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Several years ago,rwhen I held the position of Senlor Anaesthetist
in Glasgow Royal Infirmary, I was seriously impressed with the fatalities
and dangerous conditions arising during general anaesthesia, These
were more commonly met with during chlorofomm anaesthesia, and did not
by any means occur only after, or mostly after long anaestheslas; they
occurred as often during the induction period. There seemed to he a
capriclous element about chloroform which could not be accounted for,

In some cases, the collapse came with surprise to the adminlstrator and
without warning. Trouble showed itself sometimeg_with the strongest
men. In these latter cases, the cause may have been struggling during
induction, exhausting the heart in a purely physical way; or the
patientt!s dread of the ordeal may have been the cause. Ether was

not so often accompanied by dangerous manifestations during the
anaesthesia; but sometimes the patient took bronchitis or pneumonia
thereafter.

Concluding, that in the main,dangers from chloroform were due
to overdose, and those from ether were post-snaesthetic, I endeavoured to
‘eliminate both dangers by using chloroform with a dosimetric machine, =
that of Vernon Harcourt being selected. In this way, one could tell to
a decimal at any moment the exaect strength of the vapour of chloroform
in the atmosphere breathed, and keep it at the same strength. This,
however, was not always successful, although most useful in long
abdominal operations, especially when a precursor of‘morphia had been
adninistered. The ansasesthesia was often too light, and shock
impressions were experienced from insufficient anaesthesia.

There seemed tq be a clamant need for a safer anaesthetic,



ii.

At this time Hedonal was being used, and I thought it promised
better results., It seemed from reports end a limited personal experience,
to have none of the evil effects of either chloroform or ether. I then
determined to examine in a scilentific way what the action of Hedonal was,
particularly in the mammal, so that one might have definite information
to go upon for use in the human subject. Fully two years were spent at
this time in laboratory work and definite results obtained, which are
here recorded.

Later, when holding a post as Surgeon for Diseases of the Throat,
Nose and Ear, many of the nose operations were carried out with cocaine
and adrenalin applied locally by pledgets; but even here, troubles
arose. Reports of death from cocaine poisoning came from different
centres, In my own eXperience, a patient sitting on a form with
cocaine pledgets in the nostrils (5%), died before anything was
attempted in the way of operation. An investigation by the authorities
was made at this time, and surgeons who had experience with anaesthetics
were asked for their opinlon and for their suggestions as to how local
snaesthetics - cocaine in particular = might be administered with
greater safety. I then recorded my recommendations, which need not be
detalled here. At this time further research on the subject was
carried out, with special regard to the action of Hedonal on the frog.

The study which has now been completed embraces various investigations
which I have not seen dealt with in any publication. It 1s the only
experimental work oﬁ the subject which has been done in this country
(Great Britain): T have at least seen no publications of
this kind, nor could I hear of any such when inquiring through the

medic8l Press, the large German year-books of medicine, nor when\asking

the manufacturers themselves,

Upwards/
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Upwards of one hundred original tracings or photogréphs are
included in this study, the methematical record of facts has been made
a prominent feature, ahd the ground covered is extensive. In any
scientific papers on this subject, I have never seen any tracings produced, =-
this has been unfortunate.

Apart from the anaesthetic field altogether, I feel that Hedonal has
not been used medically as it might have been. If I have not been
dogmatic in stating how it may be used by the clinician, I feel that
by presenting to anyone who is interested, the actual tracings in
considerable number, and under many different physiological conditions,
the medical man will thus be able to see for himself in what ways
Hedonal may be used, much better than he would if only a verbal report
were placed in his hands. Thus I feel sure that the use of Hedonal in
the clinical field might be much extended, especlially for diseases of
the nervous system, blood mressure, or of the heart.

I modestly hope that the great labour which has been expended may
not have been in vain. _

All the experiments have been carried out in the Physiological
Department of Glasgow University. The work on Hedonal done by others,
although limited, has here been recorded very accurately, and at some
length, because occasionally the reports of different authors have
seemed to be in conflict. The reports on Respiration for an example, .
are most confusing. When examining the reports of Dreser, Burkhardt
and Kummel (see p.73), one cannot have a definite idea whether there
is any dangerous effect on respiration or not,.

As the original papers on Hedonal were mostly in the Russlan
language, and were then translated into German, with the advent of the

Great War difficulties returally arose in getting access to these.

1/
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INTRODUCTION.

Scientific men have been for more than half a century seeking
for an ideal anaesthetlc; but it hes not yet been found. Chloroform
is comparatively easy td administer, but its great potency as a toxic
agent In the action of the heart has made many workers afraid to use Ref i
it,. Many if not all cases of delayed chloroform poisoning show
fatty degeneration of the liver, kidneys or heart, or all of them. 4.
BEther 1s not so toxic, but it has some qualities of its own
which are objectionable. Apart from the tendency to catarrh already ggii
referred to, it does not give such complete muscular relaxation as fef. 4o.
chloro form, and if deeper narcosis is necessary the "Clover" inhsler
requires for its manipulation one having special experience in its
use, The odour of ether is very pungent and disagreeable by
inhalation. In the words of Felix Rood - "To anyone who has fief 62
inhaled a breath of(a stray vepour of ether, 1t must always be a
source of surprise, thet serious complications are not always produced
by a long ansesthesia, as we know they are.y These facts I have
observed personally during five years! experience in Glasgdw Royal
Infirmary as Senior Angesthetist.
To obviate the catarrhal deanger which may result from the e 55.
administration of ether, Dr Dudley Buxton used it mixed with olive
oil as a rectal enems in the year 1893. This was quite suitable in
most cases except abdominal operations, as it caused undesirable
distension of the bowel, and sometims pos t-operative diarrhoea. fief 45
The work of L.Burkhardt on intravenous chloroform and intravenous |
ether, was in his experience anything but a success. His work in K 51

this respect dates from the year 1909. In more recent years,

an/



an attempt with intravenous ether was again made, with a view to getting
quit of the catarrhal danger. The ether (5%) was dikssolved in normal
galine and was perfused through one of the veins of the arm, Ether is
about 7 times wesker than chloroform, so that it was necessary to
throw a fairly large quantity of total liquild into the vascular system.
In large operations as much as 1500 c.c. might be required. This
solution led to oedema in the pendulous parts of the body, such as the
buttocks. The face would occasionally show oedema, A 10% solution
was then used to obviate this difficulty, and make a smaller quantity .
of total liquid suffice. The result was that in some case® haemoglobin- &f 57
uria was produced, Finally a 7.5% solution of ether was used with
better success.
The medical profession still looked for a more perfect anaesthetic
or a safer method of employing the known anaesthetics which were in
their possession, A kind of compromise between a general and a local
anaesthesia was arrived at. Lumbar puncture, (introduced by Bier KO{,GG‘
in the year 1899), and the 1intraspinal injection of quite a number of
drugs, was much pfactised for several years. Among such are
cocaine, stovalrg, alypirs novocaireand tropococaine, The method
fell into disuse about 8 years ago, The drug sometimes passed too
high in the spinal conal and not only anaesthetised the upper limbs,
but in some instances stopped the muscles of respiration through the
respirafpory reflex centre in the medu;la. Besides this immediate
danger, there have been found more remote and lasting effects
- resulting from this method, for example, paralytic conditions
which have remained more or less permanent in such regions as the
bladder and boﬁel, and even in the lower limbs, Patients have
died from the drug having passed direct to the medulla, the pelvis
having been raised tooc high. Death has even occurred six months

after the injection from softening of the brain.

L/



1 do not believe it 1is possiblevto obtain an ideal or perfect anaesthetic;
As anaesthesia is contrary to nature, no form can ever be.perfect. This,
however, is no reason why the profession should not seek for one as near
perfection as possible,
George Crile has gone into this subject very scientifically, when
speaking of the kinetic theory of shock. In his paper, when defining & 45.
ideal conditions for anaesthesia, he coins a word "anoci-associatic3n" ’ K&f BC.
by which he means & condition, not only whereby the voluntary movement
and insensibility to pain are abolished, but where the brain does not
recelve such stimuli at all, even though not perceived by the patient.,
In this regard, Crile believes ether by inhalation is only a veneer,
The patient does not feel, but stimuli reach the br#in and actually
cause material change 1n.the nerve cells there, whether such stimuli
. be of the nature of fear (functional) or traumatic (physical),
In both these forms Crile has shown microscope slides, in which are
seen the changes mentioned, If the stimulusz, or stimuli, (either
functional or~traumatic) be strong enough, there may result exhaustion
or even death, Crile therefore proposéd that, while the brain should
be made unconscious of pain, stimull should not be allowed to reach
the brain, These conditions he considers are achieved (1) by
removing fear, (2) by blocking all the sensory nerves in the surgical
area by novocaine injection, and (3) by administering gas and oxygen
by inhalation.
It has been the common experiehcg with new discoveries in
medicine or surgery that there has been an undue lauding of the
virtues of such discovery at the beginning, before sufficilent
experience had been gained, Later it has often happened that there has
been a change in the opposite direction like the swing of a pendulum,
Sﬁch methods or discoveries have then fallen for some time into disuse,

to/
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to be agaln used after further experimentaﬁion. This has been the

experience with the advent of chloroform, and of ether, with spinal

snalgesia and also with intravenous anaesthesia,

Hedonal has fallen very much into disuse. The purpose of the work

here completed has been to let the profession see whether indeed it would

not be worth while to Introduce Hedonal agaln into anaesthetic practice.

I personally think that the apparatus for its intravenous administration

should be installed in all large hospitsls, and that it should be used in

the cases where chloroform and ether are obviously unsuitable.

I also strongly advocate 1ts use by the physician in the strictly

medical sense.

1.

4.

S

THE ADVANTAGES OF HEDONAL.

There is little or no excitement during the induction of narcosise.

The patient does not exXperience the choking feeling so common with

inhalational anaesthesia - especially ether; breathing continues

as before unaffected, the patient falling into natural sleep.

There is great muscular relaxation, whereby it is possible to
menipulate the under surface of the liver without shock resulting.

I personally have always felt, particularly with chloroform, that
whenever complete relaxation in the abdomen was obtained, the danger
from cardiac collapse from overdose was not far distant. With ether,
complete muscular relaxation is not so easily produced at all, apart
from the question of danger.

The urine never shows albumen, haemoglobin, nor casts, and gs Hedonal is a
diuretic it is superior to morphia.

Fatty degeneration does not occur in the liver, kidneys mr heart: this

is almost constantly found in delayed chloroform poisoning.

Hedonal does not irritate the respiratory tract: it is not excreted

by the lungs and is in this way superior to ether.

In conditions following hesemorrhage, elther acute or long continued,

when an operation must be carried out, Hedonal introduced intravenously

is/
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is in my opinion the safest anaesthesias known., The quentity of
warm normal saline perfused as the drug-solvent, meets the
condition of unfilled arteries.

With patients of this kind, when a severe opesration must be
carried out, it is common for surgeons first of all to begin the
continuous introduction of wamm normal saline by needles in both
breasts before inhalation is started.

Te Hedonal 18 not so volatile as ether and can therefore be introduced
at a higher temperature.

8. As a precursor to chloroformm, it can reduce the quantity of chloroform
required very considerably.

DISADVANTAGES OF HEDONAL.

1. In long operations of two hours or more, there may be too much liquid

introduced (apart from its composition) when Hedonal is the snaesthetic
. chosen. This may be followed by oedema in pendulous parts of the bodye

2, Plethoric patients, for the reason given above, are not suitabls.

3.. The apparatus for continual dropping is not portable, and thus as an
snaesthetic the intravenous use of Hedonal will be more restricted to
institutions.

THE ADVENT OF HEDONAL.

Hedonal or Methylpropylcerbinol Urethane, which has the formula ff %0
CgBy50pN, Was first investigated by Dreser and Bonhoeffer in company in 1899, fif
the experiments being carried out primarily in fishes and frogs. It is a K@ "
white powder occurring in needles like menthol, and 1s a derivative of o
Ethyl Urethane (CSHQNoz) with the ethyl radicle d;splaced by thé higher flef. c8.
radicle Methylpropylcarbinol. It breaks up in the body into water, 002 mﬁ45
and urea. Hedonal is not very soluble. Gwathmey states that one part
'dissolves in 120 at 98.6°Fah.. Naturally it is still less soluble in normal
saline from which it readily crystallises out on cooling. fief. 20.

e > e g P S S e T g et 20

Dose of Hedonal in the human subjeci:-

The dose by the mouth is usually stated to be 1 to £ grammes, hef. 2o
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Dreser in his early work put the dose as .5-1 gremme. et 5.
Fedoroff in 1903 gave by the mouth 3-4 gremmes of Hedonal as a precursor %o feef. 30
the inhalation of chloroform, as was suggested to him by Krawkow. In the | fef 4.
first case of Intravenous Hedonal narcosis in the cliniec (7th Dec, 1909),
Fedoroff gave 2 grammes of Hedonal by the mouth as a precursof. In the
greater number of such cases, however, he administered 3-4 grammes either by
mouth or rectum, 1 to 2 hours before injecting. Fedoroff later on fef 4.
eliminated entirely this preliminary dose, as he considered the post-operative
sleep unduly long, namely 17-20 hours., | ' tikto
The dose iIn very young children has been gone into quite récently (1923)
by Paul Drevermann of Freiberg. Up to 3 months he gives .75 to 1 gramme fef €.
mixed in 30 c.c. of gruel per rectun. Children of 18 months might in some
cases require l.5 gramme, The patient is ready for operation in an hour;
but some of the older infants were found to require a further aid to
anaesthesia in addition, namely hypodermic injection of 5-5 c.c. Oof a 5%
solution of Novocaine-Suprarenine.
Intravenously the dose has been stated by Sidorenko to be .04 gramme ﬁgz
per kilogramme of body weight to establish narcosis clinicelly.
In a case reported by Harold Upcott of Hull, the patient (an adult) L 17
required 420 c.c. of a .75% solution of Hedonal in normal saline
intravenously to establish narcosis for operation during 16 minutes.
This represents approximately 3 grammes of Hedonal; or supposing the
patienf to weigh 10 stones, the quantity was at the rate of ,04 gramme
of body weilght,as used by Sidorenko.
All the clinical workers with Hedonal (both British and Gontinentsal)
have made use of the same solution = .75% in normal saline - for intravenous
use. The solution as prepared by C.M.Page in this country (St.Thomas! ﬁ%m.
Hospital) had the following composition:-
Hedonal « « ¢« o » o o o o o Teb grammes.
Sodium chloride « « + « « « 9,0 "
Distilled water « « « « & 1000 c.c.

-, n- o o=



WORK ALREADY DONE BY OTHERS.

On reviewing the work which has been done on Hedonal, the
subject naturally divides itself int two sections = that done
¢linleally and that done experimentally, or work with the
humen subject and work with animels in the laboratory.

The clinical work 1s naturally much more in evidence as
regards quantity. The experimental has been limited to a
comparatively small number of investigators, and these
almost entirely Russian,

Dreser of Munich, as already mentioned, was the ploneer.
The bulk of all the experimental work was done in the
laboratory of Dr Krawkow (Petrograd) by himself and others
such as Fedoroff, Jeremitsch, Lampsakow, and Karlowltsche.

In this country (Britain), as already stated, there seems
to be no literature whatever relating to experimental work on
this subject.

After the clinical use of Hedonal intravenously was begun
in Russia, it was tried in this country clinically, the pioneer here
being C.M.Page, of St.Thomas'sHospital, London. -

8.
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The advent of intravenous anaesthesia does not belong to modern
times., It dates from 29th May, 1872, when the French Surgeon Ore [ﬁ* 54
published his experiments with €hloral Hydrate in animals. He
injected from 2-6 grammes in water according to the weight of the
animal, and obtainéd a deep narcosis from 2-5 hours, from which the
animal could not be awakened, even by electric currents,

Oré then applied his method in the human subject, reporting his Rﬁf-ég,
results in 1874, He employed it in the case of a man, giving 9 grammes
chloral with 10 grammes of water, divided into two injections with
5 minutes between them. There was great muscular relaxation and no
bad.symptoms, the accelerated pulse becoming slower and steadier,

Again he reported in the same year a case where, by one ﬁkﬁ35,
injection of Chtoral Hydrate, an operation for partial resection of
the calcaneum was carried oute. The anaestheslia was absolute and yet
after the operation, the patient was wakened up immediately by currents
of electricity.

SCHMIEDEBERG (STRASSBURG) .

Oswald Schmiedeberg was the first to propose Urethane, KkiZii
Bthyl Urethane, or Ethyl Carbemate as a hypnotic. This was in »
1885, It was found to be very safe., The heart and lungs were
not effected by it because of a group in its composition which
acted like ammonia,and which opposed the narcotic group. The
amino element was found to be too strong relatively to the other,
meking it, while very safe, ineffectual. . Experiments in his own
laboratory in Strassburg Were‘carried out on the'frdg, rabbit, dog
and pigeon,

Regarding its action on the frog, Schmiedeberg states "Indeed
it/



it appears scarcely possible to kill a frog with it, unless we - 6,

absolutely embalm him therewith"., As much as 6 grammes have been Eﬁfzi?

given without harm. | ‘
In the dog it was found that, beginning with 1 gramme by the

mouth for medium-slzed animals, and increasing the dose, the animal

showed staggering and a tendency to sleep when 2.5 grammes had been

reached. Strange to relate, when the dose was further increased to

. 36
3 or 4 grammes, the animal did not become more drowsy - on the oo 766
contrary it became more actiwe. Evidently the amino group had been bin. 12

too powerful, For this reason it was considered that if the stimulating
group were displaced by some higher alcohol radicle, the combination
would acé more powerfully as an hypnotic,. Several substances were i
tried, such as Propyl and Isobutyl and the result hoped for by W
Schmiedeberg was obtained, namely, the narcotic effect was increased,
There was this inconvenience, however, that the new substances formed
were far too insoluble,

A large report was written by Professor Krawkow in Petrograd, embracing ﬁb£4:
the experimental work of Schmiedeberg, and dedicated to him on his

70th birthday.

PROFESSOR KRAWKOW,

In 1908 Professor Krawkow published a long paper on the subject ﬁkﬁf
of Hedonal-Chloroform narcosis, In this paper he mentioned the
eircumstances which led him to think of such a sequence, There were

several surgeons working under him in his laboratory in Petrograd,

namely Fedoroff, Jeremitsch, Lampsakdw, Sidorenko, Glagolen,
Blagoweschenski and Karlowitsch. Experiments were carried out mainly
on the dog and rabbit, - the frog has not been mentioned in this work,

The experiments of Blagoweschenskl dealt with the effect of

of poisons
combinatlonS/%uch as Phenocoll and Antipyrine and others, Then the

Kif -
’/p Rg}b‘/'

~experiments of Karlowitsch on the effect of doubling the strength‘of

chloroform/



chloroform vapour were gikxa of great interest.as well,

The Hedonal-Chloroform narcosis is an anaesthetic sequence in
which the patient receives 3 grammes of Hedonal by the mouth and in
one hour inhales chloroform from an open mask. It was claimed for it
that in this way the quantity of chloroform required for narcosis was
reduced to one-=third. The sequence was carried out by Krawkow in
the laboratory and was for many years the routine method of preparing
animals for other experiments. He had seen how very difficult it
was to chloroform a dog: the animal thereafter was miserable and often
sick.

After observing the effect of Hedonal intravenously in the rabbit
and dog, Krawkow considered it might be useful in the clinic. It
was thought, however, that the quantity required would be disproportionately
large and thus inconvenient, The sequence above referred to, therefore,
promised to be better, and it was proposed by him as a method‘fit
to be used in the clinic, Krawkow states "Narcosis of this character
was first employed in the year 1903 by Professor Fedoroff in his
clinic,"

Regarding the circulation in Hedonal-Bhloroform narcosis, Professor
Krawkow states as a result of personal and direct observation of
Fedoroff's cases in the clinic It is specially to be remarked the
regular and full pulse which persisted right up to the termlination of
a protracted operation of 2% hours." Referring to anaemic patients
and‘those with myocarditis under this sequence, he also says "It was a
source of wonder that with some of these sick persons, the pulse
during narcosis was more regular and fuller than before,"

Concerning the blood pressure in animals from the use of Hedonal
intra-venously, we have the following opinion:- "Accordingly it
appeared to me uncommonly interesting and significant that the blood

pressure, thanks to the latent effect of the amino group on the heart,

is/
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is 1ittle reduced."

It was found that the vaso-motor.centre in animals was paraiized with
large doses of Hedonal but he states "The heart functions remain |
thereby so strong, that desplte the dilatation of the vessels, it keeps
the pressure to almost usual and works almost unexhasusted until the
animal's death."

LAMPSAKOW.

Probably the major portion of all the experimental work which
had been done on Hedonal up to.1912 was carried out in the laboratory
of Professor Krawkow in Petrograd, by himself and several others,
among whom was Dr Lampsakow.

Lampsakow published a tbeatise on "Effects of Hedonal on the
Animal Organism" in the Russian language in Petrograd in 1902, but
it does not seem to have been published in any other language. The
results of his experiments, however, have been reported at some length
by Krawkow in 1908, In the rabbit a dose of .2 gramme by the mouth
causes 2 hours'! sleep. There is heavy sleep for 7 hours from .5 gramme
and the corneal reflex does not disappear. The animal can be
wakened by prodding, after which it goes to sleep. Injection of
10 c.ce Oof 2 1 $ solution of Hedonal in water into the vein in a
rabbitt's ear, causes sleep at once, lasting 40 minutes.,

In the dog, 3 gramme Hedonal per 1 kilogramme of body weight causes
deep sleep for 7 hours., The pupil is contracteds the temperature
falls l.8°‘Fah.. During the sleep there was copious flow of urine.
A dose of .5 gramme to the dog per kilogramme causes sleep for 15
hours,

Ethyl Urethane has no such hypnotic effect on dogs. Even 8 grammes
of Sulphonal has no effect.

. The dog in light sleep by Hedonal showed a very slight reduction

in blood pressure. During the heavy sleep, however, blood pressure
ﬁalls 20=30 millimetres, Large doses paraiize the vaso-motor centre,

the/
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the blood vessels are dilated, and yet the heart remains very steady %o
near the end,
Hedonal ultimately breaks up into COp, water and urea.

DR,KARLOWITSCH (WARSAW) .

