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important part in their production. Evidence has, however, been
aeeumulating to show that in airmen repeated exposore to want of
oxygen, as suggested by Flack (1918), is a powerful adjuvant to
nervons excitement. In men suffering from these forms of * flying
sickness* it was conceivable that this °instability ' might
extend to the mechanism gvaming the activity of the suprarenal
glands and that stimuli below the threshold of effectiveness in
the normal individual might cause in them an increased output
of adrenalin.

Hitherto there have been no direct observations upon the effect
of anoxaemia in causing inereased cutput of adrenalin. The work
of Cannon and his co-workers (1916) established the fact that
emotional excitement is one form of stimulus which operates in this
way, though this has been recently denied by Stewart and Rogoff
(1917 b) ; Cannon and Hoskins (1911), Elliot (1912) and Anrep (1912)
showed that asphyxia also causes such an increased output, though
this again has been called in question by Btewart and Rogoff (1917 a)
and by Gley and Quinguaund (1918). Cannon has suggested a relation
between the hyperglycaemia which results from emotional execite-
ment and the increased output of adrenalin which oeeurs af the same
time, and a similar relation has been supposed by some to exist in
the case of asphﬁxia. According to Stewart and Rogoff (1917 b)
no such relationship exists.

In all these investigations into the effect of asphyxia upon adrenalin
output no attempt has been made to graduate the severity of the
asphyxia, and for the most part the negative observations have been
vitiated by the complicating effects of severe operative proeedure
under anaesthesia. It seemed desirable, therefore, to take up this
question again, and, since fhere i3 no known satisfactory method of
determining the presence of adrenalin in the peripheral blood of man,
the observations have been made upon unanaesthetized cats, in which
the preferential dilatation of the pupil, sensitized by previous removal
of the corresponding superior eervieal ganglion, has been used as an
index of the output of adrenalin, This proved to be perfectly satis-
factory as an index of the suprarenal activity in the milder degrees
of anoxaemia and asphyxia, when produced in unanaesthetized
animals.

Given this convenient method of detecting aceceleration of the
ountpat of adrenalin under these conditions, it was now possible to
put to the test the following questions concerning anear:;':tiﬂn of
adrenalin output and the appearance of hyperglycaemia.

(1) Does asphyxia cause an inerease in the ontput of adrenalin ?
The produetion of hyperglycaemia in asphyxia was already
well established.

(2) Given that both these effects ean be demonstrated as a result
of asphyxia, can they be produced by anoxaemia alone ?

(3) If anoxaemia can act in this way, does it do so when of the
kind and degree encountered in high flying ?

It will be seen that all these questions weres answered in the

ositive sense by my experiments. There remained, therefore, for
investigation the nature of the mechanism by which anoxaemia
eaused both these effects, and the further question as to how
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far the hyperglycaemia was a result of the accelerated output
of adrenaln, and how far it was a more direct result of
anoxaemia.

In addition to the experiments which bear direetly on the central
problem above stated, some incidental obzervations were made on
other more general physiological changes in animals exposed to
degrees of anoxaemia, eomparable in duration and seventy with
those to which airmen are subjected,

In flying the ascent and descent are rapid, and the duration of
the anoxaemia go produced does not extond beyond an hour or two.
The adaptation of man to lack of oxygen in mountain climbing has
been deseribed by Haldane (1917), Bareroft (1914), and other workers.
1t occurs somewhat slowly and is not fully developed for several
days. Itis unlikely, therefore, that any of the various accommodating
mechanisms diseussed by them come seriously into operation during
high flights, with the possible exception of increase in the corpuscular
content of the blood, as indicated by the work of Dreyer and Walker
(1918), which the recent work of Bazett and Corbett (1918) seems
to confirm. This change, when it appears m%id]y during a short period
of anoxaemia, must presumably be attributed to loss of plasma
from the vessels.

Recently a great deal of attention has been paid to changes in
the capacity of the plasma for combining with carbon-dioxide in
ghock, gas gangrens, and other conditions, It seemed likely that
the production of fixed acids in anoxaemia (Araki (1891, 1894))
would cause a fall in the alkali reserve. 1 have investigated the
changes in the alkali reserve in anoxaemia in order to discover if
they were of such magnitude as to play any serious part in producing
the recognizable symptoms accompanying want of oxygen. Some
observations have also been made on the volume of the blood in
anoxaemia, with a view to ascertaining whether any alteration, by
loss of plasma or otherwise, occurs in the volume of blood in effeetive
circulation,

2. Mernops.

Atmospheres containing rednced proportions of oxygen were
prepared by the method deseribed by Dreyer (1918), in which air
and nitrogen pass through separate meters at aceurately adjustable
rates, into a mixing chamber from which the mixture is delivered
to the subject of experiment.

As a mixing chamber I used for small animals a glags bell-jar
holding 22 litres, fixed on a board through which the inlet and
outlet pipes passed, the junetion of the bell-jar and the board
being made air-tight with * plasticine’. For larger animals the
Lell-jar was replaced by a glazed stone-ware jar holding 86 litres.
When anoxaemia uncomplicated by anaesthesia was to be produced,
the mixture of air and nitrogen was administered to the animal by
means of a mask. This was formed from a truncated cone of tinplate,
oval in cross section. The inlet and outlet tubes were of half-inch
bore and were soldered info the closed and smaller end of the mask,
A piece of thin sheet rubber was cut into a suitable strip and
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When mixtures were administered to animals over long periods
the small variations in speed of the motor which drove the gas
eompressor caused corresponding small alterations in the rate of
flow of air. Frequent readings of the times of flow through both
meters were taken and,in addition, the initial and final readings of
both meters enabled an average value for the oxygen content of the
mixture to be caleulated.

Mixtures containing excess of carbon dioxide were obiained by
the use of the same apparatus with the substitution of a container
filled with this gas for the nitrogen eylinder.

Aﬂph{’xia was produced by making the animal breathe into the
mask above described, which was connected by one outlet with
a long piece of rubber tubing, the other being snitably closed. In
other experiments the long tube was replaced by a collapsible air-
tight bag econnected with the mask by a short, wide tube. Samples
of air for analysis could be obtained from this at the end of the
period of asphyxia.

