ON REFLEX CARDIAC INHIBITION. BY T. G. BRODIE,
Director of the Conjoint Laboratories of the Royal Colleges of
Physicians and Surgeons, London, AND A. E. RUSSELL, M.D.,
Resident Assistant Physician, St Thomas's Hospital, London. (Six
Figures in Text.)

(From the Conjoint Laboratories of the Royal Colleges of
Physicians and Surgeons, London.)

IT has long been known that slowing or arrest of the heart can be
brought about reflexly by excitation of almost any afferent nerve of
the body if the stimulus be sufficiently great, and that the one nerve
wbich can most readily produce this reflex effect is the vagus. The
systematic examination of the different branches of the vagus with
the direct object in view of determining which fibres play the most
important part in producing the reflex has not however been carried
out. Hence the experiments described in this paper have been
designed.
Our experiments can be conveniently grouped for descriptive
purposes in two sections, in the first of which we deal with the
results obtained by electrical excitation of the vagal branches and in
the second, with other modes of excitation,-chemical, mechanical, etc.
-which followed as a direct consequience of the results we obtained in
our first series.
Most of our experiments have been performed upon dogs, the
anaesthetic employed being, as a rule, the A.C.E. mixture. In a few
cases urethane was used, which was administered either subcutaneously
or by intravenous injection; the dose given was 1-25 grm. per kilo of
body weight. The results were precisely the same with both forms of
anaesthesia. We have also confirmed our results upon cats and found
the reaction the same in this animal as in the dog.
To record the effect upon the heart we usually took the carotid
blood-pressure curve as being on the whole the most convenient. The
records thus obtained were always checked by direct observation of the
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heart in those experiments in which it was exposed, by palpation, or by
placing a finger upon an artery while the nerve stimulation was being
carried on. We also tested whether the effects were exerted upon all
four cavities of the heart uniformly, by recording the conttactions of
the ventricles and auricles. We found that whenever any slowing of
the heart took place it was to be observed equally in both ventricles, and
in auricle as well as ventricle.
I. RESULTS OF

EXCITATION. OF THE CENTRAL ENDS OF THE

DIFFERENT BRANCHIES OF THE VAGI.

A. The vagi on the 8esophagus. These were exposed by resecting
parts of the seventh and eighth ribs, artificial respiration being started.
They were dissected out and loops of thread passed under them. The
carotid was connected to a mercury manometer and the blood-pressure
recorded. One vagus was now lifted up, and excited; This was repeated
at short intervals with currents of varying strengths. The nerve was
then ligatured and cut below the ligature. The central end was placed
on the electrodes and stimulated as before. The results were always
found to be exactly the same as those obtained from the undivided
nerve. The second vagus was next treated in the same way. As
a final step in the expeliment the vagus was divided in the neck and
its central end excited by the same strengths of currents as those already
employed. In this way a direct comparison of the reaction obtainable
from the two positions was obtained.
The results we obtained were very variable and were as follows:(a) Some slowing of the heart-rate accompanied by a fall in bloodpressure.
(b) No effect on heart-rate and a rise in blood-pressure.
(c) No effect on heart-rate nor on blood-pressure.
(d) In one instance slight slowing of the heart and a small rise in
blood-pressure.
iW'e found that inhibition was more readily obtainable by exciting
these nerves in the dog than in the cat. In the latter animal the rule
was that no inhibition followed, in the dog on the other hand slowing
occurred in more than half the experiments. The animals which gave
it were found to vary considerably in the reaction produced and in the
strength of current required. As a rule strong currents were necessary'
I For excitation we employed a Du-Bois coil worked by a single Leclanche battery.
The electrodes used were the ordinary shielded electrodes.
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excitation of an ordinary afferent nerve. The point we wish to emphasise is, that though reflex inhibition can be commonly obtained it is never
very marked, and i's 'in no way comparable to the control reaction
produced when the central end of the vagus in the neck was excited
by the same strength of current. In Fig. 1 we give a blood-pressure
tracing giving the record of one of these excitations which produced a
positive result. A strong current was necessary and the reaction obtained
was fairly good. In all cases the blood-pressure record was checked by
direct observation of the heart itself.