Pr Karlowltsch published in 1905 a very large treatlise comprising ﬁkﬁ%i

135 pages, upon the Hedonal-Chloroform narcosis of Krawkow. The '&f ,

s X%,
experiments were carried out on animals in Professor Krawkow's

laboratory. There was apparently used an instrument for measuring the
density of the chlofoform vapour accurately, similar to the one ' ﬁkﬁ'ﬁ
introduced by Dr Vernon Harcourt. An indicator travelled round an
arc, which was divided into tenths. With this.dosimetric'machine,
then, Dr Karlowitsch found, regarding:the duration of induction of
narcosis, that the narcosis was complete in 30=40 minutes, if
chloroform alone was administered, the indicator standing at a
certain point, namely 2/10ths. On the other hand, if Hedonal had
been given as a precursor under the same conditions of density of
vapour, the induction occupied only 5-8 minutes., Dr Karlowitsch
found that in the Hedonal-6hloroform narcosis, the quantity of
Chloroform necessary was reduced to a third. The induction period @F 65,
was much shortened and free from excitement. The blood pressure
remained steady, even in the deepest narcosis. Heart contractions
remained full and strong and there was no arythmia. Respiration was
hardly altered at all, Under certain conditions, the respiration
might ceme and artificial respiration be of no avail when chdoroform
alone was given. On the other hand, when Hedbnal had also been'given,
respiration might cease with strong doses of chlorofofm, but there
was this difference that artificial respiration was always successful.
Again, if the animal had been under 6hloroform alone for 1-2
hours and the strength of the Chloroform vapour had been then more than
doubled (namelj with the indicator pointing to 8/10ths) the animal

in 6=8 minutes thereafter showed sudden cessation of respiration

4and/



and heart. The animsal invariablyAdied, notwithstanding all the artificial
resplration and heart massage, etc.. With previous use of Hedonal,
however, under the séme conditions of the experiment, and with the
same dose of Chloroform, When the indicator for the strength of
Chloroform vapour stood at 8/10ths, suspension of the respiration
ceme on in 10~1lZ2 minutes, but the heart worked with similar energy
and the pulse did not lose its tension. Artificial respiration was
invariably successful after a few minutes., This experiment was
carried out even to three times in succession in the same animal with
restoration each time,

BURKHARDT,

Ludwig Burkhardt carried out many experiments in the laboratory
with‘intravenous Chloroform and intrayenous Ether. He introduced ﬁi;‘45
this method into the clinic and reported hils results in 1909,

The patient received first of all Scopolemine and Morphine and
in an hour the injection of a saturated solution of Chlofioform (.97%)
in normal saline was started by the median vein.

In the first case the narcosis lasted 30 minutes, there having
been injected 1100 c.c. of the solution.

Burkhardt reported in detail his early cases. The narcosis was
good, the heart and respiration apparently everything which could be
desired, but the urine quite frequently showed in the early days
following operation, haemoglobin, albumen, leucocytes and casts. He
adds, however, that even with inhalation narcosis there has been
found albumen in the urine in 33% of the cases ,so that in his
Opinidn the irritation to the kidneys was not greater by the intra-
venous method,

In his intravenous Bther narcosis, the precursor above-mentioned
was also required, and it was found that some of these cases did

not remain nartotized by the ether, and Burkhardt recommended that in

such/’




15.

such cases a little chloroform should be applied on an open mask., fﬁ* 57.
From what we read in his own reports at the 17th Internationsal

Congress of Medicine, one 1s¥§%é§ﬁf%o the conclusion that these

methods do not seem to have impressed'even their introducer too

favourably. The intravenous Bther, however, was more successful

than the intravenous Chloroform.
In reference to Burkhardt'!s intravenous ether method, Jerémitsch 'ﬁi 5%,

and Fedoroff jointly reported in 1910 "According to our opinion, it is

quite evident that intravenous narcosis with ether alone is no sure

method, and that to attein a complete narcosis, ether narcosis with

the Scopolamine-Morphine narcosis becomes rather dangerous,"

H.DRESER. (MUNICH)

Dreser continued experimenting on animals on lines similar to those lﬁ% 55
of Schmiedeberg, making use of his suggestion regarding new
substances. Thus several new drugs sllied to Ethyl Urethane were ﬁﬁglk
tested by him conjointly with Bonhoeffer, These drugs had the

Ethyl Alcohol displaced by higher secondary or even tertiary alcohols.

Experiments were thus carried out with Di-ethylcarbinol and Di—ethylmethyl-ﬂk{.Eg,
carbinol (Amyl Hydrate), but without success. At last there was ;a; 54
3% 2 §

’

tried Methylpropylcarbinol Urethane, commonly known as Hedonal. A

report of the immediste resulisof his experiments with this substmhce

was read by Dreser at the 7lst Aséembly of German Natural Philosophers

and Physiciafis in Munich and published in that city in 1899, | Hef 53,
In fishes and in the frog, Hedonal was found to be 10 times as

strong as Ethyl Urethane and 3 times as strong as Thloral Hydrate in

hypnotic power,
In the rabbit and ddég it was found to have double the strength of

Chloral Hydrate, and this also held good in the human subject, (.5-1

gramme) , Respiration was somewhat less active than in naturel sleep.

There/
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There was grest muscular relaxation. The oxygen used was diminished m%,55
by 20%. Rabbits in deep sleep showed a reduction of temperature

equal to IOCent. which Dreser seems to have considered was due to the

decreased combﬁstion in the tissues consequent upon the muscular

relaxation and diminished respiration. In the human subject there

was no specific effect on the respiration, 'ﬁﬁ.S&

The excretion of urine in the rabbit aid dog was increased in
deep sleep more than four-fold and as was explained, the solids
remained as before, only the water-absorbing portion of the kidneys
being stimulated. In this respect Hedonal was considered superior to
Morphia.

The blood pressure in rabbits in deep sleep showed no change or ﬁk{ 55,
only a fall of a few millimetres, This was recorded by Ludwig's
kymographion and mercury manometer,

Finally there was estimated the latency time of the reflex .action,
when a frog's leg was stimulated by an_electric current, A normsal
latent period was found to be 13 and .14 of a second, After
injecting 005 gramme of Hedonal, Dreser was much astonished to
find that the period was increased to 79 of a second, and later,
when the effect was passing off, .52 of a second. It was thought
that this result might be due to the relaxation of the protoplasmic
dentritic appendages of the nerve cells during the Hedonal sleep and
that in this way a 1ongef cycle was brought about in the reflex action.

Dreser concludes his report in these words "In the literature, I
can £ind no measurement of that time in reference either to Ghloral ﬁef b2,

Hydrate or to any other hypnotic,"
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DR. A, P. JEREMITSCH (PETROGRAD) .

The experimental work om Hedonal was carrled out in the laboratory
of Professor Krawkow in Petrograd. Much of it was done in conjunction
with Dr. Fedoroff, Hedonal was applied by Jeremitseh to animsls
first by the stomach slone, Then it was glven to animals by the
mouth as & precursor to chloroform by inhalstion. This was by the E?£42
suggestion of Krawkow. This Hedonal-Chloroform narcosis was then
introduced into the clinic with good results by Fedoroff. The next
edvance was by Jeremitsch. He,in animals,trled the effect of eliminating
the Chloroform and introducing the Hedonal intravenously by itself,
It then remained for Jeremitsch and Fedoroff to use the Hedonal
intravenously in the clinic. This in the first cases was carried
out with a primary dose of Hedonal by the mouth ene hour before
operation. It was due to Fedoroff, however, that the first
intravenous eanaesthesia by Hedonal was carried out in the clinic in
1909, A report of the work was then published jointly by f>E59
Jeremitsch and Fedoroff in 1910,

Technique of Jeremltsch:-~ In the clinlc the solution injected ﬁﬂ’ﬁﬁ
: {

intravenously was 754 in normal saline. It was warmed, placed 7

in a 2 1litre jer and sterilized for 15 minutes st 100°C. A needle,

bent at a right angle was used. In the early cases injection was

maede in the centrel direction, namely, with the stream and at a

temperature of 104°F,. Latterly the injection into the vein was

made in the peripheral direction, - against the stream. Before

injecting, some of the solution was run out, as the temperature was

too low, The rate of introduction was 70 c.c, per minute. When

Induction of narcosis was complete, the needle was removed and‘a

saline compress was applied. The solution was propelled by means | Ea:5
of an air ball pressed by the foot. When more solution was s

required,/
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required, the same plerce opening was used; but Jeremitsch suggested

ghat the surgeon should first assure himself that no coagulum was

present, The injection being in the'peripheral direction did not

prevent the possibility of thrombosis, but it made embolism a very

unlikely thing to occur, more especially when the central end had been
ligatured. If coagulum was found, a new opening in the peripheral end

of the vein was made, E]ﬂ’ 10.
Dose:- The quantity administered was based on the results in the

laboratory. There was:given intravenously .1 to .2 of a gramme’

2
N

ATRNSY
W

Hedonel per kilogramme of body weight in the human subject, the same
as a dog had received.

The effects:- There was good heart action and peaceful,regular

breathing., Acceleration of the circulation (10 - 30 in the minute)
was sometimes observed on starting the injection; but when harcosis
was complete, the rate became as before the operation, Too rapid
introduction caﬁsed cyanosis., The timé for the induction was from
3 to 8 minutes, Regarding bloodl pressure Jeremitsch stated: "The ﬁk{ 2,
introduction of the liquid has no effect upon the blood pressure
worth mentioning." In animals (the dog) the pressure was
recorded by Jeremitsch in Professor Krawkow's laboratory. It
showed not more than 5 m.m. of a fall. It may be mentioned here Kbiﬁi
that with intravenous ether in the dog, there were obtained great
fluctuations in the blood pressure.,
The after effects commonly experienced with inhalation narcosis
were absent, The urine was not affected pathologically and there
was great muscular relaxation,
It was found thét with the dose of Hedonal by the mouth, before ﬁkﬁ«z‘
injection, the post-operative sleep was fab too prolonged - 17 to 20
hours, It was concluded that this dose could be done without,

It//




‘It was then observed that the patient wakened up quite soon after the

‘operation,

FEDBROFF ,

Fedorqfi.éarried out much of his work on Hedonal, both experimental
and clinical, in conjunction with Jeremitsch in Petrograd, Probably
all of the experiments were done in the laboratory of Professdr
Krawkow. The neme of Fedoroff probably stands out more prominently
than that of any other on this subject. The introduction of
Krawkow's'Chloroform-Hedonal nércosis in the clinic was due to ﬁkﬁ 59,
Fedoroff in 1903, In the same year he reported 100 cases of this
sequence, The first case in the clinic where Hedonal was used
intravenously was on the 7th December, 1909. A few days later, ﬁ%ﬁ 55
on the 1llth December, 1909, Fedoroff showed . the. I1intravenous Hedonal
narcosis (in tabula) before the 9th Congress of Russian Surgeons in
Moscow .,

Fedoroff (in common with Jeremitsch) injected the Hedonal at
first in the central direction of the vein, 1atterly.in the peripheral
direction. His techniqﬁé?as described under the name of Jeremitsch,

In 1911 a list of 530 cases of intravenous Hedonal narcosis in ﬂk{?;
the human subject was published by Fedoroff, The interrupted system
of injection was used. This was the method of all the Russian
surgeons and indeed of all surgeons on the Continent.

Speed of introduction and dose:-  VWeak patientsreceived 50-60 c.c.

per minute; strong patients 100c,es,The quantity was on a basis of

el = 2 gramme p€r kilogramme of body weight - the dose found suitable
in the laboratory, The originel precursor of 3-4 grammes of Hedonal
per rectum gave too long a sleep - 17 to 20 hours - and it was ﬁéf
2, 10.

latterly left out, The solution used was ,75% Hedonal in normal

saline, This solution has been the only one used clinically, both

in/




im Bratain and on the Continent. The average operation required 600
ceC., the shortest 400 c.c., anf the longest 1800 c.c.. Fedoroff
used 3 to 13.5 grammes of Hedonal intravenously for operations in
.the clinic, Sometimes the needle had to be inserted a fourth

time for additional injections. The time from the beginning of
injection until complete narcosis was obtained, took 3 - 8 minutes.

Regarding the circulation, Fedoroff states:- "In very difficult
cases with small and frequent pulse before the operation, 1t became
so much better during the narcosis". Again we have this remark
by the same surgeon:- "The sometimes very difficult to be counted
filiform pﬁlse became during the narcosis easily countable and
‘much stronger."

The blood pressure in dogs taken in Professor Krawkoﬁfs
laboratory by Jeremitsch, showed either no change or only a fall of
5 mem, In 60 of the published cases of Fedoroff, the blood
pressure was recordedlaabotkin. ThePressure showed very little
change - a little sinking at the beginning - but it soon returned
to what it was before the operation., Sabotkin stated that the

curves of systole, diastole and blood pressure lie parallel,
Safety:=- Fedoroff considered that its safety lies in its
property of not weskening the heart, this being due in his opinion
to the presence of the amino group in its composition., The
formation of thrombi was attributed to extra injection8. Referring
to the injection towards the periphery, Fedoroff states:- "I am

of the opinion thére is no cause to fear from thrombus of that kind."
There is neither the excitement during induction nor the post-

enaesthetic effects usually found with inhalation narcosis. The

urine contained neither albumen nor casts after operation. Fedoroff
states regarding safety:- "As to whether or no this system is without

danger, I can pass no decided opinion; but it is certainly less

dangerous than chloroform or ether narcosis.'" (presumably inhalational).

ghloroform/
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»

Chloroform and ether are excreted by the lungs and kidneys. Both
jrritate the kidneys, especially chloroform. Ebher specially
irritates the lungs. Hedonal is excreted by the kidneys only but flef. 30
does not irritate them.
For these reasons, Fedoroff considered that Hedonal intravenously was
better in every way than intravenous Chloroform or Ether - the method
carried out by Burkhardt. Regarding this latter method Fedoroff was ﬂi4§
not favourably impressed, nor did he think Burkhardt believed much
in it himself. He (Fedoroff) considered intravenous Esher by RH:SQ
itself was no sure method, because its introducer suggested thah
when it failed a little Chloroform might be added by the open mask,
The precursor of Morphine and Scapolamine was another poison to be
considered., Fedoroff concludes:- "We therefore think it may be
taken for granted that from our experimental researches and
observations in the clinic, the interesting main point has been
established for the first time,that by the introduction of hypnotic
doses of Hedonal into the blood a deep and permanent narcosis can |&ﬁ53

be obtained."

DR, A,T.SIDORENKO,

Dr Sidorenko used the intravenous Hedonal method shortly after it ﬁ*l,
was introduced by Fedoroff in the clinic. He published a report
in 1910, His method was a little different from that of Fedoroff,
The vein was dissected out, the peripheral end was ligatured, the
central end was cut open With scissors and a cannula inserted,-
connected with the tank which was placed at a height of 60-70
centimetres., When narcosis was induced, the cannula was removed,
and a saline compress applied. Extra injections were given
by placing the cannuls in the same'opening,_first having massaged

out of the mouth of the vein any small clot, and having run off some

of/



of the cold liquid. At the end the central portion of the vein was

ligatured and the wound sutured.

The best rate of introduction was 50-60 c.c. per minute. When

100 c.c. were given per minute, it was found to be too fast and
caused cyanosis. The dose required in the clinic to establish
narcosis was .04 gramme per kilogramme of body weight; but this
quantity does not seem to refer to maintenance of narcosis for
operation,

Blood pressure was found to fall a little at the beginning’and
then became as before the operation. It was recorded by Sabotkin
in the clinie. There was no alteration in the urine.

MR.,C.M.PAGE. (LONDON) .

Mr Page in 1912 reported 200 cases of intravenous Hedonal
anaesthesia carried out in St Thomas's Hospital. He really
introduced the method into this country, The continuous infusion
was adopted, as was common with all British surgeons. In this
way embolism from thrombosis was much less likely to occur. The
gsite of injection was in most of the cases in the veins of the leg,
and injection was in the peripheral direction = against the stream,
The temperature of the solution, when infused into the vein was
at first 115 — 120°F.. This was believed to account for the
cases of thrombosis resulting and latterly the temperature was
reduced to 1050F.. When narcosis: was complete, the liquid was
allo%ed to enter drop by drop... Page administéred 3 grammes of
Hedonal by the mouth 2 hours before operation. It was considered
that fatalities had been due to mm overdosdng of the patient.

The urine showed no haemolysis,albumen nor casts, when these
were absent before operation.

‘Duringﬂ
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During the narcosis the corneal reflex'was found to be absent or
sluggish, the light reflex usually present and the pulse full and
steady.

Regarding the blood pressure we are told that it drops slightly ﬁ;ES.
and then remains steady. The lowest pressure recorded was 90 m.m,,
and was usually due to a lapge quantity being injected = 1000 c.c. = 1700 c.c.
In his report there are 6 cases given regarding the blood pressure as
types of what might be expected; but the fall seems to be quite a
substantial one. o
Case (1) Cystoscopy. Pregsure at the beginning 170 m.m. (likely
- excitement) s Quantity used 750 c,c. In 10 minutes it

had become 115 m,m., then rose to 120 m.m,, and during
the last 5 minutes the pressure was 130 m.m,

(2) Appendicectomy. Quantity 1750 c.c.. Pressure fell from
110 m.m, t0 90 m.m,.

(3) Streangulated hernia, Pressure of 135 M.l fell to 95 m.m..

(4) Ileo-sigmoidostomy. Pressure of 145 m.m., beca®€ Q0 m.m,.

(5) Appendicectomy. Pressure of 130 m.m., became 100 m.m..

(6) Bxcision of lower jaw. Pressure of 140 m.m. became 98 m.m..
The percentage of reduction of blqod pressure in the above 6 cases

is therefore as follows:- 32,18,29, 37, 23, 30 respectively.
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RAWDEN VEALE (LEEDS) .

Rawden Veale wrote a paper in 1912 on the complications following ﬁdﬁl
the intravenous administration of Hedonal. Oedema may. occur
in the lumbar and gluteal regions, and bedsores may form. Blisters
sometimes fomm on the heels and othef parts owing to the patient
having been too long in one position.

Pulmonary oedema may arise as a result of the large quantity of
liquid injected, apart altogether from the drug dissolved in 1it,
"In the majority of the cases there has been thrombosis in the vein
selected for the infusion."  One thrombus extended as far as the
junction with the axlllary vein. These seemed to give no trouble,
Thrombosis in the femoral vein seems to have occurped occasionally,
even when Hedonal was injected by the arm veins,

Pulmonary infarction has taken place'as a result of an embolus

having been carried from the site of injection 14 days later,
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ANAESTHETIC EFFECT.

‘This has been tested in the rabbit,

"* To ascertain the power of Hedonal as a general anaesthetic in

the rabbit, there were two long experiments of one and two hours

respectively, carried out, the details of which are given in the

present Section.

It has, however, been considered that before going into the

details of these experiments, for the convenience of the reader,

the total results should be placed in tabular fomm,

IH this way

a mathematical record can readily be obtained of the power of

Hedonal as an ansesthetic.

26,

econd
zxperiment.

Hedonal Pure Duration Weight
«75%, Hedonal. of of

\naestheaisa, rabbit,.
83 CeCo| 95 grain 120 minutes,| 2000 grammes.
First 41 c.c.( 4.7 grain 1 hour. 2000 grammes
experiment. 20 c.c.| 2.3 grain 1 hour. 1 kilogramme.,
36 csco| 4.1 grain 54 minutes. 2100 grammes
40 c.c.| 4.5 grain 1 hour, 2100 grammes
19 c.c.| 2,19 grain 1 hour. 1 kilogrammne,

The important fact to be taken from the above table is, that a
rabbit for maintenance of smaesthesia requires per kilkramme of body

weight and by perfusion into the vein, 2.2 grains of Hedonal per hour.,
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After studying the conditions of anaesthesia due to Hedonal as they occur
in the present experiments, it appears to me sultable to consider them under
four headings:-

1. The anaesthetic dose.

2. The effect on the eye,

Se The nature of the anaesthesia,
4, The cause of death.

The effect on the vagus as seen in the heart tracings has also been considered.
The anaesthetic dose:-

In the first experiment the animal was under the anaesthetic influence
of Hedonal (.75%) for 2 hours. It received in this time 17 doses,
consisting of from 3 é.c. to 10 ce.cs, having had in all 83 c.c.
or 9.5 grains of Hedonal., This quantity represents 4.8 cece (o5 grain
Hedonal) every seven minutes, or at the rate of .25 grain Hedonal per
kilogramme of body weight at the same intervals, It was found that the
abdominal wall as tested by a needle, and even by actual incision,
became very readily insensiltive to pain, so that a relativély small dose
such as 3 c.c. (¢34 grain Hedonal) equal to .17 grain per kilogramme of

body weight permitted painful manipulations to be made in this region

without the slightest movement. (Experiment 1,) This is in accordance

with the experience in the clinic, as one of the chief advantages ﬁﬂf5§
of Hedonal as experienced by surgeons has been stated to be . @dA4L
the great muscular relaxation producéd, more particularly @1,75

in the abdomen. On the other hand a fairly large dose such as
10 c.c. (i.e.‘sc.c. per kilogramme or .57 grain) was necessary to
abolish the plantar response to the needle when pressed fimly

into the tissues,

-~ When'we examine the experimental work of Fedoroff and Jeremitsch, Kef. 10,
we find that in animals such as the rabbit and dog, there was
required a dose of ,1 gramme to .2 gramme (1,5 to 3 grains) ﬁHE39

of pure Hedonal per kilogramme of body weight for operations, This
is in agreement with the quantity found necessary per hour in the
present experiments,
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Effect on the eye:-

The action seemed to be very similar to what obtains with chloroform
narcosis. 0f course the changes come on much moré rapidly, as the
drug is sent directly into theblood stream. Chloroform on the other
hand being given by continuous inhalation, shows its effects more
gradually. A small dose of 1,5 c.c, per kilogramme (.17 grain
Hedonal) was followed almost immediately by dilatation of the pupil
from 5 millimeters to 7 millimeters, (see first dose in Experiment 1.)
Large doses such as 5 c+C. per kilogramme («57 grain Hedonal) made
the pupil dilate up to 11 millimeters. My explanation of these
phenomena is as follows:- The small dose dilated the pupil by
stimulation of the cervical sympathetic nerves. The actién was
on the radiating fibres of the irls. At the same time, as might
be expected, the seventh cranial nerve was seen to be active, the
orbicularis palpebrarum closing the eye. When the large dose
was administered, the dilatation resulting was due to paralysis
of the third cranial nerve, which acts on the circular fibres of
the iris. There was noticed that the eyelids fell apart as if
from paralysis of the seventh nerve,

Regarding the corneal reflex, the experience varieés very much with
different rabbits, This may be the reason why different observers
have given different reports on this point, some stating that
Hedonal sbolishes the corneal reflex, while others have found
that 1t does not.

