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4 ON THE PHYSIOLOGICAL ACTION OF

warmed, and sifted, so to speak, of floating solid
particles; they then traverse the guardian portals
formed by the larynx, and so enter the lungs.
Usually the constrictors of the pharynx maintain
a closure of the csophagus; however, timid
persons, whilst inhaling nitrous oxide, make efforts
at swallowing, which, by partly inflating the
stomach, may give rise to unpleasant effects, nausea
or mechanical interference with the action of the
heart, and so leading to syncope. This should of
course be avoided. :

So thin 1s the wall of the acini and air-cells, that
the lungs may be considered as consisting of aeri-
form matter, separated from liquid matter by an
exceedingly tenuous animal membrane, which is
capable of the active interchange of gases from the
aeriform maftter to the liquid matter, and vice versd.
Whatever aeriform body is inhaled into the lungs,
provided it does not impede the mechanical acts
of respiration, can diffuse into the blood, while the
gases in the blood can diffuse out into the free air
space of the lungs. Gaseous bodies we know
exist in at least two conditions in the blood—(1)
in mere solution, (2) in combination with the
albuminoids found in the corpuscles and serum.
The essential conditions of life for the organism
are that in proportion as the bodily tissues are
split up for the production of movement, or force,
heat, electricity, and so on, so should the blood
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combined to the tissues, and more or less pro-

foundly influence their behaviour according to its .

own vital peculiarities.

Let us consider to what class nitrous oxide
gas belongs, and what is the »dle it plays in the
blood. Priestley found nitrous oxide was readily
absorbed by water, in a proportion of one-half its
bulk. When carbonic acid gas is present in the
water no absorption of nitrous oxide takes place ;
but according to the careful experiments of Davy,
when water saturated with nitrous oxide 1s
brought into contact with carbonic acid, the
latter ousts the nitrous oxide, becoming absorbed
while the nitrous oxide is liberated. According
to the same authority nitrous oxide will displace
oxygen and air from water, When we remember
that blood consists of 78 per cent. of water, we
see these researches have a very important bear-
ing. Neutral saline solutions, further, possess very
feeble attraction for nitrous oxide. None of the
older observers investigated the behaviour of
nitrous oxide toward water in which albuminous
material was present, and my investigations in
this direction are not, I think, sufficiently definite
for me to venture upon ex cathedrd utterances ;
but it seems probable that albuminous solutions
of various strengths are possessed of powers of
absorbing nitrous oxide other than those inherent
in pure water.
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and the sluggish behaviour of organic matter in
animals during hibernation., At the same time
there is a fairly active carbonic acid elimination,
as much in fact as represents the tissue waste
during the period of anasthesia; and this carbonic
acid, in the absence of recuperative oxygenation,
is, I submit, an important matter requiring our
attention when we have to take into consideration
the practical lessons the physiology of nitrous
oxide narcosis teaches. Here I will briefly say it
seems consonant with these lessons that we should
ensure the removal of this carbonic acid so that
the patient may not breathe and re-breathe nitrous
oxide polluted by it.

We may then take it that the blood is capable
of acquiring nitrous oxide by simple absorption,
and probably by the union of that gas with the
albuminous materials found in the liquor sanguinis
and corpuscles, No attempt has as yet succeeded
in demonstrating the conjunction of nitrous oxide
with hemoglobin—at least no crystallised forms
have been found, such for example as we are
cognisant with in the case of nitric oxide heemo-
olobin. However, in the last case we have to
bear in mind the fact which was pointed out long
ago by Davy, that nitric oxide possesses a strong
affinity for the salts of iron, so that it is perhaps
not unwarrantable to suppose the iron-containing
hemoglobin should readily unite itself in actual

LE
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at my disposal preclude me from ascertaining
the condition of the blood when nitrous oxide in
quantity sufficient to induce ansmsthesia is given
along with oxygen. I hope to be able to conduct
this research later on; but as it necessitates a
Fontaine’s chamber I can only prosecute it in
Paris. Under the present -circumstances, pari
passu with the introduction of nitrous oxide we
have the reduction of the heemoglobin by the tissues,
hence the spectrum of reduced hemoglobin which
is found.