Blood samples were obtained in animals under anaesthesia from
the eut end :}? a carotid artery. The animal was bled to the required
amonunt into a centrifuge tube containing a few milligrams of dry
powdered potassium oxalate.

In unanaesthetized animals the method used varied with the
animal under experiment. In goats and ecats samples were removed
by a syringe, the needle of which was pushed into one or other of
the external jugular veins. Rabbits were bled from the marginal
vein of the ear, which was shaved at the margin and warmed to
expedite the flow of blood.

R‘hﬂ method of determining the blood sugar was a modification
of the Lewis-Benedict method deseribed by 8. R. Benedict (1918),
2 c.e. of blood, which is prevented from elotting by the addition of
golid dry potassium oxalate, are measured in a pipette, which is twice
washed out with distilled water—the washings being added to the
blood. The volume is made up to 25 e.e. with pierie-pierate solution.
The mixture i filtered and 8 c.c. of the filirate are taken. To this
1 c.e. of 20 per eent. sodium carbonate solution is added. This is
then placed in a water bath at 100° C. for ten minutes, removed and
cooled under the tap and diluted according to strength to an appro-
priate dilution—12:5 e.c. or 25 e.c. for normal bloods. The mixture
15 then estimated against a picramic acid standard in the Du Boseq
colorimeter—standard being set at 15 mm. The basic standard
recommended by Benediet is a solution of 0-64mg. of glucose dissolved
in 4 e.c. of water to which 4 c.c. of pieric-picrate glueose solution
and 1 e.c. of sodinm earbonate (20 per cent. solution) are added—
heated for ten minutes in boiling water, cooled and diluted to 12:5 e.c.
A solution of picramic acid made up as follows mateches this basie
standard with the eolorimeter set at 15 mm. A stock solution of
pieramic aecid (m.p. 198° C.) eontaining 100 mg. pieramie acid and
200 mg. sodium carbonate per litre is first made, 146 c.e. of this stoek
golution is taken to which 1 e.e. of 20 per eent. sodium carbonate soln-
tionand 15 e.e. pierie-picrafesolution are added, and the whole made up
to 800 c.c. with distilled water. 1t will be noted that T have found it
necessary to modify slightly the standard recommended by Benedicet,
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on normal cats and rabbits. The haemorrhage effect of taking
three or four small bleedings of 2-8 c.c. each was found in control
experiments to cause no appreciable vise in the blood sugar, though
more considerable haemorrhages, as Epstein and Bahr (1914) have
shown, cause a marked hyperglyeaemia.

It will be convenient to deal first with the observations on the
general effects of anoxaemia before proceeding to those eoneerned
with the more specific subject of inquiry in this investigation.

3. GENERAL EFFECTS OF ANOXAEMIA.

It beeame evident early in the research that most of the experi-
mental work would have to be done under eonditions uncomplicated
by anaesthesia. Hill and Flack (1908) investigated the respiratory
response of the dog and cat under light anaesthesia to atmospheres
poor in oxygen but eontaining excess of CO,. They obtained graphic
records of the respiration of animals under experiment. Thongh
it was not possible to obtain sueh records in non-anaesthetized
animals, caused to breathe atmospheres containing diminished
quantities of oxygen by placing them under the bell-jar of
the Drever apparatus, an opportunity was afforded for observation
of the respiration and other effects of anoxaemia of varying degree
and duration. These observations were made in greatest detail
upon the cat.

The respiration rate of a eat, under normal conditions, was some-
what wrregular in rhythm, the rate varying between 25 and 80 per
minute. The inhalation of an atmosphere containing 10-4 per cent.
of oxygen caused an almost immediate inerease in the rate of breathing
to 87 and after ten minutes to 44 per minute. The' depth of the
respiration likewise inereased. The animal breathed with its mouth
open and tongue protruding. After about fifty minutes the
respirations were 30 per minute and much more efficient, so that
the animal appeared to be more comfortable. After eighty minutes’
inhalation of this atmosphere the percentage of oxygen present was
reduced to 8 per eent. The eat responded at once by becoming
restless and exeited. It exhibited an unusual degree of dyspnoea,
for during the first ten minutes after this change of atmosphere the
respirations inereased to the extraordinary rate of 240 per minute,
but were very shallow. The mouth remained open and the animal
salivated freely. After twenty minutes the breathing was much
deeper, the frequency was 64 per minute and the animal appeared
to be much more comfortable. It was now removed from the bell-jar.
The heart-beat was forcible and regular and the respiration rate
quickly subsided to normal, The eyanosis of the mucous membranes,
which had been marked throughout the period of anoxaemia, did
not completely disappear for some minuntes,

Another cat of 2,400 grm, weight was placed under the bell-jar
of the Dreyer apparatus and there subjected for one and three-quarter
hours to an atmosphere eontaining 10-4 per cent. of oxygen. In
this case the respiratory response was not nearly so marked as in
the previously recorded experiment. The normal rate of respiration
wag 24 per minute, and when the inhalation of the mixture poor

A3
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in oxygen ,was started this rvose to 33 per minute. There was,
however, marked inerease in the depth of respiration, and thongh
after a quarter of an hour the rate had fallen to 20 per minute, the
depth had continued to inerease. During this first period of anoxaemia
the cat was comfortable and slept part of the time. The percentage
of oxygen was now reduced to 9-2 per cent. This corresponds to
that obtained at about 22,000 ft., and was maintained for one and
a quarter hours. At the beginning of this period the cat exhibited
some dyspnoea, but towards its end the respiration was about normal
in rate, though excessive in depth. The animal salivated freely
and vomited during this time.

After three hours’ exposure to an atmosphere poor in oxygen,
anaesthesia was commenced with ether by the method deseribed
above, the animal remaining in the bell-jar and the percentage of
oxyvgen in the air being inereased to 10-6 per cent. When the cat
was thoroughly anaesthetized it was removed from the bell-jar
and rapidly tracheotomized, and the administration of anaesthetie,
together with the mixture of air and nitrogen, was continued. The
blood-pressure was recorded and was found to be 160 mm. Hg,
4 height which was steadily maintained for considerably over an
hour. The output of the heart remained good and the heart-beats
were regular during this period.

