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INTRODUCTORY

The cercdio-depressor &nd vasodepressor reflexes

These are a number of reflexes which heave

efferent and efferent pethis to end from the medulla

—

end which bring sbout depressior of the activity of
the heart and dilstaztion of the blood vessels.

The chief efferent paths of both categories
commence in the cerdio-sortic region ahd at the

carotid sinus et the bifurcstion of the commen

]

r

cerotid eartery, from which impulses pass by way
of the sortic nerve &nd the cesrotid nerve (& branch

of the glossopheryngesl) respectively.

The efferent pethways are in the case of the
heert the vagus nerves, end in the case of the blood
vessels the spinel cord, the posterior roots and the
£ensory nerves. Whether, however, the asctuel fibres
concerned ere exactly the same zs the sensory fibres
is a subject of discussion, end in view of the
recognition of sympathetic vasodilstor fibres it
mey yet be shown thet zll the fibres concerned in
vesodilaetetion do not &ll pass out by the posterior
roots.

luch of the eerly litereture wes devoted to
the study of the relation of blood pressure to the

hesrt rate, to which sttention wes first drewn by



Msrey (1857) who considered it to be due to s
direct action on the hesrt, but Bernstein (1867)
snd Wewrocki (1874 ) end subsequently lerey himself
(1888) agreed thet the veagus nerve wes concerned
in the relstionship. Tudwig (1865) considered

thet the blood pressure might stimulete the vagus

centres, but Rernstein (18c7) postuleted & reflex

bt

action without defining the paths. The first
definite contributionsin the latter direction
were those of Cyon (1866), and from this time &
very large smount of work heas been done. This is

reviewed systemeticsally below.

Note. Throughout it is to be understood that the
thesis is limited to the reflexes referred o £bove
which affect the circulation as a whole. It therefore
does not include local dilatéor reflexes which are
concerned with increasing the blood supply to

localised regions. Nor does it include the vaso-
dilator fibres which pess out by the sympathetic

and which are believed to be concerned in dilating

the blood supply of active muscles. Nor are indéluded
such vasodiletor mechanisms as are concerned in the

reguletion of body tempersature.



THL AFFERENT PATHWAY

Phe gortic nerve.

His*oricelly the first part oi +he efferent
pethwey to be described wes the gortic depressor
nerve of the rsbbit, the ecifect of ctimuletion of
which wes ciscovered by Cyon in ILudwig's leborstory

in 1866. It hed previously been described by Theile
in 1825«

Wooldridge (188%) desc:ibed & nerve in the dog
arising from the arch of the aorta and the hesrt. He
did not appreciste its similerity to the depressor of
+he rabbit enc cealled it +hé sortic nerve, & nsme now
generally preferred.

In the rabbit snd the here the nerve is usually
separate, but in most+ snimels it is bound upr with the
vagus or sympathetic +runk. In mean it corresponds *o
& twig of the externsl branch of the superior laryngesl
nerve.

A greet deal of detsiled anestomiceal study of the
nerve h&és been mede, but the results serve to emphasise
great varisbility in different species and from animal
to animsl. These studies do not throw any light on
the function &nd sre therefore not included herein.
Extensive reference to the ansatomical litereture is
given in the monographs of Heymans and, especizlly,

that of Koch. It is interesting/



interesting to note thet even where & seperate
nerve 1is present stimuletion of the centrel end

of the vegus gives & similer depressor response,
but no differentietion of function hLes been made
out for these fibres within the vagus. In the

cat and the monkey & similer stete is present,
(Lengley, 1912; BRernhsrdt, 1868, see Kochj; Aubert
& Roever, 1868; Koweslewsky & Agemuk, 1868). In
the frog elso it is bound up in the vegus trunk and
lesc ective then in the memmal, (Nikiforowsky, 1912
-191%,). The aortic nerve itself is mede up of
different sizes of fibres, but no sieciel function
has been allotted to the different fibres. It

mey be that some are pressor. We mey indeed
suggest thet the nerve supply of the sorta is
enslogous to thet of the cerotid sinus. They

are corresponding structures developed from the

second &nd fourth branchisl sarches.



CENTRAL CONNECTIONS OF THE AORTIC NERVE

According to Sherpey-Schefer & Welker (1923) and
Koch (1931 ), the nerve does not belong to the
autonomie system, ss might be expected from its
close sssociation and even connection with the vagus
and sympathetic. They considered it to be essentislly
a sensory nerve like the fibres of & posterior root.
Sarkar (1922) hes pointed out thet slthough the nerve
mey pass to the ganglion nodusum of the vagus, it
pesses through in s separste bundle, while Fuchs (1897)
made out that the fibres passed into the medulla with
the inferior part of the trunk of the glossopharyngesal.

The left nerve is stated generally to be more
active then the right, an observetion thset may be
releted to the fact that the sortif nerve is the
nerve of ti e fourth sortic arch, which on the left
side eventuallj becomes the zorts.

Some suthors have cleimed (Spellita énd Consiglio,
1892) that the fibres concerned with cardisc centres
are different from those subserving tie vasomotor
centres, for they hsve fognd thst on dividing the
internal brench of the accessory-there is & fall
of blood pressure without cardiac slowing. Mirto &

sateri appear to have confirmed this by finding

degenerated fibres in the sortic nerve after intra-



cranisl section of the zccessory. Koch, however,
suggests from the work of Wallc%/aﬁg others thet

the observetion of Spallite &nd Consilio were the
result of damege to the efferent pathwey of the

vegus. Denielopolu, Aslan & Mercu (1926) heve
described in the dog a nerve filement peceing from
the heart and aorta to the inferior cervicel genglion.
Stimulstion of its central end mey sometimes produce
cerdio-inhibitory effects, but sometimes the reverse.

Mermorstein (1929 ), elso Kesrasék (1933 ) hseve
emphasised the intimate connection between the

aortic depressor end the sympsthetic, but lermorstein,
Linkatscher & Tschernik (193%4) have foundé thet

although there is & verisble point of fusion the

aortic depressor mainteins its functional individuelity

as far as the inferior cervicel ganglion.



THE ORIGIN OF THE AORTIC NERVE

In his originsl description of the nerve
Wooldridge stetes that it erises from the left
ventricle &end the aorta. This was supported
by the findings of Kazem Beck (1888) &nd Smimowﬁm /
the latter on the basis of degenereation experiments;
but it is agreed that the multiple snastomoses with
many fibres of the sortic plexus in this region
mske dissections snd even degenersation experiments
in this region very difficult. Their results were
supported by the later work of Mollard (1908) znd
Permen (1924 ).

In 1902, Koester & Tschermak by degeneration
experiments shewed thet the sortic nerve srose from
fibrils which took origin from the sortic arch and
the roots of its chief branches. No fibres could
be found by these authors arising fromkhe heart
itself. This conclusion is strongly supported by
Tello (1924) from embryologicel studies, who points
out that the fourth aortic arch from whichk the sorta
arises has no sortic nerve, but that the latter appears
only when the aortic arch takes up its position in
the thorax as a single arch. No fibres could be
found reaching the heart which is of course in
ection at the branchial arch stage, and we have no

information regarding the occurrence of nerves



corresyponding to the zortic nerve in srches of
fishes.

On the other hand it is shown from the work of
Kochmenn (1906), of Permen (1924), of Koch (!93' ),
end of Daly & Verney (1927) that if the zortic
nerve is not itself cistributed to the heart, the
heart possesses efferent fibres with s similar
function. It may be that the sfferent fibres ere
those in the vegus ec¢ distinct from the sortic
nerve. The evidence for these fibres is discussed
below.

The histology of the nerve in the rabbit hes
been specially studied by O'Leary, Heinbecker &
Bishop (1934), who compered the sction currents &nd
fibre counts with the responses to incresase of

stimulus. They concluded thet there were aefferent

vegal fibres present both myelineted snd non-myelinated

and also thet not &ll the afferents are depressor

in effect. They found considerable variction from
eanimel to snimsl, the number of myelineted fibres
being from 150 to 600, but they cleim there was some
correspondence between the size of the nerve and the
meximum depression obtainsble. It is & little
difficult to sssess such results as the response

is affected by many factors, especially the degree

of encesthesia, which mey easily very during the

progress of an experimenti



The view that the sortic nerve of the rabbit
is much more mixed then is generally supposed is
supported by the work of Kerasek (1933), who
exemined 125 rabbits and concluded theat it contains

sympathetic &s well &s vagal fibres.



EVIDENCE THAT THE AORTIC WERVE IS AFFERENT

It was the fect that stimuletion of the central
end of the sortic nerve in the rebbit cesused slowing
of the heart and & fell of blood pressure which led
to the discovery of its function (Cyon & ILudwig 1866).
Stimuletion of the peripheral end of the nerve, on
the other heand, is without effect (In the cet,
Rernherdt 1868, Kowalewsky &« Agemiik 1868; in the
dog, Koch s+ 1in the rebbit, Stelling 1867,
Tschirwinsky 1895, Schafer & Walker 1922, Danielopolu
1927, Cyon & Ludwig 1866, Bézold 1863, Dreschfeld
1867, Aubert & Roever 1868). In studying the central
end of the vagus, F.Franck (1880) founc thsat the
slowing occurred if one vegus wes intact, but not if
cut, and concluded thet the phenomenon is & reflex by
the vsgus. Lehndorff (1908) found thet the vascular
end carcdiesc effects sometimes showed es two stages.

The aortic nerve is very essily stimuleted by
almost any variety of stimulus. Its sensitivity
to slight mechanicel chenges has been pointed out
by Cyon (18398), Sewzll & St+einer (1885), Sollmen &
Brown (1912), Shearpey-Schefer (1920). It must be
edmitted, however, thet even pulling on the nerve,
which has been a usual method of stimulstion, is
not very conclusive, since in small animals st least
the adjacent cerotid sinus, which is so sensitive to

mechenicel chenge, is lieble to be stimulsted.



ELECTRICAL CHANGES

At esasch cardisc impulse, impulses have been
found to pess up the nerves (Koster & Tschermak,
1902, Einthoven, 1908). Later Adrien, in 1926,
using velve emplifiers snd e ceapillary electrometer,
showed thet impulses passed up not only at systole,
but also at the occurrence of the dicrotic wave.

He hes shewn thet there are bursts of impulses, but
silence during diastole, enc emphsasises that it is
the chenge of pressure which is the essential
stimulus. Similer work was done by Verzér &
Peter (1926), and by Bronk (1931). Rijlant also
confirmed these results (195%2) using & cathode rey
oscillograph with & valve amplifier. Rijlent did
not observe the silence during diastole, and
suggests that this only occurs with low pressures,
end this view has been independently supported by
Pertridge (1932). Bronk & Stells (1952), Kerasek
(1933), Verzér & Peter (1926), also obtained a

continuance of impulses during diastole.