Fig. 1. Dog. Blood-pressure tracing. The zero-abscissa line has been raised. During
the time indicated by the depression in thisi line the central end of the right vagus on
the cesophagus was excited. Coil at 0.

In view of these results we did not consider it necessary to examine
any lower branches of the vagi.
In connection with these results we have the experiments of Goltz1
and others upon reflex cardiac inhibition from the stomach and intestines.
In Goltz's classical " Klopfversuich " inhibition is produced in the frog
by sharply striking the exposed stomach. The result of electrically
exciting the nerve filaments from the viscera was not constant. Bernstein 2 showed that the afferent path for this reflex was along the
sympathetic, then into the cord by fibres entering not higher than the
third spinal nerve. He also showed that this was practically the same
in the rabbit. Mayer and Pribram3 also studied this reflex in mammals
and found that the slowing of the heart was accompanied by a rise in
blood-pressure. They found that it could be most easily brought about
by suddenly distending the stomach with air, and gave experiments
1 Goltz. Virchow's Archiv, xxvi. p. 1. 1863.
Bernstein. Archivfiir Physiol. 1864, p. 614.
3 Mayer and Pribram. Sitz. d. k. Akad. Wien, LXVI. (iii), P. 102. 1872.
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proving that the afferent impulses were started from the muscular or
peritoneal coats and not from the mucous membrane of the stomach.
Tarchanoff1 found that the reflex was much more active if the stomach
and intestines were inflamed, a result confirmed by Frangois-Franck2.
None of these observers bave attempted to determine whether section
of the vagi in the thorax materially modifies the course of this reflex,
hence we performed two experiments upon cats with this particular
object in view. The stomach was exposed by a small median incision
through the upper part of the abdominal wall. In one experiment the
inflation of the stomach was effected by passing a tube through the
cesophagus, and in the other by making a small incision through the
stomach wall at the pylorus. The inflation was performed in the same
way as that used by Mayer and Pribram, and consisted in tying
a small rubber bag to the end of a glass tube, this was then introduced
into the stomach and inflated as required.
We found in one or two experiments that it was by no means easy
to produce reflex slowing of the heart by any mode of excitation of the
stomach wall. The most effective method was to paint a small area of
the stomach wall with a weak solution of ammonia. In all modes of
excitation the results obtained were the same. At first there is a
slight rise in blood-pressure occurring with acceleration of the heart.
After a variable period of about 10 seconds this is followed by a certain
amount of slowing. These same results follow stimulations of the central
end of the divided splanchnic, an observation which has been previoufsly
described by Roy and Ad ami8. It therefore seemed as if the whole of the
afferent impulses passed up these nerves, but we found that division of
the two vagi materially modified the reaction given when the stomach
was again excited. In the one experiment in which only slight inhibition was being produced this was quite absent after the division of
the vagi. In the second case in which the reaction was rather marked
the slowing was distinctly less after the section. In both these experiments excitation of the central ends of the vagi produced only small
effects upon the heart-rate, effects which were comparable to those
obtained reflexly from the stomach. We therefore conclude that, in
the cat, some of the afferent impulses which produce reflex alteration
of the heart-rate are carried up the vagi as well as along the splanchnics.
Tarchanoff. Arch. de Physiol. vii. p. 498. 1875.
Travaux du Laboratoire de M. Marey, n. p. 221. 1876.
a Roy and Adami. Phil. Trans. CLXXXUI. B. p. 258. 1892.
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B. The cardiac branches of the vagus. To expose them the anterior
halves of the upper three ribs were removed on both sides together with
the corresponding portion of the sternum, the internal -mammary
arteries and veins being ligatured. The various cardiac branches were
dissected out on both sides and threads passed under them. Each
branch was stimulated, then cut and the central end excited with various
strength of stimuli. The peripheral end was finally excited to determine
if it contained inhibitory fibres. Sometimes this excitation failed to
produce any inhibition though dissection proved that the branch in
question entered the heart. We could not show that these particular
branches had any greater inhibitory effects when excited centrally than
others which contained many inhibitory fibres.
The results we have in this manner obtained may be tabulated in
the following way.
(a) Slowing of the heart and a fall in blood-pressure.
(b) Slowing of the heart and a rise in blood-pressure.
(c) No alteration in rate of heart-beat but a fall in blood-pressure.
(d) No alteration in rate of heart-beat but a rise in blood-pressure.
We have not met any instances in whicb the rate of beat was
accelerated. Excitation of the different branches in the same animal
usually gave different results. Thus Figs. 2 and 3 give the results