It was evident that prolonged anoxaemia of this degree did not
produce any notable change in the efficiency of the circulation.

In cats breathing mixtures containing 7 per cent. of oxygen
a characteristic rapid shallow type of breathing with occasional dee
sighing inspirations was frequently observed. 1t is probable that this
phenomenon, like the rapid shallow breathing observed in men after
gas poisoning by Haldane, Meaking, and Priestley (1918), is explained
by a derangement of the normal relation existing between the
Hering-Breuer reflex and the regulation of the breathing by chemi-

eal stimuli. The administration of atmospheres, containing 7 per

cent. of oxygen and over, never eansed, in my experience, any
loss of conseiousness, nor was the animal's sight or hearing
evidently affected.

In eats with unpigmented feet, to which mixtures of air and
nitrogen were administered by means of a mask, the appearance
of the pads afforded nseful evidence of the degree of anoxaemia
produced. When this was severe the pads became cyanosed and
sweated freely.

The respiratory changes observed in the goat were less, and in
the rabbit more marked for corresponding degrees of anoxaemia
than Mose obgerved in the cat.

Despite the fact that determinations of the percentage of oxygen
saturation of the arterial blood afford the only absolute index of
the degree of anoxaemia produced in an animal, I have not com-
plicated the interpretation of the results of experiinents on small
animals by taking additional blood samples for this purpose. Observa-
tions of the condition of the pads and mueous membranes have been
nsed as evidenee of the fact that anoxaemia was being produced.
A few observations have been made on the percentage oxygen
saturation of the venous blood in the goat, in which animal blood

e i
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sumples of considerable size could be removed without affecting the
haemoglobin value, The observations were made by the method
deseribed by van Slyke (1918). The normal content of oxygen in
saturated blood for a goat of 15 kilos was 11 volumes per cent. The
venous blood normally econtained T-4 volumes, and after inhalation
for fifty-five minutes of a mixture containing 85 per cent, of
oxygen, 3-8 volumes per eent. The percentage oxygen saturation
of the venous blood had fallen from 67-3 per cent. to 345 per cent.
Un another oeeasion the percentage oxygen saturation of the venous
blood of the same animal was 62 per eent. before exposure for an
hour and a half to an atmosphere containing 9 per cent. of oxygen,
and fell to 31-4 per cent. at the end of this period.

4. Errecrs o THE ALEALI RESERVE oF THE PrasMa AND
0N THE VOLUME oF THE Broop ¥y ErrectivE CIRCULATION.

Reference has already been made to the recent work on the alkali
reserve in shoek, gas gangrene, and allied eonditions. Observations
have been made on the cat and goat in which severe anoxaemia was
produced. A few experiments sufficed to show that the diminution
of the capacity of the plasma for combining with ecarbon dioxide
was a small and generally evanescent effect, which could not be
vegarded as playing any serious part in the production of the
svimptoms following anoxaemia of the degree here in question. The
estimations were carried out by the method of van Slyke (1917) on
blood obtained from the jugular vein of the animal, To avoid loss
of CO, before separation of the corpuseles, the blood was transferred,
as indicated by van Slyke, directly to eentrifuge tubes eontaining
a little dry powdered oxalate covered by a layer of liquid paraffin,
and immediately centrifuged. 2

The experiments were uncomplicated by anaesthesia, and in the
cat the effect of haemorrhage (vide Milroy (1917)) on the values
obtained was eliminated by a suitable control.

A goat weighing 15 kilos inhaled by means of a mask an atmosphere
containing 11-4 per eent. O, for twenty-five minutes and for the
ensuing fitty-five minutes one of 8:5 per eent. The blood samples were
of 12 c.c. each. There was no change in the haemoglobin percentage,
which was 58 per cent. throughout. The degree of anoxaemia
produced 18 shown by the percentage oxvgen saturation of the
venous blood which fell from 673 per cent. to 845 per cent. Before
anoxaenta the alkali reserve was 63-9 per cent., immediately after
it was 62-0 per cent. and one hour later it was 57-8 per cent.

A cat of 2,300 grm. which, while in the bell-jar, inhaled for one
hour and forty minutes an atmosphere containing 7 per cent. of
oxygen gave the following results ;

G0 0y
cambining
Firme. Hh, o, capaetly.
1020 . c . u 2 i Th 340
10, £0-12.30, cat under the bell-jar,
12.25 p.m. i F - : : T2 330
230 p.m. = ‘ g X i B2 20:0
330 pom. T4 -0

Another eat of 3,500 grm. was bled at the following time intervals
Ad
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In these animals it appears that any small changes in the volume
of the cireulating blood which may oecur as a result of anoxaemia
are not deteetable with any eertainty by this method. There is not,
however, any evidenee of dupnution in volume of the plasma but
rather the contrary.

The injection of vital ved into a goat of 15 kilos weight was
followed by toxic symptoms, and whereas, in the same animal,
anoxaemia uncomplicated by sueh an injection caused no change in
the haemoglobin value (vide supra), the inhalation of 9 per cent.
oxygen for one and a half hours produced on this oceasion an increase
in the corpuscular content of the blood accompanied by a eorre-
sponding increase in the haemoglobin value, as determined both
eolorimetrically and by ealenlation from the oxygen-earrying capacity
of the blood.

The estimation of the volume of the plasma showed, not a fall in
correspondence with this rise in corpusenlar content, but an apparent
large nerease. It is evident, therefore, that in this animal the vital
redd injeeted does not remain in the eiveulating plasma for any
appreciable time, and that the resalts obtained for the volume of the
plagma are not to be relied upon.

In one experiment on a dog, although no toxie symptoms were
noted, the results obtained for the volume of the plasma showed
a large increase as a result of inhalation of an atmosphere containing
K per cent. oxygen for one hour. At the same time the corpuseunlar
content of the blood was diminished, as shown by a fall in the
haemoglobin percentage and directly by haematoerit, though not
sufficiently to be in accord with the plasma volume determinations.