THE NORMAL METHOP OF STIMULATION

The first experiments since those of Bernstein
(1867), referred to elready, which suggested thet
the blood préssure in the azorta was concerned in the
stimuletion were thoce of Sewall & Steiner (1885),

who found thet the rise of blood pressure czused by
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clipping the carotid arteries wss incressed if the
gortic nerves were cut. Konow & Stenbeck (1889)
later observed an increased irregularity of the

blood pressure during asphyxia if the zortic nerves
were cut. Complete proof was, however, afforded

by Koester & Tschermak (1903) who shewed that
distension of the isolsted sorta with fluid ceused

an electrical variation in the aortic nerve. Closure
of the aorta in the.animal had a similar effect. 1In
1921 similar results were obtained by Osborne in

the right vagus by means of the string galvanometer.
Ligetion of the aorta or injection of adrenzline caused
marked electrical changes, but reduction of the
internal pressure by bleeding caused the impulses

to cease.

Using the rate of the heart as an indicator,
Eyster & Hooker (1907-8) found thet tying the
descending aorta set up the cardioinhbitory reflex.
Kochman (1906) obtained slowing on injection of
Ringer's solution into the cardiac end of the
innominate artery of a rabbit and obtained a fall of
blood pressure.

There has been general agreement amongst most
workers on the subject that the pressure in the sorta
is a normal stimulus. Verworn (1903), Bayliss (1908),

Hering (1907) and Heymans (193%3) may be mentioned.
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The last-named, with Ladon (1925) vroved the matter
still further with cross-circulation experiments.
They cut through all structures connecting the body
with the head except the vsegus end sympethetic, but
kept the head alive by blood from another animal.
They were thus able to demonstrate conclusively
that pressure changes in the aorta brought sbout
changes in eardiac frequency by a nervous mechanism

involving the vagus and sortic nerves.

Some discuscion hses taken place as to how far
pressure changes in the heart play & part, in spite

of the early anestomical work, and the work of Cyon (1866).

Eyster & Hooker (1908) in their experiment were
unsgble to obtain cardiac slowing if they occluded
the aorta close to the heart or if the heart was
distended through a cannula independently of the
aorta. Daly & Verney (1926), on the other hand,
using another technique obteined positive results.
They short-circuited the arch of the aorta by means
of a tube from the beginning of the aorta to the
descending aorta, and found that a csrdiac slowing
could still be produced by clipping the descending
aorta, although chenges in the arch of the aorta
had thus been excluded. Koch suggests that these

experiments do not exclude a dragging on the sortic



arch,_but on the other hend Kdgster & Tschermek had
in 1902 been unable to obtain sny positive results
from stretching of the sortic arch, except by in-
ternal pressure. Daly & Verney (1927) however,

have supported their results further by finding a
slowing of the hesart by stretching it by means of

a negative external pressure, keeping the internal
pressure constant. It can therefore be concluded
that the evidence is in favour of the pressure within
the left ventricle itself being a contributory

factor in the stimulation.

The subject has not been much studied in animals
other than memmals, but Kuno & v. Brucke (1914) found
thet in the frog a rise in the pressure in the saorta
caused a fall of blood pressure snd & slowing of

the heart.

THE CAUSE OI' THE CARDIAC SLOWING

In those snimelsfuch es the cet, in which the
gortic nerve may be inseperable from the veagus,
Stimuleztion of the centrzl end of bne vagus ceuses

a slowing of the hesrt. This is best seen if the



other vagus is intect (Frenk, 1880), but, a&s
pointed out by v.Brucke (1917), if both vegi

zre cut in & suiteble snimsl & slowing of the
heart sccompenies the fall of blood prescsure.
This 1 have confirmed in chloralosed cats, &nd

it is presumsbly due to &n inhibition of the
cerdio-czcceleretor mechenism. See slso Bronk,
Fergusson and Solandt (1934) in reletion to the
carotid sinus. Beinbridge (1914) wes &spperently
ungble to obtein any slowing sttrioutable to a
reduction of sympsthetic drive. It would seem
that the conditions of his egperiments negsatived
his results, or it may be thet he didc not wait
sufiiciently long to sllow the hesrt fto settle
dowvn after section of the vegi. Or possibly the

morphine gnd ether used interfered with his results.
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THE CAROTID SINUS

The carotid sinus is a bilateral diletation of
the common carotid artery where it divides into its
external end internal branches. The existence of
the dilatation had been noted by the older anatomists
and wes mentioned by Meyer (1876), Schafer (1878)
and RBRinswanger (1879). Angtomists generally had
elso remsrked upon the adjscent carotid body and
its close nervous connection, e.g. Cunningham.

The somewhet remarkable nervous supply to the
region had been studied end it hed been noted that

the sinus is small or sbsent in children.

That the afferent stimuli arose from the
carotid was noted by & number of investégators,
but it was not, however, until the work of H.EH.
Hering published in 192% that the importeance of
the sinus as a reguletor of the circulation was
appreciated, and since that time our knowledge of
its physiology has been greatly extended, es-

pecially by Heymans, by Koch &nd their co-workers.

The sinus is present in all the usual laboratory
animals, but in the ox it is at the origin of the
occipital artery (de Castro 1928, van Damme 1933)
which in such animals really corresponds with the
carotid artery. Montane & Rourdelle (1917),

Chauveau & Arloing (1915).



It has been shewn by de Castro (1926) thet the
wall of the sinus is particularly rich in fibres and
nerve endings which are not to be seen in any other
region apart from the sortez, in which sre the

endings of the aortic nerve.

Some discussion has taken place with regard
to the function of the cerotid body which is so
close sgainst the sinus thet it cennot be satis-
facorily separeted. It hes generally been
regarded es & ductless glend, since it conteains
clumps of cells which stamn with chromic acid like
the medulla di the supresrensl gland. De Cestro
suggests, however, thet the yellow coloretion
procduced is due to lipoid. It hes been dhewn
by de Castro to contain sinusoidel capillaries and
to heve a very rich nerve supply (1928), and it is
suggested theat it is essentially & sensory organ,
possibly concerned with the quality of the blood.
Fibres pass from the body to the glosso-pharyngesal
and v egus, &nd it apperently receives an efferent
sympathetic supply from the superior cervical
ganglion. Although the very extensive nerve supply
is suggestive of en important function, no definite
evidence is aveailable. The cells are somewhet
glendular in eppearance and the general structure
reminiscent of the suprarenal medulla. No ective

Substance has, however, been extracted from the body.



THE NERVE SUPFLY OF THE SINUS CAROTICUS.

The nerves of the region of the sihus were
studies by Breencker (1922) and by Gerrsrd & Rillingsley
(1925), who *raced *to it brenches of +he glosso-
pheryngeel.

In 1926, the minute enetomy of the psert was
extensively studied by de Cestro, anc his obgervetions
have since been extended by Heymens (1928), Deniel-
opulu & lenescu (1928), Kehn, (1929) &nd Hovelague,
Naes, RBRinet & Gayet (1930), Cordier snd Couloume
(1932). The letter, with &ll the litereature st their
disposal, have studied the innervstion of the sinus
in the dog, the cst and man.

I+ hss now been emply shown thet the glosso-
rheryngeal is the chief nerve of supply, and *there
is evidence that+ one twig, sometimes celled the
sinus nerve of Hering and de Cestro, is the most
importent. In *this connection it is interesting
to note that even in 1885 Knoll pointed out +hat
stimulation of the centrel end of the glosso-
pheryngeel near the head hed the sesme effect as
stimuletion of the centrel end of the zortic nerve.

fccording to de Castro (1926), Heymens (1928)

end Kehn (1929), fibres elso pess to the vagus and



sympathetic, while in 1926 lMoissejeff and in 1929
Tournede also pointed out thet the sinus nerve wes
not the only important nerve of the pert. The
minute size of the nerves renders it very difficult
to be dogmsetic on this point, snd the physiological
proof thst nerves other then the glosso-pharyngeal
sre concerned is not very strong. Terni (1951)
end elso Muratori (1951-2) describe the corresponding
structure in the bird &s innervated by the vagus and
sympathetic, &s well as the glosso-pharyngesl. It
mey be that the different fibres subserve different
functions.

The carotid gland of birds appears to have a
similer function &and the nerve fibres in the gland
heve been found by Nuretori (1932) to be wholly
afferent. The carotid body in hens does not lie
et the bifurcetion but half way elong the artery,
the reflexes therefore can only be elicited by
constriction of the artery behind the body and not
between the body and the bifurcation. Thus the
carotid body of birds corresponds to both the sinus

end the body of mammals (Ara, 19%4).
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METHODS BY WHICH THE RECEPTORS IN THE SINUS ARE STIMULATED

The first clear proof that s rise of blood
pressure in the carotid sinus csuses cardisc in-
hibition and & fsll of blood pressure we owe to
H. B. Hering. But before his time a number of
observers (Czermak, 1866; Thanhoffer, 1875; Conceto,
1870; Malerba, 1875; Fegano, 19003 Sicilieno,
1900; Wasilewsky, 1876; Cervelli, ; Sollman
& Brown, 1912; Erben, 1921; Winterberg, 1923;
Scherf, 1924; =nd others),andeven Hering (1923),
had carried out experiments, the results of which
we now know were in whole or in pert, due to stim-
ulation of the sinus. Some of these concerned the
clamping of the carotid, but the results obtained
were éttributed solely to cerebral anasemia. Marey
(1887) had also observed that a rise of arterial
pressure caused slowing, &nd Francois-Franck (1880)
actually recorded thet the injection of fluid into
the peripheral end of the carotid artery caused
slowing.

In 1866, Czermak described the fact that pressure
in the neck in men and amimals caused cardiac slowing.
It was until recently generally assumed that his
results were due to stimulation of the vagus nerve,
but there seems little doubt theat the sinus was

stimulated. Concato (1870) alone differentisted
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between the vagus nerve and the bifurcation of the
carotid. In 1885, Sewall and Steiner observed

thaet after the aortic nerves were cut in rabbits,
occlusion of the innominate artery csused a greater
rise of arterisl pressure with cardisc scceleration
and removal of the clip a slowing. They did not
apparently pursue the problem further, but like
others presumed the changes were centrally produced.
Later, Pagano(1900) noted thet the region of the
bifurcation of the carotid wsas particularly
sensitive to chemicsl sgents, which, if applied,
caused cardiac slowing, which nervous section shewed
to be due to nervous influences. He &lso obtained
cardiac slowing when he injected defibrinsted blood
into the carotid, but he did not consider his results
specially importent. He obtained similer results
with injections into the vertebrals, and appsrently
considered it to be a propérty of all arteries. The
work was continued by Siciliano (1900), who saw the
connection of this experiment with clipping the
carotids, and emphasised the difference between
cutting off the blood supply to the brain by the
internal carotid and the effedt of clipping the
common cearotid. Keufmann (1912) however, who had

been working on the effect of occlusion of the



cerebral circuletion, described negetive results
with distension, but sctuslly he hedoverlooked the
point thet Pegeno hed referred to the bifurcetion

of the cerotid.