Fig. 2. Dog. A.C.E. Blood-pressure tracing. The zero-abscissa line has been raised
40 mm. At the time indicated on the abscissa line the central end of the uppermost
cardiac branch of the R. vagus was excited. Coil at 5 cms.

obtained by exciting the central ends of two cardiac branches of the
right vagus in a dog. In Fig. 2 the highest cardiac branch of the right
vagus was excited. It caused a fall in pressure and a slowing of the
heart which persisted some little time after the excitation had ceased.
In Fig. 3 the central end'of the lowest branch (the sixth cardiac) of the
same vagus was excited. It caused a decided rise in blood-pressure
followed by a slight slowing of the rate, and with this slowing the blood-
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pressure began to fall. Increase in the strength of stimuli applied did
not produce a more marked effect with either of these two branches.

|~~~~~

r

Fig. 3. Same dog as in Fig. 2. The zero-abscissa line has been raised 35 mm. At the
time signalled the central end of the lowest cardiac branch of the R. vagus was
excited. Coil at 5 cms.

The resuilts of these experiments must be compared with those
obtained by Wooldri(lge' by exciting the central ends of the various
tierves which lie on the ventricular wall. By stimllatingf the central
ends of the anterior ventricular nerves he found,
1. Slowing of the heart and a rise in blood-pressure.
2. Slowing of the heart and no effect on blood-pressure, and, as
after effects, an increase in heart-rate and a fall in blood-pressure.
By exciting the central ends of the posterior ventricular nerves he
found,
1. Increase in rate of beat and no alteration in blood-pressuire.
2. Slowing of heart-rate and a fall in blood-pressure.
3. No effect on heart-rate and a slight rise in blood-pressure.
4. No effect on heart-rate and a fall in blood-pressure.
The results Wool dri d ge obtained by exciting the ventricular
nerves thus entirely agree with the results we have obtained from the
nerves after they have left the heart and before they join the vagi, with
the exception of one class. These were the instances in which he
observed accelerations of the beat following excitation of the posterior
ventricular nerves. With the exception of a statement of Pawlow's',
that excitation of a cardiac nierve in the thorax causes a rise in bloodpressure, we know of no other experimnents dealing with stimulation of
the central ends of these branches.
I
2

pH. XXVI,

Wooldridge. Archiv fi;r Physiol. 1883, p. 522.
Pawlow. Medicinisches Centralblatt, 1883, p. 66.
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In examining our results from the point of view of the strength of
stimulus required to produce reflex inhibition, we show clearly that, as
compared to the strength required when the central end of the vagus in
the neck is excited, the stimulus must be distinctly greater. Moreover
in the most marked cases the reflex inhibition is never very pronounced
and there is never anything approaching to complete standstill.
C. The pulmonary branches of the vagus. These, as a rule, we
only exposed upon the one side. The operation consisted in resection
of the sixth, seventh, eighth and ninth ribs from close to the sternum
to the transverse processes of the vertebrae. The branches were then
easily isolated and tested in the manner described above when dealing
with the vagi on the cesophagus. To our surprise we found that reflex
inhibition can be obtained from any one of them with the greatest ease.
Only a weak stimulus is requisite and the reaction is produced at once,
results which stand in sharp contrast with these we obtained when
working upon the other vagal branches. In these latter cases there is
frequently a considerable latent period and the development of the
reaction is gradual.
In Fig. 4 is reproduced a blood-pressure tracing showing the result
of exciting one of these branches centrally. It is seen that the result is
practically instantaneous and that the maximum amount of inhibition

Fir,. 4. I)og. A.C.E. Blood-pressure record. The zero-abscissa line has been raised
20 mm. At the time signalled on this line the central end of one of the pulmonary
branches of the R. vagus was excited. Coil at 10 cms.