It is to be noted that any influence which makes the vital red
leave the cireulation at more than the normally very slow rate will
inerease the apparent volume of the plasma. The apparent increase
shown in some eages, without a eorresponding fall in the proportion
of corpuseles, is probably fallacious,

5. Tug Errecr or AxoxaeMmia ox tHE OUTrrr oF ADRENALIN
AND oN THE DBroop Sucan.

A. The Paradoxical Pupil Reaction.

In eats in which one pupil has been partially denervated by the
removal some dayz before of the corresponding superior cervical
canglion, this sensitized pupil is normally, under eonditions of bright
tlumination, slightly smaller than its fellow. The nictitating
membrane is partially prolapsed and the palpebral fissure narrowed
on the denervated side,

When the animal iz asphyxiated by one of the methods deseribed
above, the following changes constantly occar. As soon as the
mask is removed both pupils are found to be widely dilated. Half
a minute later, the pupils being illuminated meanwhile, either by
daylight or by means of an electrie filament lamp, symmetrieally
laced at a fixed distanee from the animal’s eyes, the normal puapil
1= contracted down to a shit while the denervated one remains dilated
for a variable period. At the end of the asphyxia the nictitating
membrane on the denervated side i retracted and the palpebral
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tive confirmation as the work proceeded and the points of evidence
can most conveniently be noted in econnexion with the experiments
in which they arose.

Special attention was paid to the extent of the reaction. This
may be gauged by (1) the size and shape of the dilated sensitized
pupil relative to its fellow of the opposite side and (2) the time taken
by the sensitized pupil to attain equality to its fellow. Half a minute
after this equality has been attained the denervated pupil was
invariably found to have become onee more smaller than the normal
one. If the effect produced is a maximal one the denervated pupil
is cireular in outline and only the narrowest margin of iris is visible
at its circumference. In less marked reactions angulation is evident
in the outline of the pupil at each extremity of its vertical diameter,
The time during which the preferential dilatation persists, that is
to say the time elapsing between the cessation of the asphyxia and
the attainment of equality by the two pupils, v aries from ten minutes
to less than one minute, aceording to the severity of the asphyxia
and the sensitiveness of the reaction in the particular cat under

experiment,

B. The Part played by Want of Oxygen and by Excess of €O, in
producing Acceleration of the Output of Adrenalin and Hyper-
glyeaemin in Asphyzia.

The following experiments upon eats in which the right superior
cervieal ganglion had been previously removed?! were made to decide
the question of aceelerated output of adrenalin.  The full experi-
mental details of these and other experiments will be given in

another paper.

Cat 1.

1.11. 18, Removal of the right superior cervieal ganglion under
ether anaesthesia with aseptic precautions.!

2.12.18. (‘at tied ont on the table. No anaesthetic administered.
The effects on the pupils of asphyxia, anoxaemia, and
excess of (0, respectively were observed. Mixtures
eontaining known pereentages of (0O, and of oxygen
were passed through a mask whieh was applied to
the animal’s face.

a.m.

11.82-11.87. Animal inhaling atmospherie air eirculating throngh
the mask.

11.97. No preferential dilatation observed,

11.53-11.58. Animal inhaling a mixture of air and nitrogen con-
taining 7 per cent. 0,.
11.58. Maximal preferential dilatation of the sensitized pupil
which persisted for seven minutes,
1.
9.88-2,54.  Animal inhaling atmospherie air containing 7-4 per
cent. of CO,.

' All the operative procedures after which the animal was allowed to recover were
kindly performed for me by Dr. H. H, Dale, F.R.8.
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oceurs in asphyxia is due entirely to the diminution of oxygen and
not to excess of C0O, in the air breathed, and that its duration and
extent depends \-‘EI_‘E"alE-rgﬁ]j" upon the degree of anoxaemia produced.
More recent observations have shown that the inhalation of mixtures
containing percentages of CO, of the order of 15 per cent. regularly
cause small paradoxical reactions.

The following experiments upon goats and cats were made to
investigate the hyperglyeaemia of asphyxia.

A goat weighing 15 kilos whose initial blood sugar was 0-101 per eent.

was asphyxiated for three minutes by breathing into a mask to which
a bag was attached. A sample of the air from the bag at the end of
three minutes contained 7-8 per cent. of CO, and 12-3 per cent. of
oxvgen. The blood sugar rose to 0-136 per cent. On another oceasion
the administration of an atmosphere containing 8:5 per cent. of CO,
for half an hounr eaused a slight fall in the blood sugar from 0-100 per
cent. to 0-097 per cent, The inhalation of a mixture containing 7-3
per cent. of CO, caused a further fall to 0-091 per cent. -
- A cat weighing 2,300 grm. whose initial blood sugar was 0-130 per
cent. inhaled from a mask a mixture containing 7 per cent. of CO,.
After twelve minutes its blood sugar was 0-120 per cent. and half an
hour later it was 0-125. On the same day some hours afterwards,
seven minutes’ asphyxia produced by re-breathing through a long
tube attached to the mask caused a rise of blood sugar from 0-120 to
0-306 per cent,

Some later observations upon eats on the effect of excess of CO,
yielded results which were difficult of interpretation, because of the
large rise of blood sugar which oceurred from emotional eauses. One
ﬁmf‘? animal which gave initial sugar values of 0-128 and 0-130 per
cent., when samples were taken immediately after tying out upon the
table, gave an initial blood sugar of 0-193 per cent. when tied out for
seven minutes before taking the sample. When tied out for a similar
period, during five minutes of which an atmosphere containing 15 per
cent. CO, and 17 per eent. oxygen was inhaled, the blood sugar rose
from 0-130 to 0-222 per cent. l%nw during a similar period of inhala-
tion of the same mixture there was a fall in the oxygen content of
the venous blood, which in itself wag sufficient to account for the
excess of rise over and above that which ocenrred as a result of
emotional excitement.

In another ecat, whose blood sugar was not so sensitive an index
emotional excitement, a small rise of blood sugar was obtained with
the inhalation of an atmosphere containing 5 per cent. CO,, thongh
no rise was noted as a resuII:. of the inhalation of air by the mask for
the same period. The inhalation of a mixture eontaining 15 per cent.
C0,, but with the oxygen content reduced to 17 per cent., showed
a rise in the blood sugar from 0-119 to 0-197 per cent.

