or par alysed. From this inge nious ;uul
origin: al research Stefani nhmmmi most 1mportant results, which
we may summarise in a few words. _ :

A ]uull.m:h.l'l fistula was made on a dog, the cavity being
connected h:,' H] *-]J-.ip[‘ll tube, on the one hand with a pressure
bottle filled with 1 Per cent solution of Nal l on the H[lu] "."-llh
a mercury manometer. When the fluid is made to descend into
the cavity of the pericardium, the manometer measures the pressure
oxerted on the outside of the heart. Another manometer, in which
an alkaline, anti-coagulant
solution 1s substituted for
mereury, is connected with
a glass tube introduced 1n-
to the vena cave superior,
in order to measure the
VENous pressure acting
upon the internal surface
of the heart. A third
mercury manomefer can
be connected with the
Fic, 76:—The upper curve represcits tlo verious pressure, carotid in order to meas

the lower the plethysmogram. At o, a (the corre- UTE the arterial pressure.
excited.” The two h SE % LilEb, g ioimnt "’"l‘. In lll*llr[rlhnn with the
:.','5,‘,::::"EI:;‘,‘,":’I'I':;.“"' rresponds to a slight fall of venous jnerease  of pericardial
pressure, the venous pres-

sure increases owing to the obstruction of the flow to the heart,
while arterial pressure diminishes owing to the diminished out-
put from the heart. When the lE‘T‘][rET‘llIl[ pressure 1s so high
that it completely inhibits the flow of blood to the heart and
circulation is arrested, the arterial pressure rises to 15-20 mm. Heg
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Diastolic pressure is accordingly reduced after division of the
vagi to an average of 11 cm. H,0, 7.e. to a value little more than
halt of that developed with intact vagl, which econfirms the diastolic
or dilator action of the vagi upon cardiac muscle.

[f the vagus is excited atter bringing the eirculation to a
standstill by pericardial pressure, the manometer 1 connection
with the pericardial cavity shows a rise of pressure which soon falls
again when stimulation ceases. It these oscillations of the mano-
meter be recorded on a rotating cylinder, the following tracing
(Fig. 77) is obtained, which is o new and direct proof that the
decree of diastolic dilatation 1s regulated by the vagus.

Lastly, in order better to control the theory of diastolic activity,
Stefani successfully employed certain poisons (atropine, digitaline,
and strychnine), measuring the diastolic pressure before and atter
injection of the drug, and before and after section of the wvagl

He came, in a few words, to the following conclusions : that

Fic. 577.—The recording mercury manometer is connected with the pericardial caviby. Show
disappearance of ]||nL].}'h1||.:._-_{r;|,-||'r|,||_1 pacillations in the heart, in consequence ol hvdrostatic
Presanrs exerted within pericardium. The vagus was atimulated in the neck at 4, .:-“:_'EIL: Vool
|i:_-..-tl afterwards more strongly. marks close of excitation. During stimulation tha heart
dilates. and resumes its original volume at the close of excitation. (Stefani.)

atropine lowers the diastolic pressure because it paralyses the
dilator action of the vagi, and that digitaline and HLI‘I}-'L:]millu"in[:l'e-.'lﬁv
the diastolic pressure because they act directly upon the cardiac
muscle, and render it capable of active dilatation in excess of the
normal.

Until these important facts determined by Stefani are con-
tradicted or shown to be fallacies, we shall continue to regard the
theory of diasfolic activity (which we formulated in |H'T‘|'j to be
well founded, both from a purely mechanical and from a physio-
logical point of view.

[n the ninth chapter we shall discuss eertain experimental
data which enable us to determine, up to a certain point, the
nature of the internal process by which the vagus le‘ululm’um{
regulates the activity of the diastole. 2

[X. After developing the mechanism of the systolic evacuation
':i.tlul diastolic refill of the heart it is easy to deal with the 111-:.-,1;'“,“
r:[l the L'.:u‘di;_u: beat or pulse, which, like the h{:;u‘i.-s{zulmllﬁ .l.r_;ml_
stibutes an 1mportant external sign in the investigation 1;1' this
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0rgan In man and in intact animals. It consists in g rhythmical
elevation of the intercostal spaces corresponding with the peri-
cardial region to the left of the sternum. The impact is generally
supposed to be greatest at the level of the fifth intercostal space, a
little within the mamillary line, where the apex of the heart lies
normally ; but from a series of careful investigations by Mariannini
and Namias (1882) it appears, on the contrary, that the point
at which the beat of the heart is normally strongest corresponds
more frequently (in 67 per cent) with the fourth than with the
fifth intercostal space, in the supine horizontal position. It is
usually perceived by palpation, but in thin persons with large
intercostal spaces it is visible to the eye.

Harvey was the first to point out that the cardiac beat
oceurred during systole. His theory is the more valuable, inas-
much as he had the opportunity of directly observing the beats of
the heart on Viscount Montgomery, who had lost part of his
thoracic wall through an accident, so that the exposed heart was
visible (Ewercitatio de generatione animalium, lii.).

This generally accepted doctrine, which has received ample
confirmation from modern researches with the graphic method, was
at one time contradicted, on the strength of fallacious observations
in which the ictus cordis was regarded as the effect of the sudden
dilatation of the ventricles at the moment of presystole. Corrigan,
Stokes, Pigeaux, Burdach (1832), Beau (1835), Baccelli (1859),
successively held a brief for this theory, which owed its success, as
Marey remarked, & ce qu’elle était simple et logiquement déduite.”

The first promoters of this theory, Corrigan and Stokes, ad-
mitted their error, and that it is still perpetuated by the Italian
clinician Baccelli is doubtless the result of an ambiguity. At the
Rome Congress in 1894 he maintained that the impact of the
heart coincides with the moment immediately preceding systole.
It is obvious that by systole he means the period of evacuation or
ventricular efflux, as was always understood by physiologists as
well as clinicians, prior to the introduction of the graphic method.
But since it is now well established that the efflux is preceded by
a period of tension or of latent systole, which lasts from 010 to 0-08,
it is clear that this must be the moment with which, according to
Baceelli, the impact of the heart coincides. We are completely at
one with this opinion, provided it be understood in the sense that
the displacement of the thoracic wall reaches its greatest height
during that period. If agrees, in fact, perfectly with what we
learn from the eardiogram. :

The method now generally adopted by phf:siulngisl{s and clinicians in
recording the tracings of the cardiac beat (cardiogram) is that of tambours
with an elastic membrane and air transmission. tirthle, in 1892, made an
interesting control research with the different models of cardiographs as
employed by various workers. This was the more useful since we should,
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il Iilr'lll.'-"l', expech certatn number of the ‘-'-'ljlll.;lf" .-'3:.-'._:'.'LI'I\'I'.1:~1!-.'? Tonmdd ]l_'..'
Jdifferent authors in the cardiograms of healthy individuals, to be due to the
method or rather to the mstruments employed. Hiirthle performed a rllrnlil]u
series of experiments.  In the first place, with the tambours of Marey, Knoll,
and Grunmach, he recorded an identical impulse, mechanically produced.
Then with the same tambours he successively ree arded the cardiograms of one
healthy individual. The result of his experiments showed that while Marey’'s
tambour was not wholly free from error it recorded the impulses in such a
way as to reproduce “their characteristics accurately. The cardiographs
invented by Knoll and Grunmach, on the other hand, were very fallacious,

The following tracing (Fig. 78), obtained by Francois- Franck
from a woman suffering trom ectopic cordis congeniia, 13 convineing
since in this case the heart, having dropped down through an
abnormal opening in the diaphragm, beat beneath the skin in the
linea alba of the epigastrium. It is clear that the rhythmical
elevation determined by the ventricular systole commences exactly
at the close of L:I‘L-H}'Hi.ln]l',

Fig. 78. —o.d, Cardiorrams of richt auriele ; anef, cardigerams of right ventricle, recorded
simultaneosusly by two separate explorers with writing levers. (Francois-Franck.)

No less convineing are the cardiograms obtained from man
under normal topographical conditions of the heart, which are
recorded simultaneously by an electric signal at the precise
moment at which the first and second sounds are first heard. We
have shown that the first sound is concomitant with systole, and
:Hl}'_niu-.l"ﬂ.'hu questions whether it begins at the moment of
tension, 4.e, _111"i[1]‘ to the ventricular efflux, need only study the
tracing obtained by Marey from the horse with a {'E!I'El[f]f";&l}'lllii'
sound introduced into the right ventricle (Fig. 79). 3

Starting from this well-established fact, the cardiograms of
the heart-beat (Fig. 80) which Edgren obtained from  his
cardiograph, used simultaneously with the stethoscope h-wé;
the same _\'ulm: and lead to the same conclusions as the 1";rrv-
going tracings of Frangois-Franck.

;wlu'::{;l;;::r[.]l:i;]::[;:]ttI[{llt;]t:- [l,}ll.:‘{:;:.lfh] Lr[_n-':':i L-u I. |IL:1_'lIlIILi.'i_LI.H| i1! the rapidly

ng ement before the intraventricular tension has suc-
ceeded in opening the semilunar valves, all those hypotheses are
necessarily diseredited which seek to explain this phenomenon



224 PHYSTIOLOGY CHAP.

ias E.r||> effect of the .~;_'|.-_-.-[.|J]il' outHow of the blood into the
arveries.

t.-t]'llll‘: (1833) ;|1|lli Ludwie (1848) in order to explain the
cardiac E'I]l]*—'.l‘, 1|:||||{ 111 G0 .-E:--'1".:L] l-llla.-CI;lllr.'l'.li.i-:m the |-|J:||:::;J_'L form
assumed by the ventricular mass in systole, and the forward

70 . lat

7o, harilla Cla (VoL of horse, transmitbel th roteh eandiae

TH1 L II- 0 v.) The times at whicl t lirst and second hegrt-sonmnils
1 & e an y recorded by an electric signal,

inelination observed in the base of the ventricle, which causes the
apex of fhe heart to impinge on the wall of the thorax. But
since this change of form and movement of the heart is the effect
of systolic evacuation, it is obvious that it cannot be adduced to
1\}+l un the sadden rise seen in the eardioorams during the period
of tension, i.e. before the blood M!_'_{HJ« to stream out of the
ventricles.

In a recent work Keith (1904) has taken up the idea of Ludwig,
developing it by subtle anatomical arguments and with ingenious
experimental methods for which we refer the reader to the

orlieinal memoir, Keith maintains that the base of the ventricle

Fia, 80, —Cardi L to cardiograph from fifth left intercostal space in man. (Edgren.)
The times i segond heart-sounds begin to be heard are simuoltaneously
recoriled b

rises slightly during presystole. This displacement depends more

partic ul wrly on the '|J|'L|I1] ar dis }uml]u]l of the pectinate muscles.
[n consequence of this rise of the base of the ventricle, 1t almost
meets the blood which 18 driven towards it. When, on the
contrary, systole sets in, upon which the ventricle is restrained in
every dimension, its base 1s pushed out in the opposite direction.
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[ follows that the apex of the heart does not approach the base,
but on the contrary the base approaches 1]11_: apex, so that the
latter 15 mu-l'-_fe-lil-ulfr thrust against the thoracic wall ;1_1ulll.~rmll_u:::r~'
the cardiac beat. It may, however, be objected to L]J]i:i Ingenlous
experiment that the sharp lift 1|t_'mlntf|*cli by L]H.!‘i:il]‘l:]].iLf‘ impulse
takes place not during the }m]‘lu:] of efflux, but in that ol
Lension. : 5 _ =

The same reason invalidates the doctrine of the rw.”l,] recu
balastique) supported particularly by Skoda (1842) and | [1ffelsheim
(1854), which in so far as it assumes locomotion :::1 the heart
resembles the preceding. 1t is also contrary to the fact that .L.]]':
cardiac pulse is not confined to the region of the apex in the fifth
intercostal space, but (as we have seen) is even more frequently
accentuated in the fourth intercostal space.

I T TaT. In both traci

st of systole,  (Marey.)

Still more inadequate is the theory maintained by Senac
(1749), Bahr (1862) and others, which derives the cardiac pulse
trom the downward impulse of the apex in consequence of the
distension of the arterial arches (aortic and pulmonary) determined
by the pressure produced in these by each wave of blood that
surges from the heart. We have seen that the apex is the least
mobile point of the heart in the longitudinal direction, because the
elongation of the arterial arches almost exactly compensates for
the systolie shortening.

All these mechanical factors intervene as accessory and com-
plementary data in the production of the detus, during the period
ol systolic evacuation : but the essential and fundamental cause of
the phenomenon is the tension and hardening of the heart during
the whole period of systole, The heart is in perpetual contact with
the internal wall of the thorax and the external parts of the lungs,
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the chances of intrathoracic pressurve, and depend on variations
of E:l‘u-.ﬂmlﬁ‘:- within the right auriele. | o _ ;
Many physiologists have exercised their critical and ill'l.']JI_]IL'Ci]
abilities upon these phenomena of negative pulsation, the indirect
effects of the positive cardiac pulse and of meiocardia. Buisson
(1861) was the first to describe the negative thoracic pulse, and
the negative pulmonary pulse; Veit (1865) again observed the

m from the carotids, recorded

Fio, 5 Nee, Ponenmnogeram taken from the nostrils ; Ca, Sy Emog
the Inspiratory movement

sly with open glottis. (Mosso.) It will ba see

simultane

precedes the carotid pulse
rhythmical systolic inspirations, and held them to be the effect of
the diminution in the heart’s volume; Ceradini (1869) clearly
perceived the mechanical consequences of meiocardia and auxo-
cardia, but made no experimental study of them; Paul Bert
(1870), among the oscillations of air-pressure within the trachea of
a dog, included those dependent on cardiac movements; Lovén
(1870) took tracings of the negative thoracic, and the positive pulse
of the radial artery, and observed them to be simultaneous ; Landois
(1876) obtained tracings of the cardiac oscillations of air-pressure
of the nasal cavities (which he termed cardio-pneumatic curves),

¥ ] 1 -}
Fio. 83.—f0, Cardiooram taken on man
nostrils. Simultaneonus

at fifth intercostal space ; Nao, mogram taken from

Iy recorded with O rle |.|_| 3. -:._':|]..|I-\.'..:.- |.5|

and was the first to distinguish the negative pulse which can he
verified at each systole when the glottis is open, from the positive
pulse which occurs when the glottis is eclosed, and the nasal
cavities function as a space distinet from those of the pulmonary
passages, in which there is diminished pressure with each wave of
blood that inundates the arterial vessels. :

~ Mosso (1878) was, however, the first who grasped this subject
fully, and employed an exact experimental tec/ nigue. In his cardio-
pneumatic curves obtained with an ordinary Marey’s tambour
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t_‘Lmrllt':'Hul with the nasal cavities, he was able to distinguish a first
inspiratory depression, due to the systolic lift of the intercostal
spaces of the precordial region, from a second, later depression due
to melocardia. This is plain in the two tracings (Figs. 82 and 8

in the first of which the negative pneumogram of the nasal fossae
is recorded simultaneously with the sphygmogram of the earotid,

¥ 10 + ra R= 43 11 L&l LY 1 1 . -
ppram taken [rom nostrils with open glottis ; LCa, carofid
reconled simultapeously, (Magso,)

and in the second with the thoracic cardiogram. Repeating the
experiment with closed glottis, the negative pneumogram 1s trans-
formed into the positive (as shown on Fig. 84). A1l who, like the
author, are incapable of holding their breath ‘-.'-IT.]]':HH E]lJ"~1I1LI the
clottis, obtain, on the repetition of Mosso’s experiment, positive
pneumograms only. This was the case (as Mosso points out) with
Terné van der Heul (1867), who, on making these experiments
under the cuidance of Donders, invariably obtained results that
contradicted the above ”Il'lﬂ‘:n'.

by [f a sound is introduced into the oesophagus, covered at the

i, 85, —1, Cardine sphypmogrs || fie doe. transmitted from oesophageal pxploTer Lo e arding
tambour during long - 1. effects of candiac beits transmitied Inom recta
I r 1 o ]

= el T aeds %
exnlorer, recorded simultaneonsly. (Luciani.)

end by a very fine rubber membrane like the finger of a glove,
the canal is transformed into an intr: yvthoracie cavity [-.r.-n_mn'.ui-
cating with the exterior in such a way that (on connecting up
the external opening of the sound with a tambour and
writing lever) the vibrations produced within the thorax can
21l be traced on the rotating eylinder. The negative ﬂ::t-.]]_l;l-
tions are recorded by descending, the positive by ascending
lines. We were the first. in 1877, to introduce this method mto
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VI

nhysiological technigue, and to recognise 1 the Lracings, not
merely the larae oscillations dependent on the respiratory move- |
ments, but also the lesser variations due to the movements ol
the heart. N

We found the cardiac sphygmograms obtained _h}' the oeso-
l,]LEl;-{-;ll method to be of wvery l;'I_I-[]I'lllt":"\' form, varying Il_l_[]'!!H'.]I".'_

E -"'i Pl I-U-JJ\N“L\‘«
A o b
—y Y A

Frio. 86— From same dor a8 preceding fieure, after section of eervical cond Betwesn fifth and sixth
vertobrae. (Luciani.) [t will be seen that dinphragmatic respiration alone persists. I, In-

7 1 BT e e ET Rl 0 oIt i 1115 %34 =
spirations ; E, expirations. I'he eardine .-|:|:_'\._:||||.-.:I.|f||:- are rednced to minute oscillations,
ani are only visibila on the o8y IE-'Il el tracing.

particularly in their dimensions, with the condition ot the
animal (Figs. 85 and 86). We also found that they could not be
dependent exclusively on the effects of meiocardia and auxoecardia,
but were influenced also by the nature of the relations of contact
between the heart and the oesophagus, since on opening the
thoracic cavity they do not entirely disappear, but are considerably
modified (Fig. 87).

Léon Frederieq (1888) took up this point again in order to
make a more detailed analysis of the cesophageal sphygmograms,
and obtained complex forms of oseillations which closely resembled
the very interesting oscillations which he observed in the cavity of

—

e e T NI,

fa, h"_ ‘_'--"'.l';l" "':'il:‘-:-ci ograma transmitted from |:|~w-:::|||;|__:|-,|'_ |-'\,|.'_.|||-|' ||:||'E!|.__' ATOe of foresd
artificial respiration in inaesthetised dog. (Luciani.) C, With elosed thorax : A, with opened
whorax § L5, A', the same on another anacsthetised dog: 0¥, A” the a third enrarized
tlng

the auricles (see Fig. 68, p. 207). From this he concluded that
H‘H!}' Wwere :_ih-inltnli:lll- on a direct transmission to the “i'Hillr!t:ttru_Hu['
the active and passive movements of the left auricle. EminLj[]Tr out
the intricate anatomical relations between these two orcans. He
'|L'UH:I| llll'li'lt" they were in any way dependent on the effects of
melocardia or auxocardia, because they are not abolished bv the
opening of the thorax. This last conclusion, however, does not
take into account the fact, which we discovered twelve vears
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blood-flow and making it continuous. A large Mariotte flask
raised fo a certain height by a wooden block is employed, h.m:mg
an orifice at its base opening into a flexible lead tube, divided into
two branches. One of these is attached by a short rubber jll]l.ﬂt-lUIl‘
to a long narrow glass tube, somewhat pointed at the end : ic othex
branch is continued as a fine tube of elastic rubber of the same
diameter as the glass tube, ending in a short g}fmss mfmt;h]immz
with the same aperture of outflow as the other (¥ig. 90). When
the tap is opened and the water contained in the Mariotte flask 1s
allowed to flow out through the two tubes, one having rigid, the
other elastic walls, the amount of fluid escaping simultaneously

Fio. 90.—Mosso's apparatus for demonstrating the effect of an intermittent fow on two tubes,
one having rigid, the other elastie, walls.

from the two tubes will be equal, since the two orifices are equal in
diameter. This proves that when hydrostatic pressure is continuous
and uniform, elastic tubes act like rigid tubes. DBut it the action
of hydrostatic pressure is rendered intermittent by rhythmically
opening and closing the compression lever carried by the apparatus,
as shown in the figure, it will be seen that the glass tube expels
the water intermittently from its mouth, while the elastic tube
yields a continuous and regular flow. Uniformity of current is
thus shown to be due to the elasticity of the tube.

The impulse imparted to the blood by the elastie reaction of the
vessels is not a new force added to that developed by the heart
during its systolic output ; it is only the restitution of that part of
the impulsive force of the heart which was applied to throwing the
arteries into elastic tension (Bérard). Yet even if the elasticity of
the arteries adds nothing to the sum of the driving force of the
heart, it still diminishes the sum of the resistance opposed to the






C | | I & n (]
| ] 5 | I
Fa ¥




242 PHYSIOLOGY CHAP,

of the mercury column on a rotating cylinder. This is another
Immense advance, as the recording manometer was the first
application of the automatic graphic method, which has since
been employed in the most various directions, and has rendered
signal service to physiology. (Fig. 91; and Fig. 68, p. 207.)

Fic. 91.— Imdwig's kymograph., (Baltzar’s type.) The movements of the drum are rendered
uniform by the clockwork of a Foucault regulator. The velocity of rotation iz altered either
by pushing the little wheel on the axis of the drum nearer to or farther from the centre
of the vertical metal dise, which drives the drum by simple friction, or by adjusting the
clockwork of the regulator.

Ludwig’s writing manometer or Kymograph is the classic
instrument by which the absolute value of the average blood pressure
of any artery can be direetly obfained under natural conditions.
An anti-coagulant alkaline or peptone solution 18 introduced
between the blood and the mercury. If the manometer is con-
nected by a T-cannula with the artery, the flow of blood through
the vessel is not interrupted, and the resulting value gives
the lateral pressure obtaining in the branch vessel. For greater



vit BLOOD-STREAM: MOVEMENT IN VESSELS 243

convenience, however, 1t 15 customary to join the artery to th[al
manometer by a simple cannula, llfrtthml to the central side of
the artery, so r]mL the vessel 1s uc'leh d. In this case the height of
the manometer column of course gxpresses the lateral pressure 11
the arterial trunk from which the occluded wvessel sprang. The
cannula may also be introduced in a peripheral, instead of central,
direction in the artery. In this case the manometer measures the
pressure either in the capillary network or in the other arterial
branches with which the artery, to which the cannula is peri-
pherally connected, anastomoses. For instance, a manometer
connected by a cannula with the central side of L!u' dog’s carotid
measures the lateral pressure in the aorta ; if, on the M her hand,
the eannula 1s connected with the lH_‘l‘i}_r!llll‘.l side of the same
artery, the pressure that obtains in the so-called Circle of W 1llis
will be obtained. In the first case, the pressure, according to

Fic. 02, —Tracing of arterial pressure in dog's carotid, recorded by Ludwig's kymograph.
(Marey.)

oiemer, may reach a value of 214 mm. Hg; in the second, a
pressure of unlv 154 mm. Hg results. The first value represents
the lateral pressure that ]J]L‘L;LL]*:. in the trunk of the aorta at the
origin of the earotid; the second, the pressure in the arterial Circle
of Willis, which communicates direct ly with the peripheral trunk
of the carotid.

As can be seen in Fig. 92, the tracings recorded with Ludwig’s
manometer M]niuL small oscillations (*m'umpmuln:w with the single
cardiac systoles, and more ample and less steep oscillations which
correspond to the respiratory movements.

The latter will be considered in relation to the mechanics of
respiration ; as regards the pulsatory oscillations it must be noted
that i:he mercury, owing to inertia, is incapable of faithfully
recording the rapid variations of arterial pressure produced by
each wave of blood expelled from the heart, so that Ludwig’s
instrument is the least fitted for the study of the form of the
pulse-wave. Since this instrument is intended to determine the
value of the average blood pressure, the 1mlmtm y oscillations are
a superfluous complication which can easily be excluded by a
constriction in the manometer at one point, as ]Jl‘nlu':HEdvhv
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was placed in direct conneection with the artery. This is Hii rlr;hle’ﬁ
rubber manometer. Since the rubber membrane _easll:r perishes,
Gad substituted for it a thin metal plate. F]“_Eﬂl}' . V.. Hrey
gave the most practical form and El.m,lm tio the_ entire :I:p_l.mmtua,
combining the maximum of sensibiveness with stability and
permanence. He called it a metal tonograph (Fig. 93).

More recently (1904) Ducceschi has described a still simpler
method, by which the tracings of the normil blood pressure in the
carotid of dogs and rabbits can be recorded. After isolating a
sufficiently long tract of this artery in the neck, he divided 1t
between two ligatures, putting the central end in direct com-
munication with the isotonic lever of a myograph by means of an
inextensible thread, and counterbalancing the tension with an
adequate weight. In principle this method is the same as that
employed by En-
gelmann to record
the pulsations of
the frog’s heart
(see next chapter),
and itsauthorgave
it the name of
method of suspen-
sion of the artery,
just as Engelmann AT )
ColledShid - (et i 20 =Fon Ry el teaoianl £ Rl Miosuites s
method of suspen-
sion of the heart. It is evident that the pressure of the blood,
exerted on the eclosed trunk of the ecarotid, must distend it in
correspondence with the average pressure and the rhythmical
oscillations due to the rhythmical beat of the heart (longitudinal
locomotion and arterial pulse).
~ Since these methods all involve the opening of an artery, and
introduction of a cannula, they arve only practicable on man in
certain surgical operations (amputations) and other conditions
more or less removed from a physiological state. Methods have
accordingly been invented by which it is possible to determine
blood pressure without any surgical operation, and these can
therefore be applied to man. Vierordt (1855) was the first who
conceived the idea of measuring the blood pressure in an artery
indirectly, by ascertaining the weight required to suppress the
pulsations. ~ Waldenburg, Potain, Talma, Roy and Brown
attempted the solution of the same problem. The sphygmomano-
meter of v. Basch (1876) is a small instrument designed for this
purpose, which has found wide acceptance with clinicians on
account of its easy applicability. It consists of a rubber finger-
25:1111 I?‘Iled w1tr}';1 water, by which the radial or temporal artery i

pressed. The finger-stall communicates by a rubber tube with
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a lm-_l.ul11tm||n|u|-1.:'-t‘, the indicator of which shows the pPressure
exercised on the artery. When the indicator no longer Jm:um
]uu]m:;u;m-a in the compressed artery, the inhrna]'hpn.:auu.
according to v. Basch, must (at any rate approximately) be equal
to the external compression. Tigerstedt rightly pointed out l‘ln
untrustworthy character of the values obtained by this method.
In spite of the Illlplll“.L]I]{!I[w introduced by Rabinowitz [ 1881)
ind Potain (1889 in the apparatus, and ruhn]-hd by von Basch in
the latest model of his sphygmomanometer (18909, and notwith-
standing the HI-‘JI]_‘. control experiments ri:]t"i[_ul out by various
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authors upon animals (which show that while the pressure values
obtained from this instrument are unreliable, i}li'l\' afill :l.'iu.]il
results 1'::1]L|||'r11‘:1'::-|t- wnifer se on the same ill'lli‘-.'sllﬂill:i_. there are
certain obvious drawbacks to 1ts ]l]'ru'HI':li aI]J]I]ii':I”HH o Iman
which are not easily removed, and which render it untrustworthy.
The results may vary considerably in different cases, according to
the depth of the paniculus adiposus, the development of the
muscles, the arrancement and normal or sclerotic state of the
arterial walls, and in particular the tension of the aponeurotic
faseia which cover the arteries investigated, and more or less hinder
their 1'ri]|]]|l'e'.-%.~€it.:|.

The investigations initiated by Marey (1876), resumed i 1575,
and continued in Ttaly in 1895 by Mosso, were more suceessiul.
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he says, “ we learn theoretically that the vessels of the immersed
_llmb are wholly relaxed, and that their walls Huctuate as it were
indifferently between the internal pressure of the blood and the
external pressure of the water. The pressure of the blood, there-
fore, acts as though it were exerted directly upon the manometer.”
This is as much as to say that we then obtain the true measure of
the lateral pressure exerted by the blood upon the arteries of the
finger. The arterial walls at that time must be in a state of elastic
equilibrium, since the internal force which makes for thejr dis-
tension is completely counterbalanced by the external force which
makes for their compression. If this criterion is applied to the
results shown in Fig. 94, the average pressure of the arteries of the
forearm in man is found equal to 8 em. Hg, since the pulsations
reach their maximal amplitude when a counter-pressure of 8 em.
Hg is put upon them.

Mosso continued and developed these investigations of Marey.
His sphygmomanometer is a modification of that shown in the
previous figure. He makes the counter-pressure act on four
fingers instead of on one, in order to obtain the total pulsations of a
larger number of arteries, and to record the tracings with a Ludwig’s
mercury manometer. The following tracings, obtained by Mosso
and Colombo, are very instructive, the effects of various degrees
of compression of the four fingers under normal conditions being
compared with the fracings obtained from the same person after
a warm bath (Fig. 96).

As might be expected, the average pressure sinks on account
of the relaxation of the vessels due to the warm bath, and falls to
20 mm. Hg. At the same time the height of the pulsations after
the bath increases considerably, showing that they do not depend
on the internal pressure of the blood, but are in inverse ratio with
the degree of tonic contraction of the vessels. Evidence for this is
found in the fact that when the vessels of the fingers are strongly
contracted (as often happens in winter), it is impossible to obtain
the slightest sign of pulsation with Mosso’s sphygmomanometer.
This is a disadvantage which renders the instrument applicable
only to a limited number of persons, and which is avoided by
refurning to the original method of Marey, i.e. that of applying
compression to the whole forearm. :

Starting from Marey’s original method, Hiirthle (1896) intro-
duced some interesting modifications which deserve notice. :

Both in Marey’s and in Mosso's apparatus it 1S necessary in
measuring the lateral pressure prevailing in the arteries of the part
of the body examined, to increase or lower the external counter-
pressure repeatedly, in order to discover at what strength of counter-
pressure the maximal pulsations are obtained. With Hiirthle's ap-
paratus,on the contrary, the observation iscontinuous,and there is no
need to vary the counter-pressureapplied at theoutset to the forearm.
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He starts with the production of artificial anaemia by an
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this occurs, the cylinder is reversed by a mechanism resembling
that of Ludwig’s Stromuhr, and the ball moves in the opposite
direction, driving the blood before it.

‘ "ir“{e. also iuveutn’ad a_haeumdmmmneter, which, with the utmost
simplicity of construction, presents the advantage of being able
to vary the capacity of the two receivers, which correspond to the
bulbs of Ludwig’s apparatus, by employing two elastic bags in
a receiver full of water. The first two editions of this text-book
gave the description and figure omitted here in favour of the new
model Et‘;‘llﬂ-tl‘ll&tﬁﬂ_. by Hiirthle, which has the further advantage of
automatically registering its movements.