It must, however, in feirnes:c be steted thet
Keufmenn had elso before him the results of meny
workers which supported his view. The best known
are probebly those of Frencois-Frenck (1877), who
shewed that in a head isolated from the trunk except
for the vagi, but supplied with blood, & rise of

cerebrel pressure caused cardiec slowing. He

concluced thst the centres in the brein were sensitive.

This was supported by Biedl & Reiner (1898),

Filehne & Rigberfeld (1909), Eyster & Hooker (1907),
and Lecrenier (1908). Porter & Pratt (1908) and
later Hedon (1910), using the cross-circulation method
of Fredéricq (1889), slso Tournsde, Chabrol &

Merchend (1921) with the same technique, confirmed

the view of Frencois-Franck. Similer conclusions
were published by Anrep & Starling (1925) and by

Kisch & Sakei (1923), working in Hering's leboratory.

It may indeed be szid thet all the recognised
authorities on the subject were agreed that the
centres in the brain were sensitive. It should,

however, be added thst even since the apprecistion

C—:‘m.



of the ¢ ctivity of the sinus McDowall (193%) hsas

to enaemia encd asphyxia.
shewn thet the centres ere zlso sensitivei 1t
may, however, be shown thet the response of the
centres to snsemia or asphyxie is much less
immediate then thelir response to nervous impulses
erising in the csrotid sinuses or aorts. This is
seen in the effects of occluding the common cerotid
artery. At the beginning of &n experiment when the
blood pressure is good there is en immediate rise of
arterial pressure. Lzter, as shock from bléeding
or other procedures occurs, there is & reduction in
the response from occlusion. Later still there is
a greater reaction, but this is delsyed and is due

to cerebral asphyxia.

It is interesting to remark theat when in man
the region of the sinus is stimuleted with a
fezradic current, the cGarotid gland response gives
a much better response than the sinus, which gives
negative results. The experiments were done on
five men in whom the region had been exposed for
other reasons, and the glandular tissue identified
microscopically. (Jacobovici, Nitgescu & Pop,
1928). Such experiments show thet the excit-
ability of the nerves in the sinus and glend are
different, and thet the glend mey be involved in
the normal reflex. Sollman & Brown in 1912 came

near to the complete truth when they found thet in

-
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the dog pulling on the central end of the cerotid
ceused a fall of blood pressure emounting sometimes
to 50 millimetres of mercury. Previous ligection

of the vessel did not affect the result, but they
obtained no result fro%;%%%hanical or electricel
stimuletion. The only branch which geve the result
was the internal carotid, end they assumed that the
effect was due to trection on nerves pessing to the

brain on that vessel. Traction on other nerves

produced no results.

Hering's experiments by which he shewed the
activity of the sinus were very simple and can
esgsily be repesated. He applied a clip peripherally
to the sinus, but not sufficiently tightly to stop
the blood flow, and found that there was a vagal
slowing of the heart and a fall of blooapressure.
The latter persisted after section of the vagi.
The same effect occurred if the carotid had been
previously ligetured to prevent any effect due to
cerebral aneemiea. Applicetion of the clip at
other places was without effect. Mere me chanicaih
pressure on the sinus, dragging on it or faradic

stimulation @ll produced & similar result.

The activity of the sinus may be considered to
have been finelly accepted et the International

Congress of Physiology at Boston, 1929, when



Herin g demonstrated theat the injection of fluid

into the isolated sinus produced casrdiac slowing,

and Heymans, 1929, shewed that chenges in pressure
caused changes in the heart rate, in a sinus perfused

from another animal.

In 1926, Moissejeff, by tying off the exit of
blood from the sinus, showed that an increase of
pressure in the blind end brought sbout cardiac
changes, and by similar methods the escentisl facts
have been ebundantly confirmed. Koch (1929), Kshn
(1929), Tournade (193%0), Heymans & Bouckaert (1930),
Verceuteren (1932). Kahn (1930) got similer results

from mechanical stretching.

The most convenient demonstration of the action
of the carotid sinus is occlusion of the common
carotid asrtery before and after the application of
cocaine to the sinus region. The effect of the
rise of pressure mey show itself in the first ex-
periment when the clip on the carotid has been removed,
but if there is not sufficient?rise of pressure cen
be easily produced in the sinus by inserting a cannula

below the region and occluding the vessels above.

Ringer's solution may be injected through the

cannula at a temperature of 40°— 42°,
In smeall animals in which dissection of the nerves

and vessels is difficult without damege, the



vessels in this region mey be occluded by lycopodiwn
(Heymans & Boucksert, 1933) or by & clip not strong
enough to demage *the cerotia nerves.

Generelly, for more prolonged experiments, it
is not found best to study the resctions of *he
isoleted sinus and to perfuse it with defibrinsted
blood by means of & pump or from snother animezl.

Lpperently a number of drugs, such ss the
nitrites, may slow +he heart by scting upon the
sensitive endinge in the sinus (Heymens, 1931) A
rise of blood pressure is produced if nicotine,
lobeline, hydrocyanic &acid, sodium sulphide, cerbon
dioxide, sre spprlied to the sinus (Heymeans, Bouckaert,
Fuler snd Deutrebande, 13552).

A very lsrge volume of work has been done,
especizlly bu Koch, on the effects produced by
different pressures on the sinus. These do not,
however, appear to heve much beering in the control
of *he circuletion as & whole, the more so as McDowsll
(Pert 2) hss shown thet *he resctions of *+he sinus sre
effected by the height of +the venous pressure. According
to Heymans & Boucksert (1931), the sensibility of the

sinus is grestest et sgbout the normel pressure of
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the animels, ancd in the dog is absent above 200
and below 50 m.m. Hg. If the blood pressure is
caused to fall by heemorrhage skxymkzkism the
responses may be caused to return if saline is
injected.

The carotid sinus may also be stimulated by
increasing its temperature, the most effective
temperature being 40 - 42.5 degrees, Zbyszewsky
(1928). It may also, as the experiments of Sollmen
and Brown indicate, be stimuleted mechsasnically , but
the response is rapidly lost if such stimulation

is repeated.

Stimulation of the nerves is also possible,
but not easy in the smaller animals, (Inaba 1931).
Occasionally eardiac &acceleration is produced. This
is best seen if the vagi are cut and suggests the

presence in the sinus of ordinary sensory nerves.

The currents of action in the carotid nerve
heve been studied by Heymans & Rijland (1933), and
by Bronk & Stella (1932). The frequency of the
waves in one fibre is ebout 100 per second during
systole, and 50-60 during diastole. A few
vibrations at 20-30 have been found to persist,
even when the carotid artery is occluded. They
found that changes in the chemical composition of

the blood also produced nervous activity.
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THE CAUSE OF THE CARDIAC SIOWING

As in the case of stimuletion of the central end
of the aortic dcepressor, stimulation of the cerotid
sinus brings sbout slowing not only by vegus stimu-
lation but also by inhibition of accelerator drive.
Bronk,  Ferguson & Solandt (1934) succeeded in finding
a reduction of the impluses in the cardiac nerves
from the stillate ganglion. They found complete
disappeerance of the impulses if the sinus pressure
was raised from 125-150 mm. Hg. This reciprocal
activity is of interest in view of the fact thsat
Bayliss (see below) found & similar reciprocity
between the general vasodilstor and vesoconstrictor

mechanisms.
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OTHER AFFERENT PATHS

The obvious guestion arises as to whether or
not there are any other sress of the circulstion
which, like the csrotid sinus and sorta, are
sensitive to changes in pressure. 50 fer there
is no good evidence of the existence of other such
regions, but there is gbundsnt evidence that a large
veriety of afferent stimuli reech the cardio-
inhibitory centre. These mey heve no functionsl
significence. On the other hend, they mey represent
gome of the mechasnism by wkich is produced the
incressed vagus restraint which is known to be

sssocieted with habitusl exercise. Whether or noh

wn

they hseve &ll & counterpart in the vessels through
the vesodiletor mechenism does not eppear to heve
been investigeted except in regard to the stimuletion
of the cehtresl end of the sciatic nerve (Scott, 1924).
It was first shown by Francois-Frenck (1876,
1880) thet stimuletion of the mucous membrene of
the lungs and the upper pert of the larynx, &lso
excitetion of the nessl brench of the fifth nerve,
cezused cardiac slowing. Dogiel (1866) considered
thet the slowing action of chloroform was olfactory,
but he leter concluded thet it was due to the

stimul ebing asction on the lung. Aetually, it is
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probebly due to neither, but to depression of the
oprosing sympethetic.

The slowing effect of stimuletion of the res-
piratory tract has, however, been emply confirmed,
and the terminels of the superior leryngeal &nd
trigeminsl nerves hsve been shewn to be concerned.
Holmgren (1867), Kratschmer (1870), Hunt (1899),
Lombroso (1913), Brodié & Russell (1914), Negne,
liayer & Flautefol (1926).* The trigemimal nerves
have &lso been shown to be concerned in the slowing
produced by CO, (Berencsy 1934). It hes, however,
been pointed out by Seelfeld (1933) thet a slight
pulmonery distension may cause accelerstion, &nd
this, no doubt, accounts for the fact that it is
not always possible to repest successfully the
experiment of Brodie & Russell. Frobebly the exeact

ansesthetic also mekes & difference.

Tuggling in the tongue of & dog is also stated
to cause a fell of blood pressure in which reflexes
from the cerotid sinus,lingual ,glossorharyngeal and

other nerves are concerned, (Besltaceano & Vesiliu,

1934).

*

Brodie & Russell found thet the pulmonary brenches
of the vegus were more effective in producing slowing
then the cardisc branches. Hering, 1871, also ob-
tained acceleration from infletion of the lung, but
1t msy be thet his results were cesused by the rise
of venous pressure caused ¢t the same time.




It is well known that tapping thie intestines
of a frog will bring sbout cerdisc inhibition which
depends on the vegus; Bernstein (1864 ), Goltz (1863).
The sfferent peth zppears to be the pancrestic breanch
of the splenchnic, Bachrsch, Bonnet & Richard (1932).
A similer result is obtained even by distension of
the stomach, layer & Prifgibrem (1872), Tournade &
Rocchisani (1934), or irritaetion of the gastric vagus,
Nitiforowsky (1913%), NMiller (1915). In vomiting
the heart mey be slowed, Brooks &« Luckha&? (1915),
but this is not comstant, Xedroff (1915). Cardiac
slowing may &lso be csused by stimuletion of the
lumbar cord, Merklin (1926), of the gall blsasdder or
renal pelvis, Symenowsky (188l1), of the centripedal
nerves to muscles, Asp (1867), Tengwall (1895), of
the proximal end of the cervicel sympathetic in the

rabbit, Bernstein (1864 ).