In still another cat, which had had the right superior cervieal
ganglion excised aseptically under ether some days before, and in
which the blood sugar was very sensitive to emotional disturbance,
the inhalation of 5 per cent. CO, for five minutes gave a rise from
0-206 to 0-240 per eent. in the blood sugar. The inhalation of
atmospheric air for the same period gave a rise which was quite
eomparable with this, i. e. from 0-176 to 0-206 per cent, In neither

A
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case was there any paradoxical dilatation of the pupil. When,
however, an atmosphere containing 15 per cent. of CO, and
17 per cent. of oxygen was inhaled for the same period, the ’h]t:n:-d
sugar rose from 0-240 to 0-349 per cent. and there was at the same
time a small but definite paradoxical reaction lasting for one minute.

The inhalation of a mixture containing 17 per cent. of oxygen
without execess of CO, gave no pupil reaction, but caused a rise in
the blood sugar from 0-154 to 0-209 per cent.

Of the three possible factors, emotional disturbance, anoxaemia,
and excess of CO,, which might be regarded as playing some part
in the production of these effects of asphyxia, there can be no doubt
about the réle of the first two. Mathison (1910-11) has demonstrated
the effectiveness of high percentages of CO, in stimulating the bulbo-
Hﬁiﬂ.:ﬂ. centres, and from the observation recorded above 1t is evident
that percentages of CO, of the order of 15 per cent. can cause accelera-
tion of the output of adrenalin and hyperglyeaemia. The part played
by exeess of CO, in asphyxia requires further investigation,

For the Fr&aant purpose it is sufficient to know that anoxaemia
ean by itself cause both these effects of asphyxia.

C. Does Anoraemia of the Degree and Duration met with in
Flying at High Altitudes suffice to produce these Effects?

The evidence submitted later in connexion with the mechanism
of production of these effects eanmot be addueced in answer to this
question, because for this latter purpose it was found convenient
to make the experimental animals inhale atmospheres deficient in
oxygen to varying extent for very brief periods, e.g. five to six
minutes, and the change from normal air to such atmospheres was
sudden and not at all comparable to the more gradual diminution
of oxygen tension during the ascent to a height. It was not to be
expected that such definite pupil reactions would be obtained with
gradual as with sudden development of anoxaemia.

Some experiments with Cat 5, before its splanchnic nerves were
divided, in which the animal was rendered anoxaemic by being placed
under the bell-jar of the Dreyer apparatus, pointed to this conclusion.
Inhalation. of 18-8 per cent. oxygen for five minutes by means of
the mask gave in this cat a definite preferential pupil reaction.
When the animal inhaled 9 per cent. oxygen under the bell-jar and
some three or four minutes were taken in reducing the oxy
content of the air breathed to this level, though the nictitating
membrane was retracted no definite pupil reaction was obtained.
When the oxygen present in the mixture was further reduced to
T per cent. a definite pupil reaction was obtained after five minutes.

his sort of result suggested that the emotional disturbance pro-
duced by tying the animal out on the table and administering mixtures
deficient in oxygen by means of a mask had a distinetly adjuvant
effect on the acceleration of the output of adrenalin by anoxaemia,

No difficulty was experienced in showing that anoxaemia of the
degree associated with high flying issufficient to cause hyperglycaemia,
though brief, suddenly produced anoxaemia is mueh more potent
in eansing rise of blood sugar than prolonged anoxaemia with more
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gradual onset. A partial explanation is to be found in this case in
the fact that time is allowed for the exeretion of sugar in the urine.

There is nothing new in the production of glyeosuria by anoxaemia.
Araki (1891) produced glycosuria in animals rendered anoxaemic to
unknown degrees, and showed that at the end of such experiments
their blood contained excess of sugar.

I have made experiments on rabbits, eats, and goats, which for this
purpose were not anaesthetized. A rabbit weighing 2,800 grm.
with an initial blood sugar of 0-189 per cent. was placed under the
bell-jar of the Dreyer apparatus. The bell-jar was ventilated with
atmospherie air for half an hour and at the end of this time the
blood sugar had risen to 0-197 per cent. The inhalation of an atmo-
sEhare containing 8 per cent. of oxygen for an hour caused a rise in
the blood sugar to 0-272 per cent. A control animal bled at corre-
sponding time intervals gave successive blood sugar readings of
0-176, 0-176, 0-167, and 0-166 per cent. Sueccessive haemorrhages of
2% c.c.in this animal did not cause any rise in the blood sugar. The
additional emotional disturbance caused in the experimental animal
by placing it under the bell-jar caused a small rise from 0-189 to 0-197

er cent.

- A ecat of 2,800 grm. weight, with a normal blood sugar of 0-131
per eent., was placed under the bell-jar through which atmospherie
air was cireulating. After thirty-five minutes its blood sugar was
found to be unchanged. The percentage of oxygen in the atmosphere |
breathed by the animal was then lowered to 7-8 per cent. and the
cat remained under the bell-jar for over two hours at the end of
which time its blood sugar was 0-156 per cent. Forty-five minutes
later it had risen still further to 0-175 per cent., and two hours after
the period of anoxaemia it was 0-123 per cent.

A goat of 14 kilos with an initial blood sugar of 0-077 per cent.
inhaled by means of a mask a mixture containing 11-4 per cent. of
oxygen. After twenty-five minutes the percentage of oxygen was
further diminished to 5-5 per cent. After the inhalation of this
atmosphere for rather less than an hour the blood sugar was 0-098
per cent. and an hour later, during which time the animal breathed
normal air, its blood sugar had onee more returned to 0-078 per cent.

There can be no doubt from the experimental evidence submitted
that anoxaemia of the degree met with in high flying is eapable of
cansing hyperglyeaemia, and while the aceelerated output of adrenalin
under the same cireumstances is more difficult to demonstrate its
oceurrence may reasonably be inferred.

D. The Nature of the Mechanism by which Anoraemia causes
Accelerated Output of Adrenalin and Incregse in the Blood Sugar.