In all experiments upon Mammalia with nitrous
oxide gas, methods have been adopted which not
only ensure a supply of the gas entering the lungs,
but at the same time cut off’ the ingress of oxygen,
so that there must in these cases always be a
danger of confounding the symptoms due on the one
hand to nitrous oxide, with those upon the other
which arise solely from the deprivation of oxygen.
And further, in some experiments which we shall
shortly have to consider, a third set of symptoms
intrude themselves, namely, those dependent upon
re-breathing noxious exhalations from the lungs.
It is incumbent then upon us to make allowance
for these sources of confusion.

Tt has been my endeavour in my own researches
to eliminate as far as possible those conditions
oiving rise to serious fallacies in deducing con-
clusions, by conducting control experiments in
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In his second research Davy compared the
behaviour of animals immersed in nitrous oxide
with those placed in hydrogen and others kept
below water. Reasoning from these experiments
he says, “there was every reason to suppose that
their (the animals’) death in nitrous oxide could
not depend upon the simple privation of atmos-
pheric air; but that it was owing to some peculiar
changes effected in the blood by the gas.”*

But these experiments, like those of many sub-
sequent observers, are open to the criticism that
the method employed confounded asphyxial with
nitrous oxide effects.

Krishaber’s researches, made chiefly with rabbits,
may be considered under two categories: those
in which nitrous oxide with small undetermined
quantities of air was employed, and secondly, when,
the animal being tracheotomised, nitrous oxide only
was breathed. His conclusions are that nitrous
oxide narcosis differs wholly from the asphyxial
state, for, as he justly points out, no true anwsthesia
is brought about in asphyxia, whereas entire loss
of sensation and voluntary movement come about
in a minute when nitrous oxide is employed.

With Krishaber's subsequent attempt to institute
a comparison between nitrous oxide narcosis and
the anwesthetic sleep of chloroform we have in the
present connection nothing to do. ;

* (Collected Works, vol. iii, p. 204
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surable distance beneath the bone, pulsating
quietly and synchronously with the respiration.
The colour of the brain covered with pia mater
was pinky red, or, more exactly, vermilion.

As soon as the animal began to breathe nitrous
oxide, the respiratory rhythm being interfered with,
the brain pulsations became more notable and
somewhat hurried. When the gas was pushed,
and the animal made to take it in freely, the brain
substance was seen to swell up and gradually
reach the trephine hole. The colour now began
to change, and a dark, blue-red shade appeared to
creep over the exposed brain, robbing the brightness
of the vermilion and replacing it by a laky purple.
The brain undulations were at this stage found to
lessen in frequency and amplitude. The brain
substance still increased in volume, and even
protruded without the trephine hole, almost motion-
less, and of a pearly, glistening lustre of bluish
hue. The vessels, examined with a strong lens,
presented the well-known look of commencing
stasis. At this stage the nitrous oxide was stopped
and the animal allowed to inspire air freely.
Quietly and gradually with each successive breath
of air the brain receded, the undulations returning
and resuming their normal rhythm and range.
With these changes came a return of the vermi-
lion tinge which characterises the healthy brain
substance. This experiment was repeated; in some
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ing themselves by long-drawn gasps which were
separated by long intervals. In five minutes,
although all respiratory movements had ceased,
the heart still beat. In six minutes access of air
was allowed, but artificial respiration failed to
effect recovery.

These experiments appear peculiarly instructive,
firstly, as showing in a very marked way the
difference between the brain condition when fed
with nitrous oxide-laden blood, and when supplied
with deoxidised blood containing tissue refuse ; and
secondly, when viewed in relation with the clinical
phenomena of nitrous oxide narcosis. As I pointed
out in my last communication to this Society, there
is a zone of hyperwmsthesia which separates the
normal consciousness from the absolute loss of
sensation on the one hand, and on the other which
unites the stage of oblivion, or sleep, with the
return to full mental activity. It is presumably
at this epoch that the dreams of mental exalta-
tion and physical joy occur, and it is then that
slight external physical stimuli—e.g., a flash of
light, a noise, a movement—will become a thou-
sandfold magnified and perverted in the patient’s
brain. The peculiar filling of the brain would
seem to offer a physical counterpart for these
mental conditions, and apparently rapidly so
modifies the brain cells that they are incapable of
further reception or ideation: an initial increased
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There was no doubt but that while in nitrous oxide
administration the cord, like the brain, grew larger,
in asphyxia it shrank. To test this effect further,
the following crucial experiment was tried. The
animal was subjected to asphyxia, and the cord
was watched unfil it had perceptibly shrunk, when
nitrous oxide was allowed to enter the lungs. If,
as we assumed, nitrous oxide was capable of
dilating the vessels of the cord when acting upon
them 1n a normal condition, it was thought that it
should produce a like eflfect when the cord vessels
were contracted by asphyxia. The experiment
confirmed this supposition, for as soon as the
animal had its lungs well saturated with nitrous
oxide, the cord was seen to expand and the cerebro-
spinal fluid began to escape.