Central stimuletion of the splanchnic, Asp.
(1867), or of the sciatic or ofﬁhe posterior roots

may also csuse cardisc slowing, C.Bernerd (1858),

Roy & Adsmi (1892), Hunt (1899), but almost any
sensory nerve from the dorsalis pedis to the suriculer
mey heve & similar action. Asp (1867) emphasised
that mechanical stimulstion of.the scistic was more

likely to cause slowing than electrical stimulation.

29.




Usually there is a cerdisc accelerstion which
masks the inhibition. The latter, however,

comnes on after the e ccelerstion and mey persist
for some time & fter the stimuletion hes passed off.
This inhibition has been znslysed by kcDowall (1931)
who has put forward evidence thet such s timulation
sets up anater-discharge of the vegus c entre and
thet if an sppropriate dose of ergotamine is in-
jected to psralyse the sympathetic, slowing only
occurs when the central end of the sciatic is
stimulated. The possible physiologicsl signifi-
cance of this inhibitory reflex makes interesting
speculetion. It may be suggested thet during
exercise the vegus centre is stimudated, but that
its ection is somehow prevented during the actuel
exXereise.

The remarksble fact wss brought to light by
McWiliiam (188%) thsat the heart of an eel could be
slowed by strong stimulation of almost any part,
even by tapping its tail. Such en experiment
emphasises the @ ependence of vagel activity on a
wide range of stimulation. Similar results mey be
obteined in the dog-fish, Scyllium canicula, in
which mechanical end electrical stimulation of

various parts of the body (even the starting end
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stopping of water flow through the gills) causes
slowing. Iutz (1930), Iutz & Wyman (1932). In
fishes the heart may be slowed by stimulating many
visceral nerves. Bonnet & Richard (1932).

It may be that the observationg made by Byrne
(1924) is releated to the fect that such muscular
nerves may, if stimulated, c ause slowing. He found
that & small dose of pilocarpine produces a greatly
increased cardisc slowing, if proprioceptive paths
from muscles and tendgns are cut. He therefore
suggests thet these paths are normelly concerned in
vagus activity.

The nerves of the speclal senses appear to be
remerkable in the degree of slowing produced when
they sre stimulated, Couty & Charpentier (1877),
Hering (1894 ).

In 1885, Knoll described a slowing of the heart
through stimuletion of the infra-orbitzl nerve, but
88 he obtained also a rise of blood pressure his
results now appear confused. The observation has
been confirmed by Petzetakis and Vlachlis (1930).
Buk Since the discovery by Aschner (1908), that
bressure on the eyeball also caused slowing, a very
large =zmount of work has been done on the so-called

oculo-cardiac reflex, especially with a view to



releting it clinicslly *+o ebnormel states, particulsrly
af +he zutonomic nervous system. Degnini (1308),
Cluzet & Petzetekis (1914-15), Gunson (1215), Acharc
% Binet (1918), Stewart (1918), Nsccesrzti (1921),
Gillespie, Ritcher & Weng (1926). The reflex mey
be obtezined in domestic esnimels, Arloing, Jung &
Lecbets (1925), &nd is, &ccording *o rado&ici, Seger
% Kreindler (1926), eprperen*tly increesed in vegotonis
e¢nd by hyperpnoes. There does not, however, sppesar
+0 heve been eny rezl advence in our knowledge of this
reflex or of its physiologicsl significence. If we
mey judge by *he razll of venous pressure, Villsret,
Szin*-Girons & Rosviel (1922), +here cppears +o be
afl incresse in the generesl capacity of the circuletion.
This brings it into the cetegory of the ordinery
sometic depressor reflexes.

In the rebbit, acoustic stimulstion may slso
cause slowing. The slowing with & continuous sound
is temporary, bu* with intermittent sounds +he slowing
mey be kert up indefinitely, Corbeille (1929). In
men it is possible to stimulete the suriculer (externsl
€sr') nerve. In 23 petients, Scheminzky (1222)
obteined a decrease of pulse rate in 12 cases.

In some persons, leszning forwesrd produces & cerdiac




slowing, and it hes been suggested that there is a
labyrinthine reflex comparsble to the oculo-cardiac,
Olmer & Jacques (1928). It mey be that cardiac
slowing in the duck when itfHuts its head down is of

a similar nature, but in this instance purely

vascular reflexes may be concerned amd the asphyxia
produced, Koppanyi & Dooley (1928). In man a slow-
ing of the heart has been described as a result of
rapid turning of the body from a horizontal position
on the back to a vertical position with the head

down. A turn in the opposite direction had the
opposite effect (Enghoff, 1919). Kither labyrinthine
or direct sinus and aortic effects may be concerned.
The reflex effects which are obtainable when the ear
is irrigated end which are well seen in disseminated
sclerosis are presumably of a similar nature. Vaso -
constrictor effects (not due to abdominal dilatation)
have also been &scribed (Draganesco, Xreindler &
Bruch, 193%2), A general investigation as to whether
ell these procedures cause & fzll of blood pressure if

the vagi sre cut is most desirable.




THE VASODILATOR CENTRES

The first experiments which suggested the
existence of a vaso-dilator centre sre those of
Leffont (1880) who found thet destruction of the
floor of the fourth ventricle interfered with the
dilatetion of the liver which he obtained when
stimulating the first and second thoracic nerves.
In the process of stabbing he also obtained a
dilatation on puncturing this region. It hed
also been observed that the c epressor nerve is
active after removal of all the brsin above the
medulla but not if the medulls is removed (Cyon
and Ludwig, 1866). The existence of & centre had been
suggested by Ostroumov (1876) end by Tschirwinsky

(1896) from the study of vaso-motor reflexes.

The centre was more accurately localised by
Ranson and Billiné}ey (1916 ) when e;loring the
floor of the fourth ventricle of the cat by the
unipolar method. In the extreme posterior pert
of the fourth ventricle, just lateral to the obex,
they found & point which, if stimulated, always ga ve
a fall of blood pressure. This point is only 3 mm.

from the vaso-constrictor centre.

The subject was re-investigated by Scott and

Roberts (1923-24) who confirmed the essential points.
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Scott (1924) subsequently demonstrsted that the
fall of blood pressure ususlly produced by slow
stimulation of the centrsl end of the scistic was
unobtainable if the depressor point was csuterised

or was peinted with strychnine.

It hsas elso been suggested that there is a vaso-
diletor centre in the substentia reticularis grises
in the upper pert of the medulla, since merked
degeneration of the region hes been found post-
mortem in a petient in whom the blood pressure rose
from 165 to 209 mm. Hg (Nordmen and Niller, 1932).
How fer the rise might have been due to other causes

is difficult to decide.

I+ must also be assumed that the centres
concerned especially with the control of the skin
vessels are in close cannection with the hesat
reguleting centre. Section through the pons is
stated to cause & rise of blood pressure presumsbly
the result of cutting off a higher dilsatation

centre (Forter and S+orey, 1907).

Petroff (1931) has put forward evidence that
the dilator centre like the constrictor centre is

stimulated by carbon dioxide.




THE EFFECT OF HIGHER CENTRES.

The phenomena of blushing znd of erection
indicate thaet thie higher centres influence the
vaso-diletor locel mechanismg§ end many ettempts have
been mede to demonstrete the effect of stimuletion

of the cerebrum.

A fall of blood pressure hes been cescribed by
Bochefontaine (1876), by Skricker (1886), snd by
RBechterew end Mislewsky (1&85). In some instances
& remarksble fall of pressure was obtained on stim-
uleting the sigmoid gyrus in the cerebrum adjoining

the second primary convolution.

By fer the most dremetic effect of the higher
centres in ceusing diletetion is the vhenomenon of
fainting which is still e problem which is little
uncéerstood. It is characterised by & fprofound
fzll of the erterisl blood pressure which mey be
breceded by end is accompanied by intense pellor.
Giddiness or complete loss of consciousness may
ocecur. Typically the feinting occurs when the subject
Sees & disegreeable sight. The vessels effected
are those of the muscles snd it mey be thoseof the
Splanchnic regions. The pellor of the skin

indicates thatthese vessels are not concerned exéept




in a compensation constriction. Thet the skin
pallor is not merely due to dreining of blood
from the skin is seen from the fact that even
when the fall of blood pressure has been recovered
from the pallor persists. This I have observed
in students who have witnessed animsl experiments
for the first time. In this connection, however,
it is interesting to note that Dastre and Morat
(1884 ) end also Lengley (1925) observed constric-
tion of the vessels of the ear of the rabbit
occasioneglly when the sortic deprescsor nerve was
stimuleted.

The classicel observation of John Hunter
(quoted by Lauder Brunton) when bleeding a patient
from the medizn bssilic vein thet the venous blood
turned arterizl in colour immedistely prior to &
faint indicates that limb vessels other than those
of the skin are concerned.

The subject has been made a subject of study
by Lewis (19%2) who points out thet the condition
affects both the heart and the vessels. The heart
is slowed and elthough etropine csuses a recovery
in rate, the blood pressure remains below normal

and consciousness is incomplete.

Many psychological explenstions of feainting




hsve been given. Probsbly the best is that it
represents biologicelly & psychological escepe
from distressing surrounaings.

The phenomenon is of interest in relestion to
the present thesis in fthat there sppears to take
plece a temporery gross exsggeration of the reflexes
under considereation. Lewis (19%2) refers to it
therefore &s & veso-vagel syndrome. It is
doubtful, however, if this completely describes the
condition, which may rather be considered one of
generelised sympathetic inhibition, for we know

thet eny method of reducing sympathetic activity

causes &an apperent increase in vagus schtivity.
Other forms of sympathetic peralysis or excessive
perasympethetic ection under conditions of extreme
emotion are also common.

The faint is then th%homplete reverse of the

circuletory response to exercise.
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THE KFFERENT PATHWAYS

The pathwey of the vasodilator fibres down the
cord eppears to be by the antero-lesteral columns
(Ranson & Billingsley, 1916). Such fibres have
been found to emerge from the cord in several ways
by special nerves, by the posterior roots &and by
the sympathetic. It seems reasonable to believe,
however, that they are not sll concerned with the
same function, for vasodil tor nerves are concerned,
for example, in the control oi body temperature sas
well ss in control of circulatory capacity and
resistance. It is therefore proposed to confine
this review st this point to those fibres which heave
been definitely shown to be concerned in the depressor
reflexes arising from the cardio-aortic region znd
cerotid sinus, and which are known to pass out by

the posterior roots.