In order to investigate the manner in which anoxaemia produced
these effects, experiments were made upon eats in which the right
superior eervieal ganglion had been removed some days previously.
Two separate kinds of experiment were made. In one, such cats
were anaesthetized with volatile anaesthetic and subsequently with
urethane. Pure nitrogen was administered for short periods by
means of a tracheal cannula provided with inlet and outlet valves

Ab
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before and after removal of the suprarenal glands, or with and
without oeclusion of the aorta above the origin of the vessels supplying
these organs. Finally, the animals were killed and observations
were made on the isolated iris preparations in oxygenated Ringer's
golution, by the method devised by Dale and Laidlaw (1912).

In the other type of experiment the blood-sugar change and pupil
reactions were studied in cats with sensitized pupils which were not
under anaesthesia when the observations were made. Various
mixtares of air and nitrogen were administered by means of a mask
for short periods (five minutes) and the maximal oxygen content
of the mixture neeessary to produce (1) rise in blood sugar, and (2)
preferential dilatation of the denervated pupil was determined.

i} In the intact animal.

(i) In the animal in which all the splanchnic fibres had been
divided proximal to the semilunar ganglion some days
hei::rri?, and time allowed for the cat to get back to its normal
weight.

(iii) In t-hag animal with the splanchnies divided and the adrenal
glands removed. Time was allowed for the effect of the
anaesthetic to pass off, but the observations were made
before definite symptoms due to removal of the supra-
renals had oeeurred.

(iv) In other cats with the splanchnic fibres intact but with the
adrenals removed. Here again the observations were made
before the symptoms due to decapsulation had appeared.

In this report I propose to state only the general results of these
experiments, The full protocols will be published later.

(a) Ezperiments under wrethane anaesthesia and observations on the
iris preparations in vitro. In these experiments the administration
of a volatile anaesthetic caused a preferential dilatation of the
denervated pupil which was not, however, very marked under
urethane, but which in some animals made it diffieult to say when
a paradox due to anoxaemia had passed off.

fore removal of the suprarenal glands the administration of
pure nitrogen for one and a half minutes caused dilatation of both
pupils. As soon as the inhalation of nitrogen was stopped the normal
Sppil contracted down rapidly, while the denervated one remained
ilated for some minutes. This reaction was often almost maximal.
After the suprarenal glands had been removed a similar administra-
tion of nitrogen gave quite a different pupil reaction. Though both
pupils dilated somewhat while the nitrogen was being inhaled—the
normal one now rather more than the sensitized one—as soon as air
was onee more passing through the eannula they contracted down
quickly. The preferential dilatation of the denervated pupil was no
longer present in response to this degree of anoxaemia when the
suprarenal glands been removed.

Similar results were obtained by oceluding the aorta above the
level at which the arterial supply to the suprarenal was given off.
Anoxaemia during such ocelusion did not give rise to any paradoxical
pupil reaction or only to a very trivial effect, but a marked preferential
reaction appeared when the vessel was released.
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In order to analyse the changes in the pupils which resulted from
anoxaemia in the urethanized animal use was made of isolated ins
preparations. It was important to know what the direct effect of
urethane was upon the normal and upon the denervated iris, and
whether the paradox which oecurred under urethane anaesthesia
was due to the direct action of the drug on the denervated dilator
of the iris, or was produced indirectly by stimulating snprarenal
activity. The effect of anoxaemia upon the isolated preparations
was also of interest because of its bearing upon the * residual paradox ’
which sometimes oecurred in severe anoxaemia after the adrenals
had been removed. These preparations were made from the excised
eyveballs by cutting away the selerotic just behind the cornea-sclerotic
junction. The cornea was likewise eut away and the lens removed.
Any tags of lens capsule or suspensory ligament were carefully
elipped off with scissors and the iris was left supported by a stout
ring of cornea-sclerotic junction tissue. The preparations were
placed in a beaker containing 250 c.c. of Ringer's solution at a tem-
perature of 36-37° C. which rested on a white tile in a constant
temperature bath.

In such preparations the pupils'rapidly contracted down till they
were equal slits when oxygen was bubbled through the Ringer. The
addition of adrenalin to the oxygenated Ringer so as to make a
1 in 2,500,000 solution ecansed a well-marked preferential effect in
such a pair of isolated irises. The normal iris remained contracted
while the denervated onedilated up to about half the size of a maximal
dilatation in the living animal. Adrenalin in the strength of 1 in
25,000,000 did not give any result.

When the Ringer was changed the dilatation of the denervated
pupil gradually passed off and the pupils were once more equal and
contracted. The addition of 1 grain of urethane dissolved in 10 e.c.
of saline 8o as to make a 1 in 260 solution with the fresh oxygen at
Ringer also caused a preferential effect, the normal pupil remaining
contracted while the denervated one dilated, not, however, to snch
an extent as it did with adrenalin of the strength mentioned above.
When the Ringer was once again changed this inequality of the
pupilg gradually disappeared.

When nitrogen was bubbled through the Ringer in place of
oxygen a gradual and equal dilatation of both pupils oceurred.
This dilatation was not a very large effeet and never exeeeded about
one-fourth of the full dilatation of the pupil as observed in the living
animal. The replacement of the nitrogen by oxygen caused the pupils
to contract down to slits onee more. There was no trace of any direct
preferential action of anoxaemia upon the denervated dilator.

The effect of urethane and of adrenalin was also tested when
nitrogen instead of oxygen was bubbled through the Ringer. Tt
was found that the preferential effects still ocenrred though now
the normal pupil was somewhat dilated and the denervated one
more so than during the application of a similar dosage to the pre-
parations when the Ringer was oxygenated.

(b) Experimenis on unanaestheltized cats in which the right pupil had
been previously sensitized by removal of the corresponding superior
cervical ganghon.
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(i) Results in the eat with intact splanchnics and suprarenals,
It was occasionally found that when the animal was excited
and when it struggled a good deal while being tied down for the
experiment there was a preferential dilatation of the denervated

upil. A similar result was sometimes obtained when air was
inhaled through the mask for five minutes. BSuch effects were by
no means invariable and varied in different cats and even in the
same cat at different times, For instance, when several obsgervations
were made on a cat in the course of a day, it became more excitable
and more easily gave the reaction. These effects however were,
when present, small in extent and short in duration compared with
the reactions resulting from anoxaemia.