Hiirthle's haemodromometer (as shown in Fig. 100) consists
essentially of an inverted U-tube, in one branch of which there is
a cylindrical receiver containing a piston, which is easily movable
from the top to the bottom and the bottom to the top. The blood-
stream, which issues from the central end of the artery (carotid in
the dog), ascends by a branch of the said tube, penetrates the
cylindrical receiver, and, by lowering the piston, empties out the
fluid (artificial serum with which it was filled at the outset) into
the distal end of the artery.

When the ball reaches the extreme end of its course, the
experimenter aft once reverses the blood current through the
eylinder by giving a half-turn to a dise beneath it by means of a
serew. The blood current will then flow into the cylinder from
below, driving the piston up, and turning the blood into the distal
end of the artery.

The reversal of the current is repeated each time the ball
reaches the top or hottom. The interval between one reversal and
the other expresses the duration of each filling and emptying of
the cylinder that measures the current. The excursions upward
and downward of the ball are transmitted by a system of pulleys
to a lever writing on the smoked paper of a rotating drum. A
Depreéz signal simultaneously records the time on the same drum,
while an elastic manometer (Hiirthle) applied to the artery shows
the pulsatory oscillations of the arterial pressure. _

The tracings in Fig. 101 are reproduced from those obtained
by Hiirthle with his ingenious haemodromometer (reduced by one-
third), which serves at the same time for a spring manometer
recording the oscillatory pulsations in pressure and for an electric
time-marker.

These haemodromometric methods are certainly not free from
defects, and they give, not the normal absolute values of current
velocity in any given artery, but values as much lower than the
normal as the resistances artificially opposed to the passage of the
blood through the measuring apparatus are greater. Since, how-
ever, these new resistances are a fixed and nunstant.mefﬁmeut,
they do not interfere with the value of the comparative results.
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of blood which escapes 1 the unit of time trom a divided artery.
In this case all the peripheral resistances which the blood has to
overcome under p |J'l.=-hl|trl'1[ al conditions are artific dally exe ]mlt d
KEven when the lumen of outflow is artificis ly constricted ( by
introducing a glass eannula of narrow bore) in order to hlu] | LL] i
resistance simil: o to that which the blood norm: 1]]'., encounters. it
18 ||||]HJ---]| le to obtain any correct values of current veloe 1ty, both
beecause we do not know if the resistance added is of the same

value as l||dl subtracted, and because in any case the animal is

losing the blood that Hows out, which sets up quite abnormal
conditions.

I'sehmewsky. ) L

towhich the enrrent in the measaring :'_ ider was . The spaces I-I||,II ge t.llr'I'.II ]
the horizontal lines of the tracing corresp with 6 c.e. of blood, The corves of the second
level represent the pulsatory oscillations of il preassure in the central ::I.I|I!.|E:-.1' of the
haemodromometar, and were recorded wi A Spring manometer, |'i|l hottom line gives the
time i1 seconds. |.||l vertical line Cl.d.e. of the third pericd sives the me l1|‘I ut at which the
right earotid ipressed, which m wel an angmentation | of velocity and of pressure

in the left carotid, as shown in the t

The experimental results obtained by Dogiel and Nicolaides
with Ludwig’s stromuhr are somewhat meagre owing, no dounbt, to
the very variable conditions that affect the velocity of current in
any given artery. They show that both in the carotid and the
femoral of the dog or rabbit the veloecity may alter greatly from
one moment to another. Since the first determinations usually
show a hicher value than the subsequent, it was conjectured that
this was due to a commencement of clotting at the insertion point
of the cannula. This HIL]I]I:]HE-'. 1on was. however. excluded, inasmuch
as the same fact was observed with blood that had been rendered
|mn[|-||] hle b Yy pe ]rliulw ]|i|+'l t1on. viz. that ".['-]n:'i[Ij.' :iill:{lliﬁ]]m] s
the experiment proceeded, more often in the carotid, less frequently
in the erural artery.
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distinguished. The former, produced by the pulse-wave x*-'l.ﬂ_r;-.hl
starts from the aorta, usnally reaches 1ts culminating point
without interruption; the latter, on the contrary, shows several

Fi. 108.—Marey's direct sphygmograph, applied to the radial artery.

oscillations, one of which (the second, expressed in a rise preceded
by a slight depression) is rarely absent in pulse tracings. It 1s
known as the dierotic wave, and con- ;

sists in a negative wave (dicrotic &, i

noteh), immediately followed by a
secondary posifive wave.

It has been proved by innumer- J
able control experiments of Buisson,
Marey, Landois and others, that the
sphygmograms thus obtained do really
reproduce the form of the pulsatile
oscillations of blood pressure, and that
their constant dicrotism isno faetitious
produet of the registering apparatus.
Here we need only say that sphygmo-
grams obtained with the sphygmoscope
or other elastic manometers (Fig. 67,
p. 205) present the same dierotic form.
Moreover, as Landois showed, it 1s
possible to obtain autosphygmograms,
by dividing the artery of an animal,
and directing the rhythmical jet of
blood against a rotating drum covered
with filter-paper (haemautography). I'Jl:h.Lﬂg{m}{!w:ut?,:f.l.ﬂl}'g::.f;ff.'?:&- Ly
As shown by Fig. 104, the form of the KERELOL OF Jarpe Mok ATALRLLE A2

; ary wave: o, dicrotic wave,
haemautogram agrees perfectly with
those from the sphygmograph and sphygmoscope: while the
dicrotic wave is even more apparent, this being the only really
important feature of the pulse curve that we need consider. l
_ Since the dicrotic wave persists, and is even more pronounced
in autosphygmograms, it is proved to be the result of a positive

W gy T, at T g X

T S
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wave of central origin and centrifugal course—which exeludes t

hypothesis still maintained 111}11“1{3:11 l.l‘]l.tl_S-E -"'I‘-PI?“ih HM-hu'hh i
: . )y some, that it arises in a peripheral
and centripetally reflected wave. This last hypothesis is also
irreconcilable with the fact that the secondary positive wave is
nearly always preceded by a negative wave which. as we shall see
immediately, can only be of central origin. l | i

|.'| i. 10, =] . . y radial & —_ o ¥
L phygimograms |--1n'...:] al artary (o), and changes produced by inhalation of
amyl nitrite (5L (AL 1. Waller.) ;

1 [19 long experience of nearly half a century, during which
| Marey’s sphygmograph (or other sphygmographs which are only
modifications of this instrument) has been employed clinically has
proved it to be of very little diagnostic value. We have for
many years insisted on this fact, and for the following reasons.

Fig. 106.—Marey's transmission sphygmograph applied to radial artery. This only differs from

the direct sphygmograph in that the movements of the button of the spring are not trans.
mitted by a lever, but by a receiving tambonr, which then transmits them to & second
tambour writing upon the revolving drum of the kymograph.

[t is quite true that the sphygmogram is the true expression
of the form and magnitude of the pulsatile oseillations in pressure
in the artery to which the instrument is attached, but it is far
from representing their absolute values. Local arterial pressure is
mndeed dependent on many variable factors; on the tension of the
spring, the elasticity and tone of the arferial walls, the amount
and degree of torpor in the surrounding soft parts. From all these
causes, the size of the pulse, ¢.e. the amplitude of the sphygmogram,
is in no definite ratio either with the volume of blood driven
from the heart to the arteries at every systole, nor with the height
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of pressure within the artery investigated ; it is only proportional
to the magnitude of the
local oscillations of the
pulse, which (as we saw
on p. 248) are, ceterts
paribus, in inverse ratio
to the tension of the ar-
terial walls. As a matter
of fact, not only the prim-
ary,butalso thesecondary
dicrotic wave is lower
with greater, and higher
with reduced arterial
pressure. Not even this
fact, however, can be

Fia. 107.— Burdon-Sanderson's eardiograph, which can also

taken as a general law,
since the varying degree
of contraction or relaxa-
tion in theartery explored
has great influence upon
the amplitude of the
sphygmic undulations.
In order to realise this,

e used as a sphygmograph for the carotid, and a
pnewmograph (Zimmermann's type). The apparatus resis
on three sbonite feet, which can be adjusted by screws,
It is fixed by a band to the thorax or neck, 50 that the
pentral button, which has a steel spring (the tension of
which can be altered by a screw), presses against the
spot at which the beat of the heart or earotid pulee is
most perceptible, The transmission by air of the move-
ments of the spring is effected through a receiving
tambour. the position of whieh in regard to the spring
can be regulated by a serev.

we have only to consider the marked changes that appear in

‘i, 108, —<Edgren's sphiygmo-

graph for eavotid. Consists
of a receiving tambour at-
tached to a semicirenlar
spring intended to fit round
tha meck, The pressure of
the exploriug button upon
the artery is regulated Ly o
plate applied 1o the neek,
which stretehes the sapring
more or less aceording to the
position of the scraw.

for the same artery.

the form and magnitude of the sphygmo-
gram after inhalation of amyl nitrite, which
immediately produces depression of arterial
tone (Fig. 105). The beats of the heart
become more frequent, and yet the amplitude
of the primary as well as of the dierotie
wave inereases.

Farmore interesting and instructive, from
the clinical point of view, is the comparison
of the sphygmogram with the sinultaneonsly
recorded cardiogram, as also the comparison
of two or more sphygmograms simultaneously
recorded from different arteries. For this
purpose, however, the direct sphygmograph
15 not suitable, and others with air transmis-
sion must beresorted to. These areessentially
identical with cardiographs, but are different
in form, since they are intended for use on
the several arteries. One of these frans-
misston sphygmographs is that of Marey
(represented in Fig. 106), for the radial
artery. A simpler model is that of Edgren

Burdon-Sanderson’s cardiograph (Fig. 107)
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i ]"l. used for the carotid, temoral, or other arteries. as also
idgren’s sphygmogr: aph, or any kind of tympanum with an
elastic membrane ke pt stretched by a spiral spring, and [um“[‘“,
with an exploring button in the centre. which 2 e
against the artery to be examined (Fie. 108

V i!] ] }]l'! I..Il]i]_Eil.L]]-._:;[]_ of 'l'“ﬂ“:"'t"lini'- 'If]l{ Rt = :
1 : SpOygmograins
simultaneously recorded on the same revolvir ng cylinder gives all
the data necessary to establish the chief characte: e

[P[L hhl'[[

teristics of the two
tracings.  Those of Fie. 109 were obtained by Ederen on a he salthy
youth of 1|wm11}'—h'-.r. The various features of the cardios graphic
curve («, b, ¢, @, e, f, g, k, ©) are indicated by vertical lines. Since

f . Tho | | . r e 4 - 3 - P P
] |!|'!.'|.I.II._ LIS COT l"-;l-l.-| L1 1 it . Ta s ilys Pis I O the sphs (RRLH]
. | LALR

these are obvious, they need no further description. After whal
was sald in the previous chapter (Fig. 80, p. 224) we know that the
point @ ¢ JI["HPUIII[“- with the onsel of H:n.'rclr:-h', when the first sound
of the heart besins to be heard, and the point f with the onset of
diastole, when the semilunar wvalves, which have already been
l,'EH:-'l_"Il al l-]:g' H}'Hlﬂ]'i':' dead ]llli]ll, are thrown into [e-l:.-*iuh, and []]:'
second sound develops. In the sphygmographic eurve of the
carotid the point coinciding with @ shows no marked feature.
The ]||'j[u;u'lx' H]-||"~'_L_']!|il' wave which starts from the arterial orifice
first reaches the carotid at the point & The interval al’, therefore,
represents the time taken up by the transmis ssion of the pulse
wave from the arterial orifice to the carotid, .-"” s the time of the

latent systole, 7.e. that between the commencement of the con-
traction of the myocardinm and the moment of the opening of the
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semilunar valves (point & of the cardiographic curve). Since
the points b, ¢, d, ¢, f of the cardiogram UGI‘I'E}HEDHEI %{: j;rhe smnﬁ
number of points on the sphygmogram ab e ¢, S but 2
with a delay. equal approximately to the interval aa’, it follows
that this interval expresses the time rﬂccupfu‘a{l by the transmission
of the primary wave from the arterial orifice to the carotid, and
that the intervals ab, @'b’ represent the time of latent systole.

The interval be, which can hardly be seen on the cardiogram
as a slight drop in the curve, corresponds to the interval b
marked by the sharply ascending curve of the primary wave.
The interval ed, indicated by a slight rise of the cardiographic
line, corresponds to the interval ¢, indicated on the ﬁplj ygmogram
by a tract that is almost horizontal (the plateaw). The interval
de, corresponding to d’¢’, both on the cardiogram and on the
sphygmogram shows a slowly descending line; and the intervals
¢f and €7 correspond in hoth curves with rapidly descending lines.

Leaving aside the features ¢ and d which are less conspicuous,
and have only a dubious significance, it is evident, or at any rate
extremely probable, that the entire interval be represents the
period of systolic outflow or evacuation, during which the heart,
in consequence of the diminution m its volume, exerts a constan t_,ly
decreasing pressure on the intercostal space to which the cardio-
graph is applied. In the sphygmographic curve these periods are
represented by the interval b'¢" in which the primary pulse wave
is traversing the artery.

The small interval ¢f coincides with the beginning of active
diastole, during which, owing to the diminished tension of the
cardiac musele, the intercostal space on which the button of the
cardiograph rests, sinks in. This corresponds to the lines ef” of
the sphygmogram, which represent a true negative wave that pre-
cedes the secondary or dierotic wave.

To understand the origin of this dicrotic wave it is enough
to consider that at the commencement of diastole an enormous
difference hetween aortic and intraventricular pressure arises: this
causes the blood column to gravitate towards the semilunar valves
which are already closed, throwing them into vibration so that
they develop the second sound, and set up the negative wave in
the artery, owing to their distension towards the conus arteriosus.
The sharp tension of the valves is succeeded by their elastic
reaction, which produces the pesitive dicrotic wave that follows
immediately on the negative wave. The great majority of physi-
ologists, including Grashey, Edgren, Hoorweg, Hiirthle, are
unanimous in aceepting this explanation of the dicrotic wave, To
us 1ts central origin appears conclusive, on account of the negative
wave that precedes it and can only be caused by the rapid
recession of the column of blood in the aortic bulb, which
distends the valves and pushes them down towards the conus
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arteriosus ;—not by the reflux of a certain amount of blood frm

artery to ventricle, to produce closure of the valves. as i arhitr: ,-]“,
assumed by Edgren. = 48 18 arbitrarily
) Hw. points g, A, ¢, which are distinguishable on the lone
”“HIE'[“[”"'?'" shoulder of the cardiographic curve, of course find ,[:,
analogue in the sphygmogram, because after closure of the :«'[-m.i-

15 110 Comparison of synehronous sphyemosrams of carotid (56 and of adial {50 (Edoren.y
. I 4 1 ) an I raddal ( t ¥

lunar valves changes of pressure within the ventricle can no longer
be transmitted to the arteries. Here we will only sav that .[_‘|]-;*
point g, which marks the lowest depression of the :-:11-‘1]]'1::-[*;4;}1]}-
curve, very probably corresponds with the moment at which the
negative pressure in the ventricle exerts the maximum of aspira-

Fig. 111 Synelirnnons -\.| YEMOErams of carotid | st | and femoral (5. (E i.'l-'!!.:l

tion ; that the point i marks the moment at which active diastole
ceases, and passive diastole or the true rest of the heart begins;
and that finally the ]mint ¢ (which 1s usually, but not constantly,
visible in cardiographic tracings) points to the moment at which
presystole commences, eausing a certain degree of passive dilatation
of the ventricle, as perceived in a gentle rise of the cardiograph
button.

When the rate at which the eylinder rotates is known, and the
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characteristics of the cardiographic and 51111}';“1..nHr;L]luh]x: curves, as
described above, are well marked, l-l_w lmt;_:]Jh 1t1l1|11]I::t1g>1.|;1-sJ, Im_nil
corresponding period in fractions of a seclion, of Iliw chief _[J‘!.L..‘-{'ll-i
of the cardiac eycle in man can easily be determined. !i_- 18 We
to make these determinations from tracings obtained from one
healthy individual, with constant U:{p{*l‘ilnﬂl:tﬂl t:f‘]llti_lll,-lﬂll..‘-'m during
the research. The data thus obtained are of approximately Elﬁhﬁiilllllli*.
value for the individual under observation, and are 1,!531'1.1111:1}'_ far
more trustworthy than the average data derived from comparison
of results yielded by various individuals under varying experimental
conditions. .

From the careful measurements taken by Kdgren upon a

Frg. 112 H:r'r-_;_-f_l||'r|||;|'::-; sphygimograins of radial (5r) and femoral I"*__.'}. (Edgren. )

healthy man of 25, whose pulse beat 70 times per minute, the
following values were obtained, which may be taken as the average
of ten successive cardiac revolufions :-

Period of tens=ion ; : : ih 467 1. = 00934 seconds
Period of eflux . . : . e e = (2343 ¥y
Total duration of systole . . —ge=1638 ,, =03276 =
Active Trantol . : : = ef— B0 = ORI
Passive f 250¢ | —fa=2414 , =04828
Total duration of diastole . : = o =26'Td ., =05348 =
Total duration of cardiac revolution aga=43:12 .. =08624

[X. If the pulse of the carotid and radial, or the carotid and
the femoral, or the femoral and radial are registered simultaneously
as shown in Figs. 110, 111, 112, it is possible to determine with
great accuracy the time occupied in the propagation of the primary
wave b, or the dicrotic wave f', by deducing it from the delay
between the appearance of the two waves in the arteries most
remote from the heart. This delay is represented in the three
figures by the intervals %" and f7f". If they are measured with
a millimetre scale, it will be seen that their length alters with the
difference between the two arteries of which the sphygmograms are
compared. It will also be seen that the wave b” appears simultane-
ously in the femoral and the radial, while the wave f appears with
a measurable delay in the femoral.

]ﬂ:.[f_ji‘izll obtained the following results as the average of a
number of measurements of these intervals in sphygmograms taken
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These results agree well with those of previous authors, notably
with those of Keyt. The differences depend principally on the
respective degree of elasticity of the arteries explored, and the
respective height of the mean blood pressure within them:; the
greater the elasticity of the arteries, the higher the blood pressure,
and the greater will be the velocity of wave transmission (Moens,
Grunmach, Keyt). :

Edgren’s results, like the earlier conclusions of Keyt, lead us
to think that the velocity of the wave in the vessels is higher in
the upper limbs than in the lower. Edgren further found by
comparing the velocity of the primary and the dicrotic wave that
it is less in the latter. The difference, which can hardly be
detected between heart and radial artery, is conspicuous between
the heart and the femoral artery, as appears from the above tables.

The wave-length can easily be calculated from the velocity of
transmission of the waves and from their number, since it is in
direct proportion to the rate of propagation (%) and nversely
proportional to the number of vibrations (n), according to the

equation ,ln-f—i. If with Edgren we reckon the time of systolic

putflow = 0-23 seconds, the number of vibrations in one second will
be equal to 575, and their velocity of propagation (taking the
average of that calculated by Kdgren for the primary wave) is
equal to 693 m. per second. Accordingly the wave-length
A=§%= 1-20 m. Since in an adult the distance from heart to
small arteries of the foot is a little greater, these arterial tracts of
the body are the only ones long enough to accommodate the entire
length of the pulse wave, and the end of the wave usually passes
the orifice of the aorta when the front of it has already reached
the peripheral arteries (Tigerstedt), so that these pulsate during
the whole of the systolic outtlow.

We know experimentally how many influences react on the
pulse-rate ; e.g. the lowering of blood pressure and dilatation of the
vessels produced by heat, by amyl nitrite, and by profound narcosis.
The pulse is perceptibly slowed, as can be measured not merely in
artificial narcosis on animals, but also in physiological sleep, and
on man. Patrizi compared the velocity of the pulse wave in the
waking state and in deep sleep, by means of experiments on a boy
of 13, as also the pulsations of the brain (the boy had lost part of
the bony substance of his eranium) and of the feet. .

Velocity of propagation in waking state, 6:50 m. per second.
Veloeity of propagation in sleep, 577 m. per second.

X. The pulsatile oscillations of pressure in the sphygmograms
must be distinguished from the pulsatile oscillations of velocity,
which are also determined by the rhythmical undulations of the

VOL. I T
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section on the right. The tube TT 1s intended for inserfion in
the carotid artery of a horse or other large animal ; L represents
the bar of the pendulum which ends in a very light plate or disc
p, dipping into the axis of the blood-stream. The bar of the
pendulum passes at m through a rubber membrane, which acts
as a pivot to the pendulum, and is then prolonged externally till
it joins a Marey's air tympanunl The tube TT has a narrow
longitudinal cleft along which the terminal disc of the pendulum
can move, in accordance with the oscillations of current veloeity ;
these are reversed at the membrane of the re,ceiw.ring tambour,
which again transmits them to a tambour with a writing lever.
No blood ean enter the groove in which the bar of the pendulum
oscillates freely, because it is connected with an external space
filled with an alkaline solution through the side tube B, and then
closed with a clamp. The sphygmoscope S is applied at the side
of the tube TT, and records the oscillations of pressure on a
revolving cylinder by means of a second writing tambour which
acts synchronously with the fivst. ‘

Just as sphygmograms do not give absolute values of oscilla-
tions of blood pressure, so the tachygrams or dromograms recorded
by Chauveau’s haemodromograph yield only relative values of the
oscillations of current velocity above and below the zero line,
which is reached when there is no movement, becanse the disc of
the pendulum is under equal pressure on both sides. In order to
ascertain the absolute value of velocity and its oscillations, the
apparatus must be graduated. Chauveau did this by sending a
stream of water through it, of which the outflow was regulated
until the deflections of the pendulum attained the maximal,
minimal, and mean values obtained on applying the apparatus to
the carotid of the horse. It is then easy to determine the velocity
corresponding to these points, by ecalculating it from the diameter
of the arteries, and from the respective amount of outflow, obtained
with different degrees of deflections of the pendulum.

Chauveau and his pupils Bertolus and Leroyenne were able to
determine that the velocity of the blood-flow amounted to 520 mm.
per second in the carotid of the horse during systole, to 220 mm.
during the dicrotic wave, and to 150 mm. during diastole.

When the carotid is ligatured on one side, a compensatory rise
of velocity is visible in the other carotid. During the masticating
movements also, in consequence of a dilatation of the vessels of
the masticatory muscles and salivary glands, there is an increase of
circulatory velocity in the carotid, which may become five or six
times greater than the initial value. When any considerable
vascular dilatation is produced by dividing the spinal cord, the
rate of flow is considerably augmented during systole, but becomes
extremely low during diastole. At the end of diastole the
velocity is greater in the peripheral than in the central arteries:
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at the commencement of systole, on the other h
more in the central than in the peripheral arteries,

Lt is no less interesting to examine the features presented by
L;H-El}';'r:-1n|.-' as compared with sphygmograms simultaneously
recorded. Fig. 114 gives an instructive f.\;efm];h: of these tracines
as obtained by Lortet, another of Chauveanu's pupils. I‘njl.n[ h]
corresponds to the moment in which the primary systolic wave, on
reaching the carotid, produces a simultaneous rise in ;:rl-r-c.:l.:.n-
and in velocity.

ind, it increases

. Ab point 2 the pressure reaches its maximumn
when the velocity has already begun to fall, in accordance with the
increase of elastic tension in the distended artery. by which the

‘L'L‘lllt'il}' of the movement of the blood is ]url|1m1'[ju1|-.m-]_v moderated

|;":|.-_ 114, '[':nl'ln_l.'_-l wn (VY el *-'_lll:‘-:' WITRTT | |-: prislered simultaneonsly on caratid a
horse, with Chanvean's hacmodro ograph. (Lortat.

and depressed. Point 3 probably corresponds to the moment at
which the systolic efflux ceases and the closure of the semilunar
valves ensues, and point 4 to the moment at which the latter are
thrown into tension owing to the beginning of diastole, which
makes the blood column gravitate and recede against the already
closed semilunar valves, and in the sphygmogram determines
the negative wave that precedes the positive dicrotic wave. This
interpretation 1s in fact confirmed by the course of the tachy-
graphie curve, which at points 3 and 4 drops below the zero line
indicating a backward movement of the eurrent, followed rapidly
by the dicrotic rise. In the entire interval from 4 to 1 (which
t.'-i;I'l‘l'L.'H}JHI!liiﬂ approximately to the periods of peri- and pre-systole),
the pressure curve shows a slowly falling line, which expresses the
decrease of arterial pressure in proportion as the elastic reaction
of the artery drives the blood into the capillaries and veins.
Velocity also decreases at the same time, but more slowly.

X1 During the passage of the pulse wave through the arteries,



viit BLOOD-STREAM: MOVEMENT IN VESSELS 277
it produces a transverse dilatation and elongation, which are in
velation with the pulsatile oscillations of pressure. The lengthening
of the arteries produces a movement of the vessels at each wave
of blood that traverses them, as is clearly visible in arteries
ligatured after amputation. N ormally, however, since the arteries
are not free to elongate in the longitudinal direction, they become
laterally curved when rectilinear, um_i increase their curvature ,]1
(as in old people) they have a winding couvse; and when (as 1In
the aortic and pulmonary area) they form a free arch with a short
radius of curvature, the curvature tends at each systolic wave to
change, and to assume a longer radius, by a mechanism similar to
that of the metallic manometer of Bourdon. _ oA

The elongation of the arteries, since it is plainly visible, was
known to the older surgeons; the transverse dilatation on the
other hand is a less obvious phenomenon, so that in the eighteenth
century some of the clinicians (De la Mure in particular) denied
it altogether, and held that the arterial pulse perceptible to touch
is the effect of simple vascular locomotion. Spallanzani (1773)
was the first to demonstrate the pulsatile dilatation of the aorta
in the salamander by an ingenious experiment. “The aorta™ (he
wrote) “ pulsates in its entire length, and in pulsating it dilates,
but not equally in all its parts. Where 1t arches, its diameter 1s
inereased by a third, but elsewhere it increases only about a
twentieth. Although my eye informed me that in the pulsations
the increase in diameter or bulging of the aorta occurred more or
less at each point of the circumference, I employed the following
method to illustrate it :—1 passed the aorta through a small open
metal ring which, when closed, was of slightly larger diameter than
the aorta. When the aorta dilated in its pulsations, the empty
space between it and the ring became smaller ; when it was con-
stricted the space became larger. I then diminished the capacity
of the ring. Now, where the aorta bulged, that is where there
was the greatest dilatation, the circular space was lost during the
cardiac systole, being filled in every direction by the dilated
vessel : this proved decisively that the aorta in pulsating dilated at
all points of its circumference” (Dei fenomeni della circolazione,
Dissertazione ferza).

In proof of the same phenomenon, Poisenille (1828) introduced
a length of a large artery into a long chamber, having at both
ends a circular hole of the same diameter as the artery it was
to receive. The ecover of the chamber (which could be closed so
as to become water-tight) was pierced by a vertical glass tube
provided with a millimetre scale. After the chamber containing
the artery had been filled with fluid, the fluid could be seen to rise
in the tube at each systolic wave, and to fall at each diastole.
Poiseunille measured the increase in arterial diameter by the highest
point of the rise.
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This experiment of Poiseuille was the starting-point for the
construction of the apparatus known as the plethysmograph,
because it serves to register the content, i.e the variations in
volume, of any organ, owing to the dilatation and constriction of
the vessels it contains. It is easy to see that where the di fferent
organs or parts of the body are highly vascular, the total
movements of passive or active dilatation or constriction of all
the arterial branches they contain must produce very consider-
able variations in volume.

In order to estimate these variations in volume, Piégu (1846)
introduced a limb into a vessel
filled with lukewarm water and
closed completely, save at a
point through which passed the
vertical tube intended to show
the changes in volume. He
deseribed the changes in volume
depending on cardiac, as well as
those depending on respiratory
rhythm. Chelius (1850), who
was not acquainted with the
previous investigations of Piégu,
investigated the changes in
volume of a limb by the same
method, and with the same
results.

Ch. Buisson (1862), who dis-
covered the graphic method by
means of air transmission to ‘a
writing tambour, subsequently
perfected hy Marey, was the first
Fig. 115.—Francois - Franck's plethysmograph, who RI?I}IIE(]E ,lt' to the l]lEt.l I

for recording rapid ehanges of volume of gl'&]_)hﬁ Df Plljgll H,.I'I_d ‘ChEhUE.
m:h::iﬁi tﬁﬁltﬁ: :::sfmfﬂ {Sﬁt]m L il A. Fick (1868), with the same
object, connected the water-tight
chamber in which the forearm was enclosed with a recording
water manometer, which directly recorded the pulsatile changes in
volume of the investigated limb upon a revolving eylinder.

A. Mosso (1874-75) deseribed another ingenious plethysmograph,
with which he intended to record in absolute values the changes
of volume in an isolated organ or a limb. Owing, lm*:vev&t:, to
the sluggishness with which the reenrding apparatus functions,
it is incapable of following the rapid passive changes due to the
cardiac rhythm, while it is able to record the slow changes in
volume due to the active contraction and dilatation of the vessels,
which are entirely independent of cardiac rhythm. We shall
return to this in Chapter X.
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Francois-Franck (1876) made some useful modifications i the
details of Buisson’s apparatus, giving the apparabus the Inrm_-;l
Fio. 115. The flask placed in front Iu_l' the rubber tube, *I.\'hu-.u
j':--lﬁt]:% the plethysmograph with the writing tambour, cuts out the

oscillations of the fluid along the vertical tube. The ‘jl:u‘.’.!l:f;ls] and
strument afterwards used by Mosso (155U) for recording the

Fio, 116.— A", Plethysmogram of forearm in fasting states A, the same, in same individual, after
a meal, (Mosso.)

pulsatile changes 1 the volume of the forearm, to which he gave
the name of hydrosphygmograph, is very similar.

Among the various results of more or less importance obtained
by the plethysmographic method, we can here only refer to the
form of the curves depending on the pulsatile oscillations in
volume of the part explored, 7.e. to vascular plethysmograms and
their interpretation.

Fro. 117.—V, Plethysmogram of hand taken with apparatus of Fig. 115, the oscillations of the
eolumn of fluid being suppressed by the bulb interposed between the exploring apparatus anid
the [-'n;':lr||,|:,';; tambour. (Fr.-Franck.)