Stricker (1876) showed that mechanical or
electrical stimulation of posterior nerve roots of
the 6th and 7th lumbar nerves brought sbout vaso-
dileatation of the hind limbs, but a number of
well-known workers (Cossy, 1876; Vulpian, 1878,
and Kuchsweller, 1885) failed to confirm the
observstiong which has, however, been emply confirmed
Since, by Mgrat (1892), Bayliss (1900), Renson and
Wightmann (1922), Langley (1923), Dennig (1924),
Hinsey and Gasser (1930).
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Hasterlik and Biedl (1893), Bonuzzi (1885),
Leffont (1882), Bornezzi (1887) ané Werziloff
(1896) found thet stimulation of the 4th to the
7th lumber and 1lst sacral nerves caused a rise of
temperature in the hind limb of the dog, while the
venous pressure incresased.

In 1901 the problem was extensively studied by
Bayliss. He was unsble to distinguish between the
efferent vaso-dilstor fibres and the ordinsry in-
going afferent fibres. They degenerate when the
posterior root ganglion is removed but do not
degenerate if the roots are cut between the cord
and the ganglion. Beyliss therefore gave to these

dilator impulses the term antidromic beczuse they

pess in a direction opposite to that of the ordinary
sensory impulses. Confirmation of such antidromic
dilator fibres has been given by Hinsey and Gasser
(1930) who showed that the fibres concerned in the
posterior root were the same &ss those concerned in
Sherrington's contracture, i.e. the contraction of

a voluntary muscle sensitised by denervation, by
Bonuzzi (1885) in relation to the supply of the fore-
limbs, and by Langley (1923). It was later shown
by Mosonyi (1927) that atropine did not prevent the
action of the antidromic impulses even after ether,

chloroform, and curare.
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In the frog Doi (1920) found thet stimulation
of the posterior roots caused a diletation of vessels
in the web. This was confirmed by Krogh, Harrop
and Rehberg (1922) and by Ksrlik (1929) who found
thet the diletation so produced did not interfere
with the effect of constrictor sympathetic stimulation.
Krogh, Harrop and Rehberg (1922) consider that only
a limited number of large capilleries respond.
Bena (1930) could obtain confirmetion in the guinea
pig while Oinuma (1911) was unsble to demonstrate
dilator fibres in the 8th end 9th roots although he
got a rositive result with the sciatic. Hasama
(1931), however, describes remarkable diletation
on stimuleation of the 7th, 8th and 9th posterior roots
in the toad. This he found was abolished by the

applicetion of nicotine to the posterior root ganglion.

Ranson and Wightman (1922) consider that the
dilator nerves connect with the sensory cells in the
spinel ganglion like sympethetic nerves and may
either enter from the posterior roots or pass through
the enterior roots and reach the ganglia by a detour
through their respective thoracic snd sacral nerves.
It might then be considered that the fibres are not
really antidromic except in part of the root.
Mislawsky and Bistrenin (1905) on the other hand
maintained that the dilator fibres pass out in the

posterior roots and have no connection with the
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cells of +Le spinal genglion sna do not degenerste
centrelly when fthe roots are cut. It is not possible,
however, to obtain any inhibition of *he croscsed
extencion reflex by & stimuletion of entidromic
fibres sc might* be expected if +he antidromic fibres
were true sensory nerves (Forbes, Smith, Lembert,
cgveness &né Derbyshire, 1933). On the other hend,
it was shown clearly by Feldberg (1926) thet the
diletors of *+he esr running in *+he suriculesris
ventrslis and dorseslis correspond in distribution

to the sensory distribution of +these nerves.

Trhe fibres which pess out by *+he posterior roots
appsrently join the ordinery mixed nerves end &are
distributed with them ss is shown by the effect of
slow gelvenic stimulstion. Bayliss (13201 and 1902)
found thet if the pesterior roots are cut and time
éllowed for degeneretion, stimuletion of such & mixed
nerve &s *he scistic no longer gives dilastétion, even
when & suitable stimulus is used. In view of the evi-
dence of dilator fibres in the sympathetic, this conclu-
sion of Beyliss is doubtful. I+ probgbly refers
to the skin only.

Bayliss quotes en interesting experiment by

himself &nd Hezd (1923). At a stege of regenerstion



of the radisl nerve of the et st which only the
so-celled protopethic sensory fibres were present,
stimulsetion of the peripheral end ceused an obvious
dilstetion of the paw. The constrictor fibres do
not recover till some weeks leter. This nerve
conteins no motor fibres for voluntary muscle, and
it sometimes heppens, apperently, there ere no vsaso-
constrictor fibres in the normsl nerve. The
ebsence of constrictor fibres can be essured by
removel of the stellate ganglion and, sfter time is
ellowed for degenerstion, &z pure vesculsr diletation
was obtained on stimulation of the sensory nerves to
the limbs. In the case of the hind limbs, 5th,

6th, 7th lumbar end lst and 2nd seacral zre concerned

(Bayliss, 1900). The vessels concerned sre, epperently,

both those of the skin (Doi, 1920) &nd &lso those of

the muscles (Metallinos, 1925).

It is interesting in the light of later research
to remark thet severzl old experiments had demon-
Strated thet sensory nerves had & dilator effect.

e heave @lready referred to the lingual which contains
sensory fibres to the tongue. The trigeminal slso

is & vaso-dilator to the face and interior of the
nose, the eye (Vulpien, 1875; Schulten, 1884; lorat

énd Doyen, 1892; Tschelussow, 1913%). The general
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significance of these observetions wss not &t
the time &apprecisted.

Kibjakow (1931) working on the posterior
roote has found thet their stimuletion ceuses s
diletor substence *to be libersted into the blood
or Ringer's solution perfused through them.
The work of Dsle & Ggsddum (1930) &nd of Bain
(19%%3) suggests thet the substance is acetyl-
choline, but why stropine feile to sbolish the
ection of the sortic deprescsor nerve ig difficult
to explein eince &tropine &bolishes the action of
gcetyl choline ingected intravenously. Dale &nd
Geddum heve suggested thet the ecetyl -choline is
is produced &t & point in & more intimste reletion
to the vesculer muscle then the atropine can succeed
in resching. A consideration of this &speet of +the
humorel treznsmission of nerve impulses is outside
the scope of this thesis.

Aceording to de Wezele, van de Velde, and
Braeye (1953 ) they diletetion of the paw which occurs
on stimulehing the periphersl end of the posterior
roots between the cord and the genglion reslly
depends on efferent fibres and ie dependent on *the
pbresence oi the superior ebdominal genglion.

Similerly Fecq, Brouhe snd Heymane (1933) found
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thet removeal of the lumbo sacrsl sympathetic brought
sbout complete loss of the wvascular reflexes in the
hind limb from the carotid sinus. Mere removal of
the thoracico-lumbar outflow did not interfere with
the reflexes, although the blood pressure hed
completely recovered from the operstive procedure,

(Bacqg, Rrouha, and Heymans, 1932).

We may then conclude thst the dilstor fibres
which pass out by the posterior roots ere somehow
connected fo the lower part of the ganglionic chain
slthough how this attachment is made is as yet
uncertain.

From the posterior roots the vasodilator
fibres pass out to the vperiphery with the ordinary
mixed nerves, but since these nerves contain also
vasoconstrictor fibres the vasodiletor fibres
require special meens for their demonstration such

as show galvanic stimuleation.



THE REGIONS INNERVATED IN THE DEFRESSOR REFLEXES.

When the action of the zortic depressor nerve
waes first discovered by Cyon snd Ludwig \1866 )
they put forward the idee thet the diletetion
wzs wholly splenchnic but by clemping the aorta
high# up Heidenhein snd Gritzner (1878) soon showed
that the diletetion was by no meens confined to
this region. This wes confirmed by Sollmen and
filcher (1912, snd surported by Porter and Beyer
(1900) who cut the nerve supply to the splanchnic
region and by S+elling(1867) who cut the spinal
cord &t the level of the third thoracic segment
and still obtained & fell of blcod pressure.
Smirnow (1886) slso showed thet this did not

abolish the reflex.

Anrep and Sterling (1925/) end Heymens end
Bouckeert (1929) demonstrsted thet the arteries
of the hesd were slso concerned in the reaction

to & general fell of blood pressure.

That the cepillaries tske psrt in the reaction
has been suggested by McDowall (1922) on the grounds
that the absolute end percentage fell of blood
Pressure due to histamine was reduced by stimuletion
of the sortic nerve. This has subsequently been
confirmed microscopically on the mesentery of the

rebbit by Koch and bordmenn (1928) although the
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suthors are inclined to look upon the diletation ss
passive rether then active. In the frog the
cepilleries teke part in the diletetion which occurs
in stimulsting the posterior roots (Doi, 1920; Krogh,

Harrop end Rehberg, 1932).

Bayliss (1908), it will be recalled, considere d
that the efferent pathway of the depressor reflex wes
entidromic while in the pads end toes of the cat also
it was found by Lengley (1923) that the capilleries
rather than the arteries were concerned in antidromic
diletation.

It is stated also that the coronary srteries
ere dilated (Hochrein &nd Gros, 1932).

The fact that the splanchnic region is grestly
concerned has been amply confirmed by Dreschfield
(1867), Bayliss (189%,, Freancois Franck snd Hallion
(1896), Dsstre and liorat (1884,, Bunch (1889), Jerish
end Ludwig (1926 a), Koch and Nordmenn (1928).
Bayliss (1893) who carried out a most extensive
plethysmographic study of the gquestion found dila-—
tetion in ¢11 regions which were examined and thet
in the limbs both the skin and the muscle were affecfed.
This has been confirmed by Fofznow znd Tschalussow
(1913). The diletetion of the muscles was £lso
noted by Geskell (1878) and confirmed by Jarisch
(1926) in the gastrocnemius of the rabbit. Freancois

Frenck (1899, had alresdy noted that ean eviscerated



enimal showed & fall of blood pressure; thet the
pulmonery vessels &re &lso effected was &lso shown
by Sherpey Schafer (1920) essisted by the author.
The vessels of the submaxillary ere &lso @ifected
(Rayliss, 1893; Asher, 1909), end elso of the
tongue and mucous membrane of the nose (Beyliss,
1908; Fofanow and Tschelussow, 19133 Tschelussow,
1913; Martin end lendenhsall, 1915), but it has
been found that the diletation is best seen if
the antagonistic cervical sympsthetic has been
previously cut. Incidentelly this experiment
shows all the more clearly thst the diletstion is
the result of diletor stimulstion rather than of
reduction of constrictor tone. A diletetion of
the kidney is described by Roever (1869) who
observed redness snd swelling, by Bradford (1889)
using the plethysmograph &nd by Sollmenn end Pilcher
(1912) using the innervated perfusion method.  The
latter spplied the same method to the spleen with
a similar result.

£ diletstion of the eer of the rabbit has been
described by Bayliss (1893, Simon (1929), asnd Weber
(1908), but Dastre and Worst (1884) and also Langley
(1925) have described instances in which the ear
vessels constricted when the general blood pressure
fell as a result of depressor stimulestion. The

vessels of the penis sre alsossid to dilste in



stimulation of the sortic nerve (Tournsde and
Malmejec, 1933).