occurs during the early part of the stimulation. The result upon heart
and blood-pressure is invariably the same and only differs in degree.
The tracing we give may be regarded as an average result. In addition
to the action upon the cardiac centre thus demonstrated, there is the
usual action upon the respiratory centre and also one upon the vaso-
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motor centre. This latter is demonstrable upon an animal in which the
cardio-inhibitory fibres have been paralysed by atropine. Excitation
of the pulmonary branches in such an aninmal causes a fall in bloodpressure which in some instances is very considerable. These results
exactly agree with those one of us (T. G. B.)' has obtained upon the cat,
as following the injections of a dose of serum.
The type of the reaction is as we have seen quite different from
those produced on exciting the other branches of the vagus. It more
nearly resembles the effect following stimulation of the peripheral end
of the vagus divided in the neck.
The sensitiveness of the reaction is considerable. In most instances,
it is easier to obtain reflex inhibition by exciting a single pulmonary
nerve than by exciting the central end of the vagus divided in the neck.
This result is of further interest because it is exactly comparable
to a result obtained by Mac William' in the eel. He found that slight
stimulation of either gill causes a sudden and powerful inhibition of
the heart's action, the whole organ standing still in a state of diastole.
Stimulation of the central end of a branchial nerve, also led, with great
readiness, to cardiac arrest. He notes that a similar inhibition can be
produced in the carp, perch, rudd &c.
Our results with the pulmonary branches led us to examine the
effect of various forms of stimuli upon the pleura. No effect could
however be obtained although we tried electrical, mechanical, chemical
and thermal forms of excitation.
While these experiments were in progress and soon after we had
found the marked reflex effect upon the heart which follows stimulation
of these pulmonary fibres a case came under the observation of one of
us (A. E. R.), in which exploratory puncture of the lung resulted in the
sudden death of the patient by cardiac failure. The case is of such
interest in this connection that we give a brief account of it here.
The patient was a child in which the presence of pus in the lung or pleura was
suspected. An exploratory puncture was therefore made using an ordinary hypodermic
needle which was inserted for about a couple of inches. Only one puncture was made, no
pus was found and the needle was withdrawn, the whole operation taking about thirty

seconds. At the moment of withdrawal the child was observed to be livid in appearance,
its hands were clenched and a convergent squint was present. The radial pulse could not
be felt and no cardiac sounds could be heard with the stethoscope. Respiratory efforts
however went on for a few minutes and were maintained for a short time by artificial
I
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means. In spite of this and other efforts, no further cardiac contraction could be detected.
At the post-mortem examination no pus was present, the lung being in a condition of
developing fibrosis following confluent broncho-pneumonia.

Having found the marked reaction following excitation of the
pulmonary nerves we next examined the other afferent nerves
supplying the remainder of the respiratory tract. Stimulation of the
superior laryngeals produces quite as marked a reflex as that given by
the pulmonary nerves, a result first described by Fran9ois-Franckl.
Stimulation of the recurrent laryngeals, as was to be expected, was
quite ineffectual. Electrical stimulation of the nasal branch of the
5th nerve Kratschmer' found to be ineffective, a result which was
however negatived by Fran9ois-Franck. We are able to confirm
the result obtained by the latter observer.
II. THE NATURE OF THE RELATIONSHIP OF THE RESPIRATORY TRACT
TO THE CARDIO-INHIBITORY CENTRE.

The ease with which excitation of the pulmonary nerves is followed
by cardiac inhibition at once recalls certain well known facts bearing
upon this point. The first of these is the varying rate of beat observed
in some animals during inspiration and expiration. During expiration
the rate of the heart is slower, a difference at once abolished by
dividing both vagi in the neck.
The difference in rate is usually well marked in dogs but is not
as a rule to be observed in man, the cat, and the rabbit. To determine
the cause of this modification in rate many experiments have already
been recorded. The first worker in this direction was Einbrodt3. He
fournd that if 'an animal be made to respire air under a positive pressure
the heart was slowed. A similar result was observed if the air respired
was under a negative pressure. Hering' showed that Einbrodt had
missed one very important condition because the pressures he used were
too excessive. If in the experiments in which a positive pressure was
employed this pressure was kept low, e.g. 2 to 5 mm. of mercury,
the positive ventilation causes acceleration of the heart. Einbrodt
employed pressures of from 20 to 40 mm. of mercury. In a series
of most instructive experiments Hering proves that the result is not
due to any alterations in the mechanical conditions of the circulation
1

Fran9ois-Franck.