Vascular plethysmograms are very similar to sphygmograms,
and exhibit the same principal features, including dicrotism, as
shown in Figs. 116 and 117. Still they cannot be identical since,
as we have seen, sphygmograms are obtained with an apparatus
which by means of a tense spring exerts pressure on the artery
investigated, depressing its lumen to a greater or less extent: while
plethysmograms, on the contrary, depend solely on the alterations
in volume of the forearm or hand, all external pressure being as
far as possible excluded. Since the flow of blood in the veins is
continuous and uniform, it 1s clear that the changes of volume in
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Vierordt's many observations. When, further, we compare the
time of circulation with the number of heart-beats required to
complete it, we arrive, according to Vi@rordb’a m«gpermmnml data,
at the fact that twenty-six to twenty-nine pulsations are necessary
in every animal, independent of the mass of its body, to drive the
blood through the whole circulation from one jugular to the other.
This is seen from the following table :—

——

| | v
| Time of Circulation | Pulse Fraquency | Number of Pulsations

‘ Animal. | in seconds. | per minute. in One Circulation.
P S Lk s :___ i = a) i I
| Rabbit . - . ol 7rdb 220 261
| Goat . s : : 14-14 , 110 26'9
| Dog . : - | 167 I 96 26°7

Horse (Hering) . o 315 b 28°8

As regards the time of the circulation in man, Vierordt thinks
it probably stands midway between that of the dog and the horse,
ie. he estimates it = 27-1 secs., which with a pulse-frequency of 72
per minute corresponds to 27-7 heart-beats.

These data for the circulation time obtained by the methods of
Hering and Vierordt express not the mean velocity with which
the blood circulates in the vessels, but rather the maximal
velocity, i.e. that of the axial lines of the fluid flowing through the
vessels (see p. 189). V. Kries (1887) accordingly proposed to
reduce Vierordt's figures by half, to obtain the value of the average
velocity of the circulation. By the laws of hydrodynamics, the
mean velocity of a fluid traversing a tube must be equal to half
the greatest velocity of the axial current. Tigerstedt, however,
pointed out that the theory of the passage of fluids was only
applicable to the capillaries on the assumption that the stream of
fluid is free from solid particles, which depress the value of the
maximal velocity in the axial current. We know that the
erythrocytes which move in the axial current are so large that
they almost fill the capillary lumen, hence the mean velocity
in the blood capillaries must certainly be somewhat more than
half the maximal velocity. Still it can be positively affirmed that
the average time of circulation must be less than that given by
Hering’s method.
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conditions, without special treatment, it apeedily ceases to beat)
& r"

e

i

: By means
of a cannula tied to
the aorta, in the direc-
tion of the heart, Le
caused blood or other
nutrient solutions to
cireulate at a tempera-
ture of 38" C. under g
pressure corresponding
to the normal pressure
of the aorta. The fluid
keeps the semilunar
villves closed, eirculat-
ing through the coron-
ary system of the heart,
and flowing out again
through the opening in
the right auriele. The
cardiae cavity remains
empty. A heart thus
artificially fed i= cap-
able of continuing its
activity almost nor-
mally for many hours,
The graphic record of
1ts movements can be
taken by means of sus-
:|_|L']|.--':i-;11|.r ] |:;1flsa.r 0=

1-'||-.r. 13?;-71':”#35“““1“"*‘ |m|_1.'u,-,-'rain:I:i for reeording beats of frog’s cluding the wveins of
AT tn sibw, when suspended from the apex by a thread s T anriele r
connected with a ]1i.|{_:|i|._'|.' sensitive levar. Tha JL]'F-"“”-t—*H {8 o LI“ Ilhh' i I'”“"Il":'l h:l' a
two-armed lever, one arm of which is attached to o fine gilk D&IOILETED 1'l'].']';“'ll LD
thread, the other to a long straw or strip of aluminium, which the |1L|Imu]|;|.]'r artery
magnifies the movements of the writing point on a smoked (ol oy at anl' r
surface. At the end of the thread is a fine glass hook, with S
sharp ]'m:l:rit, which is inserted into the tip of the apex, after
cutting the fraenmn by which the two layers of the paricardinm T ' ;
E LI. The factthat

are united dorsally.

it is possible to keep

the isolated heart of different animals alive for a comparatively

long period has been used as the start-
ing-point for a series of researches on the
nutritive medium, or external chemieal
conditions, necessary to its survival
This work has familiarised us with
the so-called physiological solutions,
which are artificial nutrient fluids,

capable (at least for a certain time) of

replacing the blood, since they contain
all the elements necessary for sustaining
the life of the heart. The importance
of this subject exceeds the limits of the
present chapter, for it may logically
be concluded that artificial fluids which

Fie. 127.—Cardiograms taken frone
frog by Engelmann's method. o,
Commencement of ventricular
systole (I's); &, commencemeant of
diastole (Fd) ; ¢, curves of & tuning-
fork which wibrates 10 times et
senonid.

are capable of sustaining the vitality of the excised heart will
also maintain the vitality of other organs or isolated tissues, or are,
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(@) When a ligature is applied at any height of the auricle,
between the opening of the sinus venosus into the right auricle,
and the region nearest the auriculo-ventricular junction, arrest of
the heart is, ipso facto, produced in all parts below the ligature,
while above, in the sinus and the part of the auricle that is not
blocked, the rhythm is undisturbed.

(b) When a second ligature is applied to the aurieulo-
ventricular groove in a heart that has been arrested by the first
ligature, the ventricle begins to beat again, even though much
more slowly than the normal, while the auricles still remain
motionless.

Eckhard (1858-60) showed that practically the same results
were obtained by making incisions in the frog’s heart, as by the
method of Stannius. At the same time he denied their supposed
constancy, and found a great variety of effect both from ligation
and from sections, in accordance with fluctuations of external
temperature, and the varying sensitivity of the preparation, and
more particularly of the different regions operated om. He
confirmed the fact already observed by Heidenhain that the
arrest of the heart produced by the ligature or section is not
permanent, for the beats invariably recommence after a longer or
shorter pause (lasting from a few minutes to an hour).

None of the several hypotheses advanced in explanation of
these facts will bear searching criticism. Eckhard accounts for
the effect of the first Stannius ligature on the rhythm of the
heart by assuming a sort of neud vital, represented by Remak’s
ganglia. To explain the effects of the second ligature, he assumes
that it provokes a certain excitation of Bidder’s ganglia. Remalk’s
ganglia must function automatically, since the spontaneous move-
ments of the heart cease when their influence is cut out; Bidder’s
ganglia must be reflex in function, since the stimulus of ligaturing
the auriculo-ventricular junction is required to throw them into
activity. When, in faect, instead of ligation, an ineision is made
in this region, which would not have much excitatory effect on
Bidder’s ganglia, permanent standstill of the ventricle, usually
preceded by only 8-10 beats, is produced. AN

This theory, which involves a specific differentiation of the
cardiac ganglia into automatic and reflex, is unsatisfactory. In
order to defend it, we must assume that the upper Stannius
ligature has, for its sole effect, the physiological exclusion of
Remalk’s automatic ganglia, and that the lower ligature on the
contrary causes the reflex excitation of Bidder’s ganglia. .

We attacked this question in Ludwig’s laboratory in 1872, and
saw that when the ligature was applied to the frog’s heart, after
the insertion of a simple cannula, with its point projecting into
the ventricle, the same effects were obtained as with the St-u._n}:uus
ligatures. But when the cannula was filled with fresh rabbit’s or



























X CARDIAC MUSCLE AND NERVES 209
the ventricular, then those of the aurigular portion. On sub-
stituting air or oxygen for the said gases, Hhulrtly_uth.-.r the beats
have been arrested, they are seen to reappear, first, in the u11ru:u1;1_1;__
subsequently in the ventricular section. In short, the embryonic
heart of the ._-['15.;1.;1 which has no nerve elements, exhibits like the
adult heart a decrease of automaticity from the venous to the
arterial end (Fig. 136). _ e _

(¢) No less interesting are the observations of Fano in regard
to the mode in which the rhythm-
ical automatic activity of the
same embryonic heart becomes
exhausted. When isolated and
exposed to favourable conditions
of moisture and temperature, it
continues to beat for a time which
usually exceeds one hour, and
may reach a maximum of two or
three. But in the last stage o
its life, rhythmical is transformed
into periodic activity, as repre-
sented by groups of beats separated
by long pauses, in complete agree-
ment with the phenomenon dis-
covered by us on the adult heart
of the frog. As in that, so in
the embryonic heart, the periodic
rhythm gradually resolves itself
into an irregular series of single
beats, which become constantly
weaker and less frequent until

I_-hf::lr vanish altogether. The g L1, —Chick's heart on third day of in-
auricular or venous segmenf of  cubation. (Fano) AD,Venous extromity,
b= from which the auricles develop; B

the heart. not ﬂll]:&' beats a F_‘J'Di.itl :-.L'Ir'Ll'Lu] end, from ‘.'-.'I::lit'hi the bulbi arterinsi
; A develop: EF., median line of wentricular

deal longer than the ventricular portion ; AB, coneave line, or lesser curya-
£ - oy | T B tnre of heart § DFC, convex line, or Ereater
5‘3}{‘.11‘31.113; t”‘lt' } 10 E-?lln'l-]]l*h Lne curvature of heart. Each of tha divisions
1]'531"1:1[11('5 L’.'l"ll'.‘l]l!:llIlL; of beats much indicated below the figure corresponds to

= g 005 mm., and the wlhole line to 1 mm.

later. After theautomatic rhythm
ceases, reflex excitability continues for some time. Since these
effects appear in a part entirely devoid of nervous elements, they
can only be due to automatic or reflex excitability of the embryonie
muscle cells. L :

(d) On repeating the same observations and experiments on
the ehick’s heart in the second half of its development, 7.e. on the
eleventh day of incubation, when there is no essential morphological
lllit?*.!‘f_'-.nm.'. between it and the adult heart of vertebrates, Bottazzi
obtained the same results as those recorded by Fano for the first
hours of incubation. In that stage of development also automatieity
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automaticity, it does represent the conducting element of
excitation. -

The most important and convincing arguments in favour of
the neurogenic theory of cardiac rhythm were, however, adduced
by Carlson (1904-5). ) _

He directed all his observations to the invertebrate heart, in
which, from the phylogenetic point of view, the automatic activity
of the muscle cells should reach their highest development. _

One of the strongest arguments adduced by Engelmann in
favour of the myogenic theory, was the non-existence of nerves
and ganglion cells in the adult heart of many of the Invertebrata
(molluses, arthropods, tunicates, lower crustaceans). He reasoned
from the observations of A. Brandt, C. Eckhard, M. Foster and
Dew Smith, W. Biedermann and Ransom. Carlson, however,
noticed that these negative results do not hold for all invertebrates.
In a great many molluscs and arthropods the heart is visibly
invested with nerve-cells and fibres, while, according to Hunter,
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Fig. 137.—Heart and cardiae nerves of Limulus polyphemus. (Carlson.) oa, Anterior arteries iz,
lateral arteries; [m, lataral nerves; mae, median ganglionic chain; os, ostii or atferent
st-c:lmnta, each pair of which corresponds to one of the segments into which the Limulus heart
is divided.

these elements also exist in certain tunicates, eg. in Molgula.
Carlson worked on the heart of an invertebrate, ZLimulus
polyphemus (an arachnid, according to others a crustacean), the
American “horse-shoe erab.” The heart of this animal (which in
the best-developed specimens may be as much as 10-15 em. long)
is in the form of an elongated sac, divided into segments by
arterial rami which originate in a double lateral series (Fig. 137).
During systole this heart contracts simultaneously in its entire
length, or else the wave of contraction is peristaltically propagated
with such velocity that the eye is incapable of following its pro-
gression. The nerve plexus by which the heart is invested is
disposed above the ectocardium in three principal trunks, the
median of which may be regarded as an extended nervous ganglion,
mixed with nerve fibres, while the two lateral nerves, and the
hranc_hes by which these are connected with the median ganglion,
contain no nerve fibres. In this case, therefore, it is comparatively .
easy o separate the nervous elements without injuring the
111qaculla,r walls of the heart, which is impossible in any other
alllmal,

By a technique as simple as it is conclusive, Carlson has
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extremity to other similar cells by means of little protoplasmic
bridges (Przewoski), and a series of such cells constitutes a cardiac
fibre, which never has a sarcolemma, and is joined by the processes,
as above, to other adjacent fibres, making with them a kind of
network. At certain points, more particularly beneath the
endocardium, arve muscle cells that are non-striated, or str%at‘ed
only in the outer layers, with no striae at the nucleus (Purkinje).
These represent cells which are less well developed and more
embryonic in char- :
acter (Fig. 138).
(Given thisstruc-
gure of the ele-
ments of the myo-
cardium, it is easy
on the myogenic
theory to see how
the contraction
wave which arisesin
the more automatic
muscle cells of the
venae cavae and
sinus venosus must
be propagated in a
peristaltic form
fromeell to cell, in-
dependent of the
nervous system.
Each cell being in
simple protoplasmic
continuity with all
the rest, the entire
myocardinm may, RV _
Fic, 188, —Muscular network of normal heart of adult man. (Prze-

il‘t}mﬂFh}'SlﬂlC’glﬂﬂl woski.) @, Terminal granular layer; b, filiform protoplasmic
pﬂillﬁ' ﬂf \"iE-W }JE processes, stretched Detween the mnsele eells ; ¢, nuclei of thesa
»

rggﬂrdgd a,ﬂ:l,uu]'t{}d cellg: d, bundle of primitive muscle fibrils,

mass of hollow muscle. We must now briefly enumerate the
most important experimental facts by which this theory is
supported.

As early as 1874 A. Fick showed that any excitation due to
stimulation of a circumsecribed area of the cardiac muscular mass
was propagated in every direction. KEngelmann almost simul-
taneously confirmed this fact, and further showed that the con-
traction can be propagated in a ventricle divided into zigzags by
incisions, from one section to another.

Porter (1899) established a similar fact for the heart of
mammals, irrigated with defibrinated blood cireulated through the
coronary arteries, at 36° €. After cutting across the mass of the







2

IX CARDIAC MUSCLE AND NERVES 315
. diffuse and complex muscular ramifica-
rruptedly from auricles to ventricles.
e goes out at the back to
ordinary muscles of the

ventrieular fibres forms
tion, which eontinues uninte
From this system a short bundle of must
the coronary sinus, where it joins the
auricle. Another bundle runs ‘nwards from the muscular system,
towards the muscles of the ventricle, and bifurcates at the two
walls of the septum. At the base these two branches break up
into a number of small bundles, some of which enter the musculi
papillari, while others spread over the whole internal surface of
the endocardium, passing either to the apex or the base of the
ventricles. Throughout its course the auriculo-ventricular bundle
is separated by connective tissues from the cardiac muscle proper,
and connects with the fibres of the ventricle by its terminal
branches only.
[t would be interesting to study the effects on cardiac rhythm
of interrupting the
conduction of ex- [J¥
citation along this  FaNaVaRnne _,‘ NNV \rﬁr‘mﬂﬂﬂﬂr
system of muscle , "
fibres,which passes
uninterruptedly
from auricles to
ventricles. Some
physiologists have 7 : :
attempted the ex- * L O A I ronal e banile of
S oo e B T B AR e
isolated surviving
heart of mammalia: e.g. His, jun., Graupner, Erlanger, and especially
H. E. Hering. Gentle compression of the principal bundles i]iﬂl‘i_‘!{iﬁﬂuﬁ
the interval between presystole and systole, without altering their
normal sequence. Stronger compression produces the allorhythmia,
in which 2, 3, or 4 presystoles correspond with a single systole
(Fig. 139). Marked and sudden compression when the cardiac
rhythm is very frequent and intense may produce a longer or
shorter arrest in systole, after which the ventricles begin to beat
ﬁ:lth a rhythm of their own, independent of that ot the auricles.
The same results occur when the conductivity of the auriculo-
x-_entriq:.ulu,1' bundle is impaired by eooling, while the excitability
of the auricles is simnltaneously raised by warming. i
The experiments which most definitely bring out the im-
portance of this bundle as the bridge across which the wave of
contraction passes from auricles to ventricles, are those of H. E.
Hering (1905) on the dog’s heart. He kills the animal, and
then revives the heart (without isolating it from the body)
perfusing Ringer's physiological solution from the aorta 1‘]11‘1_111:ri;
et o Talas H . . L
::Lllllsilizl;r;l]l::l_l‘:_l.ll1r:n:_\ "{"’u !~”|]l: lex]mu.ﬂ: is still I-nu!_lf‘llllt*.:es:., he divides 1—,?“3
mlo-ventricular bundle by a comparatively small incision in

b
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the septum (across the right auricle). Each time the Ineision into
the bundle of His is complete (as can subsequently be :iL:E'F'I‘l'LirH'III
anatomically) a sharp funetional dissociation }il"E,".".'“l‘{?'tl. L};ef J'nu;ﬂ»: of
the auricles and those of the ventricles, a true n]]rurin'Lhilni-r
appears when the cardiac cycle recommences, Hering studied [ll‘j“:
elfect on ten dogs’ hearts, with results as follows :— i

(@) The ventricles beat more slowly than the auricles (Fig. 140

.'f'f'," The wave of contraction is nejther transmitted E'r:::n lJﬁ;
auricles to the ventricles, nor vice versa, whether it | -
or determined by external artificial stimuli.

1.-Ir'lﬁ: Both auricles and ventricles possess independent automatic

activity.

e Bpontaneons,

~ From these experimental data Hering deduces a new argument
In favour of myogenic conduction, adopting the ideas previously

16, 140 —Tracing o [ beats of auricle (4) and ventricle (F) in a doe's henrt, im which
the bundle of His had bean cat. Time in seconds. (H. E. Herin )

]11'1111;_',‘]“.- torwanrd 1|Jj.' Gaskell in connection with the ei]t]]lhii;rf;l[]
heart.

According to Gaskell, communicating fibres between the sinus
and auricles, and the auricles and wventricle, present certain
morphological peculiarities in which they approximate to embryonic
cardiac fibres. These less differentiated fibres, which in arrange-
ment and structure resemble those of the primitive cardiac sheath,
have also from the physiological point of view preserved a more
embryonic character, since they are endowed with a far higher
degree of automatism, and probably (aceording to Gaskell) conduct
the excitation from cell to cell far more slowly. This is sufficient
to explain 1n the simplest possible manner, why the contraction
wave arising in the sinus is not of uniform velocity, but is delayed
at the limits of the several segments, breaking up into contractions
of sinus, auricles, ventricle, and bulbus arteriosus.

The highly developed automatic excitability of the muscle cells
of the venae cavae and sinus explains why these parts govern the
rhythm of all the remaining secments of the heart, where automatic
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certain inertia in the heart, associated with gxagoeration nfi‘ tonus,
and that the electrical stimuli arouse the heart from 1.]115: state,
when it gradually recovers its activity, systolic as well as diastolic
(Fig. 141). g | : . <
With regard to the tonicity of cardiac muscle, i.e. the inter-
mediate state between systole and diastole, at the pause, Fano
discovered an interesting phenomenon on the }ne.-a:rt- of the tortoise
(Emys europea). 1f one auricle of this animal is connected by a
thread with a writing lever, its spontaneous beats complete them-

I3

Fig, 142.—A and B, Myoprams from auricle of tortoise heart (Emys curopec), obtained by sus-
pension method ; showing two different forms of rhythmical oseillation of auricular tone.
(Fano.)

selves above a line of rhythmical oscillating tomicity. These

automatic oscillations of tone in the auricle are of varying

intensity, and comprise a larger or smaller number of beats (Fig.

142, A and B). If the rhythm of the two auricles is recorded

simultaneously, it will be seen that while the beats are perfectly

synchronous, the oseillations in tene of the two auricles are quite
independent as regards intensity and frequency. When the heart
is exhausted the oseillations in tone are the first to disappear. On

C, Oscillations of auricular tone in toad’s heart (Bwfo vividis) (Bottazzi.
[}, The same from heart of Haono esculenta, 3

exciting the vagil, the tonic oscillations increase, while the beats
are arrested. These facts led Fano to suggest that the rhythm of
tonicity may be due to the contraction and expansion of a proto-
plasmic substance, other than that which determines the rhythm
of the beats. ;
Bottazzi observed automatic oscillations in tonus both in the
auricles of the amphibian heart (Fig. 142, C and D) and also on
the sinus venosus, even when they were bloodless. Since he found
the same phenomenon in the oesophagus of amphibia and of the
chick embryo, and Duceceschi has noted it in the stomach of the
dog (organs which consist of muscle cells that are very rich in
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sarcoplasm), he thinks the oscillations ‘in tonicity are probably due
tio F-}H,‘. contractions and expansions of the :e:lbr[:upl:mu and the
nl'.tht];Lt‘_j.' and more frequent beats to the doubly 1'{!|.]'.'LL‘.’|-i".'['J:-'-'Ilhﬁi.ill'l{'t'
of these elements. 1 ;

The oscillations of excitability in cardiac musecle recorded by
Bowditch with electrical stimuli were determined more exactly by
the later work of Kro-
necker and Stirling,
They showed that the
heart becomes inexeit
able during the time
of 1ts eontraction. and
that if cooled this in
excitability  persists
for some time after
the beat is completed.

These facts were
confirmed by Marey,
who analysed the
phenomenon of peri
odic inexcitability to
electrical stimuli in
the automatically
beating heart, and
termed 1t the refrac-
tory !:II;JHH of the
cardiac cyecle. It
corresponds with the
i---riml of ﬁ}'r'«[[}]i‘, and
its duration varies
le, obtained by Marey with With that of the
fLong- el by Daologranhy- stimuly  and” other
yele, The lin extringic conditions.
3 :!Illu--i | :Ir.:.l:_lI |-. | I.-.- .1'I1ilrll'[,]= "."-'i‘r'l]{ Hlitlll]][

VAFOUS momenis q

the ocommeaneement

=2hock 18 2ent I LT 15

ha atimnd FeT ' EIh g AL g -
it D e e e refractory phase
as shown by the sections shaded obliquely to make them Persists throughout
onapicnons,  The extra-syvstoles increase in height fron : -

to 8. @ being followed by & compensatory pause. AL e, the systole : with
the line marked by the electric signal, the break inmduetio i

stronger stimull 1t is
limited to the first
period of systole, or obliterated altogether. “':n'mil}_u' shortens
Or Suppresses it ; cooling prolongs it. Each forced or t:l‘x‘l‘ll';.
:-._'-.'rc‘luh; 18 more :|':|L]|||- i ]II'II[}fI]'til'IH ag it appears later .LHF:-i'
the spontaneous systole that preceded it. The extrasystole 1s
followed by a resting period longer than that which usually occurs
between two systoles (compensatory pause), by which the temporary
disturbance of cardiac rhythm is adjusted (Fig. 143).

Later observers, who, after Marey, studied the compensatory

shocks wers Dhrown 1n.
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pause which succeeds the extrasystole, attributed 1t to the
intrinsic nervous system of the heart, because in experiments with
the apex, where there were supposed to be no ganglia, the extra-
systole appeared, but not the compensatory pause observed upon
the intact heart supplied with ganglia (Dastre, Marcacel, Gley,
Keiser). Subsequently, however, Engelmann showed that the
compensatory pause can be obtained at the apex also, previous
observers having failed to detect it because they employed a
tetanising current as stimulus, instead of single make or break
shocks. He demonstrated that the compensatory pause may fail
in the entire ventricle also, with the constant current. Bottazzi,
on the other hand, observed the compensatory pause on the
embryonic heart of the chick, which excluded the possibility of 1ts
being essentially conditioned by the nervous elements.

It has frequently been noted, on stimulating the heart at the
sino-auricular junction, that not only is it possible to obtain an
extrasystole with weak currents that would be ineffectual beyond
these limits, but that a series of rhythmical beats, of greater
frequency than the normal, may also occur (Langendorft, Keiser).
This was explained by the presence of ganglion cells in these
parts. But in view of Gaskell's discovery that it is just these
parts which contain the more embryonic muscle cells, endowed
with a marked automatic rhythm, the difference observed in the
response may obviously depend rather upon these muscular
elements than upon the ganglia.

The refractory phase of the cardiac cycle accounts for the
regular alternation of systole and diastole, and explains why it is
difficult to produce a true tetanus of the heart by means of a
tetanising current, i.e. to fuse a number of contractions into a
single very marked and persistent one, as in the case of ordinary
muscle (Kronecker and Stirling).

The direct action of tetanising currents upon the surface of the
mammalian heart produces the strange effect termed by Ludwig
and Hofta (1849) deliriwm cordis. This is a wholly unco-ordinated
activity of cardiac muscle, in which it contracts at isolated points,
and simultaneously relaxes at others, so that the mechanical work
of the heart becomes impossible. Co-ordinated activity may be
resumed after a delirium lasting for several minutes, but only
when the current has not been unduly strong, nor the stimulation
too prolonged. The origin of this phenomenon has been variously
explained. MacWilliam held it to be independenf of nervous
influences, and merely the effect of direct excitation and altered
conduction in the muscle cells. Kronecker, on the contrary, inter-
prets delirium cordis as the functional disturbance of a nervous
centre of co-ordination for cardiac movements, situated in the
upper third of the interventricular septum. He showed that in
the ‘;f:;:;g,lﬂm'l frequently in the rabbit also, it was only necessary

e %
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to thrust a needle into this spot in order to produce a fatal
delirium of the heart, while any number of punectures at nth;ur
points of the ventricle had no effect on the co-ordinated contrac-
tions. The trend of recent evidence in favour of the rle1£r+'JLreiliq:
theory (which has always been upheld by Kronecker for the heart
of mammalia also) increases the 111*:35-.1115'1]_:1:1:1:: for this interesting
h }']:n'l.husis of a co-ordinating, ganglionic centre for cardiac :;]n*lﬂu.-i

VIIL. Admitting that the rhythmicity of the heart depends
on the automatic and reflex exeitability of its intrinsic ganglion
system, it follows by exclusion that the extracardiac nerve plexus
l_-h}‘m[g__fh which the heart is brought into relation with the cerebro-
spinal axis can merely exert a regulatory funetion upon the
rhythm, modifying it in accordance with varyine external
cireumstances and the temporary needs of the body.  We must
now ivestigate the nature of this regulation of cardiac movements
as exercised by the nervous system.

At the Congress of Italian Naturalists at Naples (September

Fia. 144. [Z"I]I'I!II!:I-:':\' effect -.~:I--I---_'I:|;--.;| exeitation of frog s vagus. (Waller.) The period of stimn-
lation 18 marked on the abscissa by an electric signal. At the close of eéxoitation the beagts
herome larger.

1845) the brothers Weber communicated the results of certain
expernnents which they had undertaken on the effect of stimulating
the vagus by tetanising induction currents. To their surprise
they obtained neither acceleration nor reinforcement of the beats
of the heart, but found they were slowed, or arrested in diastole.
Stimulation of the infact vagus or its peripheral trunk produced
the same result in all classes of vertebrates (Fig. 144). In the
frog the excitation of the nerve centres from the optic lobes to the
tip of the calamus seriptorius had the same effect. This was a
discovery of capital importance, which cleared the way for a vast
number of other observations. DBudge discovered the same facts,
independent of the Webers, and almost at the same moment, but
declared himself unable to decide whether the arrest of the heart
was due to a cardiac tetanus, as he was then inclined to beheve,
or to a temporary paralysis of the heart (for which he subsequently
concluded on becoming acquainted with the Webers' communica-
t1om ). :

Three different views have been advanced in explanation of this
phenomenon : that of the Webers, who regarded the vagus nerves
as the restrainers of the heart; that of Budge, which was imme-
diately accepted by Schiff and at a later time by Moleschott, to the
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effect that the wvagi were motor nerves, easily exhausted by
electrical stimuli: and, lastly, that of Brown- "qu:tci who held
the vagus to be a vasomotor nerve of the coronary system.

i:l.ulHL"H' view was soon found to be untenable, since even the

weakest currents retard or arrest the movements of the heart.

Still easier was 11 to overthrow ]:Jnxktl-"w-]ll.i]il s hypothesis, seeing
that ligation of f the coronary arteries does not arrest the heart,
and in Llu frog’s heart, which has no cardiac wwlh the vagus
still produces I_h{‘. same effect.  Only the Webe rs’ theor ¥ theretore,
remains, and the object of later researches has ]:ut*u]:. been to
determine the mode and
mechanism by which the
retardation or inhibition
of the beats is effected 1n
vagus stimulation. The
most important results of
these observations are
briefly stated as follows:

In warm-blooded ani- R .'F h-”
mals thestandstill broucht lﬂ' ||F
about by the vagus never
lasts more than a minute.
[f the curve of arterial
pressure 1s registered dur-
ing vagus excitation by
Ludwig’s kymograph, a
more or less rapid depres
sion 1may be observed,
according as arrest (Fig,
145), or merely H]uwin”
of the beats }lri 146),

X Frc. 145 |I--|.-:|--.-:,:-:,'--'!--|'[ of st
obtained. ||1-- m[nhmn ¥ indog. (Morat.) The period
o = at I on the abscissa.  The carotid 1
acilon 158 more Ir[l'l['[g}tl]ll_i_'[.:i ]allli'll.":_i"p-; kymograph. 1

in mammals than in birds.

where as a rule there is only delay (Claude Bernard), or arrest
u!' a few seconds (Wagner, \Ipwr- In the pnl]ulutlwrmu verte
brates, on the other hand. Lhw st rth” 1§ more pronounced than
in mammals.

Cardiac arrest by wvagus stimulation has repeatedly been
'l'ﬂll—':'-]'lllj[ll.“i on man. Henle obtained it in 1352 on a Hvtlllntgitt (]
criminal, whose right auricle was still beating (ultima moriens):
Czermak, Ih]rlhnfhﬂ Conecato, Malerba, Wasilewsky. .mLuLlﬂli
ulrrt,a.ltwul 1t ln vmupummn or friction of the neck :L]HH’F 1Im conurse
of the vagus and the carotids. This is an L:r,;,lﬁmur;!.m”r peri-
rHTE:;:.||::“w It may produce disquieting systems of H_','Ii:_-:_:pq-

Ihe latent period of vagus excitation is comparatively long,
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the effect being usually manifested only after a heart-bea (et
M 33 R T 1 , T : :
I HIL_L':: ! _.Llll! ||1..|J1;t.“- , 218 f\hll‘n'nll i Migs, 144 145 146,
Excitation by a single induction shock has little -effect :
constant currents usually produce retardation only: tetanisine
mduction currents are the most effective (Donders, Heidenhain,
atic.).
_ _Hll-uu:_-'r:' currents produce a more obvious and prolonged in
hibition ;: minimal currents always produce delay, never acceler:-
tion of rhythm, contrary to the observations of Moleschott (v.

“L';’ff".lll, !'”‘.It_[l-]'_ [-:IJ.‘-GL']II||.I]_ ere. ). rHlt' 1I|'L-i;_||_|*T'|-:"l.' 4,‘,' H'u- i][ci,1|L-[i|||5

T fu |"-_"| J-I_.If- T J"-'I'-I r'm"'l

FigG. 146, he pressor sifect of me lerate exeitation «
lines indicate the duration of stinmnlatio

shock tells more than intensity of the stimulus (Lecros and
Onimus),

A difference in the inhibitory aetion of the two vagi has often
heen observed, particularly in amphibia (Meyer, Gaskell, Mac
William, Wesley Mills, Tarchanoff). In the rabbit the rioht
vagus is often more effective than the left (Masoin). The same
has been found in the horse and dog (Arloing and Tripier), and
also in man (Czermalk).