In Experiment IJ all the doses from 2 c.c, up to 10 c.c. abolished
the corneal reflex every time;

The actual quantities are here shown.

2 ¢c.c. Hedonal (.75%) = .23 grain Hedonal or ,ll grain per kifﬁramme.

10 c.c., Hedonal (.75%) 1.1 grain Hedonal or .52 grain per kilogramme.




In Experiment I, the corneal reflex was not abolished until the
12th dose of Hedonal, so that in this experiment a dose of even 8 c.c.
of Hedonal failed to affect this reflex. By consulting the -
following table it may be seen that several doses of moderate strength
were administered in close succession before the reflex was ‘

abolished.

EXPERIMENT I,

Dose, Tige . Quantity .

1 10,30 3 CeCo (o75%)

2 10,39 5 c.cCo .
2 ig:gé g Z:g: g No Hedonal for 33 minutes.
5 11.44 3 CeCo

6 11.48 3 CeCoe

7 11,51 3 CsCo

8 11.58 3 CeCo

9 12.1 3 CeCo
10 12,4 4 c.c.

11 12.7 4 c.c.
12 12,10 4 c.c., Corneal reflex abolished
. for the first time,

13 12,15 4 c.c,

14 12,19 4 c.C.

15 12,23 8 c.C,
16 12,28 8 ceCo

17 12,33 10 c.c.

The rabbit referred to above weighed 2000 grammes.

It may be of interest to quote here the words of Professor Krawkow
when he refers to the dose of .5 gramme by the mouth in a rabbit having
procured 7 hours'! sleep:-

"The reflex to pain-irritation, and corneal reflex are
analysed with greater difficulty; dbut do not completely
disappear,"

Again, Cataldi of Home states:-

"When the dose exceeds .25 gramme per kilogramme of body
weight an anaesthetic effect begins as shown among
other symptoms by a weakening of the corneal reflex."

Dr Mennell states that the corneal reflex is valueless in Hedonal

anaesthesia, The skin reflex on the sole is more lmportant,

29,
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The Nature of the Anaesthesisa,

If we examine closely a long anaesthesia due to Hedonal, it will be
found that such anaesthesis is not exactly of the same nature as, for
in-stance, that of chloroform of ether, Hedonal behaves rather

like the pure hypnotics. Thus, looking at the table of doses in

Experiment I, after the 3rd dose there was a period of
without any Hedonal beling given. The animal was in a
yet the corneal reflex was present, and deep insertion
into the sole of the foot elicited a response, Under
conditions, with chloroform or ethér, the animal would
Hedonal causes

awakened, moving within 8 minutes, an

drowsiness which continues for a time without any more

33 minutes
deep sleep and
of a needle
similar

have been
increasing

Hedonal being

required, even when the corneal reflex is present. In the clinic,

this feature of drowsiness has been regarded in opposite ways by

different surgeons, some deeming the post-operative sleep(which may &f%
last for 17 hours) an advantage; but others looking upon this
characteristic as prejudicial to its use,

Cause of death:-

This has been definitely ascertained. Respiration stops before
the heart.

After the last dose (10 c.c.) in Experiment I, the respiration
ceased in 30 seconds, The heart continued to beat feebly for another
2% minutes an@ then ceased to all appearance. The whole of the
anterior thoracic wall was then opened, when it was found that the_
heart was still beating, although there was no respiration., The
heart then ceased in a few seconds later,

The OTder of digsappearance of functions was as follows:-

Sensation in the abdominal wall,
Right hind leg - deep plantar response to needle,
Corneal reflex,

Teft planiar respconse te needle,
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Fedoroff in the clinip more especlally watched the respiration KHEZ.

rather than the cilrculation,

Experiment I.

The following experiment was made on a rabbit weighing 2000
grammes., The animal was first etherized and the venous cannula
was inserted into the left common jugular vein, After the &ther
had been stopped for 10 minutes, the rabbit received the first
dose of Hedonal., The details are here stated,

9,55 a.m, Ether was started.

10.20. Ether stopped.

10.20. Condition of the animal:-~

Light reflex absent,

Corneal reflex absent,

Pupil 4 m.m. in diameter - measured by the pupillometer.
Eyelids wide apart, suggesting deep anaesthesia.

10,25, Effect of the ether passing off.

Respiration faster. This is often a precursor of
superficial state,
Pupil larger - 5 m.m,

Eyelids closer together - from returning activity of
7th cranial nerve.

10.27. Eyeballs beginning to roll.
Corneal reflex returning, .

30,29, The left hind leg moved. The animal was returning to
consciousness,

10430. First cose:-

3 c.Cs Hedonal (.75%)
l CeCoe l\jorrﬂal Sal ine »

The effect was seen almost at once,

The pupil dileted from 5 m.m. to 7 m.n.

The abdominal wall was quite insensitive to the
needle when well inserted.

Eyelids opening widely, due to peralysis of the
7th cranial nerve acting on the orbicularis
palpebrarm,

The corneal reflex was still present.




10.36. The eyes were beginning to close from returning function of
the "7th nerve, |
-10,38%, Right hind leg twitched when the needle was applied.
.Conneal reflex present.
The enimal was pessing into a superficial state.
The second dose was now given:-

5 ¢.,c, Hedonal.
1l c.c. Saline.

The effect was seen in 10-15 seconds.

Slight dilatation of the pupil.
Eyelids more widely opened.

10,54, Eyeball rolling and a limb moved.
Cormeal reflex more sensitive,
Anaesthesia passing off,.
10.,50. Needle deeply inserted into the skin of the abdominal wall
produces no response,
Needle deeply piercing the sole of the foot causes response,
The eyelids became more tightly closed., |
10.54{ Third dose given. |

6 c.C. Hedonal.,
1l c.c. Baline.

The pupil at once dilated,
11.2, Needle in the abdomen gives no response,

Eyelids becoming more tightly closed again.

Response got from inserting a needle into the sole of the foot.
11.8. | Corneal reflex active.

Eyelids closing still more from actionvof thé 7th nerve,

Up to this point, the right hind leg has never failed to

respond to the needle; it had disappeared with ether,
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11, 15, No abdominal response to néedle.
Corneal reflex active,
Response got from both plantar surfaces.

It is now 26 minutes since the last doée was given, and no
movement of the animal (apart from interference) hes indicated
that 1t was waking out of sleep.

12.20. No abdominal response to the needle,
' Corneal reflex very sensitive.,
The eye is opening, due to the returnihg activity of the
this nerve

3rd cranial nerve, acting on the levator palpebrae superiorise.

11:27. The fourth dose was administered,

e , 8 c.c. Hedonal.
1l c.c. Saline.

This was a large dose and the pupll in eight seconds was seen
to dilate up to 11 millimeters.
11,31, No response whikle incision was made in the abdominal wall,
. Response still obtained from the plantar surface,
11.54.\ The fifth dose was now given, although there Wére no signs of
superficial state observed, |

3 c.c, Hedonsal,
l c.c. Saline.

11,47, Corneal reflex has never yet in this experiment disappeared,
11.48 Sixth dose given.

3 ¢c.c., Hedonal.
1l c.c. Saline,

Plantar response to the needle,and the corneal feflex became
more sluggish,

11.51. Seventh dose,

3 c.c, Hedonal.
l c.c. Saline,

The pupil at once dilated from paralysis of the circular fibres
of the iris,

Plantar response still obtained when needle was deeply ianserted,




11.58, Eighth dose given.

3 c.Ce Hedonsal,
l c.c, Saline,

Corneal reflex and plahtar response still actives .
12.1. Ninth dose given.

3 c.c., Hedonal,
1 CeCo Saline.

Plantar response sluggish.
Cornesl reflex sluggish,.
12.4. Tenth dose given,

4 c,c, Hedonsal,
1l c.c. Sallns.

12.7. Eleventh dose given.

4 c.,c, Hedonal,
l c.c. Saline.

12.8. Response from the sole of the right foot for the first
not obtained.
The pupil is 11 m.m.

12,10, Twelfth dose given.

4 c,c.Hedonal,
1l c.,c. Saline,

Right plantar response to needle is absent.

Left plantar response 1s present.

Corneal reflex abolished for the first time,
12,15, Thirteenth dose. |

~

4 c.,c., Hedonal.
1 CeCo Salineo

No corneal reflex,
No right plantar response,

Left plantar response still obtained.

o4,

time is
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12,19, Fourteenth dose,

4 ¢.c., Hedonal.
l coc, Saline,

Conditipns still the same as after last dose,
12,23, Fifteenth dose,

8 c.c, Hedonsl,
l cec. Saline,

Corneal reflex absenf.
Eeft plantar response sbsent for the first +time.
12,28, Sixteenth dose.

8 c.c. Hedonsal,
1l c.c. Saline,

12,31, Respiration slow and shallow,
12.33. Seventeenth dose.

1C c.c., Hedonal,
l c.c. Saline,

Respiration ceased in 30 seconds after this last dose, The heart
continued to beat feebly, The pupils were large and eyes wide open.

In 2% minutes after respiration ceased, the heart to all appearance ceased.

On now opening anteriorly the thorax, the heart was found to be still
beating. The animal died,

In this long experiment of 120 minutes, it may be observed that the
rabbit receﬁved 17 doses of Hedonal, ranging in quantity from 3 c.ce to 10 c.Ccy =
s total of 83 c.c.

The functions disappeared in the following order:-

Sensatlon in the abdominal wall,

Right hind leg - deep plantar response to the needle,
Corneal reflex,

Left plantar response to needle,

Respiration.
Circulation.




Experiment II,

This experiment wes originally carried ouﬁ with a threefold purpose:-
(1) To ascertain the effect of Hedonal upon the cavities
of the heart,
(2) To ascertain whether and to what extent Hedonal.
influences the action of the vagus nerve.,
(3) To find out the power of Hedonal as a general anaesthetlc,

The first two have been dealt with in detail elsewheres it is
mainly the anaesthetic property of Hedonal which is now under consideration.

The animal weighed 2100 grammes,

The following operations were carried oub:-

Etherigaetion,

Tracheotony.

Venous camnula inserted in left jugular vein,

Thorax opened, and the necessary connections made ,
for recording the action of the auricle and ventricle.

Vagus nerve on elther side was also isolated ready for
stimulation,

The blood pressure was not recorded.

The éxperiment lasted for 54 minutes, during which time the animal
received 36 c.c. Of +75% solution of Hedonal, or 4,1 grains of actiVe
ingredient, There were 6 doses of from 2 ce.ce to 10 c.Cce, On an
average of & c;c. each time, or 68 of a grain of Hedonal every six
minutes, for an animal weighing 2100 grammes. This is .32 grain
per kilogramme every 6 minutes. The anaesthesia was perfect,

By "perfect anaesthesia" in this case is meant
(1) No voluntary movements.,
(2) No involuntary or reflex movements.
(2) The vital automatic movements only in action.
(4) Corneal reflex abolished,

This was not a light anaesthesia: the animal could probably hﬁve done
with less anaesthetic. In the earlier doses, however, any succeeding
dose was only aduinistered at the moment when the corneal reflex returned.

The/

36,
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The later doses were given without waiting for the corneal reflex to return,

Fence the duration of anaesthesia recorded for the later doses is under-

.estimated.

been done:-

Time., Dose.,
10.41. 1l
10,59 2-
11.8. 3
11,11 4
11.20 5
11.29 6

Quantity.

10 c.c.

CeCoe

(o2 T« SR S B N oo £
o
o

A teble giving the doses will show at a glance what has

Anaesthesia,

18 minutes.,
9 minutes.
S minutes,
9 minutes.,
%) miﬁuﬁes.

6 minutes.

The first dose is important, because the cornea was sensitive to

touch at the beginning.

10. 35

10,41,

10.41.

10.43.

10.48.

Details of the Expe riment.

Q.M At this time all dissection which had been carried out

under ether was completed, the ether was stopped and

artificial respiration continued all through.

Corneal reflex absent.

Right corneal reflex beginning to return after 6 minutes without

any further anaesthetic having been given.

The revolving drum was started,

First dose:-

Response of the right cornea disappeared in a few seconds,

10 c.c. Hedonal (largest dose of all).

lc.c.

Drum was stopned,

Both corneal reflexes

ansent,

Eyelids of both eyes closing,
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10.50. . Drum started and a tracing taken,
10,51, Drum stopped.
10.,55. ILeft corneal reflex present,

Right corneal reflex absent.
#The reason of the difference may be that the left 1is
more sensitive because 1t was less interfered with, the

head having been lying to the side.

10.59. Both corneal reflexes are now present.
The animal is now awake, but is about to pass into a
superficial state of anaesthesia,

The first dose (10 c.c.) has therefore kept the corneal reflexes
absent for 18 minutes, There has therefore been complete
anaesthesia during this period.

10,59, Drum started,
10,59, Second dose:-

8 c.c. Hedonal,
1l c.c. Saline,

Corneal reflex was abolished in a few seconds,
- 11,1, Drum stopped.,
11,.8. Corneal reflex was again apparent,
The second dose has given 9 minutes anaesthesia,
11.8. ‘ Drum started.
11,8, Third doses-

4 c.c, Hedonal,
1 c.c, Saline,

Corneal reflex was asbolished,
11,10, Drum stopped.

11.11. Corneal reflex returned. This dose has given 3 minutes 'anaesthesia

* My experience has been that the left side of the tody is usually
more sensitive than the right, both as to touch and electric
stinuli,
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Figure LKXXIX.
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11, 11.

11.11,

11,121,
11,133,

11,16,

40,

fDrum started,

Fourth doses-

2 c.c, Hedonal (.23 grain or ,11 per kilogramme,
l c.c, Saline,

_ Corneal reflex even with this dose Wasiimmediately

abolished.,
Drum stopped.
Drum started.
Left vagus was now cut and a thread attached, |
Corneal reflex still absent, the animal being anaesthetised.
From this point the tracing can be followedin Figure ILXXXIX.
Stimulation of the left vagus nerve with the secondary coil
" standing at 5 centimeters., During the stimulation the
venfricle ceased in diastole, The heart had quite stopped.
Whenever the current was withdrawn, the heart resumed
actiongy but 1its rate was reduced for a few seconds, after

which itybecame normal.

11,17 to 11,18, Drum was stopped.,

11.18.

Stimulation of distal extremity of left vagué with

coil at 10 centimeters,
The heart stopped in diastole again and then resumed beating,
Vagus was stlmuWatea with the coill standlng atn%Oa%ggtlmeters.
This shows the minimum effect of the induced current. There
is no cessation in diastole, There is no diminished
gmplitude, There is only the retarding of the heart rate.

It is 9 minutes since the last dose of Hedonal and the

animal is still anaesthetised., .

11,19 to 11.20, The drum was stopped.
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11.20. Fifth dose:-

6 ce.c. edonal.
1l c.c, Saline.

At the moment of maximal effectof this dose upon the heart,
the left vagus was stimulated with the coil at 20 qentimeters.
This is the same current as before when no diastolic cessation
was seen - only retardation of the cardiac rate.. In the
present conditions, however, the result was "stand-still" of
the heart in diastolé for 2 seconds, When the immediate
effect of this Hedonal dose had passed off, stimulation of the
vagus with the coil at 25 and 22 centimeters respectively, had
no effect. The heart then fully recovered. The vagus was

now stimulated when the maximum effect of Hedonal on the heart

had passed off, using the same current as when the heart was
most affected bylﬁedonal, viz. with the coil standing at
20 centimeters, There was no cessatién in diastole, but only
slowing of the heart rate, which shows the'"organ-pipe"
appearance in the tracing.
11.29. Although the animal was still anaesthetised, more Hedonal was
administered.
Sixth dose:-

6 c.c, Hedonal. :
1 CoeCo Salil’leo (see Figure I;X_X:XI) .

The effect lasted_at least for 6 minutes, the animal being

» = still asleep, and corneal reflex not having returned at 11.35.



SECTION III.

EFFECT ON THE HEART OF THE RABBIT WITH SPECIAL REFERENCE TO
(a) Amplitude of econtraction of the auricle,
(‘b) Amplitude of contraction of the ventricle, .

(c) Cardiac rate.
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The effect has always been, that there was marked decrease in the
smplitude of contraction of the auricle and of the Qentricle, when
Hedonal was peffused.
No appreciable change was observed in the cardiac rate.
The effect On the ventricle was always greater than that on the suricle,
It was usually found that complete recovery after a dose more readily
followed in the case of the auricle than in that of the ventricle:
glthough the reverse was seen in Figure 26, when a dose of ,25 of a grain
per kilogramme was given. In this instance the ventricle fully
recovered: the auricle did not fully recover,
of contraction.
The greater the dose the more marked was the reduction in amplitude,
The time tsken to recover from any one dose was found, as a rule,to be
greater than the time required to bring about the maximum effect.
after beginning to perfuse the drug. |
A moderate dose for a rabbit is .16 grain of Hedonal per kilogramme
of body weight. In the present case by the term "a moderate dose" is
meant one after which complete recovery took place to the prevailing

conditions immediately before perfusion. ~ This is the quantity given

in Figures 30 and 28, from which there was complete recovery in the

auricle and ventricle as regards amplitude of movement. It was
represented by a dose of 4 c.c. (.46 grain) of Hedonal solution (.75%),
the rabblt weighing 2800 granmes,

When a dose of .2 grains per kilogramme (Figure 30) was given,
complete recovery to the former conditions was not always observed,

There were twelve experiments made. The average results may be
seen in Figures 26, 27, 28, 30 and 32, which are here produced.
Bhe solution employed was ,75% in saline, expept in one case (Figure 26)
where a 1% solution was used.

Some of bthe Figures also show a blood pressure tracing; but this

effac '3;1/
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- effect has not been considered here, as it has been dealt with elsewhere,

The operations carried out in- each experiment were as follows:-

Anaesthesisa,

Tracheotomy,

Insertion of

" Insertion of

The animal was anaesthetlised by ether.

The trachea was exposed in the usual way; A glass
tube, or one of McColl's brass tracheal tubes
was inserted, and the connection was made with
the ether bottle, artificial respiration being

- carried out by an electric air pump.

venous cannula. A glass tube filled with normal saline

was inserted into the left common juguler vein,
Thereafter it was connected with a double burette
stand for holding normal saline and Hedonal sclution

respectively.

the arterial cannula, A glass cannula was inserted

into the right carotid artery and the connection

was made with the blood pressure recording apparatus.

Dissection of the anterior thoracic wall, When the sternum and a

portion of the ribs were removed, the pericardium was
opened and fixed on each side by bull-dog clips, to

the remaining thoracic wall, The heart was thus

slung in a cradle formed by tu:e pericardium posteriorly,
A small metal clip was attached to the anterior

surface of the auricle and one to the ventricle,

threads being led from there to the travelling

smoked paper which in the present experiment was

12 ft.long x 1 ft.deep.

Bach figure shows six lines from top to bottom as follows:-

Tracing from the auricle.
Tracing from the ventricle.

Blood pressure
Abscissa line.

Signal line.
Time line in

(when present),

seconds,
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PIGURE XXX.

In Figure XXX the rabbit weighed 2800 grarmes,

46,

The tracing is a selected portion from one of lc feet long and shows

three lines,

The top one is taken from the auricle, the middle one

from the ventricle, and the lowest one represents the blood pressure,

The blood pressure has not been considered in this section,

A dose of 4 ceCe (46 grain) and one of 6 c.Ce (69 grain) were

administered by the jugular vein and the results are tabulated below,

In this experiment the heart recovered its previous amplitude of

contraction of both auricle and ventricle after the smaller dose:

after

the second dose the auricle quite recovered its former amplitude, but the

ventricle after recovery recorded only 28 millimeters, being a loss of

10 millimeters in amplitude, equal to 26%.

appears to be rather large.

The cardiac rate hes not been altered by elther dose.

The dose of 6 c.c. therefore,

TABLE I,
Amplitude Amplitudeg Time Time of | Loss [Percent-
before after to show {recovery in pge of
Hedonal Dose Hedonal | maximum jafter ampli- loss at Recovery.
was given, dose. effect, [full tude. ftimeof
given, effect. dose.,
19 mem. 4 c.Ce | 14 mem. |20 secs., | 25 secs |5 m.m, 26 Complete
Auricle ' )
19 mem. 6 c.ce | 10 mem, |18 secs. | 30 secs |9 m.m. 47 Complete
28 mem, 4 c.Co | 18 mem, [20 secs. | 60 secs {20 me.m.| 52 Complete
Ventricle ‘
38 mem, 6 C.Co 5 mem, |18 secs, | 40 secs 33 m.m.| 86 Incomplet

[

Note:- Incomplete recovery means, that the heart had not returned fully to

its previous condition at the time a subsequent dose was administered,



47.

/o0 i /ec

F4gure XXXII

47 tkvhi/Tai

Figure XXVIII.



48.

FIGURE XXXTIT,

Figure XXXII is a tracing taken from the heart of a rabbit welghing

2100 gfammes. It represents the effect of a 1argé dose administered six
minutes after the ether was withdrawn and when anaesthesia was paséing
off, as was shown by the corneal reflex returning. | |
The dose administered was:-
%10 ce.c., Hedonal and
1l c.c. Saline.

The usual result was obtained as in other experiments,  This is very
merked in the ventricle, The -amplitude of contraction of the ventricle
| which was 58 millimeters, became only 12 millimeters, a loss of 79%: it
did not fully recover, The auricle haé been affected similarly but
in & lesser degree.

The cardiac rate has been unchanged,

%10 c.c. of Hedonal (.75%) contains l.l grain or
«52 grain per kilogramme,

FIGURE XXVIIT.

Figure XXVIII is produced to whow the effect of s very moderate dose

of Hedonal on a.lapg§;%2%§hing 2800 grammes. ' The effect was quite marked
with a dose of 3 c.ce and of 4 c.cC,e It was greater in the ventricle than
in the auricle, and recovery was complete in each case, Recovery was

found to take place sooner than with the larger doses such as 6 c.Ce. 0r 8 C.C.

. Note:- 3 c.c, Hedqnal (.7?%) con&ains «34 grain .12 grain per kilogramme,
— ’ 4 t

4 C.C, 46 grain = ,16 grain "
6 CeCo " " " .69 grain = .23 grain "
8 CeCos " " " «92 grain = ,32 grain "

The above estimations have been made on the assumption that a 1% $olution is
represented by 1 grain in 110 minims, seeing that 1 oz.water weighs 4374 grains,
By the eguational method we have:-

16,9 minims 8 c.c. p75 grains = <92 grain.
1l ce.ce . 110 minimé} X grains.