We may now briefly consider the conclusions
these experiments upon the brain and spinal cord
appear to justify. In brain and cord alike, we
meet with dilatation of the vessels, with of course an
increased blood supply to the nerve-centres. Such
a condition would indicate a condition favourable
to the dissociation of nervous energy, but this
would soon be followed by a condition of over-
distension and interference with due regularity of
the cerebral and cerebellar circulation subver-
sive of ideation and the performance of adjusted
muscular action. The interference to the cord
circulation must also interfere with the due con-

—ccheie
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health, and under normal functional conditions, the
superficial and the patellar reflex are present;
certain pathological conditions lessen or exagge-
rate these reflexes, and cause the development of
ankle clonus. I think, however, we may take it
that the presence of ankle clonus points always to
disease or functional derangement of the spinal
cord. Now nitrous oxide produces very marked
derangement of the reflexes. In October, 1883,
Professor Horsley* drew attention to the persist-
ence of the patellar phenomena under profound
angesthesia, and long after the disappearance of
the superficial reflexes. Clonus I have found to
be developed in a number of cases, although it
is not a constant phenomenon of nitrous oxide
narcosis; hence this gas not only abrogates the
function of the brain centres, but also produces
marked disturbance in the cord, while it blunts or
obliterates peripheral sense. What is the exact
nature of this derangement of the cord functions
we cannot, L think, venture at present to offer an
opinion; we can only study it by means of the
phenomena it reveals. These also are various,
differing, it would appear, according to the sta-
bility of the nervous centres of the individual
subjected to observation. Nor is this surprising
when we remember that the effects are very
transitory, and must be largely influenced by

% ¢ Brain,"” vol. vi, p. 360 el seq.
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and associated action, tend to irregular explosive
outbursts. It seems at least probable that under
nitrous oxide not only do we meet with a stage of
preliminary exaltation of function, misdirected in-
deed, and unconstrained by judgment, in the brain
centres, exemplified by the stage of hyperssthesia
spoken of above, but that in the lower cord centres
we recognise a similar initial heightening of actﬁ*ity,
also irregular and disorderly, followed by cessation
of their functionation. Indeed, I venture to think
the same sequence of events happens in the vital
centres, and that this explains much of what follows
in the remarks made upon blood pressure, cardiac,
and respiratory rhythm. But although we may not
as yet go far enough to dogmatise upon what is the
nature of this action upon the cerebro-spinal axis,
yet 1t seems consonant with our facts to regard it
as a sedative, which, while provoking an initial
exaltation of function, eventually plunges the
tissues into a sleep, or state like the long dose of
hibernation. Certain if is in some cases one meets
with a quiet prolongation of nitrous oxide narcosis,
unaccompanied by the wild convulsions of asphyxia,
when the breathing absolutely stops while the
heart still beats on. In this state presumably the
cord centres have gradually yielded, and, the
medulla reached, the respiratory centre has also
peacefully ceased from work, and the patient is
entranced alike in his mental and vegetative
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The animals selected were dogs and cats, but as
the results were practically uniform it is unneces-
sary to particularise the experiments. I must
again admit my great indebtedness to my friends
Professor Victor Horsley, Mr. Bradford, and Pro-
fessor Schiifer, through whose kindness alone the
research was practicable.

The heart’s action does not become much
affected under nitrous oxide, and even in cases
in which that gas is pushed until complete cessa-
tion of respiratory movements occurs, the heart
still continues to beat, its action gradually growing
weaker. In no case have I seen any tumultuous
action of the heart or a sudden cessation, only
the gradual sinking to rest noticed above. The
attempt at narcotising animals and timid persons
produces a temporary acceleration of heart-beat,
but as soon as the intellect becomes under the
influence of the narcotic this acceleration passes
off and the heart-beats become regular and strong
and somewhat slowed. It will be remembered
that these results are in accord with the state-
ments already published by me, and based upon
numerous sphygmographic tracings taken of the
human radial pulse.