When on cessation of the arrest produced by the stimulation
of one vagus the other i1s at once excited, an effect similar to the
first 1s produced, without any resting period, if the first nerve had
not heen |!H11|11}' Ltli\l_l_".uri] (Tarchanoff, Eckhard, MacWilliam and
others).
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Besides the modifications of rhythm (Enge Jmann's chronotropie
effects) it 1s lmportant to consider the changes produced by
vagus exc itation on the amplitude ot the be ats, or 1ore exi ”U:ﬁ
on the degree of systolic contraction and diastolic expansion
(inotropic effect). e _

(Toats was the hrst | [Hﬂ.ll:: to note that the exeitation ol the
vagus obstructed systole
and favoured diastole. T T , i
He found ill'l.- exact ob- o) il LIl
servations, carried out in
Ludwig’s laboratory on
the frog’s heart in silu,
connected with a record-
ing nanometer, that
vagus stimulation, with-
ont ““”l“r“[i“;‘-f the p. 147, Myopraphic tracing of frog's heart : A, Auricles,
rhythm, not infrequently V. ventricle, with method of do ble suspenision. (Gubicelt.)

SR ; Hlectrical -x-l ation of the vagus || spction Detween
il]]|]1T]1:~‘-]][]£[ .'-’-‘n.'.‘-i.l”]]!_' GO - the two vertical lines. Shows arrest of beats, both in

: ! aurele and ventricle, which continues after the close of
traction iiIIll .'ll!L_‘;IJIEJI'lLl‘Il stimulation ; the beats subsequently recommence, and
= B x g AL a ramdly larte than they were before stimn-
thefdiAstolic: expansion:, . Diceine iy larga tar ey were Beto, SIEA
[t was on these and other
phenomena observed in the dog, in relation to the aspiration of
the heart, which increases during vagus excitation, that we in
1871 based the first principles of our theory of active diastole (see
l'!l;r!m. vil. H",
Coats’s results were fully confirmed and better worked out in
1882 by Heidenhain and Gaskell. The former found, on stimu-

Fii, 145, —My [T raphic tracing of frog’s lieart 13 in preceding figure.  (Gaskell) In this case varns
stimulation does not arrest the beats, nor retard them, but diminizhes |'|||-i:';|rr_-]||;[||.1.-_

lating the vagus with induction shocks thrown in at intervals of
two to five seconds, that the systoles almost disappeared without
diminishing in frequency.

Gaskell found that vagus arrest only oceurs in the frog when
the heart is well nourished, and fails to come off when it is thmh
fatigued. Figs. 147 and 148 represent two enrves unm“m.{ hy
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The inhibitory fibres arise in the accessory or 1-5I.-\'|-ulh I!':'.I]HF”
nerve.,  After extirpation of this nerve 1 the dog, and lapse
of sufficient time for the 1wriph--1'.-tl fibres FUning with the
vacus to decenerate, vagus stimulation 1r1‘-n!|::'i*.~'= no effect upon the
hr:rl, as was shown by Waller mn 1850, :_|=u|1 "'\-Hlllf"ht‘.llil.l.’l|:|ii_"|- con-
firmed by Schiff, Heidenha, and I‘I]';Hll_'f'llf-"l' ranck. Erl:tnm.:;c;tl.
hm'.'ﬂ't'l'.l found that vagus excitation still ]nrmi.m-u:n a shight
moderator effect fourteen days after extirpation of the accessory
herve. which he aseribed to certain fibres belonging to the vagus
itself. with the same function as those of the accessory. .

The accelerator fibres unite the lower cervieal with the first
thoracie (or stellate) -_;;n]_-,_rlinn_ ']']]r-_‘g.', too, emeroe from the ecord
(according to Stricker,in the first six thoracic nerves), and pass by
the rami communicantes to the sympathetic system. Alberton
and Bufalini found the third dorsal nerve particularly effective

Fic. 161.—Aceeleration ol heart-beats by briel excitation ot B of the two branches of the nerve
that form the annulus of Vieussens, in cunrvarised dog (Doyon.) Carotid connected with
Lndwizs kvmograph.

50 seenis o Col-

(Fie. 151). The cervical trunk of the vacus
bw the action of .-L11'n}-.f|]|

tain some accelerator fibres, as shown
‘Ruthertord).

The functional character of the accelerator fibres was studied
by Heidenhain and Gaskell on poikilothermie, and by Schmiede-
bere, Bowditeh, Baxt, Boehm, Francois-Franck, E. Voit, and Roy
and Adami more particularly on warm-blooded animals. Their
results may be summarised as follows

Excitation of the accelerators manifests itself after a rather
long latent period, whiech may amount to two seconds.  The
maximum of acceleration (positive chronotropic effect) first appears
after ten or more seconds. The effect of a bnet excitation is
therefore shown when 1t 18 over, as an atter-effect. This lasts for
a considerable time, execeedine two seconds. The duration of
acceleration depends on the length of stimulus, since the accelera-
tors are hard to fatigue, even with an excitation lasting for two
1inuLes,
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£ ]I.f.l,f' 1:.E;[;:‘[lr]t-!::;i-l:[ﬁ-]pltffh]]r”“a‘-,, ::Hl" “r'llI.]l.? per .[;unL to & maximal
70 per cent, acc g he prevailing frequency of rhythu.
'he difference in effect depends principally on the frequency of
rh}'i!lm'r. previous to excitation. The maximum of acoeleration is
HoL 1ncreased when the accelerators on both sides are excited
simultaneously. The duration of the after-effect is in proportion
with the duration of the stimulus,

- The positive inotropic and dromotropic effects must be dis-
tinguished from aceceleration or positive chronotropic effects,
Heidenhain and Gaskell observed on the trog that stimulation of
the sympathetic fibres increases the height of systole and shortens
diastole by raising the tonicity of cardiac muscle (inotropic effect):
the capacity of the latter to transmit the excitation from one H{:‘_"IHE‘I’]II:.
to the next (dromotropic effect) also increases ; the effects from
every point of view are antagonistic to those of the vagus. These
facts are confirmed in essentials by the investigation carried out

. T
AN |!'!.
S I A VA WA, ||-
AN TRARY | |

AIRIAAAR ll.l- ill] iU i!..; |

MiG, 15%.— Augmentation of ventricle beats of dog after electrical tetanigsution of Axat laflatoelan
ator nerve, as traced on abscissa, (Francois-Franck.)

with various experimental methods on mammals by Francois-
Franck, Roy and Adami, Bayliss and Starling. They appear to
Justify the physiological name of sysfolic nerves given by us to
the cardiac branches of the sympathetic, in opposition to the
diastolie nerves or cardiac fibres of the vagus ( Fig. 152).

When these two nerves (which seem to be antagonistic in
function) are excited simultaneously, the effects are not algebraic
ally summed up and cancelled, but both are expressed,—first those
proper to the vagus, then those from the sympathetic. This
remarkable fact was discovered on the dog by Baxt (1875) in
Ludwig’s laboratory. It can also be observed when the vagus is
excited with minimal induction currents, and the sympathetic with
strong currents to produce maximal effect (Fig. 153). The probable
interpretation, according to Baxt, is that the two kinds of nerve
fibres act upon the heart at two different points. During the
excitation of the diastolic nerve the fibres of the systolic nerve
cannot act, the excitability of the cardiac musele being modified ;
they will confine themselves to storing up the latent execitability
in the vanglion, to appear as an after-effect at the close of
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stimmulation. It should, however, be stated that the 1=m]n~]']E|=.l-1L1;1|
41;11}: of Baxt, and his iJ:I.ul‘pa'rI;:it,iuu. have to .H'm\u-; l‘.‘{.]lftll heen
corrected by the subsequent work of L.‘"rIl'H:-’.L‘t‘ (1897), Reid ]_illL]ﬂ..
(1897). and Engelmann (1900); who uu-:nu_nﬂlr.llle-cl that E|'Ll;'L1I*1!IE_!t'I:.:-a
|;-.“]1:-:|'Lrllu1:|1 on the simultaneous stimulation ot the two til."iiil:[t'l-
cardiac nerves are more varied and complex than was supposed by
axt, and that the chrono- and isotropic may be complicated by
dromotropic eftects. A RO 1
Vv Atter defining eardiac inhibition due to stimulation of the
vaous as A diastolic effect, in so far as it favours diastole and

| :I- : ; -._ I- y i ] 3 .:'|:|.| : i : > ..I Ll ; g ; - | B ] I :II

B, 158.—Lhagram representing ITequeme t2 after exeilation ol Yagus [(Continons
] 1 line), accelerflor nerves [(cont 1. and f hoth nervas (O LeR liTie).

e stimulation of the aceeler: (t Lo (167}, that of the vagusz from o

(4°), and eommences 127 later. ‘Time conils on the abscissa ; nomber of beats

1 B
oecurring in each 2" shown on arveas of ordinates

obstructs systole, and the acceleration due to the sympathetic as a
systolic effect, in so far as it favours systole and obstruects diastole,
we still have no definite 1idea of the inner mechanism of these
}rhl-;[u[m-]],.-_ As ;;|'L-||1'L1jr]-_[ Lo t]u' 3"1]'["]'”:".!."!':‘; of ".Ell' III.\'II:;'1,‘EIE:'
doectrine, the automatic rhythm of the heart is a property inde
pendent of the nervous system, inherent in the muscle cells of the
myoecardinm, it is logical to assume that the two kinds of nerve
which influence the heart from without determine opposite results,
masmuch as they alter the metabolism of the muscle cells—which
underlies automaticity-——-in an opposite direction. This was
established by Gaskell (1887) in his important discovery of the
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time to acquire the characteristics of venous hlpmi: w]_nlln It—hi
pulse wave of the arteries passes beyond the capillaries, an
reaches the small veins (Fig. 155). | 2 ;
There are, accordingly, constrictor and dilator nerves o 1:-18
blood-vessels : the former correspond to the systolic, the li.Ltrt(i.’ldtD
the diastolic, nerves of the heart. Vascular Irl}ythm and tonicity
are analogous to cardiac rhythm and tonicity. Just as the
innervation of the heart regulates the circulation as a whole, so
the innervation of the vessels regulates the circulation m‘t}hg
several vascular regions. The same questions as were examined

;ﬁﬁ" h
i

e
i
&

Fig, 155.—Operative procedure for exposing submaxillavy gland, duct, neryes and vessels.
(Cl. Bernard,) (an, Submaxillary gland ; Dw, Wharton's duet, into which a glass cannula is
inserted to diaw off the saliva secreted by the gland; Db, Bertholin' duct to sublingual ;
NI, lingual nerve ; O, chorda tympani, running to gland along with excretory duet ; O, earotid
aceompanied by small nerve branches of sympathetic s=; 1%, external jugular vein; ¥,
efferent vein from gland : Ni, hypoglossal nerve ; Md, antevior half of digastric muscle, lifted
by hook ; M, mylo-hyoid muscle, eut 20 as to expose the lipgual nerve, and exeretory ducts
beneath it ; Mn, maseter mnscles,

and discussed in studying the active movements of the heart
crop up in the study of the active movements of the vessels.
We must therefore consider separately the rhythm and the tone
of the vessels, the vaso-constrictors, and the vaso-dilators, in the
better-known vascular regions.

II. The slow rhythm of dilatation and constriction, as first
deseribed by Schiff for the vessels of the rabbit’s ear, is no isolated
phenomenon. [t was observed by Wharton Jones in the vessels of
the bat’s wing, by Saviotti on the frog’s peritoneal arteries, by
Riegel in the small mesenteric arteries and web of the same
animal. In this category must also be included the long irregular
waves “of the third order,” which are independent of cardiac rhythm
and respiratory movements, and were first noted in blood-pressure
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more 1schaemic and cooler than the healthy limb on the opposite
side (Goltz and others). This means that the musele r'|_*”H'I m:
peripheral ganglionic elements. may, independent of the |.nl'r1.'[-
© centres, acquire a degree of tonic contraction in excess of the
normsal. OUn the other hand we know that eve n execlsed organs
e.q. the dog’s kidney, artiicially ecirenlated, exhibit with 1E||;

r, A, B, of plathysmao-

i, 158 —DPlethysn 1 | T
Lk wi L Marey's writ | 5t l.||:|::|".'..-|,;|'l'l.

I'he e nent was parforme (i1 y ||..l'||:I'1l'-
psurable pressures. Each traci + pulae, shows

s O Vil

he slow oseillations in volume o
I'acing mads belore compress
i1 FNTTE. |['; W AT S0Cmn. ||-.;;
minttes atter return to ordinary barometric pressare ; 8, a guarter of an hoar later.

G mm. ||.'_: |'l-...|.-|l':-'\.:-.u:'.'. 3, at
MDAy bRrometrid ||-'-cx.|'|',7,|'\.'--l

plethysmographic method constant irregular osecillations of
volume, which obviously depend on oscillations of tone in the
renal vessels (Mosso, 1874).

A similar effect was noted by Bernstein in the amputated
paw of the dog. So, too, the work of Bayliss (1901), on the
reaction of certain blood-vessels to changes of blood pressure,
shows that the vascular muscles are capable of altering their
tone independent of the nervous system. Bayliss found on
recording the changes in volume of the hind limb of an animal,
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iotor fibres, the origin of which is not yet determined.
ETTE::- I:Eflthe vessels of I;hge ear alsp receive cnqstr}(:!;ars from .the
gecond and third nerves of the cervical plexus (Schiff, Loven, ete.).

The vaso-constrictors of the limbs run principally to the
cutaneous vessels, the vessels of the muscles being less well
supplied with motor nerves (Sadler, Hafiz, Griitzner and Heiden-
hain, and others). : S %o ;

The vaso-constrictors of the fore-limbs originate 1n the anterior
roots of the median tract of the thoracic cord (third to seventh
nerves), join the sympathetic, and unite at the first tlmrf,‘um
ganglion with the ramifications of the hradyal p_lem;s. The
cervical roots which contribute to the formation of this plexus
contain no vaso-constrictor fibres (Cl. Bernard, Cyon, etc.). Some
of these fibres accompany the vessels of the limb directly, without
joining the branches of the brachial plexus (Vulpian).

The vaso-constrictors of the lower limbs have been more
studied. They emerge, not from the roots of the lower segment of
the cord, but from the thoracic tract and upper segment of the
lumbar cord, particularly from the eleventh, twelfth, and thirteenth
dorsal, and the first and second lumbar nerves (Bayliss and
Bradford). They pass by the rami communicantes to the thoracic
and abdominal sympathetic, then, for the most part, joining the
great nerve trunks to the limbs, the sciatic especially ; while a few
only accompany the vessels of the limbs direct from the abdominal
ganglia.

It is clear from the consensus of observations on the vaso-
constrictors in different regions that they originate principally in
the anterior roots of the dorsal tract of the cord, pass by way of
the rami communicantes to the ganglion sympathetic system, and
thence run directly or indirectly to the vessels, where they form a
fine plexus round the muscular tunica media. Their excitability
is less, and their latent period longer than that of the motor nerves
to the skeletal museles, and they are constantly in a certain state
of activity, on which the tone of the vessels depends. Section of
these nerves accordingly produces vascular atony and subsequent
hyperaemia, while excitation of the peripheral cord produces
constriction or vascular hypertonia and subsequent ischaemia.

What modifications in local blood pressure and velocity of
circulation are produced by such hyperaemia or ischaemia ? Little
was known definitely before Dastre and Morat published their
observations on the horse. They employed two sphygmoscopes,
one applied to the facial artery, the other to the facial vein of the
animal. They found that ligation or section of the cervical
sympathetic caused a fall of blood pressure in the artery, and a
rise in the vein (local circulatory delay). Stimulation of the nerve,
on the contrary, produced rise of arterial and fall of venous
pressure (local acceleration of circulation), followed by the contrary
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phenomenon, viz, fall of arterial and rise of venous pressure
greater than that which oceurs on simple division of the nerve
(local l.‘iunl]e!inr}' delay) in consequence of fatigue (Fig. ].:'IH.; e
: ']ihv fact of vaseular ultra-dilatation is very i.I.]|1!I1'i1ri1.jIlfrl as 1t
1mplies that strong and persistent excitation of the nerve [;;il;mﬁts
[h“. peripheral ganglia, and thus depresses the tone which these
maintain in the vessels even after the nerve has been divided.

[V. Since 1874, the theory of wvaso-dilator nerves has heen
much developed. Next to Bernard’s discovery of the vaso-
dilator fibres contained in the chorda 1.vn|]|u:t|i (referred to
above), the discovery of the nervi l‘]'igﬂll;t"ﬁ of the penis by
Eckhardt (1863} demands special mention. These nerves are

vieasnlg of -'|||'l|‘:|'.|i':|' |-:-,.'i‘i:._' the
re and Morat.) Af tracing of blood

| The excitation took ||-§;||'|;ﬂ1
rt betwesn the two vertical lines, mark W in éleetric signal sepamte from
that which shows the time in seconds,  The tracings show that stimulation of the sympathetic
ig followed by a vise of arterial and fall of venous pressurs (preceded by temporary rlse due
to increased ontflow), which is succeeded by the opposite effect, i.e. fall of arterial, and rise

Fig. 160, —Eflect on arterial and venous pre
¥ ""l"lll'::ll trunk of horse's cervios
snre in peripheral trank of f

of venous pressure, due to extra-dilatation of vessels,

branches from the sacral plexus, which, when peripherally stimu-
lated, cause erectile swelling of the corpora cavernosa, due not
to obstruetion of the wvenous outflow, but to inereased arterial
influx, owing to active dilatation of the helicine arteries. These
tiwo discoveries, however, remained isolated for more than a decade,
and Goltz (1874) was the first to suggest that the dilators, like
the constrictors, were distributed to every vascular region, the
difficulty of experimental proof arising from the fact that they
nearly always run jointly with the constrictor fibres, which by
L-Illiil"'[hl"[‘.".'.'lll]]'Tlll_f influence on the tone of the vessels mask the
antagonistic action of the dilators.

For this reason it cannot be decided whether the dilator nerves
are, like the constrictors, in tonic activity ; section of the chorda
tympani or nervi erigentes produced no perceptible constriction of
the vessels to which they are distributed.
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There has been much discussion as to whether the sciatic trunk
contains vaso-dilator fibres. Goltz and others noted, as the
primary effect of dividing the nerve, the atonic dilatation of the
vessels in the limb, exhibited principally in the 1ncreased
temperature of the paw: while the primary effect of lrli,']‘i“'lt‘.]'ell
stimulation is vascular constrietion, shown chiefly in the cooling of
the same—as also by inereased blood pressure in the small arteries
of large animals (Fig. 160). Shortly after the section of the
sciatic, however, the paralysed limb cools off gradually, till at the
end of a few days it is colder than the healthy leg, probably because
the peripheral ganglia are capable, even when separated from the
spinal centres, of recovering their vascular tone until it exceeds
the normal. If, when this effect has been produced, the divided

Friz. 160, —Eflect upon smallest arteries of posteérior extréemity of exciting peripheral trunk of left
sciatie in horse.  (Morat.) A, £ d, prezsure in eentral trunk of right femoral artery: A, 72
préssure in peripheral trunk of left femoral artery. Two electric signals record the time
in seconds, and the duration of excitation by a tetanising current on the abseissa. E"~I|r,|-'-.|.'-c
thiat the constriction of the small arteries of a posterior lir hiardly inc 25 the central

pressure in the femoral of the other limb, while the peripheral pressure in the femoral
of the same side, which anastomoses with the small contrmcting arteries. is conspicuously
ingreased. T

selatic is again exposed and excited mechanically at the peripheral
end, the temperature of the paw rises considerably and exceeds
that of the normal side. This shows the presence of dilator fibres
in the sciatic, which retain their execitability for a longer time
after section than the vaso-constrictors. These results Tml' {I.u]’[;.f.
were essentially confirmed by the subsequent observations of
Ostroumoff, Heidenhain and Griitzner, Kendall and Luchsincer
and others. Spiay

I'.“ 1876 v. Frey in Ludwig’s laboratory took up Cl. Bernard’s
studies on the wvasecular nerves of the Hill:]:ui,xiil:u'r oland -Lm‘l
d{:Lnrminml the amount of blood which flows out of f:._hu::*hivi"‘ ‘I:uin
of the g]:mds in the time-unit, when the dilators in the ;:]mni-a
tympani, or the constrictors of the carotid hr.-um]nm’ of Lh‘1
H:.:’I]l}]:l,1.].liitl{:: are separately stimulated; or, lastly, when }H,L]lf
]{]I'.dﬁ of nerves are excited Hi]lllllt-:lill:![rIIH.l‘}'. The .L-:It.imr;m: gt_jmuj
lation of the two nerves showed that the dilators have a much
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llls_n;::%t‘ atter-effect, and are more quickly tired than the
?‘*Ilrlllll.;ttll'n'.lrk HLi]:lll]:HEw:l showed
the constrictors over t}

coustrictors,
the functional predominance of
| . e dilators, of which, however, the excitation
18 manitested by an after-effect—in agreement with Baxt's
experiments on the cardiac nerves. When, on the contrary, the
constrictors are stimulated with a weak, and the dilators witl

1 8
strong, current, the latter predominate.

e St : - ; :
Lertain experiments of Lepine, and later on of Bernstein
)

l excitation of divided sciatic,

o { teh and Warren.) The sciatic was sxcited

whweon tha two ver el lines=15". At A, with 1 shock at each

_:|-|' vASCUinr cnt i|;i,;"_i|-:;I followed .|l_'| ke dilatation, was olbbat ':I_ AL B, w ||_]|
{ shocks at each second, the contraction was larger, with a larges wding vascular
dilatation. At O, with 16 shocks per second, thers was marked contraction with very small
dilatation. At . with 64 shocks per secomd, there was a very marked contraction, with no

subsequent vazeular dilatation.

sacond, a sl

indicate that the atonic or hypertonic state of the vessels previous
to electrical execitation of their 'I'l':-:]u'l}'[i‘r'ﬂ_lIII‘]"'.'L!H ]v_:ulsf to the
preponderance of the constrictors over .Hw. :5]l;ltt1l'.~e. i”".! VICE VET'S.
They found, namely, that the stimulation of the scialic produced
constriction or dilatation of the vessels, according as the extremities
had previously been warmed or conled “‘l[.]t_k_lluL or cold water.
Ostroumolf further showed that a dilterent 1']|}'l-h]n.l Or a
varying intensity of electrical exeitation, led to the predominance
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of one or other kind of vascular nerve. The dilafors are more
readily excitable to currents of slow rhythm or low intensity ;
the constrietors, on the other hand, to tetanising currents, a.c.
currents of high frequency, or great intensity. These results
were strikinely developed and confirmed in the experiments ol
Bowditeh and Warren on the cat by the plethysmograph method,
in which the oscillations of volume in the hind-limbs were
recorded during the excitation of the sciatic by currents of high
or low frequency and intensity. The plethysmograms of Figs. 161
and 162 are so plain as to need no deseription. .

On the other hand, Piotrowski was unable on the dog to obtain
the same results as Bowditeh and Warren. On stimulating the
sciatic with varying frequencies, he constantly observed a diminu-
tion and never an increase in the volume of the limb.

The two kinds of vascular nerves, which run together in the
peripheral nervous system, may take a separate course ab a higher

point and leave the cord at different places. This was shown by

Fro. 162, —Plethysmograms of hind-limb of cat lil:rin_l; electrical excitation of divided sciatic, by
induction shoecks of equal frequency (1 per second), and equal duration (2007, but of varying
strength. (Bowditch and Warren.) At A, with strength of shock =100, primary dilatation of
vessels of limb ; at B, with strength of shock =150, more pronounced dilatation preceded by
temporary contraction; at O, with strength of shock =20, still more marked dilatation,
preceded by greater vascular constriction.

Dastre and Morat, who, on exciting the thoracic sympathetic
immediately above the diaphragm, constantly obtained dilatation
of the vessels in the lower limbs, while on exciting the abdominal
sympathetic or sciatic they were constricted.

Yet more interesting is another fact discovered by the same
authors, which plainly shows that the two kinds of vascular nerves,
running in a single nerve frunk, may supply quite distinet regions
at the periphery. On repeating the stimulation of the cervical
sympathetic (which forms with the vagus a single trunk, known as
the vago-sympathetic) on a curarised dog, they observed blanching
in the skin of the ear and mucosa of the tongue, epiglottis, tonsils,
and soft palate on the side excited, with the simultaneous flushing
of the mucosa of the lips, gums, cheeks, hard palate, and nasal
mucosa on the same side. The effect 1s particularly strikine on
comparison with the other side, and on contrasting the ischaemic
and hyperaemic parts. At the close of excitation the differences
gradually di;“‘f‘*l"l’m”’{ until the several parts regain their normal
r;r_ulmn‘u_:tf__{. The entire effect is due to the sympathetic alone, and
not to the vagus, since it appears when the sympathetic is excited
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dilatation of the same vessels is obtained when the posterior roots
of the eleventh and twelfth dorsal nerves are stimulated, I:m-ml.-»l-_
in that case the excitation is conveyed by the anterior roots of
the same. which. as we have seen, contain dilator fibres ( Bradford .

The vascular reflexes may extend from one side to the other of
the body. On cenfral excitation of the’ sciatic, the paw on IIEH'
ululnusnlt;ﬁitlu becomes warmer (Masius :1_1“1 Vanlair) ; stimulation
of the nasal mucosa dilates the vessels of the whole head, but more
decidedly- on the excited side (Francois-Franck). _

The vascular reflexes in man have also been investigated.
When one hand is dipped into cold water, the vessels ui'ﬁ the other
hand contract (Brown-Sequard). On clectrical excitation of one
limb the vessels of the oppoesite side contract (Maragliano).

Fra, 163, — Plathysmograms of hand (M) and oot (P) recorded from healthy subject in re-
cumbent and motionless posture, (Fano.) The abscissa 8, traced with a Deprez signal, in-
dicates at E the moment of electrieal exeitation of the skin. The line 1) 15 traced by o
tuning-fork vibrating at 10 vibrations per second. z

IFano has also experimented on the vascular reflexes of man,
using an air plethysmograph, by which he was able to record
simultaneously the pulse and the changes in volume of the hand
and foot. He came to the following conclusions: the reaction
time of the vessels is always very long: it oseillates between two
and seven seconds, according to the conditions in which the subject
of the experiment is placed, and the part of the body stimulated.
+he vascular constriction consequent on a stimulus is always more
pronounced in sleep than in waking. The reaction time is longer
in sleep than in waking. The reaction always oceurs, inde-
pendent of the point of stimulation, first in the upper and then
in the lower extremities. In the latter, however, the constriction
18 more persistent (Fig, 163).
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Patrizi instituted numerous plethvsmoeraphic researchos wi
the object of determining the f*._‘«;eiit'l. x‘:]ra:nm':!.lu L;E :-l-IJfI[-:.L‘j;:;}lﬁr-?1:#111[.1[1
arms, legs, and brain of man, when awake, when asleep, r'Ll-u'L :|1nin-1f-
VATIOUS other conditions. Besides confirming certain oeneral laws
tor reflexes, in the vascular regions, Patrizi found E.hu'..-?hw "-';LH;'H]iill:
reflex times, which are fairly equal in the waking state, for the arms
and legs, with a slicht advantage on the side of the upper limbs
undergo in the latter a considerable delay in sleep, whereas the reflex
time for the lower limbs remains constant. During sleep 1?|;;
reflexes are most ll!‘].:l:'n't‘ll in the cerebral vessels.

Patrizi and Cavani also detected a right- and left-handed
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Fig. 164 —HReflex pressure effect on excitation of mbhit's skin at E. (Tigerstedt.) Carotid con-
mieted with Lndwigs Kvmograph. Time tracing from an électiie signal, along the absel

in seconds,

vasomotor asymmetry in man, to which they attributed a more
rapid and pronounced vasomotor reaction, in one as against the
other half of the body.

This superiority of vasomotor functions usually obtains in that
half of the body which shows ifself most capable of muscular torce.
The time gained in the vascular reflexes in the favoured half of
the hody may amonnt almost to one second.

In all probability the wvasomotor asymmetry 18 due to the
greater permeability of the nerve pathsin the better exercised limb,
which does not execlude the possible influence of the varying
sensory excitability in the two halves ot the body, and 1n the two
corresponding sides of the brain.

These reflexes not 1711':';*111L[~ul|}' oceur in the vascular regions
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most remote from the afferent nerves stimulated. The visceral
vessels innervated by the splanchnic readily respond to the reflex
action of any sensory nerve, for the most part by contracting,
sometimes h:!.:llj]ai-in:_l': Stimulation of the sciatic also constricts
the vessels of the tongue (Vulpian); excitation of the brachial
nerve dilates the vessels of the ear (Lovén).. This last eftect may
he seen on the rabbit. whatever the sensory nerve stimulated, but
the dilatation is usually preceded by vaso-constriction (Eckhard).

When the vascular reflexes are not confined to any circum-
soribed area. but extend to a wider region, they cause a general

T LI R fal "
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Fig. 165, —Reflex loweri i +ari 1T 'l "l
.1 Reflex lowering of arterial pressore, from eleetreal exeitation of deprésso

nerve of rabbit, in period comprised between two vertical lines, (Tigerstedt.)
: <l i

Illlll.lﬂlll::lt-il'fl'lL in blood pressure, usually expressed in an abnormal
rise, sometimes in a fall of pressure.

The reflex pressor effects of exciting the sensory nerves, already
noted by Magendie, were clearly worked out for the first time by
von Bezold (1863), and were rmbh.*cu{llh*]:l.-l'-.‘ extended by a number
of other experimenters. ; ?

~They follow particularly on the stimulation of the posterior
r:]lllml roots, the vagus, the trigeminus, the sciatic, the rfrmum‘-;mul
lesser H]:_]:m{:.]mil:, the eutaneous and muscular nerves, Hi‘ nerves of
the special senses (Fig. 164). The rise of blood pressure varies ‘;";'1'[]1
lh_u nerve excited, and also with the intensity and nature .(Iﬂ' the
H‘;lllll.lll.llﬁ. The state of the animal prior to stimulation e;l-m !.r g
areat influence on the intensity of the pressor effect -[“ [l:
normal animal, e.q., acoustic st imuli induce a r_;ul]ﬁ,idm';ﬂlﬂu rise ::1'
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arterial pressure, which varies with the pitch. strenot : imbre
of the sound, whereas in curarised nrln'm;lll-:«-[f];:!ﬁl'ki:c*”;::l LIJI’J:IJH:.
perceptible (Dogiel), Lastly, both the number of sensory nerves
and the extent of the area stimulated, have great influence on I]u:
1h.{:'1'w_= of pressor effect. For instance, on exciting a limited area
of the skin with strong chemical stimuli, with hoiling water, or
red-hot iron, little or no rise of pressure 18 obtained : u]T the other
hand, slight contact, tickling, or blowing of extended areas of the
skin, raises the arterial pressure to nearly double the normal
(Heidenhain and Griitzner). ; 3

We saw in the preceding chapter that the central excitation of
the depressor nerves of Ludwig and Cyon invariably produces a

of rabbit, from eleetriesl exeitation o
priged by vertical lines.  (Tigerstedt. )

T G :-|'|:.. INMUSCLENED IEryes, I period

marked reflex fall of arterial pressure (Fig. 165). The afferent
nerves to the muscles also constantly produce a similar effect on
blood pressure (Fig. 166).