(See Table II.).



49.

]

Figure- XXVII.
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TABLE 2.

(Referring to Figure XXVIII.).

Amplitude Time Time Loss |Percent-~| Extent
before Dose.| Amplitude| to show | taken in age of of
Hedonal after maximunm | to | ampli-~| loss. recovery,
was given, Hedonal. effect. | recover, tude.
22 meme. 3 CeCo| 18 mom, 20 secs.| 30 secs. 4 m.m, 18 Complete
Auricle
22 m.m, 4 C.Col L6 mom, 25 secs.| 35 secs, 6 m.m, 27 Complete
78 mem. ﬂ? CeCo| D8 mome 20 secs.| 30 secs.20 m.m, 25 Complete
Ventricle ' -
: 78 m.m, 4 c.Co| 46 mom, 30 secs. 40 secs |32 m.m, 41 Complete.

FIGURE XXVII.

The above figure is a tracing taken from a rabbit welghing 2300 gremmes.
Two large doses of Hedonal were perfused and the effects are recorded in
tabular fomm., The result shows that the effect of such doses even in a
large rabbit 1s very marked; but that recovery is good. Further - the
felative effect on the ventricle 1s much greater than that on the auricle,
and the auricle recovered éooner than the ventricle its former amplitude

of contraction.



TABLE III.

(referring to Figure RXVII.)
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#In 40 seconds after the maximum effect of 8 c.c.,, the amplitude of

contraction of the ventricle was 34 m.m., representing a loss of 8 m.m.
There was then a pause of 2 minutes in the movement of the smoked paper,
when it . was found that the amplitude had been fully restored to 42 m.m.

It is likely that i1f the heart had been given more time

after the first dose, the ventricle would have also been

fully restored.

51.
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Figure XXVI.
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FIGURE XXVI.

Figure XXVI is teken from the heart of a rabbit. weighing 1800 grammes, and

shows the effect of one dose of Hedonal., The Hedonal solution was 1% in
saline. The disséction took a 1oné time and the animal became mofibund, the
blood pressure registering only 6 MeMa s There was therefore administered by
hypodermic needle intobthe rubber tube of the venous cannula, a dose
consisting of

o5 c.ceo Adreralin (1 in 1000)
5 c.C, Saline.,

These were mixed in the syringe. The tracing starts with Ehe effect
of this dose still acting.
The amplitude of contraction of the auricle was 28 m.m., and in 30 seconds
it had become 32 m.m..
The ventricle line was 38 mem. and in 30 seconds it had become 48 m,m,
The following dose was then given:-

3 c.c, Hedonal (1%.)
3 CeCe Saline,

The result in the auricle line:- In 3 seconds after beginning to perfuse
the drug (3 c.c. of 1% Hedonal or .46 grain Hedonal) and before it
had all been introduced, the contraction of the auricle began to
diminish in its amplitude, In 30 seconds the meximum effect was
obtained - 6 m.m, The auricle in 35 seconds later had recovered,
but not to its former amplitude, It became 20 m,m.

The result in the ventricle line:- In 45 seconds the maximum effect was

of contraction

obtained, the amplitude, ,being 8 m.m,. For 30 seconds it had
remained about 10 me.m.. In 40- seconds after the maximum effect

of contraction

the ventricle had recovered its fmwnegAamplitude - 48 menles Recovery

was therefore complete,



At the end of the tracing the drum was stopped on five occasions, the

o4.

time being marked on the chart. Though this section is not dealing with

blood pressure, it may be remarked that the blood pressure line has passed

into the ventricle line and has become lost to view.

In the sbove experiment, there 1is a marked effect upon the auricle

and ventricle, even with what has been considered In other expefiments a

moderate dose for a rabbit;

single instance has been greater and explains

but the strength of the solution in this

the more profound effect,

TABLE IV,
Amplitude Amplitude| Time for | Time Loss Percent-| Extent
beforeg Dose.|  after |maximum for iin age of of
Hedonal. Hedonal. effect. recovery.| ampli- loss, recovery,
tU.dGOA ]
Auricle 32 MeMe |3 CoCo 6 mem, SO“secs. 35 secs,| 26 m.m. 81 Partial
of 1%.
Ventricle |48 mem,. (3 c.c% 8 meme 45 secs. | 40 secs.| 40 m.m, 83 Complete,
Of 10- .




SECTION IV.

EFFECT OF HEDONAL ON THE HEART
THE FROG. |
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 Effect of Hedonal on the excised heart of the frog:-

'(a) Amplitude of heart's movement.

(b) Cardiac rate.

Seven eXperiments were carried out by perfusion whefe the drug-
solvent and restorative were identical, viz., "Sherrington."”

One experiment was made where the solvent was .5% normel Saline
and the restorative was "Sherrington."

There was one experiment with the solvent and the restorative both
saline but of different strengﬁhs, viz., .9% and .75% respectively.

Lastly, one experiment is included where the Hedonal solution was

dropped on the heart's surface.

- o -

Dealing collectively With the experiments'produced in this section,
the general results are now reported.

In the first eight tracings (seven experiments) the strength of the
Hedonal solution used was 1 in 2000, 1 in 1000, and 1 in 250 respectively.
The drug solvent was the same as the control or restorative solution in
each of these, viz., "sherrington."

Effect on amplitude of cardiac contraction.

The most prominent and constant effect upon the heart was s
diminution in the amplitude of the contraction.

A solution of 1 in 2000 sometimes failed to affect the amplitude of
contraction as in Figure 6, arrow 5 on page 66. This is the weakest
solution which has produced any diminution in amplitude of contraction.
The effect is seen in Figure 1, arrows 3, 9, 1l and 13, on page 60.

The strongest solution used (1 in 250) has frequently stopped the
action of the heart entirely, as can be seen in Figure IV, page 63,

and in Figure III, arrow 5, on page 65.

%  For composition see p. 18, Vol. II.

56 .
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A solution of 1 in 1000 has even caused stoppage of the heart, as
in Figure 1, arrow 7. - In this case "Sherrington" perfused before the
heart had entirely stopped, failed to avert the final change.

Effect on cardisc rate:-

Weak solutions, such as 1 in 2000 increaded the rate at first; in
Figure II, arrow 3, the increase was 18%. Subsequent doses increase
bthe rate less than at first; in Figure II, arrow 5, the reduction was
only 11 per cent. This result was important as it was near the
beginning of the experiment and the heart was less affected by other
doses, This result can also be seen in Figure 1, arrows 9, 11 and 13,
on page 60 .

Solutions of 1 in 1000 also increased the rate at first, to be foliowed
sooner by retardation. This is very striking in Figure II, line 1, ﬁhere
the rate 1is inereasingly reduced, even though the restorative has been
perfused - see arrows 1 and 2, The eract figures are here recorded,

The rate at the beginning of line 1 was 20 in 60 seconds. Hedonal

1 in 1000 was perfused and the rate immediately became 23 - an increase
of 15%. In the next period of 60 seconds, the rate was 16,-a reduction
of 20%. Next period, notwithstanding that "Sherrington" was being
perfused, the rate became 7, equal to a loss of 75% as compared with

the normal 20, This is not a "Sherrington" effect as the restoration
due to "Sherrington" was shown later, It was a continjeqHedonal effect.

Strong solutions, for exaﬁple, 1l in 250, may increase the ratelat
the begianing but much sooner show the reduction than the weaker solutions,
and may stop the heart altogether. This is well seen in Figure III,
arrowé 1, 3 and 5.

In Figure VI, arrow 1, an increased rate is followed by cessation,
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When the heart has ceased to bealt it can be readily restored in
meny cases by "Sherrington". This is seen in Figure IV and in Figure III,
arrow 8, at the beginning of line 3.

In one case where the heart had stopped with 1 in 250 solution of
Hedonal and "Sherrington" failed to restore it, the action was;quite
recovered by gently touching the surface of the heart with a smooth
glass rod, Figure VI, arrow Q.

The heart stops in diastole,

This can be plainly seen in Figures VII and VIII,

In addition to the group of experiments above mentioned, other
three have been included here for different reasons,

When the drug solvent and the restorative differ a result may be
éonstantly obtained, no matter how dilute the solution of tre drug may be,
It is then not a Hedonal effect at all, This can be seen in Figure IX,
The dilutions of Hedonal were made up to 1 in 100 millions in ,5% saline
but the restorative was "Sherrington" containing Ca Cl,. The drug
solution cut down the amplitude every time ~ no less with the extreme
dilutions - and the "Sherrington" always restored the amplitude,

Then again, a tracing is shown where the drug solvent was normal
saline .9 ¢ and the restorative was saline ,757. This is seen in
Figure X on page 08 . The dilutions were as great as 1 in 20 millions,
The effect was not decreased by this great dilution. The diminution of
the sodium ion in the restorative allowed a relatively greater mnpligaggi?dbn
This was not a Hedonal effect., The tracing shows a marked reaction
like.what is found in the hypodynamic heart of the frog referred to fﬁﬁ%&
by Clark, Such a heart is very sensitive,

In this experiment, much perfusion had already taken place before
the very dilute solution was used.

Lastly it has been shown in Figure XI that Hedonal solution .37%
dropped on the heart's surface can stop all movement, whigﬁigggagﬁain
be restored by normal saline applied ia the same manner,

-y e e e e taw - -
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Method adopted,

In the present 10 experiments the following method was carried oub:-
The pithed frog was placed on its back on the frog-board and the apex
was suspended by a clip after the necessary dissection. A glgss
cannula was then placed in the truncus venosus and tied there: it had
8 branch for overflow so that the liquid could always remain at the
same level., The severed heart was then placed on a second stand, the
heart being suspended by the glass cannula above, and the apex held by a
clip pointing downwards and held by a thread. The thread was attached
to the long arm of the myograph lever whose arrow point-made a tracing
on & slowly revolving drum. A third stand then supported the solution
of Hedonal and the restorative solution placed 10 inches higher than the
heart., These two vessels were fitted with rubber tubes from below, each being
supplied with a spring clip and at the end a piece of glass tubing. This
was easily inserted into the upper end of the heart's cannula when berfusion

was to take place,

FIGURE I,
In Pigure 1 is shown the effect on the frog's heart of Hedonal solution
1 in 2000 and 1 in 1000. The estimation was made from a period approximately
60 seconds and taken from 15 millimeters of the time line as the waves were
rather close for accurate counting. The total results of this'experiment
are seen as follows:-
Hedonal Solution 1 in 2000.
1. The amplitude of the heart!s movement‘was reduced on an average
taken of 5 doses by 20%.
2, The cardiac rate was increased on an average taken of 5 doses
by 22%.
Hedonal 8olution 1 in 1000.
of confrachion

l. The amplitudeAwas reduced on an average by 38%,

2. The rate was increasced on an average by 289,
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Detalls of the perfusions made in this tracing.

1. Hedonal 1 in 2000 of "Sherrington".
2. "gnerrington".

3. Hedonal 1 in 2000.

4, " "sherrington",

5¢ Hedonal 1 in 1000. .
6. "Sherrington". : -
7. Hedonal 1 in 1000, '

8. "Sherrington".

9. Hedonal 1 in 2000.

10. "Sherrington".

1l. Hedonal 1 in 2000.
12. "“Sherrington".

13. Hedonal 1 in 2000.
14. "Sherrington".

Detalls of measurement of amplitude of contraction and

cardiac rate by each dose.

First lines-
"sherrington", amplitude of contraction 20 m.m.
cardiac rate 12,
Hedonal, 1 in 2000. Amplitude of contraction 18 m.m. Reduction 10%.
Rate 15. Increase 25%.
"Sherring ton", amplitude of contraction 19 m.m.
Rate 12.
Hedonal, 1 in 2000, Amplitude of contraction 15 me.ms Reduction 21%.
Rate 13. Incréaée 8%.
"Sherrington", Amplitude of contraction 18 m.m.
Rate 11.
Second line:- v
"aherrington", Amplitude of contraction 17 m.m.
Rate 10.
Hedonel, 1 in 1000, Amplitule of contraction 11 m.m. Reduption 35%.
| Rate 13 . Increase 30%.
"Sherrington", Amplitude of contraction 17 et

Rate 1l.
Hedonel 1 in 1000, Amplitude of contraction 10 m.me Reduction 41%.

Rate 14. Increase 27%.

"Sherrington" - The heart continued to contract for 3 pulsations, when it
stopped as if from the continued effect of Hedonal. The heart
then tegan to respvomd to the "Sherrington™.

Amplitude of contraction 16 m.me. Rate 15.



Third line:-

"sherrington," Amplitude of contraction 17 m.m.
Rate 11.
Hedonal, 1 in 2000. Amplitude of contraction 13 m.m. Reduction 23%.
Rate 15. : Increase 36%.
"Sherrington," Amplitude of contraction 17 m.m.
Rate 11.
Hedonal, 1 in 2000. Amplitude of contraction 13 m.m. Reduction 23%.
Rate 15. Increase 36%.
"sherrington," Amplitude of contraction 17 m.m.
Rate 1&.
Hedonal 1 in 2000. Amplitude of contraction 13 m.m. Reduction 23%.
Rate 14. Increase 7%.
"Sherrington," Amplitude of contraction 17 m.m.
Rate 13.
NOTE: -

The estimation in each Heconal perfusicn has been compared with the
immediately previous restorative dose.

FIGURE ITI.

In Pigure II the time line represents seconds, and periods of the tracing
representing 60 seconds have been considered each time. The geﬁeral effect
in this experiment has been reduction in the amplitude of contraction with
every Hedonal perfusion, and initial increase of the cardiac rate in esch case
except with the strongesit solution, which stopped the movement of the hesart;
this last is a very strong effect (see arrow 7).

Table of Doseg and Effects.

Hedonal solution.

1 in 2000 Amplitude of contraction reduced 20%.

(arrow 3) Rate increased 18%.

1 in 2000 Amplitude of contraction reduced 21%.

(arrow 5) Rate increased 11%.

1 in 1000 Amplitude of contraction reduced 32%.

(arrow 1) Rate increased 15%.

1 in 250 All action of the heart ceased after 3 beats.
(arrow 7)

Detailed account of doses in Figure II.

"Sherrington" Amplitude of contraction 22 m.m.
Rate 20,
Hedonal 1 in 1000. Amplitude of contraction 15 m.m. Reduction 32%.
Rate 23. Increase 15%.
"Sherrington® Amplitude of contraction 18 m.m.
(first period) Rate 7.%
"sherrington" Amplitude of contraction 22 mam.

(second period) Rate 18.

% This rate iz a prelonged Hedonsl effect.
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" Second line:-

"sherrington" Amplitude of contraction 25 m.m.
) Rate 17.
Hedonal, .l in 2000. Amplitude of contraction 20 m.m. Reduction 20%.
- Rate 20. Increase 18%.
"sherrington" Amplitude of contraction 23 m.m.
Rate 20, :
Third line:-
"sherrington" Amplit ude of contraction 23 m.m.
Rate 17. -
Hedonal, 1 in 2000. Amplitude of contraction 18 m.m. - Reduction 21%.
Rate .19. _ Increase 11%.
" sherrington" Amplitude of contraction 20 m.m. L
Rate 18.
Fourth line:-
"Sherring ton" Amplitude of contraction 20 m.m.
Rate 16,

Hedonal, 1 in 250, After 3 pulsations heart ceased.
' No restoratione.

FIGURE III.

The tracing in Figure III shows the effect of .4% solution of Hedoﬁal
and 1 in 1000 solution, on the excised frogts heart by perfusion,

It a8 been observed in most experiments of this kind, that Hedonal at
first Iincreases the cardiac rate, more especially with wegker solutions,
after which increease, the rate is reduced. This has hbeen the experlence even
with the stronger solutions (1 in 250) ,although the initial increase has not
been so¢ marked nor has it been so constantly seen.

In the present case,Hedonal (1 in 2850) was perfused four times at the
beginninge. At arrows 1 and 3, the increased rate can be seen, In the

action of the
second line this solution haes twice stopped the/heart, which was again
restored by "sherrington".

The two perfusions of the weaker solution have neither of them éhoWed

the initial increase, because the heart had already been so much under the

influence of the drug; only a reduction in rate is observed.

4.



FIGURE IV,

The tracing in Figure IV shows marked effect from two separate
perfusions of Hedonal (1 in 250). This strong solution has caused to
all appearance complete cessation of the heart éfter perfusion for
80 seconds, to be followed by complete restbration by "Sherrington".

At the beginning of the tracing the cardiac rate was 31 in 80
seconds and the amplitude 10 m.m, Hedonal was introduced at arrow 1l.
In 42 seconds the effect began., The rate then becameSEf,-&h increase of
15%. The amplitdﬁé?%ggﬁgg'4 mem, = & loss of‘60%. At this point
"Sherrington'" was again perfused, The amplitude still rapidly fell to
zero in 80 seconds. The heart stopped for.the neit 60 seconds. The
"Sherringtoh" then began to restore the heart.

At arrow 3 another dose of Hedonal (1 in 250) was perfused with
exactly the same kind of result.

The reason why the Hedonal solution was slow in taking effect in
this experiment was that there was a different perfusing cannula used, which
had the overflow tube at a higher level. Some of the previous liquid was

still acting when the second solution was introduced,

FIGURE V,

In Figure V there is seen the effect of a strong solution of Hedonal
on the frog's heart WhenApeffused. The drﬁg was introduced for 400 seconds
and "Sherrington" failed to restore it. |

The tracing starts on the left with perfusion of "Sherrington".  The
cardiac rate here was 8 beats in 80 seconds, When the drug was being
perfused the rate became &, 7, 6, 2, 2, in similar periods, The strength
of the Hedonal was 1 in 250,

of contraction

The total loss in amplitude,from arrow 1 to arrow 2 equals 40%.

Loss in cardiac rate in this period was equal to 75%.

65.
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FIGURE VI,

The tracing in Figure VI shows the effect of Hedonal in three strengths
on the excised heart of the frog by perfusion. '

The solution 1 in 2000 made no change in the amplitude or rate - see
arrow 5,

The solution 1 in 1000 led to stoppage of the heart which was restored
by "Sherrington" - see arrow 3.,

The strong solution 1 in 250 was used at the beginning and the end,
The.amplitGEénggkgéduced 23% and 33% respectively. Both doses led to
stoppage of the heart. In the first case "Sherrington" restored the
cardiac action; 1iIn the second no restoration took place until the
organ was gently touchéd with a glass rod.

NOTE: =~ The time line was in seconds,

FIGURE VII. and FIGURE VIII,

These small tracings (Figures VII and VIII) represent the same thing,
ahd are taken from the same frog. The heart stopped in diastole. Good
restoration was obtained by "Sherrington". The heart responded to Hedonal
in 2 beats, the amplitude being quickly cut down., One lesser but prolonged

contraction then took place after which the heart stopped in diastole.

Figure VII,.

Arrow a
b

Hedonal 4% in "Sherrington®.
"Sherrington" - effect much delayed,

Flgure VIII,

Arrow 1 = "Sherrington" being perfused.,
2 = Hedonal .4%. :
3 = Bhe lesser but prolonged cardiac contraction,
4 = Restoration due to "Sherrington" after complete cessation.
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FIGURE IX,

‘Theftracing in Figure IX is an interesting one, The Hedonal
solution was diluted by 5% normal saline until. a sodution of 1 in 100 .
millions was obtained.  The control used was "Sherrington" containing

: of contraction- . =
CaCls. Eagéh dose of the Hedonal reduced the amplitude,as much as at
first, even with the weakest solution. The drug solvent and the

control should have begn identical . It is not a Hedonal effect Which

is showng it could have been obtained without any Hedonal at all.

FIGURE X.

In Figure X the‘drug solvent and the control were botl: saline but of

69,

different strengths. The drug solvent was .9% saline and the restorative

was ,75% saline. The dikminished quantity of the sodium ion tended to,

increase the amplitude every time, This then was not a Hedonal effect.

The dilutions were made until 1 in 20 millions strengbth was obtained.
The amplitude was as great at tle end as with a weaker solution used
at the beginning.

In this experiment the heart had undergone many perfusions
previously,so that it resembled the hypodynamic heart ih being
very responsive,

FIGURE XT.

In Figure XI the effect is recorded after aphlying a few drops of
Hedonal solution (.37%) over the outer surface of the excised heart
of the frog.

The heart ceased after 3 beats, although the amplitude of the
heart's movement had been 30 m.m. previously,. . Normal saline restored

the movement again fully, and then the heart ceased.



SECTION V,

- EFFECT OF HEDONAL ON THE RESPIRATION

IN THE
RABBIT.

AT AL
IR

70.



The following three experiments have been carried out, to ascertain
in the first place in what way Hedonal administered intravenousiy to a
rabbit might affect its respiration, and secondly, to find out whether
arid to what extent stimulation of the vague, when the animal is
narcotised by Hedonal, would bring about a normal physiologdical
response, as seen

| (a) on the Respiration tracing, and
(b) on the blood pressure tracing.

The effect of Hedonal on the blood pressure is not discussed in
this section,

The three experiments differ somewhat from each other,

Experiment A:=- In this case a small dose of 1 ce.¢e (o1l grain) was

given every 10-30 seconds to obtain a uniform narcosis without any

ether being adminlstered and with artificial respiration withdrawn.

The condition then approached to the modern continuous method of
anaesthesla, as against the older interrupted style. The tracing

shows a respiration line and a blood pressure line (see Figs, 76 and 77).

Experiment B:~ This one has been carried out to show the effect on

respiration alone. There was much time lost in this case preparing

a sensitive tambour, so that the effects are those found in an animal
which was almost moribund, The results in this case, while instructive,
may not be typical of an animal of average strength,

Experiment C:~ In this experiment it has been ascertained in what way

Hedonal affects the réspiration, and also during the Hedonal narcosis,
how the vagus nerve reacted to faradic stimulation, as seen in the

traclngd of the respiration and blood pressure,
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GENERAL STATEMENT OF RESULTS OBTAINED.

Hedonal affects the respiration rate. A rabbit which had received 2,8

grains of Hedonal per kilogramme of body weight in an experiment
lasting 17 minutes, showed a reduction in the rate equal to 58% (See
experiment A, figs 76 and 77).

In another case (experiment C), it was found that the respiration
rate was reduced 53% in the same time, the animal having received
.9 grain of Hedonal per kilogramme.

A single dose of 3 c.c. (+34 grain) of Hedonal solution caused a
reduction of the respiration rate equal to 21.7% (Experiment C).