The only contrary results which have been
obtained heve been on the ear of the rabbit
(Dasstre and Morast, 1884; Cyon, 1899; Bayliss,
1893; Weber, 1908; Simon, 1929; Lsngley, 1925).
But Bayliss (1893) points out thst & short period
of dilstetion cen be found if adequate mesns cre
taken; for exsmple, an examination by thermopile,
but this view is not supported by Langley (1925).

Much work hss been done on the effect of
stimulaeting the carotid sinus by raising the
pressure within it or by stimuleting its nerve and
by cutting off the impulses from the sinus by
reduction of its internsl pressure, especially
by Heymens (193%%) and his colleborstors.

The sreas shown to be affected are conven-
iently shown in tabular form. Unless otherwise
stated the vessels concerned sre constricted by
& loss of the impulses from the carotid sinus.

Intestine: |loissejeff (1926), Tournade (1930),

Heymans, Boucksert and Dautrebznde (1931).

Extremities: Sollmen snd Brown (1912),

Tournade (19%0), Rein (1931), Heymens, Bouckaert

&nd Deutrebande (1931-2).
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Head: Heymens snd Bouckaert (1929).
Skin: Holtmeier (1927), Gaisbock (1928),
Koch and Simon (1928).
Nose: Binet and Gayet (1923).
Thyroid : Rein (1932,.
Liver: Heymens, Bouckeert end Dsutrebande (1930).

Cerebral vessels: Negative results, Heymens &nd

Rouckaert (1932).

Coronary erteries: Hochrein and Keller (1932).

These observers found & constriction of these vessels
during a fell of prescsure in the sinus. In view of
our knowledge of the coronary control this result
requires confirmetion.
Retina: Gollwitzer-lieier and Schulte (193%2).
Lungs: Tournade (193%2). This euthor con-
sidered the results to be secondary to chenges in
the generel circuletion, but in view of the exper-
iments of Bherpey-Schafer (1920) in relation to
the depressor nerve this sesms doubtful.

Veins (femorsl): Heymens snd Boucksert (1930),

Heymens, Boucksert sna Dgutrebsnde (1931 );

(mesenteric): Fleisch (19%1); (intestinal):

Gollwitzer-lMeier and Schulte (1931).
buscles: Rein (1930). Vessels dileted by
fall of cerotid pressure.

Penis: Tournade snd Malmejzc (193%3).



There is still & very large emount of work to
be cone on the effects produced by vaso-diletetion
brought &bout by the stimuletion of sometic nerves.
In this respect the work of Rein (19%0) which
showed that different m thods of stimulsting the
centres may produce different blooa distributions

is most suggestive.
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INTRODUCTION TO PART IT

Phe function of the vasodepressor snd cerdio-depressor

reilexes.

It has penerzlly been sscumed thet the function
of the depressor reflexes is essentislly to msintein
+he blood prescure at e constent meen level. Thet
this tcts as & sefety mechenism to protect the hesrt
is sssumed in the monogrephs of Beyliss (1323),
Hering (1932), Heymens (19%3) ena Koch (1331).
Heymens perticulerly emphasised the effect upon
the peripherzl resistance.

I+ ie not denied thet the reflexes mey exert
some influence in meinteining the blooa pressure &t

& constant mezn level during rest, indeed good

evidence is eveilelble in support of this view. But
that this is necesgsry for the protection of the
heart is open to considerable doubt, in view of the
very large rises of blood presgsure which occur in
exercise. & consteant level of blood pressure at
rest would appesr to be necessitated by the fixed
enetomical structure of the cepillexywell upon the
permiebility of which depends the constency of the
blood volume &nd blood concentration.

fhere is considereble evidence thet bubt for
these mechenisms the blood pressure might underzo

et rest considerable fluctuations from sponteaneous



contraction or relaxsation of vesculer sress.

This is well seen in Fig.1l .

The following investigation indicetfes,
however, & further snd possibly more importent
function of the vaso-depressor reflexes, which
hes hitherto not been described. It is that

the reflexes primsrily control the capacity of

+the circuletion and maintein in reserve & volunme

of blood which mey be thrown into the circuletion

to meke up for the increecsed cspecity of the

muscles in exercise. The importente of the

addition of reletively small guantities of blood

to the circuletion in increassing the cardisc
output has been particularly emphesised by Daly

(1925, 1926).

55.



THE EFFECT OF THE VABODEPRESSOR MECHANISM UFON
CIRCULATORY CAPICITY

When Bayliss (1893%) mece hisc clessicel studies
on the sortic depressor nerve he wee specielly
impressed by the effect of ite stimuletion upon
the capecity oif the circuletion, since he found not
only & fell of srterisl pressure but elso & fell of
VENOUS: pressure. Thig, in his’ monograih (1923),
he describes es jrobebly eing of velue in the pro-
tection of the hesart cince & simple reduction of the
reriphersl resistence would otherwise leczd to a rise
of venouts jressure snd leed to cardicc embarrassment.
This diletor ection he showed to be produced in every
orgen of the body examined, snc this hes been extended
end confirmed by others (see Part I). Beyliss,
however, since he wes unsble to obtain eny evidence
thet the impulses pessing up the sortic depressor
exerted eny tonic dilstor influence on the blood-
vessels, could not consider the effect of loss of
the dilator impulses upon the circulstion. The
épprecietion of the ectivity of the carotid sinus
hes rendered necessery & com; lete revalustion of
existing dete. This hss become &1l the more
hecessery since continentel workers heve perticulerly

Stressed the effect of the carotid sinus uron the



peripheral resistence. Heymens (1933 ),in his
monogragh, hes perticularly emphesised thet the loss
of the sctivity of the cerotic sinug results in s
benking up of blood in the erteries.

The rresent experiments were underteken to
encuire into the possibility of there being any
evidence of & function of the vasodepressor mechanism
than the normelly scceptea one of the protection of
the circuletion end the heart in particulear ugpon
the circuletion, since studies of the blood pressure
of men during exercise meke it clear thet z rise of
blood prescure mey teke plece without there being any
demage to the hecealthy hesrt. Further it wes found
thet enimels derrived of their vesodeprescor nechsnism
did not eppeer to heve reduced their resction to
circumstences which would tend to cause & fall of
blood pressure, such as posture snc gmeall degrees

of hsemorrhege, (Fig.2 ).

57,



LETHODS

The experiments were carried out on cebs and
rebboite eneesthetised with chlorslose scministered
intrevenously during preliminery ether snsesthesis.
The loss of the vasodepressor impulses were for the
most part studied by clipping off & common carotid
artery, the other being tied with or withdéut previous
section of the asortic depressor nerves. The results
were checked by clipping of the two cerotid arteries
simulteneously blood pressure being recorded from
& Temoral sertery,end by the spplicetion of loceal
snaesthetic to the sinus whicl did not necessitate
any interference with théﬁentral circuletion. In
no instsnce, however, were any significent differences

(Fig.2).
obtained, It msy perhaps be sdded thet the prectice
of recording blooa pressure from & femorsl ertery,
which hes become usudl in some continental leboratories,
is lieble to considerable objection unless steps are
taken to prevent the sbsorption of toxic products
irom the asphyxisted leg. In all experiments it is
coneiderea essentiel to reduce surgicel procedures to
& minimum &s sny degree of shock precsure materielly

effects the results. If the shock is sufficient to

effect blood pressure it may be assumed thet the

circulstory « daptetion is eélready fully in use.

8.
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THE EFFECT OF STIMULATION OF THE AORTIC DEFRESSOR AND
CLROTID SINUS UFON THE ARTERIAL AND VENOUS PRESSURR.

In each case the venous pressure wes recorded
by the mbthod described by bicDowall (1922) in which
s long sound-like cennule is pessed down the external
juguler vein, the neck muscles being used as & splint
tosecure it in position.

The results of Beyliss (1923%) in relstion to the
effects of stimulestion of the gortic deprescor are
confirmed (Fig. &4 ). Stimulation of the cerotid sinus
produced a similer fall of arteriel &and venous
pressures (Fig.5 ). These results msy be accepted
as due to an increased capscity of the circuletion.

The extent of the depression czused by stimulation
oif" the zortic depressor is not meterielly affected

by the presence of the cerotid sinus.



THE EFFECT OF IOSS OF THE CAROTII
UPON THE VENOUS PRESSURE

ls seen in Fig.o there is commonly & small
put definite rise of venous pressure. This rise
mey be, however, of short duration since the hesrt
fapialy deals with sny such incresases. To obteain
this result it is essentisl thet the animsl should
be in the best possible concition &nd have been
rested for 15 minutes after &ll operative procedures
heve been cerried out. Quite small degrees of shock

arteriel
insufficient +o show in the’ blooc pressure (but
indicated by a low venous pressure) sre sufficient
to reduce the capeacityi The periphersl constriction
which then results fram loss of the impulses then
ceuses & fall of venous pressure, such as described
by Heymens. If also the venous pressure is high
the incresased csrdiac action tends to lower it.
Often therefore there is little or no chsnge in the
venous pressure due to a belancing of these factors
(Fig. 3 ).

Jn the other hand a very large rise of venous
pressure may occur from cerdiec emberrassment, which
mey occur if the rise of arterisl pressure is very
great (Fig.4§ ), end is particularly lisble to occur
if the vegi have been cut previously. Before any
result is considered vealid, it is necessery by
Subsequent experiment to test the capsbility of the

heart to withstand a high erterial pressure.
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THE FFFECT OF IoSS OF THE CAROTID IMPULSES ON THE
VEIIOUS OUTFLOW.

In these experiments the outflow from the femoral
vein wss recorded by signalling esch darop, chlorasol

fast pink being used &as ean enticoagulant. Fig.7

b
]

e

shows the merked increzse in outflow which may occur.”” ™

-

The increase m&y, however, be repidly succeeded by a %“J
decrease, & result of the increased periphersl

resistance. Heemorrhage or the previous reduction

of the capeacity of the circulation by section of the
aortic deprescors may cause the incresse to be much
reduced or completely eboliched, (Figs. 8 & 9). - In

some animé&ls in poor condition & reduction was the

only one which could be obtained.

X This holding up of the blood on the arterisl side
by the arteriszl consStriction is well seen if & still
more intense arterial constriction is brought sbout
by producing cerebrel ensemis by compressing zlso
the vertebral srteries (Fig.l0) end thus stimulating
more intensely the vasoconstrictor centre. The period
of reduced flow is followed by & greatly increased flow
when the constriction passes off, (Fig.l0 #).