Few other afferent nerves are capable of producing reflex
depressor effects. The glosso-pharyngeal usually, but not invariably,
lowers blood pressure (Knoll). With mechanical stimulation of
the rectal and vaginal mucosa, especially on touching the anus
and vaginal orifice, a primary fall of aortic pressure may be
observed on the curarised dog (Belfield). But if the stimulation
of the mucosa is pushed to deeper parts, the depression 1s less,
and may even be replaced by a pressor effect. Mechanieal stimula-
tion of the skeletal muscles, again, may produce a depressor effect
(Kleen). :

We saw that the fall of arterial pressure consequent on excita-
tion of the depressors is due principally to the vaso-dilator fibres
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of the splanchnic nerve, partly to other dilator nerves, since, \?’]]E]l
the splgnchuics are divﬁed, the depressor part 18 nob entirely
abolished. It has, however, been established that the depressors
do not exert their reflex dilator action upon all the vascular regions,
and that the vessels of the ear, face, adjacent mucosae, m:}d per}lapa
of the skin in general, are constricted during stimulation of the
depressors (Dastre and Morat). b8 : |

The reflex pressor effects on excitation of the sensory nerves are
chiefly due to the vaso-constrictor fibres of the splanchnies, becanse
when these nerves are divided, they are much reduced. But even
in these cases vaso-constriction is not the only reflex effect, since
it can be shown that while the internal visceral vessels contract,
the cutaneous vessels dilate. This fact, which indicates a certain
antagonism betiween the deep and the superficial vessels of the
body, was demonstrated by Heidenhain in measurements of the
temperature of the skin and of the deep-lying portions of the body
during excitation of the sensory nerves. ;

The antagonism between the cutaneous and visceral vessels
is even more apparent in the asphyxia produced by suspension of
artificial respivation in curarised animals. While the cutaneous
vessels of ear, face, and extremities dilate, those of the viscera
(intestine, spleen, kidneys, uterus) contract. The pressure effect
results from the predominance of vaso-constriction in the visceral
vessels over dilatation of the superficial vessels (Dastre and Morat).
It is highly probable, although definite experimental evidence
is wanting, that this dilatation is active, and not the passive effect
of the constriction of the deep vessels.

We must not, however, take this supposed antagonism between
the deep and the superficial vessels in too absolute a sense, since
the fact that in vascular reflexes constriction of the one and
dilatation of the other occurs is not constant. Heidenhain,
indeed, observed with strong electrical excitation of the medulla
oblongata that there was a pressor effect greater than that of
asphyxia or any kind of reflex stimulation, which was determined
not merely by constriction of the internal vessels, but by that of
the cutaneous and muscular vessels also.

VI. The vascular reflexes, i.e. the excitatory processes trans-
mitted from the centripetal or afferent to the centrifugal or
efferent nerves (the constrictors or dilators of the vessels), are
necessarily carried out by means of the centres in the cerebro-
spinal system, from which the vascular nerves arise. The capacity
of the peripheral ganglia of the sympathetic system to funection
as centres for reflex processes (in so far as reflex is taken in
the restricted semse of a transformation of afferent into efferent
influences) has not yet been demonstrated, even if it cannot be
« priore excluded.

We have seen that the greater part, if not the whole, of the
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to the circulation. After destruction of the central nervous
system, there 18 a marked dilatation of the v_mceru,l vessels,

articularly of the veins, in consequence of which nearly the
whole of the blood collects in those vessels, while the remaining
parts of the body are much impoverished. On exposing the
beating heart, he saw that it was almost bloodless, since very little
blood reached it during diastole, and therefore very little could be
expelled into the aorfa during systole. It follows that vascular
fonicity is an indispensable condition of the circulation, and that
not merely the arteries, but the veins as w!all, possess a tone that is
dependent on the central nervous system in general.

The bulbar centre for the vaso-constrictors was more exactly
localised and determined in the subsequent investigations of
Owsjannikow (1871) and Dittmar (1873), n Ludwig’s laboratory.
Starting from the fact that central excitation of the sciatic 1n
curarised dogs and rabbits, even after separation of spinal h_ulb
from brain by a transverse section, reflexly produces a perceptible
increase in arterial blood-pressure, they endeavoured to define the
region of the bulb in which this reflex occurred. With fthis
object Owsjannikow made successive cross-sections from above
downwards at different heights of the medulla, and examined both
the depressor effect of each section, and the reflex pressor effect on
exciting the sciatic. The upper limit of the vascular centre lies
at the level of that section after which there is a fall in aortic
pressure, and a diminution in the height of the reflex rise of
pressure; the lower limit is at that section after which aortic
pressure reaches its minimum, and no longer rises on excitation
of the sciatic. By pursuing this method, with the guidance of
the above data, he decided that the bulbar vasomotor centre in
the rabbit is about 4 mm. high ; its upper limit is 1-2 mm. below
the corpora quadrigemina, its lower limit 4 mm. above the point
of the calamus seriptorius. Sinece longitudinal section of the bulb
in the median line produces no perceptible fall in aortic pressure,
he concludes that the centre is not in the median line, but consists
of two centres situated at either side of the bulb.

Dittmar, who practically confirmed the results of Owsjannikow
in regard to the longitudinal extension of the bulbar vascular
centre, went on to establish its limits in the two other dimensions,
by the same method of systematic sections. He discovered that in
each half of the bulb there is a small prismatic space, on destroying
which the reflex vascular-constriction ig abolished. In this area
a nucleus of grey matter is visible under the microscope, described
by Clarke as the antero-lateral nucleus, in the rabbit.
 The main results of Ludwig’s pupils were subsequently con-
firmed by Heidenhain, Berkowitsch, Latschenberger, and Deahna.

VII. After Ludwig’s School had investigated the bulbar vaso-
constrictor centres, and had shown that after destroying their
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an experimental fact of the highest importance, although Leonardo
adduces no evidence. _ _

The first real discovery in the field of experimental chefmsl;ry
was made by Jean Baptiste van Helmont (born at Brussels, 1577 ; d.
1644), noblest of the experimental alchemists, precursor of Priestley
and Lavoisier, the founders of modern chemistry. - He found that
on burning coal and in the fermentation of wine, a gas w_hlu;h he
called gas silvestre escaped, which is incapable of maintaining a
flame, and produces asphyxia and death in animals. This gas
may develop in the heart of the earth, as in the famous Grotta del
Cane near Naples; it bubbles up in certain mineral waters, as at
Spa, and can also be evolved from the calcareous concrements
formed in the crab’s stomach (the so-called “ crab’s eyes ) by dis-
solving them in vinegar. In short, van Helmont's gas silvestre is
nothing else than the carbonic acid of modern chemists. Haller
used this discovery of the Belgian alchemist fo refute the Aristo-
telian theory of respiration which Cesalpinus and Harvey had
sought to resuscitate. :

In the year 1670 another distinguished philosopher and
investigator, Robert Boyle (1626-1691), the leader of the group of
scientific men who formed the nucleus of the Royal Society, proved,
with the help of the pneumatic machine introduced by the
Magdeburg physicist, von Guericke, that not.only do all land
animals perish in a vacuum, but all water animals as well, showing
that these equally require the air which is dissolved in the water
they inhabit. He concluded from many experiments that the air
containg a vital substance—thus adumbrating the oxygen of
modern chemistry, which enters into the phenomena of combustion,
respiration, and fermentation. He also confirmed, experimentally,
the fact already advanced by Leonardo da Vinei and van Helmont,
to the effect that the air becomes unbreathable through respiration
—not because it gets heated, but because it suffers chemical
change.

Robert Hook, friend and contemporary of Boyle, pointed out
the need of incessant renewal of the air in the lungs for the
maintenance of life. Vesalius had noticed, a hundred years
previously, that in order to prolong the life of a dog after opening
of the thorax and consequent retractation of the lungs, it was only
necessary to inflate them rhythmieally with air; but he brought
forward no conelusions of importance in regard to the physiology
of respiration. Hook perfected the method of artificial respiration
in the dog with opened thorax by rhythmically blowing air from
a bellows into the lungs, or by continuous insufflation after
making an opening on the surface of each lung. In both cases he
saw that the animal could be kept alive for a prolonged period
and only died when the air stagnated in the lungs from cessation
of the rhythmical or continuous ventilation. He concluded that






5 .
- [ 1 iw I
¥ I































r s | - TS uulj:_n
XTI RESPIRATORY EXCHANGES o83
therefore, the 22 wols. of oxygen contained in arterial blood

i .'! .I.l = y & - : |
nust. to a larce extent, be in a state of chemical combination

=L = i o 3 : ey = ; it Sy .
(Liebig, 1851 ; L. Meyer and Fernet, 1857). We k now, in fact, that
the oxveen absorbed by the blood is in loose combination with the

i 5 L :_| - - + “ . - . .l
haemoclobin of the ervthroeytes, which gives rise to the formation

: i . r ] : I L) I_- = A , e
of oxyhaemoglobin (Hoppe-Seyler, 1864 ; see Chap. LV T7):

The proof of this fact, one of capital importance in the
physiology of the respiratory exchanges, 18 that a watery solution
of 14 per cent pure haemoglobin (which corresponds to the normal
haemoglobin content of the blood) is capable of absorbing and
chemically fixing as much oxygen as an equal volume of blood, and

1560 (460 L0 f30 40 (0 90 300 j0 60 50 40 Jo 20 M o

Fia. 168, —Curve to show percentage variations of oxvhaemoglobin in a solution of 14 per cent blood-
pigment, with variations of partial pressure of the atwospheric oxygen with which it comes
in contact. (Hiifner.) Quantity of oxyhasmoglobin in 45 along axis of ordinates ; partial
pressure of oxygen in mm. Hg, along axis of abscissa,

by means of the Torricellian vacuum it is possible to extract as
much oxygen from the same solution as from blood.

It was fundamental to the conception of oxygen absorption in
the blood, to determine to what point the quantity that combines
with haemoglobin depends on its partial pressure in the atmosphere.
Bohr (1885) and Hiifner (1888) made a number of experiments
with this object. The method consisted in placing a given quantity
of defibrinated blood, or better, of 14 per cent solution of pure haemo-
globin (which, as we have said, corresponds with the haemoglobin
content of the blood) in contact either with normal air, or with
artificial air containing a considerably less amount of oxygen per
cent; and then shaking it. It is then determined how much
oxygen combines with, or is dissociated from, the haemoglobin
on a rise or fall of its partial pressure in the mixture of gases
Hiifner's results are clearly expressed in the diagram (Fig. LI{j.H}k

o)
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be dissociation of the haemoglobin of the erythrocytes from the
oxygen, which diffuses in the plasma to re-establish equilibrium
between the tension of the oxygen in the plasma and the corpuscles.

VII. The carbonic acid of the blood is also for the most part
in chemical combination, and to a minimal extent in solutim_l.
This is proved by the fact that the coefficient of absorption of this
gas in water, at 37° C., is about 057, while on the other hand we
have seen that arterial blood only contains 34 and venous blood 42
vols. per cent. Unlike oxygen, however, which enters into com-
bination only with haemoglobin, carbonic acid unites chemically
with many substances, both of the plasma and of the corpuscles.

Among the substances capable of holding the carbonic acid of
the blood in readily dissociable forms, great stress was formerly
laid upon sodium carbonate, which as a base (see p. 132) abounds in
the ash of plasma. The phenomena of electrolytic dissociation of
the solutions of this salt have, however, demonstrated that it can
only be of very secondary importance in the chemical combination
of the carbonic acid of the plasma, by converting it into bi-carbonate,
In facf, according to the researches of Bohr,a very dilute solution
of 015 per cent sodium carbonate becomes almost saturated at a
pressure of only 10 mm. Hg of carbonic acid, while on raising the
pressure to 120 mm., there is no appreciable increase in the amount
fixed or dissolved. Hence it is evident that sodium carbonate is
incapable of fixing more than a minimal amount of the carbonic
acid of the blood.

The alkaline phosphates of plasma, which are eapable of con-
version into acid phosphates by association with carbonic acid, were
again erroneously eredited with too much importance (Fernet).
We saw in fact (p. 139) that the main part of the phosphoric
anhydride found in the ash of plasma is derived from combustion
of the lecithin and nucleo-albumins, and that normal plasma con-
tains only the merest trace of sodic phosphate (Sertoli).

On the ofher hand, according to the observations of Setschenow
and Torup, maximal importance in the fixation of earbonic acid
must be assigned to the globulins of the serum, which, by acting
as weak acids, are able to combine with the alkalies of the blood.
Whep the tension of carbonic acid increases, the globulins of the
alkalies are dissociated, and combine with the carbonie acid to
form carbonates; when, on the confrary, the tension of carbonic
acid falls the globulins are again associated with the alkalies
leavu;g the CO, in the free state, J
~ Since carbonic acid is also found in the corpusecles of the blood
n a readily dissociable form, it is probable that the combinations
of the globulins with the alkalies exercise the same office in the
corpuscles as in the plasma, in the dissociation of carbonic acid.
It should, however, be noted that the absorption of the latter, as

effected by the corpuscles, is, in comparison with absorption in the
VOL. I 5
20
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serum, dependent to a much greater extent on the partial pressure
of the C( J__:_ .Ill.\'-:[_'.'i?]'l.li|]_'_‘: to Bohr, this fact I.ll.‘.'l:IL':il_ll.-; on the l:'.'llulf,"lh'
of the haemoglobin to unite chemically not only with the oxveen
but also with the carbonic acid. He further showed that I_hi:‘;hl.;ué:f;
combination is in no way obstrueted by the simultaneous combina-
tion with oxygen; which leads us to suppose that the two gases
are fixed in two different ]:111‘1.jmi1~1 of the }];Ll:uuuir_{li.nl;rin T||||l|get-[;|1.{3J 3.,
the oxygen 1n the iron-containing portion of the colouring matter,
the earbonic acid in the protein residue (Fig. 169). '
Aceording to Fredericqg the non-coagulated venous blood of the
horse 1s capable of absorbing 714 vols. per cent of carbonic acid,
while the mass of corpuscles from the same animal only absorbs

Fia. 169.—Curve of absorption of COs, by 1°76 per cent solution o
by one of 3'8 per cent{unbroken Line)in relation 1o progre
pressire (in mim. Hg)is rec yeikied along the axis of the &
absorbed by 1 gem. hasmoglobing, along the axis of the ordinates.

elobin (dotted lines), and
f ure. (Bohr.) The
of Cla (1n e..)

496 vols. per cent. 1t follows that the amount of CO, fixed by the
plasma is greatly in excess of that fixed by the corpuscles.

The carbonic acid of the serum, according to the unanimous
results of Fredericq, Zuntz, and Alex. Schmidt, 1s about 86 per
cent of that contained in the whole of the blood. 1t is possible,
however, that in the process of defibrination, part of the carbonic
acid of the corpuscles may pass into the serum, and that under
normal conditions the gas content of the blood is divided in
different proportions between the corpuscles and the plasma.
Certain experiments of Hamburger show, indeed, that by merely
changing the amount of gases in the blood, gome individual Is::ut-
stances may pass from the plasma to the corpuscles, and from
the corpuscles to the plasma. non

Another mnotable fact is, that by means of the Torricellian
vacuum, it is possible to extract from the blood the whole of the
carbonic acid which it holds in combination (Setschenow). From
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serum, on the contrary, with the simple vacuum, iti is_unl}f pFIEEI}J]E
to extract one part, and the addition of a weak acid is required to
extract the residue, which is more stably combined, and 1s present
in the blood to the amount of 5-9 vols. per cent (Pfliiger). The
fact that this portion also is turned out, tn vecwo, in the presence
of corpuscles, without adding acid, suggests that the corpuscles
contain substances that function as acids, and that these are
diffused into the plasma during the action of the vacuum, or that
the sodic carbonate of the plasma penetrates to the corpuscles.
Among the acids of the corpuscles the first place must be given to
phosphoric anhydride, which they contain in larger quaritities than
the plasma: besides which the oxyhaemoglobin functions as an
acid, as was demonstrated by Preyer, since it 1s capable of liberat-
ing carbonie acid from its sodium combinations in vacuo.

In regard to nitrogen and argon, we must 'confine ourselves to
saying that these gases are found in the blood in amounts differing
little from those in which they are absorbed and dissolved by
watery fluids in the presence of atmospheric air. According to
Regnard and Sehloesing, about 0:04 vol. per cent of the 2 vols. per
cent of indifferent gases extracted from the blood are argon. The
opinion held by some that a small amount of free nitrogen is
developed during the oxidative processes of the nitrogenous
substances of the tissues, and is subsequently poured into the
blood, has not at present been confirmed by any incontrovertible
evidence. Regnault and Reiset found a slight increase of nitrogen
in expired as ecompared with inspired air. So, foo, the nitrogen
extractible from venous blood is always somewhat greater than
that which can be extracted from arterial blood. Pettenkofer
and Voit gave an adequate explanation of these faets, on the
assumption that they depend on the swallowing of air with
the food, and on the absorption of the nitrogen contained in the
gases of the intestines.

VIII. Since both oxygen and carbonic acid are thus found in
the blood in the form of readily dissociable combinations (in
relation to variations of partial pressure), it is natural to conclude
that the gas exchanges which take place incessantly between the
blood circulating through the capillaries of the lungs and the air
contained in the pulmonary alveoli (external respiration) are
accomplished by a simple physical process of diffusion, regulated
by Dalton’s law. They depend, 4., on the difference of the partial
pressures of the said gases as contained in the fluid and gaseous
media, separated by permeable septa or membranes, formed by the
walls of the capillaries and the epithelial cells that line the alveoli.

The scientific demonstration of this theory involved a series of
researches, directed to the separate determination of the partial
pressures of the two gases in venous and in arterial blood. in order
to compare them with those of inspired and expired air. *
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IX. We know very little as yet about the physico-chemical
processes which complete the gas exchanges between the tl_;loi}d
circulating in the aortic capillaries, and I-:hg living (}EIL‘E‘ 0 .1, ]BI
tissues, by the agency of the interstitial lymph (wnferna
respiration). ] A

It was formerly supposed that the transformation of arteria
into venous blood took place within the capillaries. But there are
well-ascertained facts which prove the blood, when extracted a.n_d
kept at body temperature, not to be the seat of any very energetic
oxidative phenomena, The oxygen 1t contains gradually dis-
appears, 7.6, drawn-arterial blood slowly becomes venous. On the
other hand, circulating arterial blood 1is known not to become
venous along the entire course of the aortic system, but only when
it is passing through the capillaries, This fact was explained on
the hypothesis that the intermediate products of tissue consumption,
which reach the arterial blood by the capillaries, consisted of
reducing substances, .e. are avid of oxygen, which they rapidly
subtract from the oxyhaemoglobin. This supposition 18 1o
longer admissible, since it has been demonstrated that only the
erythrocytes, not the blood plasma, nor the lymph of asphyxiated
animals (in which there must be an accumulation of many
reducing substances), are capable of chemically combining with
oxygen. Neither the blood plasma, then, nor the lymph, contain
reducing substances, since the latter do not pass into these fluids,
but arise in the living cells of the tissues which breathe in virtue
of their metabolism, 7.. they take up oxygen and give off carbonic
acid. It is therefore evident that the tissues are the seat of
internal respiration, and if the blood also breathes, however slowly,
this is in virtue of the mass of corpuscles which it contains, and
by which it funections as a tissue,

Many direct proofs might be adduced as to the correctness of
this theory. When fragments of living tissue, particularly of
muscle, are dissolved in drawn arterial blood or in a solution of
oxyhaemoglobin, a rapid reduction follows, by which the oxyhae-
moglobin 1s promptly converted into haemoglobin in that portion
of the fluid which immediately surrounds the fragments (Hoppe-
Seyler). If benzylic aleohol or salicylic aldehyde are added to
the arterial blood drawn from the vessels, it does not oxidise to
any appreciable extent ; if, on the other hand, this blood, plus one
of the above substances, is ecirculated in the vessels of organs
recently extracted from a living animal (kidney or lung), consider-
able quantities of benzoic or salicylic acid are at once produced
by oxidation (Schmiedeberg). The oxidation performed by the
mﬂlatgd surviving organ seems due to the action of special enzymes
contained within the cells of the tissues (Schmiedeberg, Jacquet
Buchner), : ;

All tissues breathe (Paul Bert), but it is particularly in muscle
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also admits that ©the oxygen combines in some way w1_r,11 the
tissues so as to constitute a provision for use when j;hu. an1m.u1+ 18
unable to procure it from without.” He based this asaur:ilpt}m;
particularly on the fact that muscle absorbs more oxygen 1irm§
vest, and spends more during activity, as though it accumulate
reserves to expend lavishly when need arises. Nothing definite is
krown, however, as to the nature of the probable combinations
formed by oxygen with the different materials for building up
musecles and other tissues, or of the intermediate anabolic and
katabolic forms, through which it passes in combining with carbon
into. carbonic acid. ©The whole mystery of life,” says Foster,
« lies hidden in the story of that progress, and for the present we
must be content with simply knowing the beginning and the
end.”

We know that carbonic acid is one of the ultimate products of
the katabolic processes, and that the variations in the amount
formed and eliminated by the tissues are, as Fano says, an
expression “of corresponding changes in the course of the
destructive processes. The assimilated oxygen on the contrary
enters, at least in part, into the molecular structure of our fissues,
is included in the series of synthetic processes, and may partially
be considered as an element which contributes to the anabolic or
constructive processes.” We shall return to this argument in
treating of the metabolism or material exchanges of the body as a
whole.

In regard to this subject of the respiratory gas exchanges
between the blood and the tissues, the facts observed by Pfluger
and Strassburg, to the effect that the lymph, serous fluids, and
certain secretions (bile, urine, saliva, milk) formed within the
living tissues contain merely a trace of oxygen, and a comparatively
large amount of carbonic acid, are very remarkable. These authors
conclude that O, tension is low or practically nil in the tissues,
while the CO, tension on the contrary is high.

The high tension of carbonic acid that prevails, according to
recent researches, in living tissues is of especial significance,
because it facilitates the dissociation of oxygen from oxyhaemo-
globin, and thus places at the disposal of the tissues the maximum
possible amount of the oxygen received from the blood. Bohr,
Hasselbach, and Krogh (1904) found that on bringing dog’s blood, ¢n
vitro, at 38° C. into the presence, simultaneously, of O, at low tension
(5 mm. Hg), and of CO, at various tensions, the blood absorbs a
less degree of O, than when it is in presence of O, alone, and that
the decrease in absorption is proportional to the amount of CO,
simultaneously present. This influence is much less felt if the 0,
tension is progressively raised, as is clearly shown on the diagmn{
(Fig. 172).

The physiological value of this fact will be readily appreciated.
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Since the t.:*quml of the carbonic acid constantly inereases with
T:}]El_ Passage of the blood into the aortie capillaries, this must
facilitate the dissociation of oxygen, and increase its concentration
i the blood plasma, so that it can be easily absorbed by the
endothelia of the capillaries and the tissue cells. The increase in
tension of the carhonic acid partly compensates for the diminished
concentration of oxygen in the plasma due to its consumption by
the tissues. This regulation is of especial importance in asphyxia
when the oxygen of the blood is much attenuated. St

On the other hand the high tension of carbonic acid in the
pulmonary capillaries does not in any way diminish the absorption

Fic. 172, —Curve showing influsnes of varying quantity of O b2 om absarption of oxygen at differan
pressures, from defibrinated dog's blood at 28° C. (Bohr, Hasselbach, and Kroghy The
percentage amount of oxygen absorbed is marked on the axes of the ordinates @ the diferent
pressures of oxygen in mm. Hg, on the axes of the abscissa, while the mb pressures of
GO acting simultansously in the pregsure of biood, are indicated above the respective curves,

of oxygen, for which, as has been shown, the influence of earbonic
acid becomes negligible in the presence of high oxygen tensions.

This fact suffices to explain on a simple process of diffusion
the gas exchanges between the blood and the tissues, by which
the latter continually absorb oxygen and give off carbonic acid,
converting arterial into venous blood. The data mn regard to
external respiration, do not, however, preclude the probability that
the physical laws of diffusion may, in the case of internal
respiration also, be modified by the activity of the cells which
build up the walls of the capillaries.

X. We have seen that Lavoisier conceived of respiratory
chemistry as a slow double combustion of earbon and hydrogen
by which are formed carbonie acid and water, He was the first to
show that the amount of O, absorbed exceeds that of the CO,
exhaled, from which fact he deduced the formation of water.
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an intrathoracic cavity communicating with the exterior, and
subject, like the lungs, to all the changes of intrathoracic pressure
(Luciani). The method of automatic registration of variations of
intrathoracic pressure by the oesophageal sound, which we 1'_111;1*(':—
duced into the experimental technique of physiology in 1877, is
based on this fact. i

In conclusion it must be noted that the negative intra-
thoracic pressure also affects the soft movable portions of the
walls of the thorax, more particularly the diaphragm, by which 1ts
floor is separated from the ab-
dominal cavity and the inter-
costal spaces. The former, as
well as the latter, are during
the expiratory position of rest,
and in the dead body, curved or
bent towards the thorax, where
pressure is negative, while they
are subjected externally to at-
mospheric pressure.

1V. Let us now consider the
changes in form and dimensions
exhibited by the thorax during
the alternate movements of ex-
pansion (inspiration) and con-
traction  (expiration), which
compose the respiratory rhythm.

During inspiration the whole
thoracic cavity dilates more or
less, in its several diameters, in
proportion to the intensity of
contraction and the number of
muscles which come into play.

The dilatation of all the
horizontal diameters of the
thorax is the effect of the rais-
ing of the ribs, ‘n‘r’hith, with the Fre. 178.—Right half of thoracic skeleton.
vertebral column, with which (et
they articulate posteriorly, and the cartilaginous prolongations
and the sternum, to which they are united anteriorly, form the
skeleton or rigid system of the thorax. i

The ribs, to the number of twelve on each side, constitute a
series of long, slender, arched bones, which start from the dorsal
vertebrae to extend outwards and forwards, They slant obliquely
from above downwards, so that their points of posterior articulation
are a little above the anterior end, which is united with the
sternum by means of the cartilaginous prolongations, directly
(first seven ribs) and indirectly (eighth, ninth, tenth ribs). The
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elevation. According to Ebner, this dilatation is not PE].‘E‘EP'E}IIJIEI in
the two first intercostal spaces,owing to the low inclination of the
first ribs and the minimal rise of the upper end of the sternum.

The inspiratory dilatation of the vertical diameter of thg
thorax is not directly visible from without, as 1t 1s produced
by the descent of the diaphragm, but 1t may be estimated from
the rise in the upper end of
the abdominal wall, owing to
the displacement of the viscera
that occupy the diaphragmatic
coneavity.

The inspiratory muscular
contractions which displace the
bones of the thorax from the
position of equilibrium are op-
posed by wvarious resistances,
due to the weight of the parts
to be lifted, the elasticity of the
costo-vertebral ligaments of the
costal cartilages and bones, and
lastly to the elastic resistance
of the lungs which produces
negative intrathoracic pressure,
and the elastic resistance of
the gases in the alimentary
canal which work against the
downward movement of the
diaphragm. It follows that when
the inspiratory and dilating
mechanisms of the thorax cease

Fin, 175.—Lower half of thorax with four lumbar
vertebiae. (Luschka.) Diaphragm seen from
the front ; a, Gth dorsal wvertebra ; b, 4th
Tumbar ?crts!i:m; ¢, ensiform process: o, o,
aorta, which enters diaphragm by special

to work, the bones of the thoracie
cavity return spontaneously to
themean positionof equilibrium,
either from gravity or from the
elastic reaction of the ligaments,
cartilages, ribs, and lungs, as

aperture ; &, oezophagus ; f, aperture in tendon
of diaphragm for passage of vena cava inferior ;
1, 2, 3, trilobate expansions of tendinons centre ;
4, 5, costal portions, right and left, of dia-
ihragm musela ; 6, 7, vight and laft erora of
}Ilaphmgm: 8§, 8, internal intercostal muscles,
which are abient near the vertelval column,
where it joins the external intercostalz; 9, 9,
10, 10, subeostal muscles of left side.

well as of the stomach and in-
testines. We shall, however, see that the movements of expiration,
or retraction of the thorax, are always aided by expiratory muscular
contractions, which tend not only to bring the bones of the
thoracic cavity back into the position of equilibrium, but to force
them beyond this position by giving the ribs a twist from above
downwards, till in the forced or dyspnoeic respiration they reach
the maximal constriction of the thorax and diminution of its
several diameters.

V. Of the inspivatory muscles the diaphragm (Fig. 175) is of
the first importance, owing to its conspicuous action. By the



410 PHYSIOLOGY CHAP.,

contraction of its muscular fibres, which converge towards the
trilobate tendinous centre, the convexity towards the thoracic
cavity diminishes, pushing the abdominal viscera downwards
According to Hasse (1880), during maximal Inspiration the righﬂ
lobe of the tendinous centre descends 2:5 en., the left lobe 2 em.
and the central lobe about 1 em. The musele fibres inserted in
the cartilages of the six last ribs contribute to the elevation and
expansion of the lower ribs,
since they are directed almost
vertically upwards, the vauly
of the diaphragm being sup-
ported by the abdominal
viscera (Duchenne). The an-
terior musele fibres, which run
more horizontally towards
the tendinous centre, oppose
a certain resistance to the
forward displacement of the
sternum. This may he the
reason why the sternum is
bent in patients who have
suffered a long time from
asthma (Thane). Nor is the
action of the diaphragm con-
fined to increasing the vertical
diameter of the thorax with
inspiration, as all admit. It
also (by aiding the elevation
and expansion of the false ribs)
assists the dilatation of the

Fie. 176.—Deep and prevertebral muscles of neck.

{Allen Thomson.) «a, Superfieial section of basilar
process & b, transverse procéss of atlag ; o,
transverse process of Tth cervical vertebra ; o, o',
bodies of 18t and d4th dorsal vertebra; e, o, 15t
and 2nd ribs; 1, 2, rectus capitis anterior major
and minor; 3, &, 8, median, upper and lower
part of musculus longus colli; 4, 4/, 47, M.
intertransversales ; 5, 5' zealenus anterior and its
ingertion on 1st rib; 6, & scalenus medins, and
ingertion on 2nd rib; 7, scalenus posterior; 8,
pr_;.'leeriﬁr part of levator scapulas; O, splimins
okl

transverse diameterof the base
of the thorax, and modifies the
amplification of the sagittal
diameter at the level of the
lower end of the sternum,
effects which are less well
known and are usually over-

looked.