. movement of
Hedonal affects the amplitude of,the respirations,

In one experiment lasting 17 minutes, the reducﬁion was 28% (Experiment
A, Figs 76 and 77.). In another case, it was 38% in the same time
(Bxperiment C.)

A single dose of 3 c.c. («34 grain) of Hedonal caused a reduction
of the amplitude equal to 25% (Experiment A.). 1In another case where
the afiimal was moribund, the reduction was 50%. (Experiment B,).

Recovery of the amplitude to the previous normal takes place in
10 seconds.

Hedonal has no appreciable effect on the Vagus nerve,as has been ascertained

by observing the respiration tracing, and blood pressure tracing, when the
nerve haé been stimulated during Hedonal narcosis, the seéondary coil
standing at 10 centimetres and even 20 centimetres from the primary,.
Respiration is almost stopped by these faradic stimulations: the blood
pressure is also much affected. There is therefore no paralysié of the
vagus observed,
It may be interesting to quote here the opinion of other observers
on this subject of respiration.

Draser in his own words states:- "The effects of the new urethane (Hedonal) K&? 54

on/



on the respiration was similar to that of urethane, namely, for
the most part a slight depression." ‘

Dreser again states:- "Neither Ethyl Urethsne nor Hedonal in the
human subject showed any speclfic effect on respiration, As in
natural sleep, respiration was less active," -

Fedoroff states that 1f the flow of the Hedonal solution be too
rapid during administration, respiration stops.

Burkhardt (of Nurg¢gnberg) in 1913 said, when referring to Hedonal,
a e depregated its use cllnically, because of the fall of
blood pressure, the difficulty of regulating the dose, the
prolonged sleep, and the danger of respiratory paralysis,
An early death was reported from Hull., =~ In this case respiratory
paralysks occurred without any warning, except a gradual
diminution in the volume of breathing,

Dreser states, that Hedonal lowers blood pressure, but does not
. T interfere with respiration,

Dr Kummel at the International Medical Congress (1913) spoke of
Trespiratory paralysis beisfg an ever-present danger of Hedonal
Enfusion,

In considering such reports as the above, one may'feel that it is
just possible that in any experiments on this part of the subject, the
observations may not have been scientifically recorded, only a rough
idea being conceived of the conditions. As already stated, practically
no tracings whatever on Hedonal have been published, at least in the
German or English language - only the literature. Even when cursorily

exemining the present respiration tracings, one might easily come to

the conclusion that there was no change.

73.
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DETATILS OF EXPERIMENT A.

In this experiment (figs 76 and 77), Hedonal solution (.75%) was

administered in a fﬁirly regular manner, to keep up a uniform
‘narcosis, Every 10-30 secs. 1 c.c, was perfused until 48 sucﬁ doses
were given. The operation lasted 17 minutes, The rabbit weighed
1950 grammes. .

There is seen an upper broad respiration line and a lower thin
blood pressure line, The time line is in seconds,

The following steps were carried out:-

Etherization.

Tracheotony.

The venous eannula was inserted into the left common jugular
vein and connected with one burette only, - containing
Hedonal solution.

The arterial cannula was placed in the righﬁ carotid artery and
comected to the blood pressure recording apparatus.,

A balloon was applied to the abdomen, and connected by a
tambour and pointed lever to the revolving drum,

The stopcock of the single burette was turned so that a very slow
rate of flow could be obtained. Fipgure 76 shows theAbeginning of the
experiment., While the animal was under ether narcosis the tracing
was started. The Hedonal was then perfused as above stated and after
four doses the ether was stopped and the animal allowed to breathe air
theough the tracheotomy tube. The signal line marked the beginning of
every dose of 1 c.c., 4, The doses were recorded by numeralsd placed under
the time line.,

There were no visible fluctuations in respiration and there were
no signs of superficial state coming on, so that the animel was in an

anaesthetic state purely due to Hedonal all the time. The respiration

rate/



rate very steadily became reduced from the first dose.

When 36 c.C.

had been introduced, the respiration began to show diminished amplitude

of movement, or shallow breathing, but was very regular,

In estimating the effects in the present case, it has been found

convenient to consider the number of reapirations occurring in periods

of 20 seconds, The conditions at every sixth dose have been tabulated

below:-

Number of
the dose,

Respirations in

periods of 20 secs.

Amplitude of
respiratiqn waves.,

1st

6th
12th
18th
24th
30th
36th
42nd
48th

29
22
18
17
15
15
12
12
12

18
20
18
18
18
18
16
14
15

m,m.
m.m,
m_.m,
m.m,
.
m,m.
m,m,
m._m,

m.m,

The above occurred during 17 minutes,

There is thus a loss in the respiratory rate equal to

amplitude of 28%. The tracing was a very long one;

figures 76 and 77 show what is necessary.

but

The animal received 5.5 grains of pure Hedonal or 2,8

kilogramme,

58% and a loss in

the portions in

grains per

76.
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DETAILS OF BXPERIMENT B.

A rabbit welghing 1600 gremmes Was used. The enimal was etherised
"until the venous canmula had been'insefted’in the left common jugular
vein; No tracheotomy was necessary. A balloon was slightly distended
and placed'ovér the abdomen, being fixed there by a towel passed round
the body. The connection was then made for a tracing, as in experiment
A. The rubber tubing from the balloon had a hand-ball introduced by a .
glass T-shapedltubé. 'This‘allowed the balloon to be distended or reduced
in size, and aisoumade it possible to place the pointer at the proper
level on the travelling paper. As there was no time record taken, a
portion of the tracing, measuring 40 millimetres in length, and repres-
enting 30 seconds, was considered each time. The doses given were:-~

. 3 c.c. Hedonal and no Saline. The drug, not having been
washed into the vessel, showed no effect.

S CeCo Hedonal and 1 c.c. Saline.

Immediately, the amplitude of the resplirations was reduced from
10 mem. to 5 mem. (50%) . The respirstion rate was reduded from
23 to 18 (21.7%) . When the respiration recovered, the rate
reached only 20; but the amplitude of the respirations was |
fully restored. This result may be the effect of the two
doses of 3 c.c. as they were probably both washed in at the
same time.

The experiment mey now be followed in Figs. 90 and 9l1.

3 c.c. Hedonal and 1 c.c. Saline (1lst dose in Fig.20) .

This dose had a profound effect. Respiration became
extremely shallow. The amplitude of the respirations was re-
duced from 12 m.m. to 1.5 m.m., equal to a loss of 87%. The
respiration rate was reduced from 20 to 19, equal to a loss of

5%. The amplitude of the respirations was fully restored.
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2 c.c. Hedonal and 1 c.c. 8aline,
An immediate effect was again observed. The respiration
rate fell from 21 to 19, equal to a loss of 9%,
The amplitude again fell from 12 to l.5 m.m. equal to
a loss of 87%.
At the end of the tracing, (Fig.90) there is seen the effect of
l coc. Hedonal and 1 c.c. 82line,
This smaller dose has reduced the respiration rate from
18 to 14, equal to a loss of 22%, The amplitude
- fell from 10 to 2 m.m., e€qual to a loss of 80%.
The rest of the experiment can now be traced in Fig.91l.
1l c.c. Hedonal and 1 c.c. Saline.
The respiration rate was reduced from 17 fo 15, equal

to a loss of 11%. The amplitude was reduced from 8

to 4 m.m., e€qual to a loss of 50%.
3 c.c, Hedonal and 1 c.c., 8aline,
This dose stopped the respiration. The animal did
not recover,

The animal used in this experiment was a small one and there was
much time lost before the tracing was taken, preparing the sensitive 4
tambour. The results recorded therefore, are likely more than the
average, There was given in this experiment 1.8 grains of Hedonal
altogether, or 1,1 grain per kilogramme of body weight.

A dose of 3.c.c. (¢34 grain) caused a reduction in the respiration

rate of only 5%,the amplitude being, however, reduced by 87%.

~
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DETAILS OF EXPERIMENT C.

This experiment shows the effect of Hedonal on the respiration of
a smali rabbit weighing 1300 grammes. It also shows the effect
upon the respiration and blood pressure obtaiﬁed by stimulation of
the vagus nerve while the animal was narcotised by Hedonal, - A portion
of the tracing is seen in Fig.75.. There are two lines, the upper
being that of the respiration and the lower being the blood pressure.
The following steps were carried out:-
Etherization,
Tracheotomy.
Venous cannula inserted in the left common jugular vein.
Arterial cannula inserted in the left carotid artery.
Left vagus nerve isolated.
A balloon placed over the abdomen and comnected with the
travelling smoked paper,
The time was recorded in seconds.
In this experiment, the vein, artery and nerve chosen were all on the same
side. This is not desirable, as there is then more chance of interfering
wlgh the nerve by touching.
hen all the dissection was completed, the ether was withdrawn,
artificial respiration by the electric pump was continued for 8 minutes
only so as to clear away all ether from the lungs, and the animal was
allowed to breathe by the tracheal tube as it required. A normal
traciﬁg was then taken,
The following are the doses given during the experiment.

2,5 c.c. Hedonal (,75%) and 2 c.c. Saline,
3 1" " 1 ' n

"

2 1" u 1 1"
*This dose is seen at the left side of Fig.VS.

Faradic stimulation, the, secondary coil standing at 10 centimeters.
1l coce Hedonal and 2 c.c. Saline.

Faradic stimulation at 15 centimeters,

n f! 20 "
2 c.Cc. HHedonal, and 2 c.c. Saline.
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Results of the above doses in detail.

Conditions before starting:-

Respiration rate 28 - always counted in periods of 20 seconds.
Amplitude of the respirztions 4 millimeters.
Dose 2.5 c.c., Hedonal.
Respirationvra;e became 25, 23, 23.
Amplitude of the respirations unaltered.
Dose 3 c.c. Hedonsl.
Respiration rate 23, 19, 19, 18, 18 (loss 21.7% .
Amplitude of the respirations & millimeters during perfusion,
and then returned to 4 millimeters, (loss 25%).
Dose 2 c.c. Hedonal (first dose marked in Fig.75).
Respiretion rate from 19 became 1¢, 18, 18, 19, 19.
Amplitude of the respirations remained 4 millimeters - unchanged.
In 40 seconds later,there may be seen in the tracing a small irregularity,
due to a movement of the animal, and marked "struggle."

Then in 80 seconds later, prior to using electricity, the vagus nerve was

manipulsted mechanicelly, during 20 seconds. The result of this is shown

more particularly in the blood pressure line.

The blood pressure was reduced from 85 to 78 millimeters, equal to

a loss of 8%.

The respiration rate was reduced from 18 to 15, a loss of 16%,

(in 20 seconds).

The smplitude of the respirations was increased from 4 to 6 millimeters,

or 50%.

The vagus was then stimulated for 3 seconds, the secondary coil stand-

ing at 10 centimeters.
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The effect:-

Respiration almost ceased during stimulation,

Immediately stimulation was stopped, the respiration improved, so
that the former rate was recovered in 10 seconds,.

The blood pressure at the moment of stimulation fell vertically
from 78 to 40 millimeters, - o loss of 48%, 1In 30 seconds it
had fully recovered to 78 millimeters.,

The next dose given was
1 c.c. Hedonal,
Respiration rate 14, remained 14, - no change,
Amplitude 4 millimeters became 3 millimeters, equal fo a loss of

257, |

When the effect had passed off, there were given two separate stimulations
of the vaguB:-

Secondary coil at 15 centimeters,

Secondary coil at 20 centimeters,
Both of these showed an effect similar to that at 10 centimeters, but less.,
It 1s thus seen that the reduction in the respiration rate varies
inversely with the distance of the secondary coil from the primary, when
the vagus is stimulated and the animal under the anaesthetic influence of
Hedonal.
Complete recovery of the resplration rate from these stimulations of
the vagus, took place in 5 seconds after the current ceased to pass.
The blood pressure took much longer to recover after vagus stimulation
ad may be seen below, _

Coil at 10 centimeters took 75 seconds to recover.,

Coil at 15 " " 32 v "

Coil at 20 " " 15 " "
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Conclusions from Experiment C.

The : respiration rate by a dose of 3 c.c. (o34 grain) wés reduced 21.7%.
| This is not a sudden change, the respiration continuing very uniform.
The amp11t352f§§@2 dose of 3 c.c. was reduced 25%. Doseslof lc.ce and
2 c.c, showed 1little change.
Total result for the whole experiment of 17 minutes.
Respiration rate was reduced from 28 to’15 in 20 seconds - a'loss
of 53%.
The amplitude was reduced from 4 to 2,5 millimeters, - a loss of
38%.

There was given in the 17 minutes 1.2 grain Hedonal, equal to ,9  grain

- per kllogramme.



SECTION VI.

EFFECT OF HEDONAL
UPON THE

VAGUS NERVE-ENDINGS

OF THE HEART.
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To find cut whether the vagus nerve endings on the heart were affected
by Hedonal, the nerve was exposed and stimulated, before and after
administering a dose of the drug, and also at tﬁe time when the maximum
effect of the drug was most apparent.

The effects were recorded with electric stimulations of varying
intensity,

In the rabbit the result may be seen on the tracings 6f the auricle
and ventiicle and blood pressure: 1in the dog the heart was not dissected
out but the effect is shown on the blood pressure line,

The effects on the rabbit may be seen in Figures XXIX, XCIII,
LXXVIT, IXXXT and LXXXIX, and in the dog in Figure LXXXVIIIT,

Speaking generally the action of the vagus is retained during the
Hedonal narcosis.

In Figure LXXXI stimulations were made with the secondary coil
standing at positions varying from 15 to 25 centimeters. It was found
that at 25 ce.me no effect at all was apparent. Wihen stimulations were
made at 15 up to 24 centimeters, in all cases there was seen "stand-still®
of the heart as observed in the auricle and ventricle line,

VI; Figure IXXXIX the effect of vagus stimulation in the rabbit is
further illustrated. It was observed when the secondary coil stood
at 20 c.m, from the primary and the effect of a Hedonal dose was passing
off, that the result of stimulation of the distal extremity of the
divided right vagus in the neck was as follows:-

of contraction
(1) Diminished amplitude, of the auricle and ventricle.
(2) Reduction in the cardiac rate.

(3) Reduction in arterial tension as recorded from the carotid.

The above results are seen in Figure ILXXXIX as an "organ-pipe! appearance.
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When the same electbic stimulation (Figure LXXXIX) was again applied to
the nerve during the maximum effect of a dose of Hedonal, instead of only
retardation of the wardiac rate there was seen "stand-sti11" of the heart in
diastole, This effect remained during the time of stimulations, The
pulsations then returned (but slowly) for 10 seconds,and then they became normal.

From the above it is apparent that the heart is more sensibkive to vagus

stimulation at the height of a Hedonal effect.

The weight of the rabbit also modifies the effect of vagus stimulation,

In Pigures XXIX, LXXXVII‘and XCIIT, which are teken from the same rabbit,
we find that as the animal was of grwater weight, stimulation of the vagus with
the secondary coil even at 10 c.m, did not produce "stand-still" of the
heart, but only marked retardation of the rate, with marked diminution in
amplitude, _

Stimulation of the vagus is accompanied by a fall in the blood pressure.

In the present experiments upon the végus nerve the same steps were
carried out in the preparation of the animal as in the experiments upon the
auricle and ventricle of the heart, namely:.-

1, Etherization,

2. Tracheotony.

3. Insertion of venous cannula in left Jjugular vein and
connection with double burette stand.,

4, Insertion of arterial cannula in right carotid and McCollts
electric connection to the manometer.

5. Opening the thorax and connecting the auricle and ventricle

with the travelling smoked paper by means of threads.

In addition, the vagus nerve was dissected out and & loose ligature was
passed round it, so that when wanted it could be gently pulled into view,
This 1s conveniently done at the time the carotid is dissected out, as nerve

and artery lie in the same sheath.

The two terminals from the secondary winding of a faradic coll were

then placed under the vagus nerve, making quite sure of the contact.
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Figure XXIX.



A éentimeter measure was used With the ccil to measure the current.
| The strength of Hedonal solution used with the rabbit was «75%: in the dog
it was 1%.
As the whole dissection in this series of §Xperiments was exténsive, the
aﬁimal was placed on a warm water tank and the various steps were proceeded
with as expeditiously as possible, to prevent shock.

FIGURE XXIX,

Figure xxix shows a tracing from a rabbit weighing 2800 grammes. There
is an upper faint line from the auricle, a middle broad tracing from the
ventricle and s lower blood pressure line, The Figure shows the effects of
3 c.ce of Hedonal sokution)and.while this effect was still present but passing
off, the right divideé vagus nerve was stimuleted at the dlstal extremity,
the secondary coil standing at 10 ce.m.. The effect is seen very prominently
in the ventriele line and blood pressure line, but also in a lesser degree
in the tracing of the auricle.

Immediately before faradic stimulation, the following were the
conditions:-

The heart was recovering from a moderate dose of 3 c.c. of Hedonal
applied 60 seconds previouslye.

Amplitude of contraction of the ventricle was 65 m.n,

Blood pressure in the carotid was 60 m.m. of mercury.

Cardisc rate 17 in 4 seconds.

Condi tions during stimulation. |

Amplitude of contraction of the ventricle 22 man. - & loss of 66%.

Blood pressure 45 m.m, -~ 2 reduction equal to 25%.

Cardiac rate 5 in 4 seconds - a reduction of 70%.

The action of the heart almost ceased.

When stimulation ceased)the cardiesc rate beceame normal. The emplitude of
contrgction was normel in 10 seconds. In the sbove experiment it should be
noted that the rabbit was relatively heavy, that the dose of Hedonal was a
moderate one, and that the fapadic s tinuletion was given when the effect of

Fedonal was slmost recovered from,.
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FIGURE XCIII.

Thé rabbit in Pigure XCIII is the same one as in Figure XXIX. It weighed
2800 gréﬁmes.' There is shown the result of faradic stimulation of the distal
extremity of the cut right vagus. The animal was in an snaesthetic state
due tb Hedonal at the time of stimulation, but the immediate effect of any
one dose had quite passed off when the stimulation was made.; The secondary
coll was standing at 10 c.m. The suricle line has been clearly traced. The
effect 18 greater in the ventricle than in the auricle.
The fesults are similar to what was found in Figure XXIX.
The cardiac rate was reduced from 14 to 8 - a loss of 429
The amplitude of contraction in the ventricle was reduced from
23 to 7 - a loss of 69%.

FIGURE LXXXVII.

Figure LXXXVII is also from the same rabbit, which weighed 2800 grammes.

The tracing of the auricle, ventricle and blood pressure is shown.
The right vagus was cut and the distal extremity was stimulated by faradic
current. This being a heavy rabblt and no dose of Hedonal having been
recently given, there was not found any "“stand-still" of the heart when the
coil stood at 15 c.m., or even at 10 c.m.

The faradic stimulations seen in the tracing were as follows:-

(e) Stimuletion with coil at 20 c.m.

(b) " 10 c.m.
(e) " 15 c.m
() n 20 c.m.
(e) t 17 c.m.
(1) " 20 c.m.

Stimulation (8) csused slight retardation of the cardiac rate and
slightly diminished the amplitude of contraction.

Stimulation (b) csesused retardation of the cardiac-rafe equal to a loss‘
of 44%, diminished asmplitude of contraction in the ventricle equal to 71%, and
reduction in blood pressure of 21%.

Stimulation (c¢) produced a similar effect but not so great.

Stimulation (d) caused no apparent result.

Stimulation (e) caused less effect than (c¢).

Stimulation (f) caused no effect.
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PIGURE LAXXT,

.Figure LXXXT was taken from a rabbit weighing 2100 grammes. The tracing

from the auricle and ventricle is shown. Several stimulations by faradic

current were applied to the distal extremity of the severed right vagus, the

left vagus having been already cut,. One of the stimulations was applied

when the full effect of a dose of 6 c.c. Hedonal solution was shown,.

1.
2.
3.
4.

5.
6.
7e
8.
9.

10,

11.

The tracing shows in order from left to right the following:-
Electric stimulation with secondary coil at 15 centimeters.

7 , 20 1

" o5 1

1t 20 1

Application of 6 c.c., Hedonal (.75%) .

" Electric stimulation at 20 centimeters during maximum effect of Hedonal,

Electric stimulation with coil at 25 centimeters.
| n 2 "
" 23 n
11 24: 1
1] 25 {4

During the whole time of this experiment the animal was in the anaesthetic

state due to Hedonal, the corneal reflex having been absent.

The results are stated below:-
When the secondary coil stood at 25 c.m., there was no result in either tracings.

When the coil stood at 22, 23, or 24 c.m, respectively, the cardiac rate was
reduced from 8 to 2 pulsations in 3 seconds - the duration of the stimulation.
This was a reduction equal to 757,

When the coll stood at 15 or 20 c.m."stand-still" of the heart -In diastole
resulted, while the stimulation continued, This is seen in both the auricls
line and ventricle line, The heart began to beat immediately the stimulation
ceased, For 10 seconds,however, after the stimulation ceased, the rate
was reduced, Twenty-two pulsations became 16, equal to 275 of a reduction,
There was thereafter complete restoration of amplitude and cardiac reate.

In this experiment the result of vagus stimulation is seen to be greater than

in Figure XXIX, XCIIT, and LXXXVIIT, probably because the enimal is of lesser weight.
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FPIGURE LXXXIX.

Figure ILXXXIX shows that a certain intensity of current from the secondary
coil when the vagus is stimulated and the heart not showing the effect of any
recent dose of Hedonal, may cause only retardation of the cardiac rate; but if
on the other hand the same stimulation be made at the height of a Hedonal effect,
complete"stand~-sti11l" of the heart in diastole is the result. The rabbit weighcd
2100 grammes. The left vagus was cut and the distal extremity was electrically
stimulated, the pdsition of the secondary coll varying from 5 to 30 centimeters,
There was also given one dose of Hedonal of 6 CeCes

Electric stimulations at 5 and 10 centimeters showed marked effect,.the heart
stopping in diastole.

Stimulation at 22, 25, or 30 c.m. caused no appreciable effecte.

Stimulation at 20 c.m. was carried out in this tracing 3 times, The first
one is seen in the middle of the ventiicle line. The result is an "organ-pipe"
appearance in the tracing, indicating reduction in the cardiac rate, Ampliéﬁéﬁfﬂvmbn
was not appreciably affected, The second stimulation at 20 c.m. was given
when the magimum effect was present, due to 6 c.c. of Hedonsl solution, The
result is different - more marked., There was "stand-still" of the heart in
diastole, The third stimulation at 20 c.m. (seen at the end of the tracing) is
similar to thé first of these three, there Laving been no Hedonal effect present.