Of interest too is the effect of the carotid sinus
in the outflow czused by action of adrenaline. i

may be presumed that provided the animal is in the
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same state the flow of bloodirom the femorel

vein ought to be the s&me for eny ziven blood
pressure. The state produced by reduction of the
carotid impulses mipht,in the light of the thesis,
be expected to reduce the incressed femoral flow
rroduced by adrensline. This reduction coes in
fuct occur (Fig. 11 ) - indeed the 1low is less
even with & higher arterisl prescsure - but it might
well be argued thet the reduction of the adreneline
effect ic not the result of & diminution of cepacity
but of en increzsed peripherel resistence produced

by the loss of the sinus impulses.

It is probably best to imegine that et the
periphery the vessels constitute & sponge-like
reservoir which when it contracts drives out its
blood towerds the lerge veins before it &actually
impedes the flow of blood from the erteries to
the veins. This double efiect is seen in & number

of records.
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THE EFFECT OF I0SS OF THE CAROTID IMPUISES ON THE
CARDIAC OUTERUT.

The output wes measured in the usuel way by
meane of & cerdiometer. If cere is teken to
adjust the epperetus so thet the heeart is not
pressed upon unduly no difficulty wes experienced
in demonstrating en incressed cerdiac output,
slthough the severity of the operation necessary
to expose the hesrt is of itself very lisble to
produce shock. Previous section of the sortic
depressor end the occurrence of &n exsggerated rise
of arterial precsure, however, readily led to the
opposite result. This result is thet cescribed by
Heymeans, who associated it rether with & diminished
return of blood to the hesrt than with direct cardiac
failure. Heymens did not check his results by
simulteneous records of venous pressures. In some
cases, as seen in Figs.12&15 the loss of the impulses
from the carotid sinus resulls in actuesl doubling of
the rete of the circuleation. This confirms the
experiments of ILeuter (19%0) and of Riml (1929) by
the method of Fick.

In further support of the conclusion thet the rise
of venous pressure probebly is not csaused by cerdiac
faidure is the fsct thet not infrequently it is found thet
the rise of venous pressure is essociested with & fzll of
Pulmonary arterizl vressure (Fig.l3 £) which indicates
thet the right ventricle has probebly not had additionsl

work to perfornm.



THE BFFECT OF LOSS OF CAROTID IMPULELES ON THE VOIUME
OF ORGALS

This hes been so extencsively studied by others
(see Heymans, 193%3%) thet it is unnecessery to repest
211l the experiments. Every orgen exeémined hss been
shown to be constricted. No experiments, however,

eppear to heave been carried out on the muscles.

The results of experiments cerried out to study
this point are shown in Figsl4, 15 & 16, Usuelly,
end particulerly in S;ring.time, there is & merked
dilatetion, but there msy be no chenge whatever in
circumstences in which the injection of smell
quantities of adrensline ceuse & marked dilstetion.
It is possible thet any central constriction that
may occur is balenced by a secretion of adrensline,
which has been shown by Heymans (1933%) to occur.
This is suggested by the fect thet occeasionsally &
dilatetion follows the releese of the cerotid, and
the hormonel influence lasts longer then the nervous.

Moreover, in ssline perfusion of the hind legs

/7
of an snimal by the method described by licDowsll, Fig.XSea,

(1932) & 1oss of impulses from the sinus ceuses &

. saline
marked constriction of thekperfused limb, the
reactions of which, as shown by Denshem (1927 ), are
due to muscle changes.

The view thet adrencsline is secreted does not,

SL



however, preclude the possibility thet sympathetic
diletor fibres mey be stimuleted. These, a5 hes

been suzgested by Rosenblueth and Csnnon (13354), are
particularly supplied to muscles. At the sezme time
this lstter possibility seems unlikely becsuse in studies
of the wenous outflow the increased flow is reduced if
the experiment is repeeted without return of the blood,
although the erterisl pressure is the same. In such
circumstances a diletation would show itself while an
effect from diminished cepecity would be effected by
the continued loss of bloo¢ during the experiment. A
number of experiments heve been cerried out after
section of the splsnchnic nerves end removal of the
edrenal glsasnds, but resctions then obtained from
occluding the carotid ertery are so small beczuse of
the attendent fall of blood prescsure thet the evidence

hes not been considered conclusive.

3}
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THE EFFECT OF THE VENOUS FRESSURE ON THE ACTIVITY
OF THE CAROTID SINUS.

It hes been shown by Beinbridge (191%) theat
a rise of venous pressure causes csrdiac egcceleration
pertly by & reduction of the vagus restresint of the
heert,and the existence of & reflex from the right
suricle has been amply confirmed, (Ssssa snd Meyskeki,
19203 Anrep and Segall, 1926). These facts, together
with the observetion of Hooker (1911) thaet the venous
pressure rises in exercise, have led to the conclusion
that probably the rise in venous pressure is in part

responsible for the cerdiac acceleretion in exercise.

Since in exercise the erteriel blood pressure
rises in sypite of the existence of mechanisms from
the carotid,Sinuses end the sino-eortic region, the
possibility has been considered thet & rise in venous
pressure might in pert be responsible for & reduction
in the activity of the vesodevressors, which, like
vagus restraint, srises from the cerotid sinus.
Experiments were therefore cerried out to investigete
this possibility, the effect of loss of the impulses
from the carotid sinus being teken as an indication

of the degree to which the sinus is active.

The result of reising the wenous pressure by
the rapid injection of fluid sfter the mennder used
Dy Bainbridge is shown in Figal8,19,20.It is seen that

Such & procedure materially reduces the activity of
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the cerotid sinus. In cerrying out this

experiment it is necessery to emphesice thet

it is the &bsolute venous pressure which is

concerned in the responce, not the smount of

the rise. For exsmple, & rise from -20 to +10*

is not effective, while & rise from +20 to +50 is,(Fig.21,21a).
A poseible criticism that the arterial pressure

cannotjrise higher becsuse the heert is not cepsble

iy

of susteining & higher presture is negetived by
control experiments on this point, in which the
pressure is cseused to rise much higher by acute
cerebral aneemia.

The raising the venous presesures by plecing the
enimel in the vertical head cown position has &

Fig.22),
imels, Some snimels,

3

similer effect in most ar

1=

however, gived negetive results, poscibly becsuse
in them the venous pressure wes too low.

Quite by eccident it wes discovered in these
experiments thet in enimels under chlorslose,
especielly if chloressol fest pink wss used, were
liable to scute pericasrdisl oedema. Fig.25
shows sn instance of this. It will be seen with
the high venous prescure conseguent in the cerdiec
ilmpisrment the effect of the loss of sinus impulses
Wes very smell, but greatly increassed after the
Presture in the pericerdium wes relieved.

* This pressure is thet asctuslly meagsured in the

%E%erior vena cava, to which ought to be sdded
negative pressure in the chest.




In connection with these experiments it is
of interest to note thet Filcher &nd Sollmen (1914),
using the reasctions of an innerveted periused
spleen aﬁindicction of the resctions oi the wvaso-
motor centre, found thet the injection of fluid¢ into
the generel circuletion csused splenic constriction
egnd not dilastetion, &s might have been exvected from
the existence of the depressor reflexes,

How this rise of venous pressure is effective
hes not been studied in cetsil, nor does it appesr
rossible without such operative procedures which
are lieble to upset the results as & result of shock.

It hes, however, been suggested by kcDowall
(1934) thet there exists on the venous side of the
heart & vaso-precsor reflex corresponding to the
cardio-accelerstor reflex from the right auricle.
The existence of such & reflex ic suggested by the
fact thet in certsin circumstences section of the
vagi causes & fell of arterisl pressure. This wss
originelly remsrked upon by Pavlov (1879), but has
since been confirmed by Anrep end S+erling (1925).

licDowall (1934) has subsequently described in
the cet & brench of the veagus which srises from the
heert and which produces & rise of esrterisl pressure
Wwhen stimuleted by & current which, if spplied to
centrsl end of the vagus, would cause a fall. It

Seems recsonable to believe the presence of these
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prescsor fibres in the vagus which is responsible
for the rise of arteriel pressure which msy occur
in cets when the central end of the vasus is

stimulated.




THE EFFECT OF ADRENALINE ON THE ACTIVITY OF THE
JAROTID SINUS.

Since it is well known that the injection of
sdreneline reduces vsgus zctivity, and the belief
thet this substance it secreted in emotion, which
oi itself reises the arterisl pressure &nd causes
cerdiac accelerstion in spite of the deiressor
reflexes, the possibility of edreneline reducing
the activity of the cerotid sinus wes considered,
the sctivity &gein being Jjudged by the eifect of
loss of the sinus impulses. The results of such
experiments are shown in Figures 24,& 25v/8, in
which it ie seen thet the activity of the sinus
is materially reduced or even ebolished by zdrensaline.
This is not to be confused with the well known vegus
inhibition which is brought sbout by lsrge and
cuite unphysiologicel doses of edrensline. As is
seen in Fig., 24 this cennot be expleined thet
the blood pressure had already resched its maximum
since scute cerebrsl snaemisz ceused a much lerger

Tise.




DISCUSSION AND CONCLUSTION

The results of study of stimuletion &nd of
lose of the impulses from the cerdio-zortic region
and the carotid sinuses indicate thet the general
capacity of the circulstion is controlled from these
regions. A stimuletion ceuses an incresased
caepecity as indiceted by & fell of both arterial
end venous pressures, end a loss the reverse. Since,
however, & rise of venous pressure mey be caused by
cardiec failure, this possibility is studied by
experimentis in reletion to the gardisc output and
venous outflow, which supports the view thet & loss
of impulses from the carotic¢ sinus brings sbout a
reduction in the capacity of the circulation.

It hes also been shown that a rise of wvenous
pressure end adrenaleemia, both of which are believed
to occur in exercise snd in emotion respectively,
bring sbout & reduction in the zctivity of the
cerotid sinus not acceleresting the heart bub
constricting the blood vessels in regions other than
the muscles (and probably the heart itself). It
would seem, therefore, that the general vasodepressor
reflexes have a perallel relationship to the cardio-
depressor reflexes, which is activated from the
cerotid sinuses snd cerdio sortic regions, conditions

which effect one affecting the other to the same extent.

L.
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It is now possible to obtain some idea as to
the possible integretion of the circulstion in
exercise in so far as it effects the operstion
of the vasodeprescor reflexes which are activeted

from the cerdio-zortic region and the carotid sinus.

Immedistely beforg tlie onset of the exercise
the effects of the higher centres, end ass the
exercise proceeds other fsctors, cause & reduction
of peraesympethetic &nd sn incresse ofgeneral
sympathetic ectivity. These bring @about cardisc
gcceleration. All the evidence availeble, e.g..
Wewilliam (1893%), Hunt (1899), Hering (1895),
Gesser end Meek (1914), Sgmesn (1935), suggests
that the cardisc acceleration is brought sbout

lergely by & reduction of vegus restraint.