Other inspiratory muscles arve the three scaleni (Fig. 176),
which exert traction on the first two ribs, and thus elevate and
maintain the entire thoracie wall (Duchenne).

The M. levatores costarum longi et breves, twelve on each side,
are able from their insertion in the immediate vicinity of the
costo-vertebral articulations to produce an extensive elevation
in the anterior ends of the ribs on gentle contraction (Traube,
Rosenthal). The inspiratory action of the M. serratus posticus
superior is also evident.
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1:_L'.'.|CII' and meas: LT L] ]n. 18 i X il_l”*-» of the vamations of

ference, ']“ thoracie circum-

! It 15 one of the instrume nts ||||| e L iy vird for o liniecal purposes

.|.1'IH"::I]_|.. 8 phrenograph is used 'to obtain exact tracines of the exenrsions
ol .|_||- JI[EI|\|'|'<'|\-_._:_,III . [ -'l-1|.‘u|=~1.-l 111 _!l =[-|l L]J.—*-]JJ el |--'.|-r'1 :|J|]|]i|-'|, alter
1||.'|h'.||-.:'l.'.-!| opening in the median line of the |1||II|-~I 1um, to the
vault of the 'h:lf'”!':l;:::' A hl”'“]'] method is that which introduces a flat
elastic rubber ||||-' u'|11,'|.-||| '!!|| (11; |.|| LETLN] and the al ilominal OIgans, which
18 1.-~1|-|-~-xl when the diaphi L.-___m_ contracts, and decompressed on its
relaxatio 1A 1.'..--5-- o .|:"":.~C DEIng tran=mitted L4 A _"I.|.Lr|-_1.".~c 1.'.':'i1:.||_=_-: 1_*.'|||]|.‘-.||||:||
|.] II_'\-|I[.. [|I|_-C methiod i'=l|-||]-'|.-C ot |'||||.1|- 1_|“. MOVEInents I'I[I ".lll' ‘:l'i-'-:‘.'ilj'llj_rlil,.
I-_t;I ;;}Hcln the .-|1_||-|']'.-;LI-.' COTTTA -
tions of theabdominal muscles,
.l he HI1.".|*|--.=-'1 method, which
involves no vivisection, and is
theretfore il.['|"“-'-'lll]l.' Lo 1man,
conslsts in applying the button
of an exploring tympanum,
or l.l] 1'; 1 ?urull 5 -l:-]]_‘. 1110 -
graph, or of Burdon-Sande:
son’s cardiograph (Fig. 107,
P. E“TJ Lo any ]a-l.\i:||_1_ of the
eprgastrium.  In man (who,
as we shall see, breathes with-
ont active Enn-:'n ntion of the
abdominal muscles) this
method :n.'il'l[lﬁ. Ian_\ gatis-
factory results,

[. Afterdefining the
inspiratory and expiratory
muscular mechanisms, on
which depend the rhyth-
mical expansion and
contraction of the thor-
acie l:;[\'i[}’, we next have
to determine which of
these intervene and have
a preponderating action

during normal respiration,
Fia, 183. ||::.-_'|:.I|' aof '|'.:I:""il"‘-":.-i nf anter = M L R | o ii]“] 1'.|~.|--|]|;.]] COTe [nl” '|.|1i|.1|.'
dinmeter of thorax .;|.||'I NN in ||"' twao BaxEs | : -~
during normal breathi 1 forced respimmation. 1M li]l‘l.‘!.‘.ll 01 dl".'.‘-'»]lllﬂl.‘ic
{Hutehinzon.) I|\|:-|1 ation in text.) i b = ] --|:

: respiratory riyth.
Even in ordinary quiet breathing two types of respiratory
I i i U B
movements can be [l!IHI_II'I'ﬂ rished, the abdominal and the costal ;
in the Imluu the activity of the diaphragm 1is the more pro-

COICAYVE

nounced. in the latter that of the external intercostals, or generally
w[rvn'uu o ..r the muscles by which the ribs are elev: ltwi .
According  to Hutchinson’s observations (1852), a man's

breathing 1s alw: ays abdominal, a woman's cost: al. .h'\ drawing on
a flat plane the outline of the shadows qm]w ‘.Hi by two persons
;‘_.1 ll]|1i]l‘1il gex. ab l]]'s '-{Hhtl 1|l|||]||_-]|L-1.1‘.|1 ]]H[]II.I[ I.]1].' 1-'r1'{.'rit1l
respiratory movements, he obtained the diagrams of k1g. 155,
which illustrate very effectively the two types of respiration.
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average increases only some 2:5 mm. on every side by the action
of the t'.'*_ilL'l‘I]:l]. intercostals, this still, according to i"hi('li, vields a
volume increase of 500 c.c., which corresponds to the average
volume of normally inspired air. According, therefore, to Fi[-.]?’_q
caleulations, the diaphragm hardly takes “any part 1n normal
inspiration, or at most the tonicity of its fibres is augmented,
in order to check any upward aspiration during the widening of
the thorax. : =
Thas 1[115111'}' 15 ﬂ'n.'illt?llLl}‘ t'h:l;;'f_fE‘l'}lltjii, and does not harmonise
with the fact that in the quiet breathing of man the maximal
excursion of the sagittal diameter iz observed to correspond with
the epigastriom (Fig. 183), which can only result from the
inspiratory activity of the diaphragm. The fact, however, remains

A

-,

| |

Frs 184, —Thoracie and abdominal pnenmograms during waking (T and A) and sleep (1" AL
(A, Mogso.) The curves are reversed, T and T° being trooed with Marey's pne IIII':I_'I':n.|_-h, A A
with Vieromit's sphygmographic lever applied near the nmbilicns.

that the function of the diaphragm is normally far less im-
portant than that of the external intercostals taken as a whole.
Hultkrantz has recently shown that in an individual who
takes in on an average 490 c.c. of air, 320 c.c. are to be referred
to thoracie dilatation, and only 170 c.c. to the depression of the
diaphragm.

Acain, it appears from certain curves of thoracic and abhdominal
respiration which Mosso recorded simultaneously in the waking
and the sleeping states, that the characteristic abdominal type of
human respiration in the waking state disappears in sleep, during
which the activity of the intercostals increases, while that of the
diaphragm is reduced to a minimum (Fig. 184).

As regards the question whether during normal quiet breathing
the external intercostals only come into play by the raising of the
ribs, or whether the scaleni and levatores costarum breves et longi
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are also involved, opinions are much divided, and no positive facts
can be adduced on either side. L b2

On the other hand, it is clear that in forced respiration the
action of all these muscles is reinforced by that of other accessory
muscles, whose ordinary office is not to assist the dllatatmp of t‘he
thorax. Such are the sterno-cleido-mastoid, the pectoralis major
and minor, the trapezius, serratus and extensors of the vertebral
column. Further, those muscles intervene actively which serve to
lower the larynx and widen the glottis, as well as the musecles of
the palate, fauces, and dilators of the nostrils. :

Another question which is difficult to solve, and as to which
opinions are divided, is whether in normal quiet breathing expira-
tion takes place passively by simple elastic reaction, or is actively
promoted by the interosseous portion of the internal intercostals,
triangularis sterni, and serratus posticus inferior. The great
wajority of writers, headed by Donders, adopt the first view:
Fiek’s arguments in favour of the second seem to us, however, to
carry a cerbain weight. He showed that with a little practice,
active expiration can be performed voluntarily without throwing
the abdominal muscles into any kind of tension. This is easy by
concentrating the attention in expiration on dropping the upper
ribs and shoulders, and not breathing the air out forcibly, which
would throw the abdominal muscles into contraction. If during
this intentionally thoracic expiration a water manometer is
connected with the oral cavity, the meniscus can be seen to rise
4-5 em., which gives a clear idea of the force exerted by the
thoracic museles, and, according to Fick, proves the expiratory
action of the internal intercostals, as to which there has heen so
much discussion. That these do take part even in normal
respiratory rhythm is shown by the fact that the expiratory act
can be voluntarily interrupted at any moment, which certainly
depends on voluntary inhibition of the expiratory muscles already
In action, and not upon the entry of the antagonistic inspiratory
muscles, about which we know very little.

Another cogent argument in favour of this theory seems to us
to lie in the tracings of normal human respiration, recorded by
Marey's pneumograph (Fig. 185). Neither the inspiratory nor
the expiratory excursions constantly reach the same abseissae, as
though drawn between two parallel lines; but they are now
more, now less, extensive, according as in the different hre&thingﬁ
bhe contraction of the antagonistic muscles in individual respira-
tions was more or less intense.
und;? rl:lﬂ];?n ]EII,;I T;Lgdlijtei ;Elfl'?d that in dogs (Luciani, 1877) expiration

‘ s 1s always active, owing to the intervention
of the abdominal muscles, the contraction of which normally
Ipreva.llsr over the alternating confractions of the diaphr&grﬁ
in relation fo intra-abdominal pressure, which, as we shall see:
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rises during expiration and sinks during inspiration. This fact
increases the probability that in man also the normal expiratory
movements are active, even it this be due to participation of the
imternal intercostals, and not of the abdominal muscles.

The most convincing evidence for the acfive character of
expiration under normal conditions also was, however, furnished
by Aducco (1887). From a series of ingenious experiments per-
formed on men and dogs, he adduced the following facts, which
show as a whole that in the expiratory process the contraction of
certain muscles co-operates with the elastic reaction of the lungs,
thorax, abdominal walls, and intestinal gases :—

(«) Normal expiration, being favoured by many passive tactors,
has in the waking state a longer duration than inspiration, which
meets with corresponding resistance from these same factors.

".h:; |-:},;Lpir;ui||r] i;rc:.g;{-.-qi,-.: .lm'[v ]'L‘*_x_'-;|11;u']:.', even when some of 1ts
principal passive factors are exeluded, e.q. after the abdominal and

Fio, 185, —Pnemmograms" taken with Marey's ponenmaograph

LNl normal, guiet DLPERTIRDE.
k 1 i i Taarml & . 3 o
The lower abscisse is at the level of the dead point ob 1

lecpest inspirations ; the higher

absecizsa at the dead point of the more active expirations,

thoracic cavities have been widely opened to exclude the elastic
reaction of the intestinal cases and distended lungs.

 (¢) When to the passive factors of expiration is added a force
which works in the same direction (a rubber sheath compressing
the thorax, a weight placed on the thorax), the time relations
hetween the two acts of respiration is very little altered.

(d) With artificial expiration on the dead body, when only
assive factors can come into play, a given weight :.»'-Ju]\_‘en'mhl}'
less displaced by the thoracic walls than in normal expiration.

(¢) Given two expirations of equal strength, one made ].1»,: the
livine animal, the other artificially induced on a dead body of the
same, the positive tracheal pressure developed by the latter 1s
lower. : :

() If during sleep, thoracic and .-ilulun_mmll pneumograms are
taken on a person breathing through Miiller s "»I‘-ii.h"l‘-‘r.':i_]‘n':_".'-._.clllhl,.hl
the pressure raised in the expiratory valve by adding a little ~.~.I.|.1t .
the eurve (Fig. 186) shows that while thoracic expiration undereoes
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little change in its course and duration, abdominal respiration
hecomes slower in the middle of its period. This slowing is the
}Il‘l-uli' that in quiet breathing the abdominal museles do not in any
way function as expiratory factors. On the irl}_l-.-l' il'»l]llli. the
absence of any effects of increased expiratory resistance 1n the
]II!NIIIIH_'.EI'&[]IH-HI' the thorax proves that the thorvacie expiratory
muscles come actively into play, so that they readily overcome
this resistance. Thus, then, “thoracic expiration, even wlufn
;H.‘-L‘-ﬂllJ}lHHhI.‘-EE under conditions of perfect rest, as 15 the case in
sleep, 1s an active process.” .
VII. The respiratory movements, of which we have so It.‘il'
treated, directly determine the alternate filling and emptying
with air of the lungs—inspiration and expiration. DBesides these
respiratory movements in the strict sense of the word, there are
others, which affect the air-passages beyond the hronchial tubes and
the thorax, and indirectly favour pulmonary venfilation. These

Frz. 186, —Thoraecic and abdominal POENIOEraIns recorded (with two .-;\;3|||-;|';|::_-: mtton tam-
|-I_II:-] during quiet hl.'."ll l;ll' an individusl breathing '.'.Etl: a mazk through Miiller's water-
valve. (Aducoo.) At and A, the nspiratory and expiratory valves offer least resistance.
AL T and A' the expiratory valve offers higher resistance owing to addition of a little water.

The effect of this zreater resistance is sesn in
S

TACING.

the descending expiratory line of the abdominal

are known as accessory or concomitant respiratory movements.
Some of them are purely passive in character, i.e. they represent
simple secondary effects of the respiratory movements proper:
such are the movements of the larynx and trachea, which in
inspiration are drawn down by the expansion of the lungs and fall
of the diaphragm, rising again with the succeeding expiration.
Others, however, and it is these which must now be mentioned
briefly, are of an active character, due to the eontraction of certain
special muscles,

In the first place, we must consider the respiratory movements
of the laryngeal muscles proper, which produce inspiratory dilata-
tion and expiratory constriction of the clottis. On some animals.
particularly dogs, these movements may be regularly observed.
while in men their presence in quiet breathing is much disputed,
since there seems rather to be a permanent widening of the clottis,
Ina certain PETCENtare of Cases '] £ per cent. il{'i‘fll‘l“]]:t_:‘ to ::""l‘UIﬁH::
these movements are, however, perceptible in man during quiet
breathing. :
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about } smaller than in adults. In expivation a weak and quiet
murmur 18 heard.

[n auscultating along the larger respiratory passages ::lil_"}'”-“ﬁ
trachea, great bronchi), both in inspiration and In expiration a
harsh murmur is heard, sharp and clear, resembling the guttural
German ¢h. which is known as the bronchial murmur. This 1s
perceptible not merely in the neck, along the larynx and trachea,
but also in the thorax between the two shoulder-blades at the
level of the fourth dorsal vertebra, the point at which the bronchi
bifurcate. It is a little more accentuated on the right side,
because the right bronchus is of greater calibre and is stronger as
a rule in expiration than in inspirvation. In the other parts of the
thorax the bronchial murmur is imperceptible, being covered by
the vesicular murmur. But it is heard distinetly 1in certain parts
of the pulinonary area, when the alveoli are atelectatic or
infiltrated. In pneuwmonia, accordingly, the area of lung that
IlilH ]I“['l:l![]li' i]!l!li"t“'.'i[’:-'lt:-é [0 511[‘_ ar J'r-'.r'_lalr.f.-‘."m‘-f_ T e |[[1{Eit‘[]]jt]fi||_

Fro. 15, -Hespiratory cscillations of intrathoracie pressure (I and intbrm-abdominal pressare (A
n anaesthetised dog,  (Lueianil) ] :

from the extent of the region in which the bronehial murmur
18 abnormally audible.

X. As above stated it is not only the lungs, but also the heart
and blood-vessels that feel the effects of the changes in pressure
determined by respiratory rhy thi. |

To obtain an exact knowledge of these effects it is necessary
first to r-'»l:ullr the oseillations of intrathoracic and intra-abdominal
pressure in the two periods of the respiratory cycle or revolution.
I'his is most :-:lt_u]ul}' effected by the method of the oesophageal or
rectal sound, in conjunction with Marey’s recordine tam bour
(Luciani, 1878 : Rosenthal. 1880). . 2
~ The tracings of Fig. 190, which we obtained by this method
from an anaesthetised dog, are highly instructive, since they show
L]lztij the respiratory oscillations of pressure within the thorax and
abdomen are nof ['1.1111(11':.11"-i|t. hLllT,. interfering,  While intrathoracic
|}]I'+_"i::'HII1_‘E" 1|:1i.~= during inspiration and rises in expiration, ‘intra-
4abdominal pressure rises | 0 i sTiod TR ;
b 1|H-E e ;t.]n,{ 1'.,:“5,- l;tltl'l]illfh;“-l;tH.I.“.: of llllh_lil_!iltlltrll and

_ 5t period of expiration and
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rises again in the second. To interpret these facts it is necessary
to assume that the diaphragm intervenes actively only in the first
period of inspiration, and that the abdominal muscles intervene
actively only in the second period of expiration. This agrees with
what was stated above as to the relative inspiratory 1mportance
of the external intercostal muscles, and the [:unﬂt‘.‘:lrn.h' active
character of the expiratory movements. L

L'he respiratory oscillations of pressure in the two great
body cavities are the more ample, or extensive, in proportion as
the entrance and exit of air from the pulmonary passages, which
tends to compensate them and to re-establish equilibrium, is more
difficult. This fact can be experimentally verified by recording
the tracings of intra-abdominal pressure in a tracheotomised animal,
and observing how the respiratory curves are modified when the
lumen of the tube attached to the tracheal cannula is constricted.
Fig. 191 shows that the effect consists more particularly in a con-
spicuous exaggeration of the inspiratory acts, which become deeper

Fig, 101.—Respiratory oscillations of intrathoracie pressure (T) and intra-aldominal pregsure (A)
n anaesthetised and tracheotomised dog. At B the tracheal tube was constricted. (Lneiani.)

and longer. Expiratory activity is also exaggerated, but m a llura.w
degree, and with reference solely to intensity and not to duration.
The interference of the two eurves, intrathoracic and intra-
abdominal, persists.

The determination in the different hicher animals, and 1n man,
of the absolute values of the respiratory oscillations of intra-
thoracic and intra-abdominal pressure has not been fully worked
out. We have only the few data obtained on the rabbit from
Adamkiewicz and Jacobson, and those of Rosenthal, which show
that in this animal, in normal inspiration, the pressure falls

to — 40 mm. water (= — 3 mm. Hg), and that in the most intense
inspirations, with closed trachea, the negative pressure may amount
to — 250 mm. water (= — 20 mm. Hg).

More recently certain observers (Ewald, Einthoven, Aron, van
der Brugh) have succeeded by means of a special apparatus (with
out causing pneumothorax) in introducing into the pleural cavity
a eannula attached to a manometer, and thus directly measuring
the pressure of the pleural cavity. Einthoven and his pupil,
van der Brugh, found during expiration a negalive pleural
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Lhe Sae expernnents with more discretion. Poisenille (1831)
applied his ]i:w]mui:.‘u.-i:u:mm'l,l'r to the wveins. and .-n.Lmn]at.w]l [rj
reduce to figures the force of the aspiration exerted in the
mspiratory act, and to establish at what distance from the T.]]Ut'.'l"x.
1ts influence ceases. With the discovery of Ludwig’s .I{\'nm-rr:q:h
(1847) began the series of researches by the graphic method, which
were directed to the more exact determination of the influence
of 1‘(1:~'.||i1‘ennt'j.' mechanies upon blood pressure in the veins and
arteries (see p. 242),

Jn_l'”u_;. 194 we have a very clear representation of the intra-
thoracic respiratory curves and the simultaneous curves of blood
pressure in the vema cava superior. Apart from the secondary
oscillations which depend on cardiac rhythm (see Chap. VII. 10
1t will be seen that the respiratory curves follow the same {:nu]‘m';:
and coineide with them, apart from a slicht delay which the curve
of wvenous JIressiuTe i'x]]”l'l[.rt in relation L ”IH"[ of i]lit‘:ll][u]';r:-it

Fic, 104, — Respiratory oscillations of intrathoracic pressure (T and pressure in vena cava superior
(C) in annesthetised and tracheotomised dog. (Lueiani.) T, taken with oesophageal explorer ;
C, with water manometer—both connected vo Marey's recording tambours.

pressure, which is probably dependent upon the presence of the
water manometer. [t may thersfore be concluded that the negative
pressure of the intrathoracic wave suffers diminution during the
inspiratory act, so that the velocity with which the blood flows
from the extrathoracie into the intrathoracic vein and the heart,
increases proportionately. The opposite occurs during the ex-
piratory act.

When the effects of the respiratory movements are exaggerated
by constriction of the lumen of the tracheal tube, the respiratory
curves become more extensive, whether they are transmitted
from the oesophageal sound or from the vena cava superior (Fig.
195).

The impulse given to the venous circulation by the inspiratory
movement is not counterbalanced by the opposite effect of the
expiratory movement. Expirations are, in fact, always somewhat
slower than inspirations: further, intrathoracic pressure always
remains negative even during the ordinary expiratory acts, so that



X11 MECHANICS OF RESPIRATION 151

it invariably favours the centripetal course of the blood in the
veins: lastly, the effects of the respiratory undulations of intra-
abdominal }ﬁrrusmtrv must also be taken into consideration. They
are alwavs favourable to the course of the venous blood, especially
when the expirations are assisted by the active itllt.t‘.l"s'i?nl_jnn of
the abdominal muscles, as, according to our experiences, Occurs
constantly in the dog.

1. 105, —Continuation of last Hoare. AT I3 Lhie tube conmecbed witlh the Lracliea was _-.,;__;_-I;:_I.-,

Fig. 196 1s highly instructive, because it shows that the
respiratory undulations of pressure in the vena cava inferior are
approximately coincident with, and present the same course as,
those simultaneously traced by the superior vena cava. This

Fia. 196 —Respiratory oscillations of pressure in vena cava superior (Cs)and vena cava inferior
(CE) in chloroformed dog. (Lueiani.) In Ci the descending inspiratory line exhibits a
dua to action of -|::||-i:|.'|:'.'-_ which is not seen in s,

FHRLISE,
proves the active intervention of the abdominal museles, which
during expiration produce a pressor effect upon the inferior vena
cava, while the action of the diaphragm during Inspiration is only
capable of reducing the depressor effect due to the relaxation of
the abdominal muscles.

XII. The influence exerted by the respiratory movements
upon the pressure and centrifugal course of the blood in the
arteries must necessarily Le the opposite of that which it exerts
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upon the veins. It should, however, be remembered that the
arteries are not subject in the same degree as the veins to the
effects of the oscillations of intrathoracic and intra-abdominal
pressure. The walls of the arteries are in fact more robust, less
yielding, and are under high pressure. They are more liable to
the effects of the functional modifications of the heart induced by
the respiratory movements than to the direct consequence of these
movements.

Generally speaking, physiologists in investigating the ve-
spiratory waves of arterial blood - pressure have arrived at
sufficiently disparate results. This appears to us to be due less to
fallacies in the observations or to the method employed, than to
the varying effects of the respiratory mechanism upon arterial
pressure, according to the form and intensity of respiratory
rhythm. This may be extremely frequent and superficial, or
extremely infrequent and deep: and between these two extremes

Fra, 197.—Respiratory oscillations of intrathoracic pressure (1) and pressure in carolio artery
(AYin o chlovoformed dog. (Luoeiani.) Tmeing A was taken with a Chanvean and Marey s
sp Iy EmOsCope.

many cradations of form may be observed, between which the

normal type represents the centre of the scale.

With extreme frequency of respiration, arterial pressure does
not undergo any sensible modification, because L]Il‘l effects of
inspiration are obliterated by those of expiration, which rapidly
succeed them. But when the respiratory rhythm is not exces-
sively frequent, and 18 very intunlrc.v, the respiratory utuhlltul,.inn:a
do appear on the tracings of arterial pressure, and may sufier the
same delay, and coincide approximately with the waves of
intrathoracic pressure. This is apparent in the ftracings ol
Fic. 197, registered on a chloroformed dn_l_;, whln_rli in ten seconds
gave nine profound respirations and thirfy-nine cardiac beats.
Tt will be seen that arterial pressure rises at each expiration, and
falls with each inspiration. It is highly probable that these
results depend essentially upon exaggerated expiratory activity ol
the abdominal muscles, which obstructs the arterial F}Inmll-si'.rv:|m
Howine to the abdomen by compression of the capillaries, thus
prruim'-in_g indirect rise of pressure in the intrathoracic arteries,
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similar to that which constantly ocecurs when the abdominal wall
is compressed by the hand along the course of the aorta.

When the respiratory rhythm begins to assume 1fs normal
form, in respect of frequency and intensity, its influence on
arterial blood pressure diminishes proportionally till 1t uIJth'.vl:..' or
almost disappears, as seen in the tracings of Fig. 198. A H]lII11|;§T‘
result was obtained by Marey, who explained it by the antagonistic
influence exerted 11_‘1.: the movements of the diaphragm on the

Fig, 108, —Respiratory oscillations of pressure in vena cava superior (%) compared with tracing
¢ of pressure in carotid artery (4e) in chloroformed dog, (Luciani.)

pressure of the thoracic and abdominal cavities. This interpreta-
tion does not seem to us correct, when we consider on the one
hand the secondary part played by the diaphragm in respiratory
mechanics, and on fthe other the strong and constant expiratory
activity of the abdominal muscles as observed in the dog. It
suffices, 1n order to explain the small or negative effect of ordinary
respiratory rhythm on arterial pressure, to admit that '[H‘J]']!Iil”}

1o, 109.—Tracing of intrathoracic pressure (To) and caratid (f i) in non-nnagsthetized dor of
medinm size, showing slight trembling, particularly in expiration. (Lucianiy

the respiratory movements are accomplished slowly and quite
gradually, and that the abdominal muscles either act moderately
during expiration (dog), or remain completely inactive (man)

When the I'i':‘:|ri!‘;r1u'r‘l".' t'|]:,'!_'h[“ ]]l._mm“.ﬁt very slow ‘.”“1!{]“‘11
4 marked interference is perceived between L]wﬂ'vspimi.nrr u‘u‘lé
of intrathoracic pressure and the respiratory curves of ":H"I;]‘i-;l]
pressure. This phenomenon was first illustrated L I*:ininru:'[[
E.lm.;':J‘ jr_x an excellent publication from [.mlwi'_'_"n'-l:l'nm.i”_m_,‘,'
'he tracings of Fig. 199 show the phenomenon in the _
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exageerated, The respiratory oscillations of arterial pressure
are not obtained with open thorax, unless the rhythmical
pulmonary dilatation with the bellows 18 jﬂ‘“-"-“‘]f*'_"'\“”-"‘J-""f"mh_lll:
The same authors constantly observed that the respiratory waves
of arterial pressure obtained with closed thorax 11 I]I.t' curarised
rabbit, with a medium degree of rhythmical insuftlation, became
notably weaker, or even disappeared altogether, when the pleural
cavity was scarcely yet open, and it was only on increasing the
insutfations that they could be made to reappear, or resume their
former level. _
This fact shows the predominating importance of the oseilla-
tions of intrathoracic and intra-abdominal pressure, as causal
factors in the respiratory arterial undulations. | :
Heinricius and Kronecker (1888), taking up Einbrodt's experi-
ments, showed that whatever iﬂ:ln!.‘dl*t't the cardiac diastole lowered

00, —Tracings of intrathoracic pressura (To), pressure in crin al artery (Aer), and in earotid
artery (Aen) in anaesthetised dog with ent phrenics.  (Luciani.)

arterial pressure, and whatever facilitated and aided the former
increased the latter. The influence of the respiratory movements
of the filling and emptying of the heart would thus be the funda-
mental condition of the respiratory waves of arterial pressure.
“Regular respiration,” according to these authors, ©produces a
salutary massage of the heart.”

[n order adequately to interpret the arterial respiratory wave,
the influence which respiratory rhythm, when sufficiently pro-
nounced, can exert on cardiac rhythm must also be taken into
account. When the vagi are highly excitable, cardiac accelera
tion may frequently be observed in inspiration, and a delay in
expiration. The tracings in Fig. 200 give a striking vx.-tmijllg* of
this phenomenon. Since this effect disappears after section of
the vagi, Einbrodt correctly takes it to be the effect of a reflex
rhythmical excitation of the bulbar centre of the cardiac vagi
during the expiratory acts. :
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(b) A central organ, or, better, a complex of nerve centres,
interassociated, and constituting a small system ; —

(¢) Afferent nerves capable of modifying, directly or indirectly,
the activity of the said centres. )

The motor nerves to the museles, which normally determine
inspiratory expansion and expiratory retraction of the thorax, all
arise in the anterior roots of the spinal nerves. The motor nerves
to the scaleni emerge from the cervical tract, more exactly from
the second to the seventh nerves, and thus form the cervical _and
brachial plexus, from which the branches to the muscles are given
off. The phrenic nerves which serve the diaphragm take origin
specially in the fourth cervicals, but are reinforced by fibres from
the third and also from the fifth pairs. The levatores costarum
longi et breves, the external and internal intercostals, and the
abdominal muscles receive nerves from the thoracic pairs of the
spinal cord : and, in particular, the rami posteriores of the dorsal
nerves serve the levatores costarum ; the intercostal nerves, the
museles of the same name ; and the internal or anterior branches
of the intercostals, the musecles of the abdomen, which also receive
fibres derived from the first lumbar pair.

Physiological proof of these morphological data is afforded by
the following experiments. A transverse section through the
spinal cord below the exit of the last intercostal nerve leaves all
respiratory movements entirely unaffected, while a cross-section
in the thoracic cord paralyses all the respiratory muscles, the
nerves of which arise below the section. When the lower part of
the cervical cord is transversely divided, 7.e. above the first inter-
costal and below the exit of the fifth cervical nerves, all the
motor muscles of the ribs are paralysed (with the partial excep-
tion of the first two, which are raised by the scaleni) so that the
respiratory movements are effected almost exclusively by the
rhythmical activity of the diaphragm (Fig. 86, p. 229). If the
results of this operation are compared with those following the
section of the phrenic nerves (Fig. 202), they show the extreme
functional importance of the intercostal as compared with the
diaphragmatic muscles—paralysis of the latter being in no way
dangerous to the life of the animal, save in the case of young
rabbits, in which the thorax is not sufficiently rigid, nor the
thoracic muscles sufficiently developed, to allow of ready compen-
sation for the failure of the diaphragm. These observations are
confirmed by those made on the human subject, which show that
after paralysis of the diaphragm the respirations become somewhat
more {requent, but are accomplished solely by the musecles to
the ribs with no active co-operation of aceessory muscles,

3 ;ﬂrhﬂﬁ' the section through the cord is made above the exit
sﬂcri'te third ]-:Jiervmal nerves, as far as the apex of the calamus
ptorius, all the respiratory muscles properly so-called are
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}Iill‘zll_}':ii!ll. illL'|L1Llit1§_;' those of the Ili.il.l?ll['il',__"]ll. and only . the
rhythmical movements of the glottis and the musecles of the lips
and nose persist, which, as we have seen, not infrequently accom-
pany the rhythmical movements of the thorax. These muscles
are served by nerves, which emerge from the medulla oblongata ;
the muscles of the lips and nose receive branches from the facial
nerve, and the muscles of the larynx are innervated by branches
of the vagus (the erico-thyroid muscle from the superior laryngeal,
and the rest of the laryngeal muscles from the inferior laryngeal).