This means in my opinion that the heart of the rabbit is more sensitive to

the physiological effect of a faradically stimulated vagus when it has been much

affected by a recent dose of Hedonal, than when the heart has not been so affectec.
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FIGURE IXXXVIIT,.

The tracing in Figure LXXXVIIT was takeq from a dog weighing 6000 gramme:s .,
The animal was prepared for an experiment on the arterioles, the kidney having
been withdrawn and placed in an oncometer, The upper thin line is the
tracing from the oncometer; the lower broad one being the bloocd pressure.

The Hedonal solution perfused by the Jugular vein in this experiment was
1% solution.

There were given at intervals the folloWiﬂg doses:- 7T CeCey BeCsCay
10 c.Cey 10 c.Cs, and 10 c;c., _

With the faradic electrode against the distal extremity of the cut right
vagus nerve, a stimulati?n was attempted. There was no response because
one rheophore, was loose, cStitmlation wes theh made at 15 c.m, when the
following marked effect resulted:-

l. The pu%se rate, which was 12 in 5 seconds, became 6, equal to a loss
of 50%. .

2. The amplitude ofcontraction of the carotid, which was 18 m.m. became
6 meme - a8 loss of 66%.

In the dog, therefore, according to this exﬁeriment, Hedonal does not

affect the vagus nerve; the nerve still acts in a physiological way.



SECTION VII.

EFFECT OF HEDONAL
. ON
BLOOD PRESSUKE
IN
RABBIT AND DOG.
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The effect of Hedonal on the Blood Pressure.

This has been investigeted in the rabbit and the dog.

The results in the rabbit are seen in Figﬁres XCIT, LXXXIV, LXXX, XXI,
XCIII, and IXXV, Every dose reduced the pressure. A dose of 2 c.c,
Hedonal (,75%) containing .23 grain, caused a fall of 13 m.m. or 6 m.m.
per kiiogramme of body weight (See Figure ILXXXV.). Even 1 c.c, (.11 grain)
caused a reduction in the blood pressurevof 16 mem. per kilogramme,

The average fall of pressure per kilogramme from a dose of 6 c.C. (469

grain) was 9 millimeters, as may be understood from the following tavles-

Dose. | Figure.| Weight of |Fall in Fall per
rabbit. pressure . kilogramme,
6 CeCo 9 1800 grammesd 22 m.n. 12 m.m.
6 CeCo 92 1800 grammes, 15 m,m, 8 men,
6 c.C. 03 2800 grammes. 18 m.n, 6 ml.nm,
Average 9 millimeters.

The figures in the table represent the total fall in pressure fpom one
dose, apart from recovery, which again might be partial or complete.

It should also be observed in these experiments detailed that the ether
had beén withdrawn and there were no conditions existing suéh.as would
result from an artificial state of pressure due to adrenalin or nitrite of amyl.
These latter have been considered sewn rately,

The results frow experiments in the dog are shown in Figures XVIII and
XXII. These are similar to those found in the rabbit, but are very much
less., There was an initial increase of blood pressure (also seen in the
rabbit) during the introduction of the drug, and then a more marked fall.

The average losé of blood pressure in the dog was 1,7 m.m. per

kilogramme of body weight from a dose of 6 c.c. (.69 grain). The rabbit is

at least 4 times ags sensitive as  the dog regamﬁng blood pressure,
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The experience of other workers regarding blood pressure may here be

recalled.

 Krawkow states:- "Accordingly it appeared to me uncommonly interesting ﬁk{”

T

and significant that the blood pressure, thanks to the latent effect
~of the amino group on the heart, is little reduced." And agsin by
the same author:- "The heart functions remain nevertheless ‘
so strong thet despite the &ilatation of the vessels, it keeps ﬁiﬁ't
the pressure to almost normal, and works almost without

exhaustion till the animal's death,"

Lampsakow says that the dog in heavy sleep shows a fall in blood

lef. 4

’ r&

pressure of 20 to 30 muym. ‘ ' _

Karlowitsch found that the blood pressure remained steady in the Kof 65,
deepest narcosis.

Dreser reported that rabbits in deep sleep showed no change in the [ﬁf 54

' ona i,

blood pressure - only a few mem..

Jeremitsch (in Krawkow's laboratory) found in the dog only 5 m.m. &f
~a fall in blood pressure, or none at all, ‘ Regarding the human ﬁ* z.
subject we have in his own words:- "The introduction of the
liquid has no effeqt on the blood pressure worth mentioning." [&% 3,
Sidorenko states that the blood pressure fell a little at the
beginning, to return soon to normal, . 2.

Burkhardt(of Rurnberg) said at the International Medical Congress, 1913,

when speaking of Hedonal and Isopral, that he deprecated the
use of the fommer "owing to the fall of blood pressure, the &53'
difficulty of regulating the dose, the prolonged sleep, and the
danger of respiratory paralysis.,"

W.F.Honan (of New York) states:-"Hedonal invariably lowered the
blood pressure from 6 to 25 m.m. of mercury,"

This report of

Honan refers to the human subject.

Unfortunately in the German translations (and also English) of the work

of the above authors, we do not find any of the tracings produced,
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The opinion of the English surgeon, C.M.Page, of St.Thomas's is Kﬁij«
interesting.:‘ He records accurately in a table the pressure in several
élihipal cgses,’ﬁnd tells us that the blood pressure drops slightly and
then remains normal in the human subject, and adds the accurate facts
'regafding-;dme 6 dr S0 cases,

On examining fhe chart, there seems to be a very substantial fall in

the blood pressure, similar to what we should expect (see Introduction).

- FIGURE XCITI,.

The fracing in Figure XCII was taken from a rabbit weighing 1800
gramnes. The following were carried out:-
l, Etherization.
2, Tracheotony.
3. Venous cannula inserted.
4, Arterial cannula inserted.
5. The kidney was withdrawn and placed in an oncometer
to obtain a tracing.,
The single line seen is the blood pressure tracing, The pressure at
the beginning of the line is 70 m.m.. It 1s a pressure of recovery from
previous treatment., It reached 90 m.n.. There was then admindstered

through the venous cannula the following:-

6 ceCe Hedonal and
S CeCe Saline,

Two peaks are well marked due to initial increase of pressure, The
peak due to Hedornal represents é pressure of 105 m.m.. After the saline
was introduced, the pressure became 68 mem.. This took 10 secs, to show,
There was thus a loss of 22 mem.. Recovery took 45 seconds, the pressure
however only registering 83 m.m.. This dose of 6 c.c. (.69 grain)
caused a loss of blood pressure equal to 12 m.m. per kilogramme.

Then this dose was repeated about 100 secs., after the last one,~ viz.,

6 c.c. Hedonal and
3 ceto. Saline.

Two peaks were again shown of inereased pressure, Before perfusing this
doge the pressurve was 80 m.m,. It became 65 m.ms -~ 2 loss of 13 m.ma.. Presgovo

kept/
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kept very steady then for 90 secs. This dose of 6 c.,c. caused a loss of 8 me.n.

per kilogramme. A smaller dose was then given,

4 c.c, Hedonal and
3 C.Ce Saline,

A pressure of 65 m.m. became 53 m.me- a loss of 12 m.m..- The dose of

4 c.ce (446 grain) caused a loss of 6 m,m, per kilogramme,

FIGURE LXXXIV.

Figure IXXXIV shows the effect of Hedonal and of nitrite of amyl
respectively upon the bloodvpressure of a rabbit weighing 1800 grammes.
The following dose was administered:-

3 ¢c.c. Hedonal and
S CesCse Saline,

There are two initial peaks well marked due to increase of pressure, Then
there was a fall in blood pressure produced during 12 secs.. In 30 secs.,
more recovery had taken place, but the pressure did not reach fully its
former height. The pressure then remained steady for 40 secs.,, and a
small vial of nitrite of amyl with the cork removed was brought near

the opening of the tracheal tube for 2 secs.. There was immediately
produced a profound and sharp fall of pressure differing from the former
effect in that there was no initial peak from inecrease of pressure

seen in the tracing. This effect is important and should be remembered
by anaesthetists, Hitrite of amnyl should never be administered to a
patient suffering from chloroform collapse, because'it reduces pressure,

an effect which chloroform also tends to do. Nitrite of amyl certainly

relaxes vessels as is seen in the arterioles of the face in the human being;

but this may be a perilous thing to do, if this relaxation of vessels

&s going to deplete the heart and cause its cessation. In 60 secs. there

was 88ain recovery of the blood pressure to nearly its former height,

Then there was given:-

5 ce.c» Hedonal and
3 CeGe Saline.,
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The same result was seen as with a former dose of Hedonal. There wasg
é fall of pressure equal to 18 m.m. per kilogramme. The details of the

experiment are shown diagrammetically below.  The numbers imdicate the

blood preésure in millimeters:-
e

105M/m .

e

!
|
|
| i |
B | :
: = |
| | ‘
I
| ' !
: | |
| |
i | |

3 c.c. Hed. Nitrite of 5 ¢c.c. Hed.

3 ¢.c, Saline. Amyl. 3 ¢c.c. Saline.
Figure LXXX.

Figure LXXX is taken from a rabbit weighing 1300 grammes. The lowest
of the fhree lines represents the blood pressure. The beginning of the
tracing shows a high blood pressure due to adrenalin having been introduced.
The blood pressure was 95 m.m.. The following dose was then given:-

2 c.c. Hedonal and
2 c.c. Saline.

The pressure'was‘reduced to 52 m.m. in 40 secs.. In 30 secs. more the
pressure was 60 m.m.. This experiment was carried out after several

former doses. It explgins the great fall with a moderately small quantity
of Hedonal perfused. There was no attempt to reach the high pressure with

which the experiment started as it was an artificially-produced pressure.

104.



FPIGURE LXXXV,

Figure IXXXV is a tracing which is of interest to show the effeét of
Hedonal upon the blood pressure when the latter was high. The first dose
of Hedonal was given when the anaesthetic ether had just been withheld, the
circulation being good at the time. The second dose of Hedonal was given
after a still higher blood pressure had been obtained, due to adrenalin,
The experiment was made upon a rabblit welghing 1950 grammes, The tracing
at first represents a pressure of 105 mene.. The pulse waves are clearly

of movement

marked, their amplitude, being 10 meMmes There was administered a dose of

2 ¢c.c. Hedonal and
2 C.Cce Saline.

Effect:-~ (2) Two prominent peaks were seen from initial increase of
blood pressure,

(b) The amplitude of movement of the vessel was w&® reduced from
10 mem. to 3 mems -~ only a third of what it had been,

(¢) The total fall of blood pressure from 105 m.m. t0 92 m.m.
took place in 10 secs.. The dose of 2 cCeCe (23 grain)
has caused a loss of 6 m.m, per kilogramme.

(d) GComplete recovery of the pressure to 105 m.me. took 30 secs,.
from the time of the complete reduction.

The pressure in this case returned to that with which it started,
probably because the animal was in good condition when the first dose was
given,

of movement
{e) The amplitude, of the vessel wall began to return to its
former measurement of 10 m,m.,

The tracing was not recorded after this for 1 minute. The blood

pressure had fallen to 92 m.m, when a dose was given by hypodermic

injection through the rubber tube of the venous cannula consisting of:-

25 c.Cc. Adrenalin followed by
2 c.c., Saline
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Within 10 secs, the pressure rose from 92 m.m. to 175 m.m. - 8n
increase of 83 mem.. In 90 secs. this high pressure fell to 150 m.m., when
there was administered another dose consisting of :-

4 c,c. Hedonal and
2 c.c. Saline.

The result of this dose was a more abrupt fall of pressure than with
the previous dose as 1t was twice the quantity. The lowest pressure
recorded at this time was 114 m.,m. equal to a loss of 36 m.m. in 12 secc..
This dose of 4 ce.c. (46 grain) hés caused a loss of 18 m.,m. per kilggramne,

The effects passed off in 20 secs, more,but the pressure was then only 124 m.«..

FIGURE XXI.

Figure XXI was taken from a rabbit weighing 1700 grammes. The deeply
indented;line which at the beginning is placed higher represents the blood
pressure, the other line being an oncometer line, THree large doses of
Hedonal were introduced, and the effect on blood pressure was very marked,
The blood pressure at first was 130 m.ma.. There was given a dose of:=

6 ¢c.C, Hedonal and
2 c.Cc., Saline.,

In 20 secs, the pressure had fallen to 98 m.m,. In 40 secs. it recovered but
only reached 115 m.m.. The same dose exactly was repeated;-

6 c.c. Hedonal and
2 c.c, Saline.

The pressure fell in 10 secs, to 56 Mmeme. This was a very profound fall,
In recovering, it reached 92 m.m.. Then a third dose of the same quantity
was gilven:&
6 c.cs Hedonal and
2 c.C, Saline,
The pressure fell to 22 m.m. from which there was no recovery.
The reason that in this case the fall in blood pressure was so very
marked was that this effect was obtained after many other doses had already beer

given, . . 3 .
e effect of the first dose of 6 c.ce (469 grain) was = loss of 18m.m.per kilo.

The effect of the 2nd dose of 6 c.c. was = loss of 34 m.m, per kilo,
The effect of the 3rd dose of 6 c.c. was = loss of 41 m.m, per kilo,
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FIGURL XCIIT,

Figur91XCIII,was taken from a iarge rabbit weighing 2800 grammes. The
lowest tracing is a record of the blood pressure. A dose of 6 c.c. of Hedonsl
followed by & c.é. Saline was given, and is indicated at‘the middle of the line.
The pressure before perfusion was €66 N.mn.. The initial peak‘indicated 7Q Yol .«
The following pressure then reached 48 men.. It no sconer reached this
minimum than it began to rise again, reaching a maximum of 62 me.m. in 30 secs..
The ldss per kiloéramme resultingAfrdm the dose of 6 c;c. (469 grain Eedonal)

WaS 6 MelMee

FIGURE ILXXV,

Figure LXXV is & tracing from a small rabbit of 1300 grammes . The
following steps were carried out:- |
1, Etherigation, .
2. Tracheofomy. .
3. Venous cannula inserted into the left jugular vein,
4, Arterial cannula inserted into the left carotid artery.
5., Left Vagus nerve isolated. '
6. A balloon was applied to the abdomen, so that a tracing of the
respiration might be taken.,

- At the time the above tracing was taken, the ahimal was breathing
through the tracheotomy tube, no artificial means being used. The lower
tracing in the Figure represents the blood pressure, The pressure was
68 MeM, e There was given a dose copsisting of:-

2 c.c, Hedonal and
2 c.c., Saline,

The blood pressure 1l ine immediately showed two small peaks. Then 1t
fell to a minimum of 57 m.m, - @ fall of 31 m.m, in 14 secs.. The loss from
a dose of 2 c.Ce (o423 grain) was equal to 23 m.m. per kilogramme. Recovery
tock place in 120 secs., the pressure then being 85 m.m.. A stimulation of
the vagug was then made by faradic current. Afterwards there was perfused a dose oFf

1l c.c. Hedonal (.11 grain) and
2 c.c, Saline,
The effect showed two small peaks at the introduction of the drug. There was *then

5 1oss of 20 m.me i 14 seCSea This doseé has caused a loss of pressure equal to

15 mer, per kilogramriie.
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Effect of Hedonal on the blcod pressure of the Dog,

Thé results from experiments on the dog are shown in Figurés XVIIY and
XXIT, These are similar to those found in the rabbit, There was an
initial increase of blood pressure during introduction of the drug and then
8. more marked fall, In this respect the dog was found to be much less

sensitive than the rabbit for equal weight and dose,

Dose, Welght of dog. Number of Loss per Equivalent fall
- figure, kilograrme, for dose of € c.,c,

12 c.c. | 6000 grammes. Figure 18 343 mem, l.6 m.m,
c.c 4400 grammes. Figure 22. 1.5 mem. 1,5 mom,
18 ¢l¢? | 2400 grammes. Figure 22 3¢4 mom, 2.0 m.me.

It has been shown in the present experiment, that in the dog the average
loss of blood pressure was 1.7 m.m, per kilogramme for a dose of 6 c.C. (469
grain Hedonal).,  In the rabbit the same dose caused an average reduction in
blood pressure equal to 9 m.n. per kilogramme. The rabbit therefore is
about 5 times as sensitive as the dog regarding the effect of Hedonal on the

blood pressure,

FIGURE XVIIT,

A dog weighing 6000 grammes was chosen in Figure XVIII. The animal was
anaesthetized with morphia, then chloroform~ether, Tracheotony was perfoemed.
A wammula was inserted into the extermal jugular vein and connected with a
double burette, one tube containing Hedonal «75 % and the other tube normal
Saline, The arterial pressure was taken from the carotid, using McColl's
electric connection to the manomeﬁer. Figure XVIII shows the kind of

result obtained.



There are two lines seen, The narrow heavy line ia an oncometer
tracing (described elsewhere) drawn by a pointer made of straw. At the
beginning this tracing passes through the middle of the blood pressure line,
which is a broader line and more faintly traced because drawn by a hair wire.
At the beginning of the tracing the mean maximum blood pressure was 82 m.m,
of mercury. A dose of 12 c.c., of Hedonal was then perfused. The blood
pressure fell to a mean minimum of 62 m.m. in 70 secs.. The pressure had
returned to the previous height in 100 secs, after beginning to perfuse the
dfug. The dose of 12 c.c. caused therefore a fall in pressure of 20 m,.,m,
equal to 249% but with complete recovery. There was therefore a loss of

3¢50 meme Of:préssure per kilogramme with a dose of 12 ceCe.

FIGURE XXITI.

The tracing in Figure XXII was taken from a dog weighing 4.4 kilogrammes.
The following preparations were carried out in the experiment:-

(1) A venous cannula was introduced into the left jugular vein for perfusion
~ of the drug. This was connected with a burette for Hedonal and Salinec.

(2) An arterial cannula was inserted to record pressure from the right carotid
artery.

(3) The left kidney was placed in an oncometer and connected with a SchBferts
metallic tambour to record changes in the size of the walls of the
arterioles,

There are two lines in the tracing. The broad upper one is the blcod
pressure line, and the lower is the oncograph line described elsewhere. Two
doses of Hedonal were given. The result showed an initial Small rise of
blood pressure in each case at the moment of introduction, similar to that
found in the rabbit, and then a more profound fall,

The first dose was given when the blood pressure was 145 m.m.. It

consisted of:-

6 c.Co Hedonal and
1l cece Saline,

112,
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In 4 secs., the initial inerease became 150 m.m, - a rise of 5 m.m.; and
then fell to 138 ﬁ.m., being a loss of 7 m.m..— ‘This loss of pressure
occurred in 25 secs, after beginning to perfuse the drug. In 20 secs. more
recovery had taken place to 142 m.m,

The loss of pressure from 6 c,c, was equal to 1.5 mem, per kilocgramme.,

. Another dose was given when the pressure was 140 m.,n, consisting of:-

10 c.c. Hedonal and
1l c.c. Saline,

The same kind of result followed, but more profound, The ypressure fell

to 125 m.m., equal to 15 mem, or a loss of preséure of 3.4 mem. per kilogramme.
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SECTION VIII.

‘ Effect on the Arterioles of the rabbit and
dog as seen in the kidney and intestine,
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Effect of Hedonal on the Arterioles.

This has been investigated in the rabbit and dog, the kidney and
intestine having been used for the purpésé.

All the results of exXxperiments show a relaxation of the walls of
the arterioles; Hedonal is a vaso~-dilator. There is probably a
paralysing effect on the vaso-constrictor centre in the medulla,

When experimenting with rabbitg}tbe animal was anaesthetised with
ether; 1in the case of the dog there was given morphia asnd chlorbform
followed by ether.

Tracheotomy was then performed and ene of McColl's brass tracheal
tubes was inserted. These tubes make it possible to regulate the
quantity of air entering.

The left common jugular vein was dissected out and connected with
a double burette stand to hold Hedonal solution (.75%) and normal
saline. The burettes were graduated to 35 c.c.

The right common carotid was then separated and the glass cannula
inserted, using McColl's electric connection to the menometer.

When the kidney was used, the organ was placetG in an oncometer,
of suitable size, made of gutta percha. When the intestine was used,
a loop of the bowel with mesentery 12" long was placed in a cell
measﬁring 5 x 3 inches, and made of celluloid to directions. The
flanges of the two halves of this oncometer were bound tightly to-
gether by butterfly screws, and anhydrous lanoline was applied to
prevent the passage of alir without unduly congtricting the vessels.
The marking pointer of the oncograph was a sharpened pilece of straw

which made a heavy line. The pointer for the blood pressure was &

fine hair wire, the line being very lightly drawn.



. The results were more apparent in the dog than in the rabbitfand
when using & loop of bowel than when using the kidney, doubtlessﬁon
sccount of there being more vessels affected in the former case,

Figure XVEIX shows the kind of result obtained,- a fall of arterial
pressure with an increase in volume of the gut,- a dilatation of all
the arterioles., When the kidney‘was)used only a slight dilatation
was able to be recorded/with a slight fall in the pressure (Figure XXII).
In some cases a small dose of adrenalin was admninistered when the

animal was moribund, after several large doses of Hedonal, The
effect may be seen in Figures XXIII, LXXXIII, and ILXXXV,

A chart is shown below giving a short list of experiments which

have been selected from a number of others,

Animal Weighte. Figure, Kidney. | Intestine,
used,
Rabbit 1950 grammes., 85 +
1700 grammes, 21 +
5600 grammes. | 25 +

6000 gramnes. 18
6000 grammes. 19
6000 grammes. 82
Dog. 4400 grammes. 22
4400 grammes. 23
4400 grammes. 24
4400 grammes., 83

+ o+ +

++ 4+ 4

The first experiment was a simpler one than the others in that
no graphic representation was recorded from the oncometer. The rabbit
weighed 1950 grammes, The treatment of the aninmal was as already
detailed. In this case the kidney was chosen and placed in a small
tncometer made as follows:- A walnut was taken and two sheets of
white gutta percha 1 m.m. thick were placed in hot water and then
moulded on the upper and lower halves of the walnut sheal. A flange
wag made at the Junction. It was then placed in cold water to harden.

A hole was bored in the upprer half of this bi-velve and a glase tube

was/



Figure LXXXV,
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was introduced from within, so that it fitted tightly. A drawing is

shown below,.