2 K ratschmer.

Trav. du Labor. de

3 Einbrodt. Ibid. XL. (ii), p. 361. 1860.
Hering. Ibid. LXIV. (ii), p. 333. 1871.
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affecting heart or vessels, nor to any alteration in the gaseous
respiratory exchanges. He also proves that the acceleration during
inspiration is due to an alteration of the tone of the cardio-inhibitory
centre and that the afferent fibres which are excited are those of
the lungs. Sommerbrodt' confirmed these results and moreover paid
especial attention to the blood-pressure changes which accompanied
them. He found that there was always a fall in blood-pressure, part of
which was due to reflex dilatation of the blood vessels, and brings
forward experiments to show that the rate of blood-flow through
the capillaries is favoured by the fresh condition produced as a reply to
the stimulation, which in itself tends to impede the flow. Leon
Fredericq' however questions the interpretation of these experiments.
He considers that the effect is not reflex but is an automatic action
of the cardiac centre and is quite independent of any reflex activity
that can be induced from stimuli originating in the lungs.
One of us3 has described an effect produced by injecting serum into
the circulation in a cat. This causes reflex arrest of the heart and of
respiration and a diminution in tone of the vaso-motor centre. All
these effects are cut out by section of the pulmonary nerves.
Before we were familiar with the details of the work of these
observers we had independently carried out many experiments upon
the same lines. We can entirely confirm the results arrived at by
Hering. When a fairly high pressure is used for the respired air the
rate of heart-beat may fall to one-half its former pace, but there is
never that very marked slowing which follows excitation of the central
end of one of the pulmonary nerves. We have also shown that during
the whole of the time that artificial respiration is being carried out
upon an animal the beart is constantly inhibited as a result of the
inflation. This is true both in curarised and non-curarised animals.
It is more particularly marked in animals in which the thorax is open,
and in which the total volume changes of the lutngs are consequently
exaggerated.
With regard to the effect upon the vaso-motor centre we found, that
suddenly changing the pressure of the respired air from atmospheric to a
positive or negative pressure causes a fall in blood-pressure which is
approximnately proportional to the change in air pressure. This fall is
also produced in atropinised animals and plethysmographic experiments
1 ommerbrodt. Zeitschr. f. klin. Med. n. p. 601. 1881.
2 Ldon Fredericq. Arch. de Biol. iII. p. 80. 1882.
Brodie. This Journal, xxv. p. 48.
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show that it is then due to vaso-dilatation. The effect is cut ouit by
dividing the pulmonary branches of the vagi. Hence it is a reflex
inhibition of the vaso-constrictor centre in the medulla, just as the action
on heart and respiration are produced in a similar manner. It is a very
interesting fact that the mechanical excitation of these fibres produces
exactly the same result as chemical excitation produced by injecting
serum, in the experiments already referred to. The reaction to the
mechanical stimulus is however never so pronounced as that given by a
serum injection.
We think it is important to note that, in these experiments in which
the pulmonary nerves are mechanically excited, the fibres affected must
be those in the alveolar walls.

The next experiments we wish to discuss are those in which
variations in heart-rate accompany changes in blood-pressure. As was
first pointed out by Marey, if the cardiac nerves are intact, a rise of
blood-pressure is soon followed by slowing of the heart and conversely a
fall in pressure produces acceleration. These alterations in heart-rate
are reflex and it is generally considered that the afferent fibres which
are excited and produce the effect arise firom the heart itself. Considering the results we had obtained we thought it possible that the fibres
stimulated in these experiments might be pulmonary fibres. We
therefore tested the effect upon the heart-rate of a rise in pressure
before and after section of the pulmonary nerves. The rise in pressure
was produced in our experiments by injection of suprarenal extract, of
nicotine, or by compressing the abdominal aorta. The effects were
precisely the same after section of the pulmonary nerves as before.
Hence we conclude that this reflex alteration in heart-rate is due to
excitation of afferent cardiac fibres, for that it was not due to stimulation
of any set of fibres below the pulmonary was proved by division of the
vagi below these branches and subsequently injectino nicotine or
compressing the aorta.
The last group of experimnents we have to describe is one in which
the pulmonary fibres were excited chemically by the inhalation of
irritant vapours. We found this a most powerftil method of pro(lucing
reflex inhibition of the heart. Simultaneously, arrest of respiration
always occurs whenever the vapour inhaled acts powerfully enough to
cause inhibition. We obtained positive results by inhalation of the
following vapours, viz.: chloroform, hydrochloric acid, formaldehyde and
bromine. The latter was on the whole the most effective.