The vagus also provides the motor nerves to the smooth
muscles of the bronchial tubes. This was first demonstrated by
Longet (1842); it was subsequently contested, and finally confirmed
by the later experiments of Bert, Schiff, Gerlach and others. The
tact that stimulation of the peripheral trunk in certain kinds of
animals reduces the volume of the lung, which can only be due

=

to the contraction of the smooth muscles of the bronchi. is very

L 1 : i K
VA H'FIL\"'-{\-..F"*LP"|J' k\lﬁf“\f \ \5"‘
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Fig. 202.—Efect of dividing phrenies in dog,  (Luecjani.) Do, intrathoracic pressure ; Ca, car itid
pressire.  A-B, previous to section of phrenic ; B-C, after section. [hie tracing shows that
both inspiratory and expiratory movements are axagperat vl after section,

striking. Roy, with Brown, and Sandmann claimed to hin'y H!'L';“.
discovered dilator bronchial fibres in the vagus, the action of
which is expressed by pulmonary dilatation, when the peripheral
end of the vagus is excited -with strong currents. [t 15 not
improbable that the presence of these dilator fibres in many cases
weakens or nullifies the effect of the simultaneous excitation of
the constrietor fibres, which would account for the negative result
obtained by some observers. ‘ .
Division of the vagi in the horse causes a curll.a'niur;tlah: increase
of volume in the lung, a proof that the constrictor fibres of the
bronchi in these animals are in constant or tonic excitation. In
dogs, on the contrary, section of 1“1"':'. vagl px'mlut-uﬁ_:x ;uutli
perceptible dilatation of the lung, showing that there is only wea

tonic exeitation. : , o ol

According to some interesting observations ol Fano and Fasola,
the lungs of the marsh tortoise are capable of very 1511{11111-1?1-{
active movements, due partly to the smooth musele cells which
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are innervated by the vagus, partly to the striated fibres derived
from the musecles of the diaphragm, which penetrate the
parenchyma of the lungs, to invest the large alveoli, and are
innervated from the spinal nerves. When the vagus 15 Etllllulfh!lﬁd
in the neck of this animal, a curve of slow prolonged contraction
is obtained from the lung, exactly similar to that served up by
smooth muscle. When, on the other hand, the spinal cord is
excited, a rapid pulmonary contraction results, which is evidently
due to the striated muscles. _

The physiological function of the smooth muscles of the
bronehi, and of the constrictor and dilator nerves which serve
them, is not yet fully explained. Tt seems obvious that they give
greater resistance to the bronchial walls, and reinforce this resist-
ance by their contraction, when the negative intrathoracic pressure
falls too low, during forced inspiration. Probably the development
of the pulmonary emphysema is promoted by atony, or by the
paresis or paralysis of the smooth muscles.

II. As a whole the central mechanisms, from which the
several motor nerves to the respiratory muscles receive their
- rhythmical impulses, must be excessively complicated, seeing that
the co-ordination of the inspiratory and expiratory movements,
1., the harmonious and synergic contraction of the muscles which
alternately expand and contract the thorax, depend upon them.
The immediate centres for the motor respiratory nerves must,
however, be distinguished from the true controlling and co-
ordinating respiratory centre. The former lie in the cervico-
dorsal tract of the spinal cord, and are formed from the grey
matter of the anterior horns, which contains the nerve cells of
which the nerves to the respiratory muscles are the prolongation ;
the second is situated in the medulla oblongata, and has probably
. no direct influence upon the muscles, but is confined to execiting
and regulating the functions of the former.

When the brain is extirpated to the level of a plane which
passes along the inferior limit of the pons, or when a section is
made at the level of this plane, it will be seen that after temporary
disturbance the animal continues to breathe spontaneously, in a
regular and perfectly co-ordinated manner. This experiment
proves that the co-ordinating centre for the respiratory movements
does not lie higher than the spinal bulb. When, on the contrary,
the bulb is divided from the cervical cord at the apex of the
calamus scriptorius by a transverse section, the respiratory move-
ments ipso facto come to a standstill. This proves that the
respiratory centre lies within that section of the bulb which is
situated between the two planes of division indicated.

Which portion of the bulb is it, however, which represents
the respiratory centre? The experiments directed towards the
localisation of this centre have a very involved history, which
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If this were correct, the respiratory hemiplegia consequent on
unilateral division of the lateral bundles in the upper cervical
region would disappear after a short time. It is, |‘|::m-'ewal:1 true
that with great care the whole of the so-called neud vital of
Flourens, as also, according to Schiff, the whole internal or medrmn
half of the ala cinerea can be destroyed, without producing
permanent arrest of respiration. It is only when the external
half of the ala cinerea is separated from the central grey matter
that respiration on the corresponding side is abolished for ever.
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Fig. 203.—Section of spinal Lnlb in man at level of exit ot vagus and hypoglossal nerves—f{rom the
soction. (Luciang.) Crat, Rectiform body ; Nfe, nuelens of funieulns cuneatns : FIla, ascending
root of auditory nerve; NX, nucleus of vagus, which appears as ala cinerea at surface of
rhomboidal sinus ; NXII, nuelens of hypoglossal ; N, median nucleus (or nueclens of funi-
culus teres) ; JXa, ascending root of glosso-pharyngeal (or funicnlus solitarius); Fr, formatio
reticularis ; B, raphe; SpR, substantia gelatinosa Rolandi; Pe, ascending root of trigeminal :

.'K',_ Yagua ; i"-"c_n:. el s nrnhigmm: Ooe, accessory external olive @ Ooa, acoesEory  anberior
n]wa:;- l:J_ olive ; XII, hypoglossal ; L, fillet ; Py, pyramidal bundle - Neere, areiform
MUCIENSE, = !

From these facts (which were confirmed in the last years of his
life by Sehiff, and by his pupil Girard) we must conclude that the
most indispensable part of the respiratory centre lies within the
outer half of the ala cinerea, hordering on the median limit of the
restiform body, 7.e. external to the dorsal or sensory nucleus of
the vagus and glosso-pharyngeal, along with the solitary bundle
and the dorsal and distal portion of the formatio reticularis
(Fig. 203). :

In the year 1873 Gierke, under Heidenhain’s direction
carried out a series of experiments with a view to {[etermiuin;:












XIII RESPIRATORY RHYTHM 449

with vaseline) is applied to the floor of L]]{:' fourth \.'L‘.[l[.l‘l(:Ill.': 1t 18
seen after a few seconds or minutes, according to the rapidity ol
absorption, that all respiratory movements cease :?1111 the thu';ix 15
fixed in the cadaveric posture. This ]m-rell}'r-']H UII_T-]N_‘- 1"'-"_5[*1"ij’".'}'
movements is. preceded by a brief period of _Li:»:.E:LL;L1;I{lJ11, 1n ".‘a'l}lth
the inspiratory movements are exaggerated. Quite different efiects
are obtained on the heart, the beats being accelerated Lllll"t'ﬂ‘-tlf H“Lft'
the application of the poison, as after .‘SE.‘.{}ILZif}Il t}il the vagi, or IntOXx1-
cation with atropine, an effect that persists atter 1_-}113 ll‘BH]Hl'iLjE-[Jl'}'
standstill,. When the cocaine hydrochloride is applied in the form
of an ointment, so that the poison 1s more slowly and gradually
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Fre. 204. —Efects of weak (A) and medium (B) electrieal excitation of spinal buolb in dog
(Aduneen.) Excitation from a to . R, Hlﬂ.-'_:li:.'l.l:r,l||-: recorded with Marey's ]a-l:r-::,||;|:|;_:|':4]|||_'_ P
arterial pressure traced with Marey's metal manometer; s, seconds. The inspiratory affects
are geen on both '|_|;.,|.|_'i,':j;~._ i

absorbed, different phases of modification may be distinguished in
the respiratory and cardiac movements. Fig. 205 shows the
curves of mormal respiration and heart-beat in the dog; there are
four respirations and eighfeen heart-beats in 20 seconds. One
minute after applying the cocaine to the floor of the fourth
ventricle the curve of Fig. 206 is obtained, which shows five less
ample respirations and three beats in 20 seconds. Nine minutes
at['tlul‘ applying the poison the form of respiration is entirely altered
(Fig. 207) and has become quite slow. The line of rest of the
thorax corresponds with the extreme inspiratory position, which
is due, not to an inspiratory tetanus, but to the fact that the ex-
pirations only areactive, while the inspirations are passive, i.e. they
represent the elastic recoil of the thorax to the position of
VOL. I 9 o
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“"l"”!llll-ll‘”“ at the close of L'“E*h'ﬂ‘niu[l The .luu]thniull ot the
cardiac movements persists; thirty-eight beats may be counted
3 £ - : : 1y

In 20 seconds. Ten '“'"”1*“ from the commencement of the
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Fig. 205, —Normal tracings of respiration (R)and earotid pulse {F) in a dog after exposing the
rhomboidal sinus, (Adueco,) R, Tracing 1 ded with Marey's '||||:-|'|_':::r_,;_'i',|':|'||.: . with
Marey's metal manometer : 57, with Depréz signal. >

experiment the active expirations also cease, and the animal
quickly suceumbs to asphyxia, unless artificial respiration with
the bellows is resorted to.
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Fia, 200, —S3ame as preceding, ong minute after applying 0 grm. cocaine omiment Lo floor of

4th ventricle. (Aducceo.)
The ,|1¢111,-]n->' action of cocaine on the bulbar centres was con-
firmed by Aducco with the addition of a highly characteristic
oroup of effects; enormous dilatation of }m]Jﬂ insensibility of
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gonjunctiva, immobility of pupil, im-rIIin and flaccidity of tongu
and musecles of jaw, suppression of FLiF]‘u'é!l‘l‘l' secretions, lu:u']u-jl fall
of temperature, inhibition of swallowing reflexes, 1-‘![]IL]]'I'. ,L“.-m”m-
after mjection of ;ai;|11:1||1‘1|||ir][=.! lelﬁi]}', BUSpEns1on of any l\.l.l'.il u_l
reaction from the cocainised bulbar substance to lff]ﬁ'*‘-“'lfii_l] stimuli,
Iu-_:wm'm' strong. The possibility that under [.]w.w conditions 1]1_t-rr_-
can be paralysis of the spinal, as well as the _.'-I:Hl:n‘ centres, rﬂfu_llj_"
to spread of the poison, seems to be excluded by the rate at which
{',n]ll]lh‘l-'.‘ arrest of l'n]Hl:-i]‘:‘L'|-n]'l‘_n.' movements rl;;lt}' occur (less than
20 seconds), as well as by phenomena which prove that .tht'
excitability of the spinal centres is maintained—e.g. i‘I]zl‘__rL||tI|1|L':t1
contraction and relaxation of the sphincter on introduction of the
tinrer 1into the rectum. :

“These results led Adueco to the important conclusion that a
true motor centre exists in the bulb, besides the imhibitory cenfre
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Fiz, 307.—8ame as preceding, after nine minutes’ application of the drp. (Aducen.) Tracing
R shows the active and passive inspirations. Followed by complete arrest of respiration,

to the heart, and that both are paralysed by the local action of
cocaine. The paralysis of the cardiac inhibitory centre (formed as
we have seen by the nuclei of origin of the ACCEess0ry) causes
acceleration of the beats; paralysis of the respiratory centre
(constituted in all probability by the formatio reticularis) causes
arrest of respiratory movements. Hence it is the bulbar respiratory
centre that sends co-ordinated rhythmical impulses to the spinal
centres of the respiratory muscles. These last centres ave, therefore.
mcapable of any rhythmical activity, independent of that of the
bulbar centre. If under certain conditions (as in the experiments
of Langendorff, Wertheimer and others) they show activity
independent of the bulb, this activity is not co-ordinated, and is
conditioned by the peripheral or central stimuli, of which we have
still to study the mechanism.

The simplest, clearest, and most incontrovertible proof of the

absolute dependence of the spinal centres of the respiratory
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muscles upon the controlling bulbar centre appears, however, in
the fact that permanent respiratory hemiplegia ensues on unilateral
section of the upper cervical cord (Fig. 208). Schiff rightly
directed attention to this fact in his last work on the re;qpir;ﬂ_{.;r:;
centre (1894), in order to refute the old doctrine of Brown-
Séquard as tentatively revived by Langendorff and Wertheimer.
[t is, however, still uncertain whether we should, with
Langendorff, admit the existence of another autonomons inhibitory
cenfre for respiratory movements, along with the controlling
centre in the bulb. Landergreen’s studies on the cireulatory and
respiratory phenomena in asphyxia (1897), those of Prevost and
Stern on the final respirations (1906), and, lastly, those of Mosso
on the asphyxial pause, contain no conclusive arguments for or
against the theory of an inhibitory, respiratory, bulbar centre.
Patrizi and Franchini, on the ground of certain peculiarities of

Fig. 208, —Pneumograms of most convex part of right (T2) and left (Td) half of thorax in young

'|||,||'||-|., Operals i on thres we
tract, (M. Schifll) The sli
passIve, o '!'!ur':-.' -|l'|-l'!|-| 0n
sternum.

oks previously by hemisection of cord at level of highest carvical
It respiratory movements of the right half of the thorax are
e aspiration of the mediastinom to the left doe to elevation of

gh
til

respiratory arrest from centripefal exeitation of the vagus (1906-7),
are inclined to admit Langendorft’s contention. The question 1s a
difficult and complex one, and will require extensive experimental
researches before we can ]]U]llt for its solution.

[V. It is doubtful whether the bulbar respiratory centre, and
the spinal respiratory centres scattered along the cervico-dorsal
tract of the spinal cord, really represent the whole of H:u_' central
nervous mechanisms which take an active part in bringing about
the mechanical processes of respiration. In all probability, we
must, in addition to the bulbar and spinal centres, also admit the
existence of true respiratory centres in the brain. L,

We know that the respiratory mechanism can be modified in a
variety of ways, both by voluntary impulses and .] y simple
psychical emotions. A practised singer 1!1.15-‘. such perfect ‘u;-.nn.t.rcul
over his own respiratory movements that in l;*x]u,-limf_{‘t.hu air from
his lungs he is able to produce the finest shades ot tone I..|.L'11"1T}'t:_f
expiration. Again in conversation, and still more in oratory, the
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on & revolving drum) from a tracheotomised dog nlu_a_-!llhaul 5
orms. of chloral hydrate injected in several doses into 1S jugular
Oain.  Under these conditions there are seen to be a iew aclive
abdominal expirations, in which one very energetic and one
shallow effort alternate with tolerable regulanty. All the

-

Fig. 200.—Thoracic (T) and abdominal {A) pueumograms obtained from two exploring button
tambours on a dog, after intravenous injection of 3 grims. chloral hydrate. (Aducco.) The
degcendine corves of A |::|__||"_'l--\.|:.\,I||II to active abdominal expirations. The .'\-l;;._'|!| movements

of T are passive.

respiratory processes depend upon these rhythmical u}uliumin;ll
respirations which pull upon the thoracic walls, on which the
traction of the rectal abdominal muscles follows passively. In
this ecase, therefore, the
chloral suecceeds (tempor-
arily at least) in paralys-
ing the rhythmic activity
of the thoracic inspiratory
and expiratory centres,
while maintaining and
even inereasing the action
of the expiratory centres
for the abdominal musecles.
[nother cages(in which
the specific mechanism of
action is unknown) the . T b e e
chloral paralyses both the  intravenous injection o
ingpiratory and expiratory E,f'fﬂ,}“;,';.'.}_t._ el b D Sl
abdominal centres, and 17t s i o e nepeion. e
increages the rhythmical
activity of the thoracicexpiratorycentres. Thecurvesof Fig. 210were
taken from a tracheotomised dog, after injecting 5 ;;l‘lura: of chloral
hydrate into the jugular vein. It will be seen that the resting
position of the thorax coincides with the end of inspiration and
commencement of expiration ; between the first and second there is
a pause. after which a marked depression of the thorax oceurs, which
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‘n'kl[.hlll.ll ]l'l{""l ]U]l‘-r. u-l['npi_r]ﬁl,ﬂll ol re --.]]]_]_ |_'||.n|| or ”lq.il].ll. l! :E]if’]rlt]fl]l i

the transition from one type to muL]ul The same effect appears
after cuttine o the second vas g, but in a more accentuated form :
l[lt!lll,ﬂ.il-.i-t'l'.‘]‘l. after section the bre: ths become extreme Ly tluupm ele

and infrequent. In rabbit these effects are less marked than in
the dog, as : appears from the curves of Fig. 211 (Luciani, 1879,
According to Gad (1880) these results are not simply the
Hluua«iun of cutting out the vagus action on the respiratory
centres, since in Llindmu the nerve mechanical stimulation from
the operation is inevit: th , a8 well as exeitation from the demarca-
tion current set up in the injured trunk. He proposed to nullify
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Fia, 211.— Effects of vagus section on apiratory rhythm on rabbits (AA7) and dogs (BB
{ Lueiand. ] lI'| Fig "I vigEl we ra E' L |.I I || laft at '!'._ I A |.'||| A" m large rabbit breathed
1'| ym & closed vessel, contair 12 1 I: !' L|I communicating '.-|'.I| a writing tambour,

1 B, B lHI'II.LI|I21;_-L l.l- |I| 4 receiver of 30 litre

the function of the vagus, by lifting it over a metal rod cooled
below zero, when the nerve would freeze suddenly at the point of
contact, L]ul loge its econductivity, without producing excitation.
The results nhirmn d with this more elegant method, however,
differed little from our own results with ‘-]1!]1]1[ division, apart from
the fact that the inspirations alone became more ample, while the
expirations were maintained at the same height as before, or even
fell below it, as shown by Fig. 203. Even this difference was only
shown in the rabbit ; in the i]f] » both inspirations and expirations
were increased.

These effects, which follow directly on the abolition of vagus
influence upon the respiratory centres, are not associated with any
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conspicuous changes in the amplitude of respiration, or Kli_';__':'l'{'i'
of pulmonary ventilation in the time-unit. I.-"Ltff.iﬂl‘[ll“ar'-'{ to Gad,
after iLI'tHE}'.i]E:‘_'.' the \'él;_‘;i Lh{', Et]ll]lliLl“h? ol ]'{r}_;.]_;u";t[-lﬂll LII]EiE;_‘I'_E'lJ[!':-'-PH
slicht diminution; according to Lindhagen, on L_hu contrary (1n
aureement with our own observations), it remains almost un-
altered : this means that the increased depth of the respirations
almost perfectly compensates for the diminution in frequency.
From these facts we may deduce the important conclusion
that the vagi reflexly exert a marked regulatory influence upon
the respiratory centres. The respiratory type witnessed after
suppression of this influence 1s, as justly remarked by {}u‘:l, very
ill-adapted for its purpose, since the respiratory effort 1s con-
siderably greater, while its utility, as represented by the respiratory
volume, is not increased, and may even be diminished. It is in
fact from the ratio between force and effective utility that we
must judge of the degree of adaptation. If with intact vagi the

Fic. 212, —Effect of freezing the vagus on respiratory rhythm of rabbit. (Lindhagen) The rabbit
breathes from receiver of Fig, 187 (p. 422).  The vertical line marks the moment at which the
vagi were frozen, The lower tracing marks seconis,

play of the respiratory muscles is modified, this obviously means
that t,]m:_,- rpﬂm;l:,-‘ regulate the respiratory rhythm in such a way
that the same effect is obtained with far® less effort, and with
minimum expenditure of energy.

[n 1868 Hering and Breuer, in an 1mportant series of experi-
ments, attempted to elucidate the mechanism of this regulation of
the respiratory processes by the vagi. They found on animals
that any dilatation of the lungs, la'i'ndu{;ml no matter by what
means, checked the inspiratory and promoted the r::~:pir:tL+‘.rv act :
whatever, on the contrary, caused contraction of the }1111;;5;
inhibited expiration and determined inspiration. After vagotomy
these effects ceased altogether; the respiratory rhythm assumed
the type described above, which undergoes no modification with
reference to the state of contraction or dilatation into which the
lungs are ilt'T.jlfii![il”I}' thrown. The results of Hering and Breuer
may be recapitulated the better to define their effects, and bring
out their importance : =
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of 1-]1@1 stimuli, so that the action now of the Inspiratory, now of the
expiratory fibres preponderates. ;

As early as 1847 it was remarked by Traube, and later on by
Rosenthal, that electrical excitation of the central end of a
vagus cutin the cervical region caused excitation of the inspiratory
centres, as shown by aceeleration of rhvthm. and with stronger
stimuli by an inspiratory tetanus 'f]'":'g.‘:jl."r}':, This proves that
the vagus trunk contains centripetal fibres which on excitation
act on the inspiratory centres by acceleration of their rhythmical

1. 218, —Inspiratory effects of electrical exeitation of cantral trunk of vazus in rabhil (Fredoried)

The period of excitation is marked on the abscissa. The tracing shows the respiratory
oscillations of palmonary pressure, .

impulses. This result, however, is not constant ;4 it is only
necessary to alter the strength of the exciting current in order to
produce a diametrically opposite effect, i.e. slowing of rhythm,
with preponderating expirations, and also expiratory tetanus.
This contrary effect proves that the vagus contains other afferent
fibres which act on the expiratory centres. If these are rarely
manifested with electrical excitation of the central end of the

Fit., 214.— I':1;|i‘.'.'L|l-'.'.'; affects of electrical excitation of central trunk of VaEus in chloreliged
rabbit (Frederieq). The period of execitation is marked on the abseissa. FEach stimulation is
followed by a respiratory arrest.

vagus, it is because the antagonistically working fibres pre-
ponderate. Chemical excitation of the central end of the vagus,
however, causes reflexes of a predominating expiratory nature
(Gad). When the animal is poisoned with strong doses of chloral
hydrate, which, as we have seen, weakens the activity of the
illh]wir;ltm'.r centres, the centripetal expiratory fibres of the vagus
come into play. For under these conditions electrical stimulation
of the central end of the vagus nerve is invariably followed by an
expiratory tetanus, as appears from the researches of L. Fredericq
and Wagner (Fig. 214).
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According to Patrizi and Franchini, the diaphragmatic arrest
on stimulation of the central trunks of the vagus 18 not 11_11?&1'1:11}1}'
(in profoundly anaesthetised animals) the effect of predominance of
the excitatory muscles, but may be merely an inhibitory suspension.
Whatever the phase in which the diaphragm 1s overtaken by the
appropriately graduated stimulation of the vagus, it becomes
immobilised without change of tone (level of record), and completes
its movement at the close of the inhibitory respiratory effect,
resuming it from the poinf at which it had been interrupted.
They do not deny that excitation of the vagus may, at a certain
point, produce respiratory movements, sice they more than once
had occasion to verify that particular result; but they do affirm
that the respiratory arrest on centripetal stimulation of the vagus
is not seldom a merely inhibitory phenomenon.

Treves (1905) also admits that the effects of faradisation of
the central end of the vagus are inhibitory in character. After
eliminating the action of the principal expiratory muscles by
ligature of the cord at a point below the origin of the phrenic
nerve, he found that section of the vagus was followed by more
intense respirations, and sometimes by a prolonged inspiratory
tetanus, interrupted only by passive expirations, which became
more and more frequent, and irregular in their rhythm and ampli-
tude. Under these conditions the excitation of the central end
of the vagus had a constant inhibitory effect, reducing the depth
of the inspiratory act, and the frequenecy of respiration may
be augmented or diminished according to the more or less pro-
nounced tetanic character of the respiration after section of the
'Vﬂ.gllﬂ.

VII. Besides the pulmonary fibres of the vagus, other influences
may affect the rhythmical impulses of the bulbar respiratory
centres. These may emanate from the cerebral centres, or from
the periphery of the centripetal nerves in general, and particularly
of the sensory nerves, with which the mucosa of the nasal,
buccal, pharyngeal, laryngeal and tracheal air-passages are
provided. :

The afferent influences from the cerebral centres to the bulbar
centres of respiration are conspicuous after section of the vagi.
The respiratory type, which, as we have seen (Fig. 211), follows
immediately on this operation, depends on and is specially
maintained by the active intervention of the cerebral centres, in
lieu of the missing regulatory influence of the vagi. To prove
this, it is only necessary to compare the effects of separation of
brain from bulb in animals with intact and with divided vagi.
In the fm'[qer, as we knnw., the normal respiratory type is not
greatly modified after a transitory disturbance due to the traumatie
effects of the operation; in the latter, on the contrary, extraordinary
changes in the mode of respiration ensue. The respiratory move-
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animal before and during experimental apnoea, lw: uld qullul 13| rlL
the O, content of the arterial blood was hardly increase l( s
+ 0'9 per cent) while that of the venous blood was c_um«h I;L'|EII‘ u:.\
reduced ; hence after apnoea the blood, as a whole, is poorer 1n
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Fia. __| —Iner I ions after cessation of tle o) 5l | roduced with artificial respiration,
before and after sec af wi bhit and 1mnL) A, .-"L. Adult rabbit, tracheo
tom | and piven artbificial A, respiratory tracine COnS e et
0 ,llu 4, the trachea being o i

ir, which in its turn com-
arotion of -:I'Ii:'. YIFL.
¢. laudanum injected into a

municites with a ‘wh:--_\.‘ & writing tambowmr; fe same, alter
B and B, Puppies of 2:800 kermes., anaesthetised ui]l: 2

a vain,
trachaotomy and artificial respiration with bellows: B, respiratory tracing after apnoed, the
trac hl a baing joined to a receiver of 80 litres airc, communicating with a writing tambour «
B', the same, after cutting second left varns.

oxygen. On fthe other hand, the CO, of the arterial blood
diminished by more than half, while that of the venous blood

increased. This fact is readily explained on the assumption
that forced pulmonary respiration, by compressing the alveolar
VOL. I
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utmost by means of voluntary inhibition. On the contrary, he
tried as far as possible to eliminate this factor, turning his
attention away from the respiratory acts, so that they should be as

independent as possible of mental influences. ‘

The results of his researches differ from those above 11::5:1'11.1[:{1_‘_
inasmuch as the apnoeie period is E’nllm'.'l.-tl not by a measure of
compensatory dyspnoea, but by the opposite phenomenon, e an
inerement in the inspirations similar to that exhibited by an animal

after the apnoea from artificial respiration with the bellows.

I M l.-»:-Cl.l.}

Fig. 216.—Compensatory dyspnoesa, consequent on period of voluntary apnoea in man,
Tracing recorded with Marey's pneamograph.

From his observations, as a whole, Neander draws the con-
¢lusion that the apnoea which he studied must be looked upon as a
combination of true and spurious apnoea. He found, in fact, that
its duration is in ratio with the percentage quantity of the oxygen
of the expired air. On the other hand, it starts as a spurious
apnoea deriving from fatigue of the centres, since a deep inspiration

Fra, 217.—Voluntary apnoea in man, pracedad by four foreced inspirations, and followed by a
searcely visible decrement. (Mosso.)

of pure ]!_‘;'Eh'l,lHl']t I.'I||.|:1]]_:|.' determines a marked pause, él]L!IHll_'_flj of
Ei!‘EE*!' I|ll_1':1,tiinil_ The prolongation of the pause consequent on a
series of deep inspirations must be considered as the effect of
‘rftl":m’.]!'l‘ rt't_'tllt-r:]l] fatigue combined with diminished venosity of the
lood, which becomes normal ao: urine L T O e e A
:-'l]1-[-u|.ut]'r]E ]'UﬁEli]-_-rHUHH. 2 o [1"”“_-. fhe rOEPIEHU 0L IIe
XIV. Let us see if it 18 possible to obtain a true apnoes in
Miescher's sense by substituting gentle continuous ventilation of
the lunegs for forced l'h}'l-htl]it';tl ventilation, in order as far as
possible to avoid the mechanical excitation of the pulmonary
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vagus endings. This is easy In birds, whose lungs, as we know,
t":_:I]HI]LI.IT]i.L'eIIL'. vtee. the bronchi both with the bony chambers. and
with the diaphragmatic, axillary, and abdominal air-sacs, These
last are highly developed ; on opening the body they are conspicuous,
and when they are pierced, and the walls of the abdomen held
apart by a blepharostat, the air from a gasometer, blown through
the trachea (under a gentle, regular, and continuons pressure),
escapes by the ventral opening, ,

Bieletzsky (1881) was the first to attempt this experiment.

Frg. 218, |-:-Ilil_:!.'. Eransition from normal re=pIrH T II_| o apnoea with continuous E:liil:'|||-||:1|'.','

ventilation in turkey. (Luciani and Bordoni.) Ventilation commences at ¥V at a pressure of

mm. Hi. Tracing recorded with a tambour with exploring lever :.':-Ii"l'l:. to sternum, con-
nected with a tambour with writing lever.

He stated that he obtained perfect apnoea lasting for the whole
time of the inflation. But he made very few experiments; and
worse, he stopped half-way, omitting the most important part of
the research, i.e. that of seeing what effect was produced by
continuous inflation after the section of the vagl at the neck.

We resumed these experiments with Bordoni at Florence
(1888). The following arve the most striking of our results, the
full value of which, in regard to a general theory of respiratory

uation of previous tracing during prolonged period of apnoea. At point (
g & gradual return to normal respiration.,
I

ventilation ceases, and there

rhythm, can be appreciated now that we have made a physio-
logical analysis of the various forms of apnoea. _ | |

" (a) In turkeys, continuous ventilation with intact vagi
i.*mn;L;m[ly ]:-rm[m:n.«- the apnoeic state. When air is i]lwui'il;uwi
with Waldenburg’s casometric apparatus, ab a pressure of 4-5 mm.
Hg, apnoea 1s in.:al;ulltelmrnu.w.l}' ]]]‘1#[11[!2.‘-{‘.[[_'. at a pressure of 2-3 ll.l:_'rll.
He the transition from normal respiration to apnoea occurs, W ith
o distinet decrease in the respiratory acts, which is of briel
duration ; finally, at a pressure of 1-1'5 mm. ”u the ﬂw:l'i:;la:ae*
previous to apnoea 18 Very oradual and prolonged (Fig. 218). The
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return to normal respivation at the close of insuftlation 1s
invariably preceded by an increase in the respiratory movements
(Fig. 219).

' (b) In pigeons also the apnoea is constant. At a pressure of
1-2 mm. Hg expiratory arrest is instantaneous (Fig. 220, A), at
other times it 1s preceded by a gr: adual decrease ’I 1o, 290, B).
The return to normal respiration is also preceded ].1, an increase,
as in the turkey (Fig. 221).