Rubber tubing was led to & long glass tube 3 m.m. in diameter which was
placed on a paper measure marked in centimeters, and fixed steadily on
the table. A bead of water was introduced into the centre of this
glass tube. Several doses of from 2 c.c. to 6 c.c. of Hedonal
Solution were perfused inte the jugular vein. The bead of water
moved in the direction of B to the extent of 2 to 4 centimeters - in
one cese 12 centimetesrs. This proved that Hedonal was a vaso-
dilator in the rabbit. The kidney became larger and sent air out of
the oncometer pushing before it the bead of water. Then adrenalin
(1 in 1000) was introduced in 2 doses of .1 c.c. and .25 c.c., respect-
ively, when the opposite effect was obtained - the bead of water
actually travelling in the opposite direction toward A.

This method has been described by D. No8l Paton. Figure LXXXV
is produced to show the effect of adrenslin (.25 c.c.) in increasing
the pressure and 4 c.c. Hedonal in reducing the pressure in the above

experiment although there was no oncograeph tracing made.



Figure XXI.
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FIGURE XXT,

Figure XXI was taken from a rabbit weighing 1700 grammes, The
kidney in this experiment was first of éll placed in the oncometer; but
the result was so indefinite that it was replaced in the abdomen and a
loop of bowel was chosen and placed in a larger receiver made of
celluloid, There are two lines seen in the tracing, The upper
deeply indented one is the blood pressure. The lower one is the
oncograph tracing from the intestine. There is seen the effect of
3 doses of Hedonal of 6 c.c. followed by saline,

The first dose shows hardly any change in the oncograph line; but
the next two show a distinct rising of the line which corresponds in
time with an extreme falling of the blood pressure. This change
5§gan to show while the drug was being perfused, The effect on the

blood pressure is extremely well marked,

FIGURE XXV,

Figure XXV has been taken from a dog weighing 5600 grammes. The
upper broad line represents the blood pressure, the lower being the
oncograph from the kidney.

There were in all nine doses of Hedonal administered, each being
followed by a small dose of saline.

The doses were 2 C+Cs, 5 CeCs, 10 c.cs, 10 c.c,, 10 .c.c,., 15 Q.é.,
15 CoCey 15 CoCey 10 cuCouy The figure shows that doses of 10 c.c, and
15 c.c, gave an initial increase of blood pressure, immediately |
followed by a fall. The oncograph line rose to meet the falling blood
pressure line as each quantity was perfused. These relatively large
doses were introduced rapidly in from .3 to 6 seconds, due to the
liquid in the bureste standing at a higher level than some other doses
which took longer to perfuse.

The conclusion from the above experiment 1o that Hedonal reduces
slood pressure in the dog, and that 1t acls on the arterioles of the kidney

a3 A vaso-dilator. This latter result is not S0 prominently seen as wvhen a
loop of bowel has been enclosed in the oncomeber,



Figure XVIII.
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FIGURLE XVITII,

Figure XVIII is a tracing taken from a dog weighing 6000 grammes, The
abdomen was opened and a loop of bowel with the meSenterﬁ 12" long was placed
in the celluloid oncometer. The heavy bub narrow line is the oncograph
line., The fine but deep line is the blood pressure taken from the cerotid,
The time is marked in seconds. The dose administered was 12 c.c, of
| Hedonal solution followed by 1 c.c, of saline, The upper heavy line
shows relaxation of the walls of the arterioles, the lower showing
a reduction of blood pressure. The change in the oncograph line and
the blood pressure hegan to show at the same moment - 20 seconds after
beginning to perfuse the drug. The former rose due to relaxation of
the arterioles in the loop of bowel., The effect 1ingered 100 seconds.

At the beginning of the tracing the mean maximum blood pressure
was 82 malle. It then fell., The dose administered reduced this
pressure to a mean minimum of 62 m.m.in 80 seconds. The two lines
then merged towards each other, so that in 100 seconds from the start

they had returned to their normal position,

FIGURE XTIX.

Figure XIX is from the same experiment as Figﬁre XVIII, It shovs &
similar effect of a further dose of 12 c.c. of Hedonal solution. The
effect in both lines passed off in 100 seconds. The heavy tracing is
the oncograph line and the other the blood pressure, The blood pressure
became very narrow during 60 seconds. This was found to be due to
kinking of the carotid tube. This was remedied and immediately the

pulsatibns increased greatly in amplitude,

In Figures XVIII and XIX after perfusing the Hedonal, relaxation of
the arterioles took place in the portion of bowel in the oncometer.

The/
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The loop of bowel therefore occupied more space. Air was driven
out of the oncometer and sent along the tube at the top of the box.
This air pressed up the wooden float in Sch&fer's oncograph and raised
the lever ﬁith the aid of the counterpoise at the other end and thus

the tracing took a more elevated position,

FIGURE ILXXXTI.

The tracing in Figure IXXXTII is from the same experiment as Figures
XVIITI and XIX, the weight of the dog being 6000 grammes.

It is.an adrenalin effect, There has been given in all of Hedonal
6 d0osSesS = 5 CeCey 12 CoCsy 12.CeCey 14 Cc.Ce, 15 cecs, 14 c.cs,€ach being
followed by saline. In both lines the result is the opposite of the
Hedonal effect, At the beginning of the tracing the lower line is the
oncograph, the upper being the blood pressure,

After the above doses had shown their effect as has been detailed,
fhe conditions were at the start of the tracing:-
(a) Blood pressure maximum 68 m.m,
(b) Amplitude of the pulse beats in the blood pressure line 12 m.m.
(c) The oncograph line which stood at a height of 48 m.m. from the

abscissa was slightly falling.

There was then introduced by hypodermic needle into the rubber

tubing of the venous cannula

25 c.Cc, adrenalin,
8 CsC. saline,

The effect was as follows:=

(a) Blood pressure increased to 100 m.m., in 20 seconds,

(1) Amplitude of the pulse in the right carotid artery seen in the blood
pressure line increased to 60 mem. in the same time - 20 seconds,

() The oncograph line began to fall in about 10 seconds after the Hedonal
was begun to bhe perfused. Xt 20 seconds from the start, it had

fallen/
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fallen to its lowest point - 4 m.m. below the level of the
abscissa line -~ a fall of 50 m.m.. It would have fallen
further but the lever hit againet a portion of the stand.
In 60 secondd more the line rose sbove the abscissa. In
110 seconds it reached its former height and the two lines
then began to cross each other., The adrenalin therefore
caused an effect which lasted 140 seconds. There was a
constrietion in the walls of the arterioles in the loop

of bowel enclosed in the oncometer, The volume of the

gut was diminished, more air entering the oncometer.

The float in Schifer's oncograph therefore fell, The line
traced is very low. The blood pressure in the carotld has

been increased,

FIGURl XXIT.

1

Figure XXII is taken from a dog weighing‘4400 grammes, The venous
and arterial cannulae were inserted in the usual’way and the left kidney
was placed in an oncometer, bheing connected.with a Schifert's metallic
tambour to record the changes in the vessel walls. There are two
lines in the tracing., The broad upper one is the blood pressure and
the lower is the oncograph line, The experiment proves that Hedonal
relaxes the walls of the arterioles in the kidney of the dog, and also
reduces blood preésure. These t®o lines therefore, when a dose of
ﬁedOnal has been perfused, approached each other. This was seen to

occur with two doses, viz., 6 c.c., and 10 c.c., respectively.
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FIGURE XXITT,

Figure XXIII was taken from the same experiment as Figure XXII. It
shows the effect of adrenalin upon the blood pressure and the walls of
the apterioles in a dog's kidney. The weight was 400 grammes, A dose
of 5 ce.c. adrenalin (1 in 100,000) followed by saline was introduced.
The two lines are seen recéding from each other, The oncograph line
has fallen and the blood pressure line has risen. The vessels in the
kidney have contracted and the organ has occupled less space. Air has
returned to the oncometef lowering the pointer and the tracing.

It took 12 seconds to'perfuse the Hedonal and at the 8th second the

changes began to be apparent.

FIGURE XXIV,

Figure XXIV is from the same experimenf as Figures XXII and XXIII,
the dog weighing &400 grammes., The upper broad line is the blood
pressure. The lower narrowW line is the oncograph line from the kidney,
Two doses of Hedonal =12 c.c., and 20 c.c., respectively - were administered.
A similar result to that of Figure XXII has been obtained,

The first dose took 10 seconds to perfuse. At the third second
there can be seen an initial increase in the blood pressure followed by
a reduction, _

The blood pressure fell from 135 m.me. (an artificial pressure due
to adrenalin) to 129 m.m., & loss of 6 m.m., in 30 seconds from the
moment of perfusion,

In the same time the oncograph line rose continuously until both
lines approached each other. The figure shows a pause in the tracing
which was made ‘100 seconds after starting the dose, Then the dose of

20 c.c, was administered. The same kind of result followed; the
two lines approached each other and finally the lower ran through the

upver one,



15.

Figure LXXXIII.

42 I(laiwial



16.

FIGURE ITXXXTII.

Figure LXXXIII was taken from $he same experiment as Figure XXIV,
1t is an adrenalin effect after several doses of Hedonal had been
perfused. In the whole experiment the doses administered were as

follow:-

(1) 6 ce.C, Hedonal
1l c.c. Saline.
(2) 10 c.c., Hedonal.
1l c.c., Saline,
(3) 12 c.c. Hedonal.
1 c.ce 3aline,
(4) 20 c.c. Hedonal.
1l c.c. Saline,
A larger oncometer was then introduced to hold the kidney.
() +5 c.c. Adrenalin ( 1 in 100,000).
1l c.c. Saline.
(6) 1 c.c. Adrenalin (1 in 100.000)
1 c.c. Saline.
(7) 1 c.ce Adrenalin (1 in 100,000)
1l c.c. 8aline,
(8) 1 c.c. Adrenalin (1 in 10,000) - marked in the tracing.
1l c.c. Saline,
The upper broad tracing is the blood pressure, the lower being the
oncograph line taken from the kidney.
The figure shows the effect of the last dose administered..
Conditions before this dose:=
(a) Maximum pressure 105 m.m,
(b) Oncograph line standing at the level of 53 m.m. above
the abscissa, ‘
(¢) Rate of the pulse 52 in 30 seconds,
It took 5 seconds to iniect the Adrenalin. At the sixth second when
saline was being perfused, there was a marked effect noted as follows:-

(a) The pressure rose to a maximum of 133 m.m. in 10 seconds -
an increase of 26%.

(b) TYhe oncograph descended at once and reached the abscissa in
40 secondse

(¢) Rate of the pulse 26 in 30 seconds, a reduction of 50%.
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SECTION IX. .

EFFECT OF HEDONAL ON

ARTERIOLES OF FROG.
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‘The effect of Hedonal on the arterioles has been shown to be that of
: Qaso-constriction, when the drug solvent and restorative were identical.,
This cffect has been obtained under several different conditions of the
e%periment, and it is to be noted that the reéults in the frog are quite
different from those in the mammal. |
I. When the drug was dissolved in Saline .75% and the restorative used

was Saline .75%:-

.(a) When the Hedonal solution was strong - .4%.

(b) When the solution was weak - +075%.

(¢) When the frog wasvpithed, and

() Whgn the frog was not pithed. |
IT. When the drug was dissolved in Sherrington's solution and the

restorative was Sherrington's solution.

Its composition was:-

Sodium Chloride 6 grammes.
Potassium Chloride .0075 gramme.
Calcium Chloride Ol gramme.

Bicarbonate of Soda .01l gramme.
Distilled water to 100 c.c.

(a) When the Hedonal solution was strong - .4%.
(b) When it was weak - 1 in 2000.
(¢) When unpithed.
III. When Frog's "Ringer" was the drug solvent and restorative.
The frog!'s "Ringer" had the following composition:-
Sodium Chloride 6 grammes.
Potassium Chloride .05 gramme.
Bicarbonate of Soda .1l gramme.
Distilled water to 1000 c.c.
(without oxygen) .
Again this result was obtained
(8) With strong Hedonal - .4%.
(b) With weak Hedonal - .075%.
(¢) When the frog was pithed.
(d) When unpithed.

The effect is independent of the brain and spinal cord. It is

therefore/
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therefore not a reflex action. The action may be upon the_intrinsic nervous
ganglia situated in the walls of the arteriloles. In this case in the
present experiments, the drug is either an excitaht of the vaso-comstrictor
fibres, or an inhibitor of the vaso-dilators.

On the other hand, the action may be a direct one on the muscular wall
itself. In this case 1t would be the circular muscular fibres which would
be acted upon, as it is inconceivable that any such effect could result from
an action on the longitudinal muscular cosat.

The vaso-constrictor effect was shown in 17 tracings which have been
chosen; but many others constantly gave the same result, when the drug
solvent and the control were similar,

Besides the tracings mentloned and here produced, in one experiment no
effect was obtained, The drug was dissolved in frog's "Ringer" and the
restorative was "Ringer". No change occurred in this experiment, using a
strong solution of Hedonal (.4%) nor when it was weak, (.075%). The
frog hed bveen pithed., (See Figs, 18 and 19 from the same frog.)

In opposition to the above findings, in two cases a vaso-dilator
effect was obtained. The tracings are shown. In one of these (Fig.20)
the Hedonal was dissolved in distilled water (.4%) the restorative being
Saline (+75%) » It was a pithed frog. The drug solution was
not idotonic with the blood, and the control solution differed from
the solvent of the drug, In the other tracing (Fig.21) showing veso-
dilatation, the Hedonal, (.75%) was dissolved in normal Saline and the
restorative was frog!s "Ringer". The animel was pithed. 1In this

experiment also the solvent and restorative were not similar,




There are three experiments in which the drug-solvent and the
restorative were normal saline (+75%) o In each.of these the Hedonal
solution was .4%.

The loss in outflow from the ductus venosus was -

Figure 1 = 16%Z.
" 2 = 13%.
" 3 = 15%. '
There has been an average loss in outflow of 14.,6% due to Hedonal acting
as a vaso-constrictor. |
Eight experiments have been shown where the drug-solvent and the

restorative were "Sherrington",

Figure. Hedonal solution used, Loss in output¥®
from arterioles,.
6 .05 %.or 1 in 2000 39%.
10 +05% " 846%.
5 | +1% or 1 in 1000 9%
9 ;1% " 14%.
7 A% " 15%.
4 e4% or 1 in 250 29%.
8 047 " 21%.
11 4% " 12%.

% The loss in output was calculated upon the number of drops
which fell in a given time,

The output from the arterioles by the action of Hedonal of three different
strengths, when perfused through the intact heart in the above 8 experiments,

has always been diminished, Hedonal is therefore a vaso-constrictor in

the frog, The loss of output due to Hedonal has varied from 8,6 to 79%.
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In the following sixX experiments the drug-solvent and restorative

were "Ringer."

Figure. ' Strength of Loss in output

solution. from arterioles.
13 «075% 7%
14 .075% 10%
15 .075% 16%
16 .075% 28%
17 4% 9%
18 /A 32%

The loss due to Hedonal has varied from 7% to 32% in the above
eXperiments.

Method adopted in the present experiments:-

In some of the experiments, the frog was stunned and completely
plthed. Some were stunned and the brain only destroyed. The heart was
then exposed and pericardium removed. A glass cannula was inserted
into the left gorta, and the right aorta ligatured. The ductus venosus
or the ventricle was snipped with scizzors. Two glass Vessels at a
height of 10 inches above the frog'contained the restorative and the
Hedonal solution respectively. By rubber tubing and a Y-shaped glass
tube, they were connected with the glass cannula in the aorta. A run-
out pinch cock was introduced,so that the rubber tube could be emptied
of the previous liquid when a change was being made as to the perfused
liguid,

The frog was placed on a slanting board covered with zinc and
having a gutter, so that any drops from the vascular system wbuld be

conducted to a convenient point. The drops fell on an obliquely placed

- dilsgc fixed to the long lever, which recorded each movement on the

revolving drum. A time line in seconds or tenths of a second
was/

#* Tor composition sec p. 18, Vol. II.
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was made on the smoked paper by the electro-magnetic time recorder.
The real experiment consisted in sending the restorative solution

| into the aorta first to get the normal condition of output, and then

perfusing the Hedonal solution. This was done several times in each

experiment. The markings on the tracings made by Ehe falling drops

were counted in a certaln period of time and compared - the normal-

with the Hedonal effect - so that the percentage was obtainable, -
The following are the actual experiments:-

Figures 1, 2 and 3 show the effect of Hedonal on the walls of
the arterioles of the frog, the strength of the solution in each case
being +4%. Two of the experimehts were with the pithed animal and
one unpithed. In all three, there is an appearance like pulsations
or respiration waves which has been caused by the position 6f the
disc mentioned. The drops did not fall off at once separately
but accumulated until several fell together, In each case a vaso-
constrictor effect is seen from the Hedonal,

FIGURE I.
In Flg.l. the drops have been counted and the percentage'estimated.
As line 2 and line 3 were both Hedonal, the calculation has been:made

on the last four lines, which are alternatély Saline and Hedonal,

Line Solution Number
perfused. of drops.
1 Saline 62
2 Hedonal 62
3 Hedonal 46
4 Saline 57
5 Hedonal 44
6 Saline 50

The drops were counted in periods of 30 seconds, Hedonal has

caused a loss in output of 15% and is thus a vaso-constrictor,
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FIGURE II.

In Figure 2 the vaso-constrictor effect of Hedonal is equal to a
diminished output from the arterioles of 13%. The calculation was
made on the first four lines and upon periods of 30 seconds, - The

details are tabulated:-

Line, Solution Number
perfused, of drops.
1 Saline 62
e Hedonal 55
3 Saline 3
4 Hedonal 62
5 Saline 65

FIGURE III.

The output from the arterioles in this case has been diminished
by 16% due to Hedonal,

The interval chosen for the estimation was 23 seconds.

Line, Solution Number -
perfused, of drops.
i} Saline 83:
2 Hedonal 65
3 Saline 92
4 Hedonal - 82
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The following eight experiments were carried out with"sSheerington"
solution for the restorative and also for the drug-solvent. Vaso~-
constriction is the result in each,

FIGURE IV,

In this experlment the frog was not plthed: 1t was stunned and the
head removed behind the eyes. There are seen three lines and a time
line in the tracing. The tracings all read from left to right.
"Sherrington" solution has been running at the beginning of each line,
The further details are as follows:-

1. Hedonal. 4% in "Sherrington",
2, "Sherrington",
3y Hedonal .4%.
4, "Sherrington',
5. Hedonal ,4%,
6. "Sherrington.
The calculatlon of the percentage of loss in output has been made

upon periods of 32 seconds,

‘Line, Solution Drops 1n
perfused. 32 seconds,
1l "Sherrington" 22
Hedonal 16
"Sherrington" 22
2 Hedonal 12
"Sherrington" 11
S Hedonal 11
"Sherrington" 17

The loss in output due to vaso-constriction by Hedonal was in this

experiment 29%. (calculated on the first three couples).



FPIGURE V,

Here there 1s shown in Figure V a pronounced vaso-constrichtion effect,

when using a weak solution of Hedonal,

The time line is 1n seconds,
with "Sherrington" being perfused,

1.
2.
Se
4.
Se
6.

Each of the other thres lines begins
The frog was unplthed.,

Hedonal - 1 in 1000 of "Sherrington".
"Sherrington",
Hedonal - 1 in 1000,
"Sherrington".
Hedonal, 1 in 1000.
"Sherrington".,

Line| Solution |Number of drops
perfused, |in 34 seconds,

1 |"Sherrington’ 33

" Hedonal 16

" |"Sherrington" 70

2 Hedonal 49

" |"Sherrington" 102

S Hedonal 77

" |"Sherrington" 96

The calculation has been made on the first silx estimations of the

drops. The loss due to vaso-constriction by Hedonal is 30%.

FIBURE VI.

The tracing in Figure 6 was taken from the same frog as Figure 5.

A wesker solution 1s used in this case (1 in 2000). The perfusions have

been numbered 7 to ll,as being continuous with Figure V, The frog was

unpithed, the time line

being in seconds.

The numbers are explained below.

7. Hedonal=1 in 2000 of "Sheerington®.
8. "Sherrington'",
9. Hedonal, 1 in 2000.
10, "Sherrington".
11. Hedonal,
Line, Solution umber oi 4rops
perfused. in 28 seconds.
1 "Sherrington" 65
" Hedonal - 1 in 2000 45
2 "Sherrington" 48
" Hedonal ., 32
" "Sherrington" 33
3 Hedonnl. 11
4 "sherrington” ! 14

29.
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Figure VII.
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The calculation in foregoing Table has been made upon the first six

estimations, The loss due to Hedonal is 39%.

FIGURE VII.

In this experiment the frog was unpithed, the cerebrum only being
destroyed, There are four lines and a time line. The details are written

in the bracing. The solution of Hedonal was 1 in 1000,

Line, | - Solution "Drops in peériods
perfused. of 18 seconds,
1 "Sherrington" 18
" Hedonal 17
2 "Sherrington" 39
" Hedonal 35
3 "Sherrington 50
" Hedonal - 35
4 "Sherrington'" 48
" Hedonal 45

The loss in output due to Hedonal is 14%.

FIGURE VIII,

Figure VIII shows the vaso-constriction effect with a strong solution

of Hedonal - +4%., Four lines and a time line are seen,

Line | Solution: Drops in perlods

_ perfused., of 30 seconds,
1 "Sherrington" 12
" Hedonal 10
2 |"Sherrington" 12
3 Hedonal 10
4 "Sherrington' 13
" Hedonal 10

The loss in output in Figure VIII is 18%.
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The next thrée figurés are taken from an experiment with the same

frog and are consecutive,, The Hedonal used is in different strengths,

FIGURE IX.

The Hedonal solution in Figure IX was 1 in 1000 of "Sherrington".

There are two lines and a time line,

Solution [Drops in periods of
Line. perfused, |27 seconds,

1. "sherrington® 34
" Hedonal 28
2 "Sherrington" 38
" Hedonal 34
3 "Sherrington" 40

The loss due to Hedonal calculate& from the first two couples is 13%.

FIGURE X.
The Hedonal solution in Figure X was one in 2000. There are two

l1ines and a time line,

Line, Solution Drops in periods
perfused, of 17 seconds,
1 "Sherrington" 46
" Hedonal 44
2 "Sherrington" 46
" Hedonal 40

Hedonal has diminished the output by 8.6%.
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FIGURE XI.

In Figure XI the Hedonal solution used was dissolved in "Sherrington"

as before. The strength in this case was 1 in 250 (.4%). There are three

1ines and a time line.,

Solution Drops in periods

Line. perfused, of 16 seconds,
1 "Sherrington" 34
" Hedonsal . 30
2 "Sherrington" 44
oon Hedonal : 40
3 "Sherrington" 50
n Hedonal 42

The loss in output is 12%.