REFLEX CARDIAC INHIBITION.

103

Before describing our results it will be best to refer to the somewhat
similar experiments which have been described by Kratschmer1 and
Franvois-Franck2. Kratschmer's experiments refer to excitation of
the nasal mucous membrane. As irritant vapours he used cold air,
carbonic acid, ammonia, acetic acid, chloroform and tobacco-smoke. He
chiefly employed the last-mentioned because it gave a good reaction
and was easily administered. He experimented chiefly on rabbits but
confirmed his experiments upon cats. He was only able to obtain
reflex arrest of the heart and respiration when the stimulus was applied
to the nasal mucous membrane. When he excited the laryngeal
mucous membrane by blowing in the gas from below and avoiding any
possibility of it reaching the nasal mucous membrane by ligaturing the
pharynx he only obtained negative results. He proved that the reaction
was due to excitation of the nasal branch of the 5th nerve and that the
olfactory nerve took no part in the production of the reflex. When anv
of the vapours were blown into the lungs, no result whatever- was
produced. In addition to the cardiac and respiratory effects produced
in a positive reaction, the blood-pressure usually rose, or at any rate did
not materially fall, from which he concludes that reflex vaso-constriction
was also produced. Frangois-Franck repeated these experiments but
in some respects obtained different results. He entirely confirms the
results of excitation of the nasal mucous membrane. He was however
successful in obtaining reflex inhibition by the action of chloroform on
the laryngeal mucous membrane. When he administered chloroform
vapour by tracheal tube to the lungs and bronchi he however obtained
negative results. He concluded that below the vocal cords the respiratory tract is insensitive to chemical stimuli.
We have repeated these experiments and can confirm those upon the
nasal muicous membrane and upon the larynx. We have had no
difficulty whatever in obtaining reflex cardiac inhibition by the action
of chloroform vapour upon the larynx. This result stands well in
conformity with the fact that reflex cardiac inhibition can be readily
obtained by exciting the central end of the superior laryngeal nerve.
With regard to excitation of the lower parts of the respiratory tract we
cannot understand why Frangois-Franck failed to get cardiac slowing
by giving chloroform vapour, unless it is that he did not give enough
of the vapour. We have frequently recorded slowing as an immediate
result of chloroform administration. There is no question that this
' Kratschmer. loc. cit.
2 Fran9ois-Franck. Trav. de Lab. de M. Marey,

Ii. p. 221. 1876.
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part of the respiratory tract is less sensitive than the larynx and nasal
mucous membrane. In fact as we proceed downwards along the
respiratory tract the mucous membrane is founid to be less and less
sensitive to chemical irritants. If, however, a small drop of chloroform
be placed on the trachea it is at once followed by marked cardiac
inhibition. By making use of more irritant vapours, e.g. a small amount
of bromine, the reaction on beart and respiration can be produced in an
intense form.
In Fig. 5 we reproduce a curve showing how easily bromine vapour

Fig. 5. Dog. Blood-pressur-e tracing. The zero-abscissa line has been raised 15 mm.
Time tracing =seconds. During the time indicated on the abscissa line the animal
was made to breathe out of a bottle containing a small quantity of bromine vapour.
The animal was breathing through a tracheal cannula, so that the upper parts; of the
respiratory tract are not affected during the experiment.

produces the cardiac inhibition when it is inhaled directly into the
bronchi and lungs. The effect is, as we should expect, still more
marked if the vapour can act upon the nasal mucous membrane or upon
the larynx.
The result produced in this experiment is practically identical with
that following electrical excitation of the central end of a puilmonary
inerve-the only difference being a less sudden onset, which may well be
due simply to the fact that the vapour takes a little time to gain free,
access to the mucous membrane. The reaction is much quicker in onset
and far more intense than that following mechainical excitation of the,
alveolar nerves.
That the reflex is, however, due to excitation of these pulmonary
nerves is proved by Fig. 6, which was recorded at a later time from the
same animal as in Fig. .5.
Between the takiDg of these two records, however, the pulmonary
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branches of both vagi were divided, and then another dose of bromine
wa,s given. The result is seen in the latter figure. The reaction is