1 in pigeons,  (Lociani and Bordoni) A, Instan-
to apnogs, as soon a8 ventilation commences af V.
I ter ventilation had commenesd af

. ddh—Apnoen from continnons
taneons transition frony nor
B shows transition from normal re

it r T

) In fowls, apnoea is fairly difficult to obtain, no matter at
what pressure the pulmonary venfilation is effected. Generally
speaking, 1t is invariably incomplete, and vespirations of an
extremely limited character can always be detected, showing

persistence of rhythmical activity in the centres (Fig. 222, A

B, 23, —Gradual and 'in':ii;.-'-! return of normal 1 '\-"iIEI.!'- 011 alter nrolonead neriod of

apnoea in pigeons. (Luciani and Bordoni)

Here also the return to the normal is preceded by an inerease
Fig. 222, B). "

) The apnoea of birds from continuous ventilation is, like that
of mammals (Berns), immediately ||1t|=11u]|L| 'l by the insufflation
of a minute quanti h of carbonic acid, as also by the momentary
(|:H;_H]',__-'. of the ventral aperture, or of the i|11|;ll1-in'_{ tube, or by
excitation ol the vagi in the neck (Fig. 22: ). : :

(¢) When En]mu:llh H-ml]ﬂlrm 18 effected with pure oxygen
istead of air, at a pressure of 1 mm. Hg, complete : |]|n-w.1 IS Never

]lllllll]l'r'll 111 '|I|;‘-_frflf'|.‘~ 2] fl'_f. ,:I._:r] _‘||._'_ :I!'- a '||]|-.}-,'||_4_rr]| 21, II'.'_,.
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apnoea 18 111'uduﬂ-t=ti suddenly or with a short decrease: but the
resumption of respiration is preceded almost invariab ly by general
movements of the animal, without the gentle and re cular increase
that always succeeds the apnoea tl]frtlll-r.[_ii by air |‘t1}_-f. 224, B).
Utten the return oceurs with periodic respiration, which soon dies
away, and 1s replaced by the ordinary rhythm (Fig. 224

_ ) After section of the X'flj_{i, c'liltlllhfl.l.' anc }l[_tl‘:-'iHlt-m_ apnoe
can no longer be obtained in birds, either by inflation with air, o

(Lneiani and Bordoniy A,

Fro, 222 —Hffects of continuons pulmonary ventilation in fo
4 il raturn Lo normal respim-

Incomplete apne aflter ventilation commencing at ¥V B, gr

tion, after insniflat OfAREE aLlc

with oxygen, no matter at what pressure the ventilation  is
effected. Respiration becomes weakened to a very marked extent
in pigeons, and to a less degree in turkeys and fowls (Fig. 225, A,
B, C). If the vagi are divided during apnoea, it will usually persist
for a certain time, owing perhaps to the effect of operative
traumatism. ;":'E:-!L]t'li]]IL’H: however, the 1'1~F]|it'-'t1nt‘l1_-' NOVEINeNss are
reinstated immediately after section of one vagus (Fig. 226

Fio, 223, —Eifeet of passing a small anount of COa throngh the respiralory pissages, during
apnoen from continuons ventilation, in turkeys.  (Lucian

Most of the interpretations of respiratory rhythm suggested
from Rosenthal onwards (Pfliiger, Hering, Rosenbach, Burkart,
Marclkwald. Gad. ete.) start with the fundamental concept that
not only nutrition, but also functional aectivity, 18 maintained
in the respiratory centres by the blood ecireulating Ell_ them,
which, when normally constituted, acts as an external stimulus,
6. 1t contains Hlll]llllcl!lllf' factors such as carbonie acid or the
other products of tigsne [.|JI|.~:l]l:|lrLill]:. This general theory 18
:zlwu}'s based on the apnoea which inevitably sets In when
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removed from the blood, so that it no longer acts as an effective
stimulus. |
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The analysis of the different cases of respiratory rhythm which
we have so far bheen examining rather lead us, on the r|]!||;*l hand,
to the conclusion that no apnoea 1s |‘~.t]1l-]1.|'|'u determined by the
diminished venosity of the blood. Even the apnoea of birds
produced by continuous ventilation, which Miescher considered
the most typical case of true apnoea, i..luthlll]n*r to our results,
i E'H]Il!'l]i‘_"\' effect, L*:-:Ht-uli:l”_‘:.' dltutmnu d by a wvagus 1[1][,1,
Indeed, when the pressure by which pulmonary ventilation is
effected is strong enough, it 18 instantaneously ;n:mlur[*d. without
any gradual diminution of the respiratory acts, i.e. before any
decarbonisation of blood can have taken |l|w ‘lmuhlm']-.
it must depend essentially on reflex excitation by the wmrljmtl]

Fig. 225, —<Effect of continunons ventilation after section of vagi in birds. (Luociani and Bordoni.)
urkev © O in fowl., In all three tracines the insntflation of air commoences

]r:llhr-' from the lungs and air-sacs, in which the air 1s normally
but little regenerated, and which, accordingly, are highly sensitive
to the passage of air, even at low pressures.

[n fowls apnoea is hard to obtain, perhaps because their air-
sacs are less :-:-{!'t]_f"j'['i'ln.-l' to the mechanical action of air. Hi]‘i]i[llr_{
evidence of this theory is afforded by the fact that after section of
the o ri 1t was 1o ]Hil”'{‘l' ]||'|L-‘.~=.]-E:|]1' to obtain 1'1:‘3t|1'[bltt'l-l';E]I]IHH."}I iIHlII_"-'
of the birds e x}umm mnted on. The decarbonisation of the blood
reduces the respiratory processes considerably, but it does mnot

suppress them, which upsets the usually accepted theory that

respiratory rhythm is maintained by the external stimuli of the

blood or interstitial lymph, cire 1|[t111:-' in the centres.
No less interesting .L]l]mn.._-‘_h of doubtful significance) is the



X111 RESPIRATORY RHYTHM 489

fact that with intact vagi it is not possible to obtain complete
apnoea, when continuous ve :1[i];1[.im1. 15 ml.-uh-
with pure oxygen instead of air. Is it possible
that oxygen lowers the tone or paralyses the
afferent fibres of the vagi, so that the respiratory
centres resume }:.1rtml or total independence of
their thythmical and alternate messages ? Or
does oxygen perhaps excite the pe ripheral
1*xtl£,|t:11,u s of these nerves to such an extent
as to throw into reflex activity other centres,
which in funectioning counteract the inhibitory
messages to.the centres of respiration ? The
general movements and rvestlessness of the
animal on ventilation with oxygen, rather tends
to support this second hypothesis. At all
events this curious phenomenon 1s a fresh
argument towards showing that the decarbon-
isation of blood and its marked arterialisation
is not enough to check the rhythmical and
alternate activity of the respiratory centres.

Rhythmical and alternate activity! That
18 to say, rhythmical activity of the inspira-|
tory centres, alternating with rhythmical
activity of the expiratory centres, even in
apnoea, even during the quiet expiration of
sleep! This fact—which, as we have seen, was
clearly demonstrated by Aducco—exeludes the
assumption that the mechanical activity of
respiration depends upon any kind of external
stimulus. So that it does not appear to us
possible, in explaining the alternate activity of
two centres that are antagonistic in action, to
mvoke as a eausal factor an external stimulus
of any kind whatsoever, acting continuously
upon these centres.

We can only conclude that the activity of
the said respiratory centres depends essentially
upon the spec 1al intrinsic organisation of the
elements of which the Y are c :H|]1m'~5-11

These elements are ot rllL‘.Tu]}' endowed
with reflex excitability, 7.e. are thrown into
exeitation by simple external stimuli, coming
t_" them in the form of ne rvous vibrations
from the periphery of the centripetal nerves,
or as the chemical products of tissue con-
sumption acting directly upon those t 1“1“,\;
automatic exeitability prope rly so-called, i.e.

| ]
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Lﬂ:llunr:'lt'ulvsl that the ]':_:r‘thi]’éll.lll':ﬁ' acis are Ilhl‘lurl]lr‘r deter-

having d f e
| circulatinge in the centres. Baglioni

mined by the carbonic acid he centr _
and Winterstein aptly pointed ouf that in lredericq Hli!‘HEJHI‘iIIJH';tl-
the vagi were left infact. Now, when the i-xc-_[mhlhly of the
respiratory centres is altered, it is quite mnli:vwahh- I.]]uL. I:th.
excitations of the pulmonary terminations of .l]“: vagl, which
over the acts of respiration, may

normally exert a reflex control _
determine an inhibition of the centres, and thus produce spurious
apnoea. That 1n Fredericq’s cases the excitability of the ll'l.'Ili-}'l'H
was enormously depressed may be i1|1i:1'1'1~4_1 from the narcosis (due
to the morphin or chlorotorm ilﬂ]]lIHJJ:-'ul.I[‘-t'l"ll_;', the nlrln-y‘:l,l.mnr-i
necessary to produce the crossed circulation in the brain, the
diminished ]I]Illlll—?‘:lllllih' to the bram [i]i;;‘;ll-'ll]‘n' of vertebral

Frg. 227 nenmograms chtained fror 1oll's pnenmographs in two dogs (A and B) during
experimental crossed circulation, The blood from trank of B cirenlates in head of
A : that from trunk A in head B. pplication of artificial respiration in B produces a

short period of apnoea in A.

;Lrlui‘if;h';:, and 1;1:-;[,1:.'1 the :_:L'm:l‘;l,l imtoxication of the centres due
to the injection of pro-peptone, which induces a quasi-comatose
state. It is also conceivable that under such conditions the sum
of the excitations which reach the bulbar centres continuously
by the afferent paths of the pulmonary vagi, the museles, fascia,
tendons, determine a brief inhibition of the respiratory movements.
We say brief, because Fredericq has not demonstrated that pro-
longed artificial respiration in dog B determines any apnoeic state
of corresponding duration in dog A.

The tracings of Fig. 227, on the bther hand, demonstrate that
in two repeated experiments five strong pulmonary insufflations
on dog B determine a suspension of respiration in dos A lasting
8-10 seconds, after which natural respiration re-commences very
feebly, in accordance with the depressed execitability of the centres.
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:\1\._ Just as the phénomenon of periodic cardiac rhythm
supplied the most direct arcument in favour of the theory of the
automatic functions of the heart. so that of
periodic respiration, or, at least. of certain
torms which it may assume, gives us direct
evidence of the automaticity of the respir-
atory centres,

Periodie respiration, in its most classic
form, as first deseribed by the English
physicians Cheyne and Stokes ’JHin_Ha.}
consists in an alternation of apnoea and
dyspnoea, of pauses and groups. Kach group
of re “E”l wtions shows a rise and suceessive
fall of intensity as well as frequency. The
T hrst and last respirations are minimal or at
= any rate quite shal lm.*._ while the central
respirations are deep or highly dyspnoeie,
5 . Hach group may reach a maximum of 20-30

= respirations. The duration of the pauses
£ may be equal to, less than, or ereater than
% that of the groups: but it is always above
2 )-50.”

, These classical cases of ]_||-]|..{]_]., group-
= ing of the respiratory acts are rare, and are

usually met with in serious disease of the
E hrain and ||r*:H‘E, 11 the comatose jll‘-l']'-ui
£ gertain acute infeetions, and in the later
pre-agonie stage of wvarious diseases. A

f typical case of Cheyne-Stokes E:—l'l'il[]!flj;{ 15
= that observed by Gibson (Fig. 228) in a man
z suffering from chronie renal disease of the
= kidneys. Less intense forms, on the con-

trary, mm which the groups are represented
by a few respirations and the pauses give
intermittency for a few seconds (Fig. 229 A)
are tolerably frequent. The pauses may even
be absent, when the periodicity of breathing
15 reduced to the rise and fall in intensity
of the respiratory acts, which succeed with
a certain rhythm, with no }r-neiliw distine-
tion of groups and pauses (Fig. 229, B).
The most important thine to note in all
these forms of periodic 1 mpn.ll-inn 1s that
the duration of the pauses 15 1ot ill any
relation with the duration-or number of the
respirations in the groups. Of great significance, again, 1s the fact
that the form of the agroups may vary congiderably : .--|'-nu‘t|m|“~
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they exhibit an increment and dl'[-rvmvu[ (Fig. 230): at other
times an increment alone (Ilig. 230); at others a decrement alone
(Fig. 231); at others again “the re spirations of the group all exhibit

muLit Llu, same inte IHH

Fig. 229.—Periodic respiration observed in man at high altitudes. (Mosso) A, Tracing obtained
with Ma 5 pneumograph on Moszo himself when awake, at 36230 metres. B, Tracing take:
during light sleep from watchman at the Heging Margherita hut, 4500 m.

Periodic respiration is not essentially a morbid phenomenon.
[t invariably accompanies the lethargy of hibernating animals
(Mosso, Fano, Langendorff, Patrizi) ; 1s sometimes seen.in the sleep

Fro. 130.—Fericdie respiration in man, (A, D. Waller.) The rotating eylinder moves slowly
The -'iI[_'I::'.| marks minutes on abscigga, -

of healthy individuals, particularly in old people and .,]”[d“”
I”'r]—fhhnf; often at high altitudes (: 950 0-4500 m. above sea-level’
it is observed conspicuously in sleep (Fig. 251), and in a less qlwru e
in waking (Egli-Sinclair, ‘k][hm-

A nnruhz,r of itt.LL‘mpl.H have been made to evoke experimental
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[lt'l‘i[1cli-* respiration in man or other animals. Flourens (1842
accidentally observed periodic respiration in an animal on which.
after extirpating the brain, the two vagi had been divided. M.
Sehift (1859) deseribed the same phenomenon in mammals after

copious haemorrhage and pressure exerted upon the medulla
I.Ii.I[H!I.:_:;,I,'liI.

ol =il S SRl Yo .
Praube (185 1) induced periodie respiration in cases of heart

Fia. 231.—Periodic FESMratinn o hse rved on U, Mosazo during

disease by In']nul»-l'miv imjection of morphia, and inereased it by
the same means in patients who already exhibited the ]ulu NomMenon.
In 1874 we obtained the saine effect in dogs, by giving them
intravenous injections of laudanum and subsequent artificial
respiration sufficient to produce apnoea (Fig, 232).
Filehne and Heidenhain (1874) simultaneously obtained it in
dogs and rabbits with intravenous injections of chloral hydrate.

IEIt'

Cuffer (1878), who had noticed the fru'rilln;,n:l coincidence of
respiratory lrtu nomenon with interstitial ]1L}1]]!lll-. suceeeded 1
EHU".H|11II.L' it in dogs by intravenous injections of creatine and
ammonium carbonate. Smirow (1854) obtained it in dogs u'!l]a
I:TI]‘- lations of sulphuretted hydrogen ; Langendorff 1h“~! with
injections of muscarine and {Lflu.l]lm' Bordoni (1886) with
injections ut scillaine and gelsemine, on frogs and toads. L

After discovering the cardiac phenomenon in the frog _I.H,_--
1873, in Ludwig’s laboratory) we attacked the experiment 1] study
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X111

of the respiratory phenomenon, with the object of verifying whether
the two effects (which present such a ]IliLl‘i-LE.’fl analogy) had a
common origin, Since the cardiac effect 18 ]]i.ﬁtél!]l]j’l and con-
spicuously obtained upon the isolated heart ]'-1']‘1'l|:~:1.!11 with seruim,
when the most automatic part of the frog's heart is cut ofl by a
ligature, we inquired whether the respiratory ::I’Il'ﬂ.l:'L would be
11;"1:111wm1, on transversely dividing the spinal bulb in Il.ln-. rla,h]_ui.-,
above the origin of the vagus nerves, so as to separate 1ts highest
segment from the respiratory centres. These investications
(carried out like the former in Ludwig’s laboratory) were long
and laborious, because not always successful. Sometimes we
obtained respiratory standstill, immediately or soon after the
section. At other times there was no radical modification of
respiratory rhythm, which (although it became irregular and pro-
gressively slow and shallow till death occurred) never presented
the peculiar grouping characteristic of Cheyne-Stokes breathing.

Fio. 238, —Pariodic respiration in rabbit, after transverse section of bulb at level of visible apex
of alaa cinereae. (M. Marckwald.) Tracing taken with phrenograph. The ascending curves
correspond with the contractions of the diaphragm.

But in other more fortunate cases it did appear in the form
of groups, which exhibited no increment but merely a rapid
decrement followed by the pause. The number of respirations
in  the successive groups increased or diminished somewhat
irregularly ; at the same time the pauses became now longer, now
shorter than the groups. 1In the most successful experiment,
however, we were able to watch the tendency of the groups to
become gradually smaller, and of the pauses to shorten, till the
erisis of the phenomenon set in, when the groups resolved them-
selves into a series of stacecato respirations separated by long
pauses, and progressively decreasing till death ensues. The '.;;lr};_
ing position of the section on the bulb, and the different degrees
of the consequent Ili:"'TllUl']'iIEll'_:'l". appear to ug sufficient to HI,‘(:}H]]L
for the difference in results,

X ?'l'l.ﬂl'{‘k"n"'.':ll{]. (1888) ullLeli!u_-ui_ precisely similar results in
Kronecker's laboratory on separating the medulla ui.Icm:_{m_“, from

—

the rest of the brain at a level above the respiratory centres of
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NI
them exhibit the characteristic rise and fall of the classical Cheyne-
Stokes phenomenon (Fig. 234). . :

On trephining the carapace of such an animal, opening the
pericardium and ligaturing the pulmonary artery and the two
aortae with a single thread, so as to arrest the circulation, the
respiratory phenomenon continues; the pauses lengthen, the
groups shorten, so that the periodicity of the rhythm becomes
more marked.

When these hibernating tortoises are made to breathe in-
different cases such as nitrogen and hydrogen, instead of air or
pure .”.:n;‘w.,-;q-l-.ga[1~ the 1|L-_['jmii[; 1'u5]1j1';].ticrll continues to be of the same
character: dyspnoea is entirely absent, while the number of
respirations in the time unit becomes much less. Respiration
with indifferent cases may be kept up for a long time, without
cessation of life in the animal. Thus, e.g., a tortoise continued to
breathe for two days in an atmosphere of pure nitrogen.

None the less, protracted respiration of asphyxial or toxic
eases, such as carbonie acid and earbon monoxide, does suppress

Fia. 284.— Periodic reapimtion in hibernating tortoise. (Fano.) Pnenmogrims obtained by
letiting animal breathe from small receiver, connected with & writing tambonr,

periodic respiration in the hibernating tortoise. In certain cases
carbonic acid produces an inclination to dyspnoea, but only of
brief duration. In all cases, whether suddenly or after a shorg
time, the pauses become longer, the groups of respirations less
frequent and smaller, until they die out. A water tortoise
breathed 18 litres of carbon monoxide for 36 hours. It was
removed from the apparatus after its breathing had ceased for
about an hour ; yet it was still alive, and after a little time began
to breathe again and to move spontaneously. When killed and
dissected it showed the most unmistakable siens of carbon
monoxide ]nm:qnnin;_f_

When a hibernating tortoise 1s chloroformed, there is a rapid
and progressive diminution in the groups of respirations till
absolute standstill of the respiratory centres is obtained. Chloro-
11}:]‘]:]._ the “ reagent I'm'_ vital excitability,” as it was termed by CL
Bernard, attacks I.hullnnull']tlu:ii. L'I}ntlllhrrll:ﬂ of the activity of the
nerve-centres, removing from the respiratory centres in a short
time their capacity to liberate the energy which they accumulate
by the accustomed paths.

YOL. 1 Oy

=
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The normal leut atory rhythm of man and other homothermie
animals in general 1s esse anIIx conditioned by the reflex activity
of the centres. In eupnoea it 1s the est: wblished auto-regulation of
the vagi that predominates, z.e. the mode in which the air that
passes rhythmically through the lungs in a certain time 1s
distributed, depends on the rhythmical and alternate impulses
that reach the centres from the peripheral extremities of the
pulmonary vagi. The proof of this lies in the fact that normally
the nervons and museular mechanisms of the thoracic movements
are always active ; inspirations alternate with expirations without
pause or intermediate rest (ef. tracings of Figs. 184, 185, 186, on
pp. 418, 420, 421), as if the excitation passed from the inspiratory
to the expiratory centres, and wvice versa, by an uninterrupted
reciprocal, intercentral transmission, and with a delay that just

Fic. 2835, —Thoraeice respivation of a soldier, recorded with Mavey sgpmeamoeraph
at 4560 metres, (A, Mosso,) b

suflices for the two antagonistic movements to succeed without
coineidence.

Under certain special conditions, however, this perfect eupnoea
fails, probably in Huhu]nwme of c]mnm*«]]ml sensibility of the
afferent fibres of the vagzi, which h-ntilrh the 1mpulse tr: IIIH]!IIH{‘d
to the ]]l‘-]l]lll!]l". centres from the ﬂxintmu\. position of the
lungs nil or inadequate. In this case there is between the end of
expiration and the commencement of inspiration a more or less
prolonged pause. This phenomenon, which we believe to he ﬁ:-l.
uncommon in clinical cases, was recorded agraphically by Mosso in
two robust soldiers during rest upon the High Alps (4560 m. above
sea-level), as shown in the tracing of Fig, f.".ﬁ: We do .mt;
interpret this as meaning that at high altitudes one breathes less,
since it is shown elsewhere that * ‘at hich altitudes no important
.IJl'IIl.i|lf.‘-li[1f_rHr~. in the output of carbonic acid and the intake of
mmspired air oceurs.” Until the contrary 18 proved, we hold it
| rffi:rlljlhllll assume that the phenomenon deseribed depends upon a

J_'I-'\‘ul'l'
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below the threshold, at which the external and imm'n;l]_ stimuli
are Inadequate to throw the central organs into exeitation; the
to rise of excitability, the external and

The

growps appear when, :m‘jn:g; !
" x s s 3 . . - & + | b=
internal stimuli again become effective (Luciani, 187Y).

same theory of periodic respiration was formulated almost
simultaneously by Rosenbach (1880); by Sokolow and Luchsinger

Fro. 286.—Oseillations of tone in respiratory museles in rabbit poisoned with piridine. (Mos80.)
H, respirations recorded with & Marey's tambour applied to Xiphoid process. P, tracing of
blood pressure in carotid, recorded simultaneoossly with a mercury manometer. The pro-
nounced oscillations of respiration are seen not to be associated with perceptible altera-
tions of blood pressure.

(1880), who endeavoured to reinforce it by ingenious marshalling
of the facts; by Langendorff and Siebert (1881), who confirmed
and developed the work of their predecessors; lastly, by A. Mosso
(1885), who resumed and consolidated it by new observations.

Fia. 287.—Thoracic respiration in sleep of robust subject, recorded with Marey's pneamograpl ©
shows periodic oscillations of both inspiratory and expiratory exeursions. (A, Muosso,)

Zuntz (1882) correctly pointed out the great analogy between
the classical phenomenon of Cheyne-Stokes respiration and the
alternation of sleep and waking. Sleep corresponds with the
pause, the waking state with the group. Just as complete
awakening 1s preceded by an ascending phase of waking up,
and sleep is preceded by a descending phase of 1[!‘(:‘.\HiIIL;Hr=, S0
the Cheyne-Stokes phenomenon shows increase and decrease.
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241). 1t can be shown by the method of double staining with
silver nitrate and carmine that there is a perivascular lx-nT}hhuLiu
space between the peripheral layer of the sheath and that which
adheres to the surface of the blood-vessels: that slender connectine
filaments or lamellae pass between the two layers ; that the Wavy
epithelioid plaques of the external layer are continued on to the

Fig. 240. —Frog's interdigital membrans, with injected blood and lymph vessels. (Ranvier)
23, Network of blood capillaries; o, network of lymph capillaries; pp, pigment cells, Map-
nifteation, 50 diameters.

internal layer, and also invest the connecting lamellae. Where

the blood-vessels are much inereased in size, they perforate the

lymphatic sheath, and the two kinds of vessels run distinet from,
but alongside, one another. In certain of the lower animals,

Fic. 241. ,_[[‘,.n__:l .."'|.I"|.l"|']|' af frog's _-:].-:g{-||_1'|-'|'3r, |-:;|{':,-_|.--.|'||, i'|'| :||'|'|'.:1-1".'.|:tl '|_'|'I||‘||'||:|.1_il.', which is
stained with silver nitrate, to show the outlines of epithelioid cells, (Klein.)

Fic. 242 —(Right.) Aorta of tortoise, enclosed in large |:-|:r'i|.:-.'.-.-:'lL|:t|' lymphatic, (Fezenbanr.)
Numeroug filaments of connective tissue are seen, comnecking the blood.vessel with the
Iymphatic.

however, e.g. in the frog, the larger vessels are also surrounded by

lymphatic sheaths, as also the aorta in the tortoise (Figs. 241, ‘_’-1‘_’;.

Rusconi (1845) was the first to describe the perivascular Iymphatic

sheath. Py _ |
(¢) Outside the lymph capillaries also, in every part of the
oA 3 oL . e e

body, and more particularly where there is loose connective tissue,

a labvrinth of lacunae or interstices of “the most varied forms
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induce a considerable increase in the formation of lymph, and
were therefore termed lymphagogues by Heidenhain. Such are
commercial peptone, extracts of crab’s muscle, of the head or body
of leeches, the body of river musse_ls, the intestine or liver of dog,
egg albumin, curare, and (according to D" Errico) gelatin. Al
these substances produce the same effect as regards ﬂmm: of l}*lmph
from the thoracic duct: immediately after the injection of the
lymphagogue into the vein, the lymph current increases as much
as four times, and the effect may last for over an hour. The
lymph becomes richer in proteins; it subsequently becomes turbid,
then clears again: its coagulability diminishes or disappears.
This increase in the lymphatic current coincides with a slight fall
of arterial pressure, associated with acceleration of cardiac 1*hytjﬂm.
Starling holds that under these conditions also the lymph derives
prineipally from the liver, and is therefore more concentrated . and
that if the portal lymphaties are ligatured there is no longer any
lymphagogic action after injection. Pugliese, however, has shown
that extract of crab’s muscle and curare produce a marked inerease
of lymph in the front limb of the dog as well, with a sensible
increase in its content of solids. Imcreased lymph formation
cannot therefore be considered as a phenomenon localised in
the hepatic capillaries.

(b) As against these lymphagogues which inerease the lymph
that is derived from the blood Heidenhain ranges a second class of
substances, which are lymphagogues because they increase the
lymph that comes from the fissues. Such are sugar, urea, sodium
chloride, and other ecrystalloid substances when injected in
sufficient quantities into the blood. They soon leave the blood,
abstracting large quantities of water from the tissues, which is
partly reabsorbed by the blood, partly goes to swell the lymphatic
current. The flow is accelerated ; the lymph becomes momentarily
turbid, and is reddish ; presently it coagulates slowly, although it
contains many ecrystalloids; it is conspicuously poor in colloids.
The composition of the blood changes in consequence; the water
increases, and the relative quantity of erythrocytes and haemo-
globin is lessened. The increase in the lymph stream is usually
associated with a slight rise of arterial pressure, proportionate in
each case to the quantity of lymph produeed,

The lymphagogues of the second series accordingly produce
changes in the blood and lymph of an opposite character to those
observed with lymphagogues of the first series. Their antagonistic
action 1s also shown by the fact that the latter do not excite
urinary secretion, while the former do, o that the acceleration of
the Iymph siream is parallel to the excretion of urine.

V. These facts, as demonstrated by Heidenhain, were confirmed
by successive experimenters; but they have given rise to various
mterpretations. Heidenhain made them the basis of his secretory
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those that issue from the bone are furnished with an extraordinary

number of them.

The cells contained in the lacunar system of the marrow are
quite characteristic of this tissue. Among them four prinecipal
kinds can be distinguished: leucocytes, megacaryocytes (giant
cells), erythroblasts, erythroeytes. At ,

The lewcocytes of bone marrow comprise many varieties, which

Fie. 252, —Leucocytes from dopg’s bona marrow, dry preparation. o, U, Young lencocytesor
lymphocytes, with giant nuclei and little eytoplasm e, d, medullary cells or adult lencocytes
with reniform anid polymorphous nuclei ; & lencocytes undergoing mitotic division.

probably represent different states of development of a single
cellular type, since there are always numerous transitional forms
from the one to the other variety. The differences lie in the
dimensions, form of nucleus, -

and character of eytoplasm.
The youngest (lymphocytes)
are the smallest, owing par-
ticularly to the paucity of pro-
toplasm around the nucleus;
the disc-shaped nucleus is
rich in chromatin. The more
adult (medullary ceils) are
larger, with a reniform
polymorphous,  sometimes
multiple nuecleus, poor in
chromatin. These are not
found in normal cireulating

blond, only in states of leu-
¢ : il Q= Frc. 253.—Meracarvocyte of bone ms i whi
caetia (.}flg ‘-]'J"':]‘ a large Ilt:?a;;';%rl.:ciuﬁlﬂLL.-iJr::rtlmhqlg‘r?l.;;rl‘..l::slgl:lll:]'llg!;
Howell's ?Hgﬂl‘ﬂgﬁq‘yﬂﬂygﬁd rﬁlsu llueltl::r_triml?sr_n, divided into three concentric
4 4 . W b b i B .
were discovered in 186Y by S R Y
Bizzozero, who called them giant cells with a budding central
nucleus. They have an average diameter of 25-45 p. Their
nucleus is very variable in form, often horseshoe-shaped. Heiden-
hain distinguishes several types or varieties according to the different
degree of _cllt"ferentmtmu of the cytoplasm, which is sometimes
arranged in three concentric zomes (Fig. 253). Bizzozero had
already suggested that the giant cells were derived from the
leucocytes of hone marrow, since there is a whole series of forms


































546 PHYSIOLOGY CHAP
corresponding to that of the lymphatic glands, thymus, and red
bone marrow—which justifies us in assumin « that the funetion of
all these organs (apart from their specific differences) is closely
allied, so that they are to some extent able to supplement each
other, or to act vicariously. Besides its peritoneal sheath the
spleen has a capsule, consisting of fibrous elastic and muscular
tissue. A number of trabeculae dip into the organ from the inner
surface of the capsule, dividing and subdividing, so that the
parenchyma is converted into an elastic and contractile network
with large and small meshes, the hollow spaces of which contain
the so-called splenie pulp (Fig. 259).

Fig, #50, —Vertical section through & fraginent of hiuman spleen, low magniffeation. (Kolliker.)
A, Peritoneal and fibrons capsule; b, b, tmbecolae; e, o, Malpighian corpuscles, one of
which shows the transverse spetion, and the other the long section, of an artery ; o, injected
arterioles ; ¢, splenic pulp.

When the spleen is cut across and squeezed, the pulp escapes,
looking like blackish coagulated blood, which after exposure to the
air assumes a lighter reddish hue. On examining a thin seetion
of spleen treated with dilute solution of potash under the micro-
scope, the splenie pulp is seen to be contained within the uneqgual
meshes of a lymphoid tissue that supports it, and is composed of
fringed connective cells, which ramify and anastomose among
themselves, and are in connection with the trabeecular tissue
(Fig. 260).

The splenic vein and artery are remarkable for their size
relative to the volume of the body which they irrigate. After
penetrating the hilum to the interior of the spleen by six or more
branches, they ramify dendritically, still within the trabeculae,
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