The blood pressure under nitrous oxide inhala-
tion has the following peculiarities. For the first
period it shows little change ; but subsequently a
fall of pressure takes place. Upon allowing the
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action is somewhat prolonged. The vessels, at
first almost unaffected, later on undergo a peri-
pheral dilatation leading to a lowering of blood
pressure. This, however, is true only when reser-
vation is made; for, as we shall see later on, the
splanchnic vascular areas are contracted at first.
Upon this last statement I have some additional
evidence to offer. A good-sized frog (Rana
temporaria) was placed beneath a dome-shaped
glass vessel, so arranged that the web of one
foot was outside the vessel and could be exa-
mined under the microscope. The dome was
emptied of air and kept full of nitrous oxide,
and the frog carefully noted while the web was
examined. It was necessary to keep the whole
animal in nitrous oxide as cutaneous respiration is
very active in the frog. At first the circulation in
the web was found to be slowed; at the same time
the minute vessels were seen to dilate, and this
slowing and dilatation both became more marked as
time went on. Changes also appeared to develop
in the corpuscles by which they took on aflattened
compressed appearance. At length the respira-
tions, which had become slower and slower, became
almost extinguished, the capillary circulation in
some areas was almost in a condition of stasis,
whilst throughout the field extreme slowing had
occurred. At this point the frog was allowed
free access to air, and at once the respiration

- g .
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tion as soon as air is cut off. This corresponds
with dilatation of the renal arteries, and is probably
due to increased heart action called into being by
the venosity of the blood. Later on, when the
heart fails, the kidney suddenly contracts, a very
rapid fall in the kidney curve occurring. Thus a
singularly striking contrast in the behaviour of
the kidney reveals itself according as that viscus
is influenced by nitrous oxide or asphyxia. This
effect upon the renal circulation must not be taken
as militating against the statements made above
with regard to the general blood pressure as shown
by the carotid artery and about the circulation 1n
the brain and cord. It is well known that certain
sedatives—morphine, for example—dilate the
vessels in one area while they contract those of
other areas.

Passing to the effects produced by nitrous oxide
upon respiratory rhythm, I will detain you only a
few moments.

The chest movement will, as is well known,
continue without any air entering if a sufficiently
long and small elastic tube be attached to the
tracheal canula, so that one can easily compare
asphyxia with nitrous oxide narcosis. In the last
condition the respirations are at first quickened,
but not lessened in depth; later on they grow
slower and deeper, and still later they become very
slow and somewhat more shallow; finally they
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oxide is collected and re-inspired again and again,
the patient suffers by their use from the double evil
of breathing diluted and impure nitrous oxide, and
farther, is not favourably placed for exhaling the
refuse of the lungs. I should incline to attribute
to this method the cases one occasionally meets
with of severe headache, vertigo, dizziness, and
other untoward symptoms consecutive upon nitrous
oxide inhalation. It is, I believe, a very im-
portant point to induce very free inspirations
of pure nitrous oxide, and to avoid anything like
inducing partial asphyxia, and I think in practice
this gives the best and the most satisfactory results.

The behaviour of the heart under nitrous oxide
should,I take it,encourage us to use this agent freely,
and during its administration to watch rather the
respiration than the pulse; since it would appear
that syncope, if it occurs, occurs secondarily through
the lulling to sleep of the respiratory centres. The
cases in which nitrous oxide has been said to kill
by heart failure are few, and even in these we
are not at all sure that the fatal faint was not
due to fear or shock incurred by a nervous
system already shaken by suffering, and rendered
still more obnoxious to shock by an imperfect
narcosis, When we remember the period of
heightened sensibility which precedes complete
restitution of consciousness, we can easily com-
prehend the terrible jars a debilitated nervous

.|
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of the nitrous oxide will by lessening stimulation
from without, be less inclined to provoke the
attack.

There 1s one further remark I would make, and
that is concerning the late M. Paul Bert’s method
of giving nitrous oxide under pressure. I may
say that my reason for giving only a passing
notice to what must appear to many of you, as
a method, in the last degree important. Fully
admitting the immense value in theory of Bert’s
method, I am bound to confess to myself that it
at present needs far too much machinery and
elaboration for practical work-a-day men like our-
selves. Indeed this view appears to be held even
in Paris, where a Fontaine’s chamber is accessible,
for I hear from a correspondent that no cases
of operation have of late been conducted by this
method.

In conclusion, I have to thank this Society for

its courtesy towards myself. The Odontological
Society has done more than any other body to
elucidate the action of nitrous oxide, and hence
it was but fitting that my research should see the
light in that Society, and this has been permitted
me through the courtesy of two generations of
Secretaries.

CT——



