Fig. 6. Dog. Blood-pressure curve. The thorax has been opened and the plilmonary
branches of the vagi have all been divided. At the time indicated upon the abscissa
line bromine was again administered. It produced a rise in pressure and no slowing
of the heart.

completely cut out. As a result of these and similar experimetnts we
conclude that the alveolar nerves are the fibres excited, for only thus
can we explain the fact that no reaction occurs in Fig. 6, although the
fibres to the trachea are intact, and that the reaction, to bromine, is
muchnmore gradual in onset than that following stimulation of the
pulmonary branches.
In attempting to determinie whether the reflex has the same
characters as those given by the excitation of the lung fibres, we gave
the vapour to an animal previously treated with atropine. We still
obtained arrest of respiration and a fall in blood-pressure, thus showing
that the reflexes are exactly the same. In one experiment of this kind
we observed a difference in the reaction, in that respiration instead of
being arrested became quicker and shallower. Exactly this effect has
also been observed following an injection of serunm into a cat under
atropine, so that here again we get confirmation of the precisely similar
reactions obtained by the two different modes of chemically exciting
these fibres. The correspondence between the two sets of experiments
also confirms the view that the bromine in these experiments acts upon
the alveolar nerves, for a study of the reaction given by serum leads
conclusively to that result.
In attempting to form an idea why there is so close a relationship
betweeAE the respiratory tract and these centres in the medulla we must
note that the three chief effects produced by exciting the afferent fibres
of the respiratory tract are inhibition of the heart, arrest of respiration,
and vaso-dilatation. Further, Kratschmer has shown that excitation
of the nasal mucous membrane leads to blocking of the respiratory tube
by the bringing together of the vocal cords. In the next place the

106

T. G. BRODIE AND A. E. RUSSELL.

most sensitive surface is the nasal, i.e. the first surface of the tract, the
one which would first meet any irritant entering the body by this path.
The larynx follows this in sensitiveness, and then we have a long piece,
the trachea and bronchi, which are apparently insensitive and lastly the
alveoli wlich are again sensitive.
One of the conclusions which is obviously to be drawn is that the
respiratory arrest at once stops further entrance of the irritant, and the
eirculatory disturbance tends to impede its absorption from the surface.
Why the alveolar nerves should be in such close relationship to the
cardiac and vaso-motor centres is by no means so clear, and we are not
prepared to suggest any satisfactory explanation. The observation
stands in unison with that made by Mac William and already
referred to, namely, that stimulation of the gills in fishes leads to the
same arrest of the heart.

CONCLUSIONS.
1. Of the branches of the vagus, excitation of the central end of
which causes reflex inhibition of the heart, the pulmonary fibres are
those which produice the most marked reaction. The cardiac are much
less effective and the branches below the pulmonary are still less
effective.
2. The connection of the respiratory tract with the cardioinhibitory centre is very close. Thus: stimulation of the nasal mucous
membrane at once arrests the heart. Stimulation of the laryngeal
mucous membrane is only a little less effective. Stimulation of the
trachea and large bronchi is apparently without effect, but stimulation
of the alveolar nerves is about as effective as that of the laryngeal.
3. These nerves produce the result when excited electrically, in
their course from the mucous membrane, or when stimulated mechanically or chemically in the mucous membrane itself.
4. In addition to the effect upon the cardiac centre, excitation of
the pulmonary nerves also acts upon the respiratory and vaso-motor
centres producing arrest of respiration and a. fall in blood-pressure.
5. The alveolar nerves can be excited chemically by the inhalation
through a tracheal tube of irritant vapours, such as chloroform, hydrochloric acid, ammonia, formaldehyde, or bromine, or by the injection
of such substances as serum, or egg-white.
6. Division of the pulmonary nerves on both sides completely
abolishes the effect upon the cardiac, respiratory and vaso-motor
centres.