There was some variation in the sensitiveness of different animals
to anoxaemia. Generally speaking, percentages of oxygen as hi
as 18 and 14 per cent. administered for five minutes gave defini
recognizable preferential reactions and the reaction obtained became
more marked as the mixtures breathed contained less oxygen.
Mixtures containing 5 per cent. oxygen breathed for five minutes
usually produced maximal preferential dilatation of the denervated
pupil and the effect lasted several minutes.

e increase in the blood sugar was found to be much more easily
influenced by excitement. Mere application of the mask ventilated
with pure air wag found to cause a small rise in the blood sugar and
mixtures containing more oxygen than those necessary to give pupil
reactions gave a well marked increase in the blood sugar.

It was conceivable that changes in the blood sugar were a more
sensitive index of accelerated output of adrenalin than was the
paradoxical reaction. It was found that 0-1 c.e. of 1 in 200,000
adrenalin injected into the ear vein gave a well marked rise in the
blood sugar without giving any pupillary paradox. It was also
possible that excitement and anoxaemia alike stimulated the central
nervous system and through sympathetic stimulation caused in-
creased mobilization of sugar by the liver. There was, however, no
evidence in the experiments under discussion as to which of these
explanations should be invoked to explain the greater sensitiveness
of the blood-sugar changes to anoxaemia and to emotional excitement.
It did not appear to be possible to differentiate these two effects.
That the second suggested explanation is partly responsible is
indicated by the behaviour of animals in which the adrenals have
been removed leaving the splanchnics intact. At all events in the
normal animal the inhalation of mixtures containing, say, 10 per cent.
of nx:ggen, which caused only a moderate pupil reaction, frequently
doubled the pereentage of sugar in cireulation, :

(ii) Results in the eat with the splanchnics divided proxzimal to the
semilunar ganglion but with the adrenals intact. The splanchnies
were divided in these cats through two flank ineisions under
ether anaesthesia with full aseptic precautions by Dr. H. H. Dale.
After some days, during which the only noticeable symptom which
followed the operation was diarrhoea, when the cat had regained
its normal weight and its operation wounds were soundly healed,

observations were made as in the normal animal before division
of the splanchnies,
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Qeetion of the splanchnies was found to abolish completely the
effects of amﬂhinnaraxnit&ment both on the blood sugar and on the
output of adrenalin. Further, the * threshold value ' of anoxaemia
required to cause these effects was now more severe than in the
intact animal.

Tn one cat it was found that only atmospheres econtaining per-
centages of oxygen sufficiently small to cause a definite pupil reaction
now gave rise to increase in the blood sugar. For instance, before
and after the inhalation of an atmosphere containing 10 per cent.
of oxygen, the blood sugar was 0-108 per cent, and the inhalation
cansed no paradoxical dilatation of the pupil. An atmosphers
eontaining 9 per cent. oxygen on the other hand, which gave a definite
preferential pupil reaction when inhaled for the same time, also
caused a rise of the blood sugar from 0-108 to 0-182 per cent. Repeated
observations on this cat showed that for the production of both the
accelerated output of adrenalin and hyperglycaemia the ‘ threshold
value ' was the same, about 9 per cent. This somewhat unexpected
result, in view of the fact that amounts of adrenalin too small to
canse a pupil reaction are efficient in producing a rise in the blood
gngar, was not an invariable phenomenon after section of the splanch-
nics. In another cat the * threshold value’ for the production of
hyperglycaemia was, as might be expected, a somewhat less severe
grade anoxaemia than that required to produce a pupillary paradox,
but a verv much more severe degree of anoxaemia wag required to
produce both these results than in the same animal before the
splanchnies were divided.

So definite is the picture presented by the animal with its splanch-
nies divided that in two cats in which the operation of division of
these nerves was attempted it was possible to decide that some of the
gplanchnics had not been divided at operation. In one case this
was confirmed at autopsy and in the other a second operation was
suceessfully carried out for the division of the remaining intact fibres,

i) Results in the cat with the splanchnic nerves divided and the
adrenal glands removed. The adrenals were removed under full
ether anaesthesia with aseptic precautions by Dr. H. H. Dale.
(ireat care was taken in these operations to secure absolute haemo-
- stasis. The cats nsually lapped milk within a couple of hours of

the end of the operation, ang five hours after this time, when they
had completely recovered from the anaesthetie, they were practically
indistinguishable from normal animals. They walked about the
laboratory of their own volition and sprang down from benches and
tables when placed there,

The effect of the removal of the adrenals in animals whose splanch-
nies had already been divided was to make them still more insensitive
to anoxaemia as far as its effect on the ontput of adrenalin and the
blood sugar were concerned. For instance, in the cat referred to in
the previons section, in which a certain parallelism had existed after
the section of the splanchnies between accelerated output of adrenalin
and hyperglycaemia, this parallelism appeared to persist after removal
of the suprarenals. Before this latter operation the inhalation of
an atmosphere containing 9 per cent. of oxyeren produced both these
effects, whereas after the removal of the glands the administration
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5 per cent. oxygen for five minutes gave a small residual paradox
which lasted for over five minutes to equality. It was eight minutes
before the normal pupil relations were again established. One hour
afterwards the inhuﬂutit}n of pure nitrogen for one and a half minutes,
at the end of which time the respiration failed, was ineffective in
producing even the smallest paradox. BSuch a weak and prolonged
adrenalin effect is very suggestive of the stimulation of extra-adrenal
chromaffin tissue by severe anoxaemia, and the fact that the source
of adrenalin or adrenalin-like substance is easily exhausted is also
in favour of this hypothesis.

It is evident from the blood sugar results, obtained from these
eats with intact splanchnies but with the suprarenals removed, that
in the intact animal hyperelyeaemia due to emotion or to anoxaemia
is largely an effect of the stimulation of the central nervous system
and the consequent passage of impulses through the splanchnies to
the liver as well as to the suprarenals.