In exercise, however, the capacity of the
muscles is greatly increased &nd the venous pressure
would fall but for & closing down of the vessels of
less active tissues, e.g. the hsnd (Nosso, 1923),
the spleen (Hergis and Mann, 1924; Bsrcroft,
Herris, Orshovats snd Weiss, 1925; Barcroft and
Stephens, 1927; Barcroft and Florey, 1929), and
the colon (Drury, Florey and Florey, 1929). This,
it is suggested, is brought about by & simultaneous

reduction of the vasodeprressor impulses controlling




73.

circuletory capecity which, like the vegus restraint

of the heert, is dependent on impulces from the

caerotid sinus &nc¢ cerdio-—-sortic region. It seems
then the veagus restreint of the hesrt ead the

genersl epressor mechanisms are essentislly perellel
reflexes for the benefit of t+he body in physical
exercise.

If this conclusion is correct we should

on
enticipete thet/the integrity of the vagus would
depend the cspebility of fthe heert to deel with an
incressed venous pressure such &s occurs in exercise
(Hooker, 1911).

In 1926 it wes pointed out by the suthor thst
but for the vegus restreint & rise of venous
prescure might so increase the cardisc rste t+hat
the treined heart would not be able to benefit from
its incressed eificiency. Hence we see theat hormally
treining end vagus restraint go together.

At the seme time &lso Anrep end Segeall (1926),
working on the coronery circulaﬁibn, found that the
increesed coronery flow which normslly tccompanies
8n incressed csrdisc output did not occur if the vagi
were previously cut.

The reduction of efficiency of the hesrt when
the vegus is +hrown out of sctior mey be shown
€xXperimentelly by the rapid injection of gum ssline,

énd to render the effect of the vegus mechenism more
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cleasr cut the sympathetic may be thrown out of
sction by the previous &administrstion of ergotemine
(Fig. 26 ).

As might be snticipeted the heart tekes
sppreciably longer to deel with & given rise of
venous pressure if it is so denervated.

This result is in accordence with the findings
of Semaen (193%5), who found thet the mseximum
endurance of dogs working until exhsustec on &
treaedmill wss reduced very grestly if the vegi were
cut.

It would be expected then thet the degree of
normal activity of the vasodile tor reflexes would
be parallel to the degree of normsl vegus restraint.
Since the latter is well known to be increesed in
treining it would be expected thet the vasodiletor
reflexes might be incressed zlso. There szre
eélreedy some suggzestions referred +o in the litersture
such as the finding in & treined person that the
normel increese of red blood corpuscles which

tekes plece in exercise was greetly incressed.




SOME INDTCATTONS OF CLINICAL SIGHNIFICANCE

QF THE THESIS

In reletion to the effect of the higher centres
the phenomenon of feinting has elready been referred
to in which there is & temporery fsll of sarterisl
pressure associested with an exaggerestion of the
cardio-inhibitory and presumebly of the vasodilstor
reflexes, but the evidence put forward opens up meny
new points.

It is evident thet the effect of = high venous
pressure such &e occurs in cesrdisc failure must, by
throwing out of action the cardio-inhibitory vaso-
diletor reflexes, throw &n incressed strain on the
heart by the still further increased venous pressure

end the incressed peripheral resistance which it tends

to produce. It would, therefore, seem that there is
e strong therapeutic indication to break the wicious

circle by the use of vesodileators end by blood letting
&8s once wes fashionsble.

How far some cases of high blood pressure mey in
pert be due to reduction of the sctivity of the vaso-
dilator reflexes requires to be considered, and with
this in view the velue of gradusted exercises end of
thermel trestments to incresse the activity of such

reflexes require considerstion.




Trhet there meay occur cases oI gross exaggeration
of the reflexes which mey be insuificient to ceuse
fainting is &lso possible. This mey occur from
sympathetic undereaction or exheustion whicli is known
to follow periods of intense mentel snd physical
ectivity.

It will be evicdent too that the capebility of the
body to respond to the sbsorption of toxic diletor
substsnces must in part depend on the reserve of
blood eveilasble, end therefore on the sctivity of
the vssodiletor reflexes. This considereation is
relevent in regard to meny infections and also to
surgical shock. I+ msy well be thet the specis
liebility of some persons to shock is releted to the
previous activity of the diletor reflexes and the
reserve of blood aveileble for emergencies. At
the same +ime the possibility thet some cases of
shock aesocieted with & smell amount of injury may
be due to exaggeration of the vesodiletor reflexes
and of an increesed cepecity of the general vasculer
bed becomes evident.

Where there hes been actuzl loss of blood the
importance of the reserve of blooé¢ is obvious. These
indicetions of clinical implicetions of the conclusions
ére by no means exhsustive, but they go *to indicete
thet the view of the function of the reflexes now put
forwerd mey not be without velue in the reslm of

bractical medicine end surgery.

\
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A record of blood pressure end respiretion
showing the effect of lostc of the sinus
at CC. A+ CCO the cerotid sinus was I
vuch gross unduletions of blood pressure
common if the vegi sre cut and the caroti
occluded or snsesthetised.




Record of blood pressure showing the effect
of placing the animal in the vertical feet up
position on the effect of loss of the impulses from

the carotid sinus.
tilting table.

The animal was placed on & special
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Record of arterial blood pressure showing
that the effect of the application of 2% cocaine to the
carotid sinus is the same as occlusion of a common
carotid artery (between the arrows) the other being tied.






: Records of arterial and venous pressures (lower)
Showu}% the effect of the carotid sinus on circulation
capacity. The section of the vaegi ceused a fgll of venous
pressure, presumably because of the increased cardiac
activity, which more than balanced any capacity effect.

The loss of sinus impulses then csused a rise and an
increzse of sinus impulses & fall. The sinus was
Stimuleted mechanically.
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Records of arterial and venous pressures
showing the effect on the venous pressure of loss of
carotid sinus impulses, the vagi being intact.

The change of arterial pressure is so small that it
cauld scercely be held that it produced cardiac failure.
The vagi were intact.



Records of arterial blood pressure and
out-flow from the femoral vein showing the increased

flow produced by loss of the impulses from the carotid
sinus at CC.
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Records of arterial and venous pressures
together with the output from the femoral vein in
drops. The effect of loss of the carotid sinus
lmpulses after the vagi have been cut. A slight
initial acceleration of flow is seen, followed by
& marked slowing, presumably the result of the
increased peripheral resistance. The rise of
venous pressure may have been due to cardiac
failure, which is suggested by the extra systole®
at the height of the blood pressure.
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Records of arterial blood pressure and of
e femoral venous flow in drops showing the effect of
ute cerebral ansemia. Note (1) the initial acceleration
flow due *to a capacity effect, (2) the diminution in part
¢ to cardiac feilure of +he heart *+o overcome the intense
ripheral resistance and (3) the increased flow when the
rebral circulation is restored. The latter half of the
cord corresponds to the findings of Heymans in relation to the

rdiac out-put,
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. An immediate continuation of the previous
figure showing how the effect of successive doses of
adrenaline in the femoral out-put is reduced.
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Recorés of cardiac out-p (upper) with
arterizl (middle) and venous pressures showing *the
effect of loss of the sinus impulses at CC on the
cardiac out-put, venous and erterisl pressures.
Scele as in following figure. An increese of out-
put from sbout 27 c.c. per minute to about 100 c.c.
per minute has occurred. This result would be
?F*icipa*ed from other work of Heymans which showea
Erocign

hat adrensline is secreted in such circumstances.
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Records of cardiac out-put, venous pressure
and arterial pressure (lowest) showing the effect of
loss of the sinus impulses upon the out-put of the
heart., At A, the effect of loss was associated with
dlmlnlshed cardiac out-put, partly as a result of the
Venous filling, as suggested by the fall of venous
bressure (Heymans, e Immediste repetition of t+he
¢Xperiment which gave less asction on the arterial
Pressure show the incressed cardizc out-put from about

C.C. per minute to about 90 c.c. per minute.
The lessened effect of immediate repétition of the
*Xperiment is commom and is presumed to be due to the
Sécretion of adrenaline, see figures /[§'v14.
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Records of pulmonery arterial (top) carotid
(middle) snd venous pressures (lowest) showing *the effect
of loss of the impulses from the carotid sinus at CC.
Such & rise of venous pressure could not presumably be
éssociated with right ventricular failure.
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Records of skinned limb volume and of blood
Pressure showing the effect of loss of sinus impulses on
f‘he skinned 1limb volume. Controls were made by injecting
adrenaline. The reduction of the effect of loss of the

zénus impulses after the injection of adrenaline is well
en,
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Sinus enlacl

Records of perfusion resistance and of
blood pressure (lower) showing the effect, between
the arrows, of A. loss of sinus impulses, B. stimulation
of peripheral end of vegus, and on the resistsnce of the
vessels of a perfused hind limb with nerves intact.
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Records of arterial (upper) and venous pressures
showing the effect of raising the venous pressure on the
response of the cerotid sinus. At each ten, 10 c.c. of
Gum Ringer's solution was injected, at each CC the right
tarotid artery was occluded.



Records of erterial &nd venous pressures
showing +he effect of a rise of venous pressure on
the effect of loss of impulses from the cerotid sinus
at C in each instance. In this instsnce there hes
been no rise of erterial pressure. 40 c.c. of saline
were injected.
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Record of blood pressure showing the
effect of reducing venous pressure by haemorrhage on
the effect of loss of the carotid sinus impulses (at
each CC). Haemorrhage to the extent of 10 c.c. and
7 c.c., took place at the point indicated.
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Records of erteriazl and venous pressures
showing the effect of loss of the carotid sinus impulses-
at CC before and after relief of pericardisl oedema,
which results in a fall of venous pressure and rise of
arterial pressure with recovery of the activity of *the
carotid sinus.
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The effect of adrenaline on the effect
f loss of the carotid sinus impulses. At CC the
carotid artery was occluded.
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Record of zrte 10
showing the effect of the injecti o &
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88.

SUMMARY OF THESIS

A survey of the litereture regerding the vaso-
depressor and cardiodepressor reflexes is given.

Lvidence 1is put forward thet the impulses which
arise from the cardiosortic snd cerotid sinus regions
control not only the normal vagus restreint of the
heart but elso the capecity of the circuleation. Loss
of these impulses not only causes cardiac acceleration
but results in an increased return of venous blood
to the ' heart.

I+ is shown thet conditions which are believed
to be produced in exercise and which are known to
reduce the veagus restraint of the heart at the same
time reduce the effect of the carotid sinus impulses
upon the vessels.

The view is therefore put forward that an
important function of the vasodepressor reflexes
is to control the capscity of the circulation in
order to provide a reserve of blood for use in
physical exercise, Jjust ss is provided a cardiec
reserve to deal with such blood maintained by
similer reflex mechanisms.

The possible clinical significance of the
findings is indicated, and a bibliograsphy of the

literature referred to in the text is given.