(v) Conclusions drawn from the results of the experimenis above
deseribed. It is apparent that anoxaemia produces a rise in the blood
sugar and at the same time accelerates the output of adrenalin, In
the normal animal the mere excitement incidental to the observations
is sufficient to produee both these effects in some degree. It cannot
be doubted, therefore, that this excitement is a contributory factor
to the larger effects in this direetion produced by mild degrees of
anoxaemia in the normal animal. In such an anmimal the whole of
the effect produced by these degrees of anoxaemia appears to be due
to stimulation of the central nervous system whether by anoxaemia
or otherwise, This stimulus gives rise to the passage of nervous
impulses along the splanchnies which eause a mobilization of sugar
in two ways—directly by action on the liver cells of impulses reaching
them through the splanchnic innervation of that organ, and indirectly
by accelerating the output of adrenalin, which in turn acts on the
liver. It seenfs, then, that the glyeogenic function of the liver is
under a twofold eontrol, and in this respect the liver resembles
other organs supplied by the sympathetic,

In the more severe anoxaemia which eorresponds to the threshold
value of stimulus in the cat with the splanchnics divided, a further
factor in the effect of such degrees of anoxacmia on the intaet animal
is isolated. The direet action of want of oxygen of this degree on the
suprarenal, apart from any stimulation of the central nervous system,
eauses inereased output of adrenalin with its consequent effect on
the blood sugar. When the anoxaemia ig still more severe there
appears to be a direct action of want of oxygen on the liver eells
themselves eausing inereased mobilization of sugar.

There remains for consideration the residual paradoxieal pupil
reaction which occurs in some animals in extreme asphyxia or
anoxaemia, even when the adrenals are removed.

Several possible explanations suggest themselves,

1. That the removal of the superior cervical ganglion makes the

ator of the iris unduly sensitive to severe degrees of
anoxaemia. This suggestion is negatived by the experi-
ments referred to above on the isolated iris preparation.

9. That the accessory chromaffin tissue may conceivably yield

AT
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PrErIMINARY.

Ox February 26, 1918, I received a request from the Director
General A.M.S. to give up my civil duties and proceed to France
‘ to investigate certain questions connected with the special disorders
of flving '. . . . Aeccordingly I rejoined the B.E.F. for about four
months., While in France 1 examined upwards of 300 flying officers,
more than half of whom were affected by one or more of the following
ecomplaints : deafness, discharge from the ear, rhinitis, pharyngitis,
tonsillitis, eustachian obstruction, cerumen, tinnitus, vomiting,
vertigo.

The other 150 include officers who were examined whilst on duty
with their respective Air Force Unitz in the field. They comprise
normal individuals, those who complained of headache after flying,
faintness in the air, and others who had been coneussed by a erash,
&e. They include pilots who were making bad landings without
erashing, as well as flight commanders and leaders who possessed
exceptional flying and fighting ability : a number of these volunteered
to serve as controls in comparing the results of rotation and other
special labyrinth tests. Some flying observation officers, who were
applying to be trained as pilots, were also tested.

All officers admitted to hospital were systematically examined by
the medical officers attached to the Air Foree before being sent fo me.
The majority were seen in co-operation with Lieut.-Colonel James L.
Birley, thelate Captain (and afterwards Lieut.-Colonel) C. Dudley H.
Corbett, Captain H. C. Bazett, M.C., or Captain James Wyatt.
When an ophthalmological examination was necessary, it was
undertaken by Captain Foster Moore, Captain H. P, Gibb, or Captain
Juler, the nphthaimiu medical officers in the Administrative Area.
The majority of those seen in the field were examined in conjunction
with Captain Porteous, medical officer to the 11th Wing.

A routine examination was made of the ears, nose, and throat,
including the eustachian tubes, Beventy-five officers were submitted
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would be an excess of gradually increasing pressure on the outer
surface of the tympanic membranes, over the pressure within the
tympanie cavity which would attain a pressure equal to 860 milli-
metres of mereury, on refurning to sea-level.

Some aviators who had not learned how to prevent discomfort
and misery on returning from high patrols have actually given up
flving, and others, similarly affected, have contemplated doing so.
After being taught the effect of auto-inflation when starting to dive,
and repeating the self-inflation frequently during the descent, many
added a new lease to their flying career. :

When, for the purpose of this investigation, I was making a descent
from between 19,000 and 20,000 ft., I became aware of the increasing
atmospherie pressure on my ear drums at about 16,000 ft. The
relief from self-inflation at this height lasted down to about 13,000 ft.
when self-inflation again removed all trace of discomfort. While
descending below 10,000 ft., the increasing pressure on the ear-drums
became noticeable more and more quickly, for swallowing did not
suffice to open the eustachian tubes rapidly enough to prevent this.
By repeating the inflation at every 1,500 ft. descent, and then every
1,000 ft,, even the slightest discomfort and traces of deafness dis-
appeared, and after self-inflating again while a few hundred feet
up, I was able to land free from any abnormal sensations in
the ears.

In an unbroken ascent we meet with anditory symptoms only
occasionally. An officer with eustachian obstruetion was more
comfortable at between 4,000 and 5,000 ft. than near sea-level, but
became affected at 11,000 ft.;* another with bilateral obstruction
complained of ear distress at 11,000 ft. On attaining 11,000 ft. in
a flight which had then taken nearly a quarter of an hour, I became
suddenly and unexpectedly conscious of a desive to ‘clear’ my
ears: the sensation resembled that experienced during the earlier
stages of a descent though swallowing did not give the expected
relief, 1 realized the sensation must be due to the tympanum being
relatively too full of air owing to the expansion of the air within the
middle ear, which corresponded to the falling atmospheric pressure
in the external ear. My enstachian tubes did not open when swallow-
ing to relieve this sensation, but a very carefully graduated self-
inflation, just sufficient to open the tubes, caused the feeling of
fullness in the ears instantly to cease, nor did it recur during flight,
even when climbing nearly 9,000 ft. higher still.

Funetion of Eustachian Tubes while Flying.

Normally, the eustachian tubes open once only during each act
of swallowing : any difference in atmospheric pressure within and
without the tympanie eavity is thus equalized. Even when the
tubes act normally it is necessary to swallow repeatedly and fre-
quently to keep pace with the continuous and often rapid changes
of pressure which take place during descents. When flying at great
height for long, and especially if engaged in the exertions of aerial

' This ease T described in detail in the Proceedings of the Royal Society of Medicine,
vol. xiI, Otol, Section, p. 21








































