The next six tracings showing vaso-constriction have been chosen from
experiments where "Ringer" solution was the drug-solvent ghdvalso the
restorative, Two were obtained when a strong solution (o4%) was used,
end four when a weak solution (.075%) was used. |

FIGURE XII,

In Figure XII there are four lines and a time line.

This experiment 1s interesting, in that a largé number of perfusions
have been made, the Hedonal always having acted as a vaso~constrictor,
and the "Ringer" always as a restorative, The fpog was not pithed.

The Hedonal solution was one in 250 (.4%).
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Figure XIII,
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Line. Solution Drops in periods of
perfused, 30 seconds,
1 "Ringer" 38
" Hedonal 32
1 "Ringer" 38
2 Hedonal 31
" "Ringer" 39
" Hedonal 26
3 "Ringer" 34
n Hedonal 21
" "Ringer" 34
4 Hedonel 23
" "Ringer" 34

The loss in output due to Hedonal and calculated on the first flve couples

is 27%0

In Figure XIII, the solution of Hedonal was 1 in 250 (.4%), and the
frog was unpithed, There were nine different perfusions.,
experiment the first dose of Hedonal showed increased output from the

arterioles. The explanation is that it was really a"Ringer" effect

FIGURE XIIT.

which was still increasing and the fluid had not been fully run off,

Line, Solution Drops in perlods
perfused. of 40 seconds,
1 "Ringer" 37
" Hedonal 48
" "Ringer" 50
" Hedonal 43
2 "Ringer" 53
" Hedonal 48
" "Ringer" 50
" Hedonal 20
3 "Ringer" 45

The loss in output due to Hedonal and caleculated upon the first fbur

couples, is 16%.,

In»this

37,



FIGURE XIV.

38,

In Figure XIV a wesk solution (o075%) was used, the frog wa's pithed

end the effect was & marked one.

Solution Drops in periods

Line., perfused, of 44 seconds.
1 "Ringer" 35

" Hedonal 23

1 1 Ring e I‘" o

" Hedonal 20

2 "Ringer" 27

" Hedoneal 21

" "Ringer" 29

The loss in output due to Hedonal and calculated on the first three

couples, is 28%.

FIGURE XV, -

In Figure XV the frog was pithed.

A weak Hedonal solution was used (,075%).

Solution Drops in periods
Line. perfused, of 28 seconds,
1 "Ringer" 59
" Hedonal . 53
" "Ringer" 60
2 Hedonal 4

The loss in output

is 15%0
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FIGURE XVI.

Figure XVI shows four lines in the tracing and also a time line, The

‘Hedonal solution was .075% in "Ringer", and the animal was unpithed.

’ Solution Drops in periods

Line, perfused. of 38 seconds.,
1 "Ringer" 37
" Hedonal 36
2 "Ringer" 40
" Hedonal 38
4 "Ringer" 42
b Hedonal 36

The loss in out-put due to Hedonal is 7.5%.

FIGURE XVII,

In Figure XVII, the frog was unpithed and the Hedonal solution was «075%4
The appearance like that of respiration and pulse waves is very marked.

The explanation has been already gimen. (see page?4)

Solution Drops in periods

Line, perfused, of 26 seconds, .
1 "Ringen" 67
b Hedonal 57
2 "Ringer" 67
" Hedonal 60
3 "Ringer" 70
" Hedonal 61

The 10ss in output due to Hedonal is 12%.
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Two tracings are produced here in which Hedonal showed no effect at all.
They.wére taken from the same frog, the animal first having been pithed.
In Figure XVIII the Hedonal was .4%, and in Figure XIX it was ,075%. In

both cases the drug solvent add the restorative was "Ringer",

In opposition to all the foregoing results there is now produced
Figure XX, which shows Hedonal to have been a vaso-dilator. It was a
pronounced effect. The conditions of the experiment, however, should
be noted, The Hedonal (.4%) was dissolved in distilled wéter, which is
not isotonic with the blood., The conﬁrol solution or restorative
differed from the drug-solvent. It was ,75% normal Saline, These
facts are important in so far as they might explain how an entirely

different result could be recorded by different experimenters,
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FIGURE XX.

In the tracing, Figure XX, evéry dose of Saline has diminished the output,
the output,
and every dose of Hedoral hes increased XX, always showing vaso-dilatation.
The calculation hes been mgde on the last four lines, as each line represents

only one solution and occuples approximately two minutes,

Solution Drops in perlods
Line. perfused, of 120 seconds.,
3 Saline +75%. 7
4 Hedonal .4%
in distilled water. 10
5 Saline. 6
6 Hedonal 9

The increase in eutput is therefore 46%,:

FIGURE XXT,

This last tracing has been shown for similar reasons to those of the
preceding one., It shows vaso-dilatation byHedonal, There are two
lines in the trgeing, and two time lines,ene in seconds and one in tenths
of a second, The frog was pithed, The following conditions also |

require to be noted,

1,. The solvent of the drug was normal Saline.,

2. The restorative was "Frog's Ringer",

Se The effect of Hedonal did not show for 24 seconds
after the perfusion of Hedonal was started,

The effect of Hedonal was a very marked effect.
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NERVE EXCITABILITY.

(Frog's Sciatice).,

Ten experiments showing: -

(L Partial parslysis of the nerve due to Hedonal locally
applied. |

(2) Restoration .of ‘the partially paralysed nérve; by a
bath of Ringer's solution. |

(3) Hedonel effect on the nerve, produced a second time, i.e.,
after restoration had first been obtained by "Ringer".

(4) The calculated increase in the latency peried due to

Hedonal.
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The results of Experiments:-

The general effect of Hedonal on the sciatic nerve of the frog hes
always been that of diminlshed excltabvility: 4in some cases such as
1s seen in Figures 1 and 2, iLrmersion of the nerve'for 1 minute in
.37% Hedonal stopped all response to the elestrie current inAusé.

In Flgures 3 and 4, a second minute in the Hedonal bath abolieched
response to the current: 1in Fipure 5 response ceased after the
third dose.

Again it has been found that a partially paralysed sciatic nerve
or one whilch has shown no response at all to the current used after
Hedonal treatment, may have 1ts excltabidfty very much restored by
placing it in a bath of Frog's "Ringer". This is well demonstrated
in FPigures 6, 9 and 10,. In Figure 9 after restoration the Hedonal
effect was produced a second timee. |

In the last two tracings, viz.IFigures 7 and 8 both "make" and
"oreak" contrections are shown.

In Figure 8; the Hedonal effect is very gradual and is exceptional
in this way. To the general statement regarding diminished
excitability due to Hedonal the following must be added.

| In a few cases the very first dose of Hedonal to the nerve,
produced when it was electrically stimulated, a higher curve, or greater
excitability than the previous normal, Every subéequent application
of the drug, however, always rapidly diminished the excitability until,
indeed, no response whatever was obtained. This initial inecreass

in excitabidity may be seen in Figures 7 amd 8.



The explanatiqn of the primary increased exeitability has not been
exactly determined. It may be that the nerve when stimulated after
the Héddﬁal bath, in some cases was more excitable‘;t firét from the
increased molsture, apart from the drug altogether, and when the drug
had not had time to afféct it. Later on the real effect was a drug
effect rather than moisture. Apart from this suggestion, we ﬁay'recall
the fact that in some other sections, there has been a similer early
evidence of inereased function, for example, the effect of Hedonal on
the heart of the frog showing a primary stimulation - the cardiac
rate usually being increased at first. :

Again we have seen that the reduction in blood pressure in the

rabbit and dog due to Hedonal was nearly always preceded by an initial

inerease, Our three-fold experience may then be due to the same

cause,

It has always been found, that the Hedonal solution applied to
the nerve, increased the\dﬁnqy peﬁod. ‘ : This has been
célculated in four cases, the increase varying from 50% to 75% (see

.Eigures 3, 4, 5 and 6.)
The Method adopted in these Experimentss-

The excitability of the frog'!s sciatic nerve was tested in the
usual way., A nerve-nmuscle preparation was mounted on the frog-board.
The gastrocnemius at one end was attached to a thread leading to the
short arm of the mybgraph lever, The long arm of the lgver was
suitably pointed to take a tracing on the revolving drum, .

A Du Bois-Reymond's inductorium was used for stimulating the nerve.
The secondary coil had a measure in centimeters placed along its

side, so that the current could be accurately measured.
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The two wire terminals from the secondary coil were placed under
the central part of the sciatic nerve, The electric currenht was
then tested experimentally by giving shocks to the muscle through the
nerve, until the "make" was obliterated and a maximal "break" shock-
was obtained. A normal curve was then traced without Hedonal,

A second or even third normal curve was made with an intervdal of one
minute to see what matural change might take place, The nerve was

then placed in a small bath made of paraffin wax - about 1 inch long and
containing Hedonal solution (.37%) in normal saline. The effect was
yested with 1 minute intervals, the same current being used

throughout the whole experiment, wilth the exception of Figure 10 where
the current was increased.

In all the experiments in this section, the long arm of the lever
measured 170 millimeters: there was no weight suspended, The weakest
current‘used was with the secondary coil standing at 38 centimeters and
the strongest at 10 centimeters.

The position of electrode during stimulation is seen below.

-
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Figure I.

In this experiment the nerve failed to respond to electric
stimulation after 1 dose of Hedonal for 1 minute. The maximal
"preak" shock was obtained at 34.5 centimeters.

Curve }. Normal. Height 28 m.m,

Curve 2., Normal., Height 19.m.m. - taken after an
interval of 1 minute.,

Curve 3. Stimulation was attempted after the nerve

o had been 1 minute in the Hedonal bath,

No response,

Figure II.
In Figure II, the nerve has failed to respond after immersion
for 1 minute in the Hedonal bath as in Figure I.
Two normal curves were first traced. The nerve after fakling
to respond was placed in a bath of "Ringer"; in this case no

restoration took place.
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HgmeIH.

Figure III shows failure of the nerve to respond to electric

.éﬁrrent after the second dose of Hedonsel. The Hedonal has

distinetly increased the latency period,

A normal latency period was found to be (Curve 2) 2% /100ths of a

second, With one dose of Hedonal, it beceme 4/100ths of a second, or sn

increasse took pla ce from 023 second to «040 second, The real increase

1s = 4,017 of a second or 73%.

The maximal shock was obtained with the coil stending st 36 centimeters.

Curve 1.

Curve 2,

Curve 3,

Curve 4,

Normal curve. Height 27 m.m.

Latency period 2/100ths of a second (.02 secs).

Normal. Teken 1 minute later. Height 26 m.m.

Latency period 2% 100ths of a second (.023 sec.).

Hedonal curve. Height 14 m.m., -~ & 10ss of 46%..

Latency period 4/100ths of a second (.04 sec.).

The increase in the latency period is .017 second or 73%.
This was attempted after another minute in Hedonal.'

There was no response. A "Ringer" bath was then

‘used, No restoraticn,
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Figure 1IV.

There are two normal curves in Figure 4, which occupy practically

the same position, but which were taken with an interval of one minute.

The first Hedonal dose produced a definite effect. With the second

dose no response resulted, the same current being used.

The latency period was increaéed by the first dose of Hedonal

by 75%. .

Curves 1 and 2.

" Curve 3.

Curve 4.

Normal. Height 25 m.m.
Latenc& period 2/100ths of a second in
each (.02 sec.).
Hedonal effect. Height 19 m.m. - a loss
of 24%.
Latency period 35/100ths of a second or
035 gecond. This equals an increase
of .015 second, or 75%.
Hedonal effect. No response.
In this case "Ringer" failed to restore

excitabllity.
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FIGURE V.

In Figure V two normal curves are shown and three for Hedonal.

The third dose of Hedonal showed fallure to reépond.

 The latency period as calculated in Curve 3 (first dose of Hedonal)

énd compared with the preceding normal curve showed an increase of 50%.

The éecondary coil stood at 30.5 centimeters.

Curve 1.

Curve 2.

Curve 3.

Curve 4.

Curve 5.

Normal. Height 48 m.m.

Normal. Teken éfter another minute. Height 44 m.m.
Latency period 2/100ths of & second or .02 second.

Hedonal curve. Taken after the nerve was one minute in
Hedonal. Height 36 m.m. - a loss of 8 m.m.
Latency period 3/100ths of a second or .03 second.
This period has been increased by 50%.

Taken after the nerve was another minute in Hedonal.
Height 26 m.m.

Latency pericd 3% rd/100ths of a second or .033 second.

This attempt met with no response.
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FIGURE VI.

Thig figure is produced to show the power of YRinger to restore

the excitability of the frog!s sciatic nerve, after it had been

partislly paralysed by Hedonal, so that it had failed to respond to

the electric current formerly applied. The "Ringer" curve rose

higher than the Hedonal curve, viz., a height of 37 m.m.

The first dose of Hedonal increased the latency period by 50%.

The secondary coil stood at 38 c.m.

Curve 1.

.Curve 2.

Curve 3.

Curve 4.

Curve 5.

Normal. Height 40 Memm.

Normal. Height 45 m.m. Taken after oﬁe minute; it is
higher than the former one. The latency period was
3/100ths of a second or .03 second.

Hedonal curve. Hgight 34 m.m. - a loss of 11 m.,m. or
24%. The latency period was 43/100ths of a second or
.045 sec.. This is an increase of 50%.

Hedonal effect. No response.

"Ringer" curve. Restoration effect. Height 37 m.m..



FIGURE VII. y

To prevent mingling of severél curves, fhe drum in Figufe VII
was stationary, so that each contraction of the lever on stimulation
traced a line separated from all others. Both a "make"and a "break"
contraction was recorded, so that in the tracing)couplets are seen
in each case, The current was used when the secondary coil stood
at 22 ceMe.

The first four couplets, a,b,c,d, are normal curves taken
at 1 minute intervals, .

Couplets 1, 2, 3, 4, are Hedonal curves taken every minute.

In couplet d, (normal) the "make" curve is 29 m.m. high and the
"break" 30 mim.. |

In couplet 1,(Hedonal) the "make" is 32 m,m. and the "break" is 30 m.m.
The increased height of the curves in this couplet has been explained on
page 48. |

Couplets 2 ahd 3 both show failure to respond to the "break" shock.

Couplet 4 shows no response whatever,
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FIGURE VIII.
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FIGURE VIII.

As in Figure VII the drum in this case has been stationary.

Yake" ahd "break" contractions are recorded in couplets. fhe
Vsecondary coll stood at 35 ceMes In this experiment there was:
unusual resistance to the effect of Hedonals the result has been
very gradual,

In couplet 2, which is a normal one, the "make" contraction is
31 m,m., and the "break" ‘37 m.m,.

In couplet 3 (first Hedonal one), the "make" contraction is

38 m.n., and the "break" contraction 37 mems.e This is actually an
increase over the former normal couplet,

In couplet 4, the "make" is very much reduced, and quite absent in
all the succeeding couplets, until in couplet 14 no response té either
shock is obtained,

| FPIGURE IX.

In Figure IX the "make" and "break" shock effects are produced in -
duplicate, the drum being stationary.

There is seen a profound effect from immersion of the frog's sciatic
in Hedonal .,37% for 30 seconds. When the nerve at last failed to
respond to the electric current, immersion in "Ringer" began to restore
the excitability., The curves in Couplet f are fully as high as the first
normal ones.

Treatment by Hedonal again cut down these restored curves as seen at e




FIGURE X.

Figure X is produced to show restoration of excitability in the

sciatic nerve by "Ringer" after loss of excitability due to immersion

in Hedonal.

Thé current first used was with the secondary coil stéhding at

35 Celle.

Withouimeasuring the height of the curves, the resulis may be

readily understood,

Curve 1,

Curve 2.

Curve 3 .

This was a normal one taken with the coll at 35 c.m..

nebve was then immersed in Hedonal .37% for one minute and

then stimulated with the same current as above. No
response took place, The current was then increased to

30 c.m. 2nd the nerve was stimulated,

This curve shows the result. This Hedonal curve is much

reduced as compared with the normal curve 1, and yet the

current is much sbtronger. The nerve was then immersed
for 2 minutes in "Ringer" and the same current repeated

(30 come)

This curve shows great restoration,

The
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SECTION XI.

CONDUGTIVITY OF NERVE AS SEEN IN

THE FROG 'S SCIATIC.

63.




Conductivity of Nerve,

The frog's gastrocnemius with the sciatic nerve attached were
prepared and placed on the frog-board, The muscle was then attached
to the short arm of the lever,the long arm being directed to the
smoked drum surface. An induction coil was used to give the
electric stimulations, & mercury key being introduced into the circuit.

In five of the tracings the drum femained stationary when many
stimulations were made. In these five both "make" and "break" shocks
were recorded; in the other four exppfiments the drum was revolving
fast,

The method adopted:-

The small bi-polar eléctrode was placed under the sciatic nerve, as
near itsspinal attachment as possible. The nerve was then stimulated
electrically at equal intervals (5 to 1 minute) with a measured current
which was used all through the experiment, In this way several normal
curves were traced to show, apart from further treatment of the nerve,
what natural change might be expected in its response.

The central portion of the nerve was then allowed to fall into a
small bath made of paraffin wax and containing Hedonal solution which
in some cases was ,37% and in others ,75% in normal saline. In some of
the experiments the nerve was allowed to remain immersed for 30 seconds and in
others 60 seconds, After each immersion in Hedonal the nervé was -
stimulated electrically as a rule until no response was obtained, The
electrode was then placed beneath the distal extremity of the nerve and
stimulation again carried out.

The experiments all show diminished conductivity and finally no
conductiﬁity at all’of the nerve impulse with the current used when the

central portion was treated with Hedohal,
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In the present series of experiments, the method chosen for stimulation

of the Nerve under different conditions, is shown diagrammatically below:-

1y —mm S —4%1:1 | Normal stimulation.
| F] )

NN

_______1=::::::::::> {l Stimulation after Hedonal,
Y
4, ___G‘ L)  stimulation at the distal end.

FIGURE 1.

In Figure I the drum was stationary., Both "make" and "break"
contractions were recorded. This experiment shows & very striking
result., There are three normal couplets; the last one for comparison
measuring 48 m.m. and 50 m.m., for the "make" and "break" shocks
respectively. Then 4 Hedonal couplets are seen. The first of these
(4) measures cnly 9 m,m, afgd 7 m.m,, so that after the centre of the
nerve had been immersed in Hedonal ,37% for 30 seconds, the "make"
and "break" contractions. lost respectiﬁely 81% and 86%., The
fourth Hedonal dose (7) is followed by no response to the electric
current used, The nerve was then stimulated at the distal extremity

and there was traced a normal couplet (8) 46 m.m. high,
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FIGURE II.

In Figure II the electric stimulations were applied every minute.
A maximal "break" shock was obtained with the secondary coil at
35 c.m, and the dfum was revolving fast.

The first dose of Hedonal produced marked loss in conductivity (Curve 2).
The third dose (4) stopped all response, Curve 5 was traced when stimulaté
ing at the distal extremity of the nerve, Here again there is a normal
curve rising exactly to the height of Curve 1, which was taken at the
proximal extremity before treatment. It is also interesting to notice
that the latency "period -~ ' in Curve 5 was, as we should expect,

less than Curve 1.

FIGURE IIZI.

o

In Figure III the normal curves 1 and 2 are of the same height.
The first Hedonal curve (3) has fallen only 1 m.m.. Each Hedonal
cufve then shows marked diminution in the conductivity until Gurve 7
which shows no response. Stimulation at the distal éxtremity of the
nerve then shows a high curve (8). |
In this experiment the maximal "break" shockowas obtained at 37.5 Ceme.

A revolving drum was employed,
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FIGURE IV.
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FIGURE IV,

The drum was stationary in this experiment, so that both "make" and
"break" shocks were recorded. Three normal couplets are shown, In the
last one (¢) the "make" measured 58 m.m. and the "break" 60 m.m.. The
first three Hedonal couplets are each diminished in height a few nmillimeters,
Tn the fourth Hedonal cpuplet (g) the '"make" had not shown any contraction,
At (h)no response was seen to electric stirmulation. The stimulation at
the distal extremity showed only the "break" shock; but it was greatly
restored. |

FIGURE V,

In Figure V the couplets have been traced every half minute, the
Hedonal solution being «75%. The drum was stationary.

In looking at the tracing the general effect is seen at a glance.

The treatment of the centre of the nerve with Hedonal has caused the
curves 3, 4, 5, 6, to be regularly and definitely cut down. No response
has been obtained for couplet 7. The effect of the drug has been
gimilar in both the "make" and "break"curves.,

When the distal extremity was stimulated, the "break" curve which is
shown was quite normal, but the "make" is absent. This part of the
nerve has not, of course, been under the influence of Hedonal,

The actual measurements are seen belowe.

Couplet, "Make™ "Brealk" Loss in height
of curve.,
- "mal{e" . llbl,;eak"

%ormal 1 67 metl, 66 Memoe
n 2 67 mim, 66 mem,

[Tedonal 3 59 meme 58 m.m, 8 8

n 4 54 m,.me 53 m.m. 5 5

" 5 45 m.m, 43 m.m, 9 10

" 6 35 m.m, 34 m.m. 10 9

" 7 0 0 35 | 34

Couplet 8 represents stimulation at the distal extremity of the nerve,
and taken after Couplet 7. It shows response for the "break" shock, which
is probably quite normal, this part of the nerve not having been treated
by Hedonal,
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FIGURE VI,
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FIGURE VI,

st

Figure VI is very similar to Figure V, the curve of the "make" contraction
in the normal couplets, however, is shorter than the "break". A regular
Hedonal effect is seen, until no response is obtained when stimulating
at the proximal extremity. The couplet 12 shows normal response at the
distal extremity, this mart of the nerve being unaffected by the drug.

Note: -~

It is seen in Figures 5 and 6 that the curves fall below the abscissa
line, These curves have started at the moment of stimulation on
the abscissa, What falls below 1s the recoil, as can also be
seen when examining the curves taken with a revolving drum instead
of a stationary one, as was tle case in Figures 1, IV, V, VI and VIII.

FIGURE VII,

In Figure VII, a revolving drum has been used. The curves have been
traced every half minute, the Hedonal solution being e37%. s The maximal
"break" shockbwas obtained with the secondary coil at 33,5 Cefe. |

It may be noticed that the first curve (3) taken after treatment
by Hedonal and stimulation being at the proximal extremity, has actually
exceeded the height of the normal curves which were taken before Hedonal
was used at ail._ This result has occasionally been seen as a first
effect after Hedonal, more especially if the Hedonal immersion was very
short = % a minute,-as in this case, All the later curves regularly show
the Hedonal effect by reduction in height, more than normal curves would
show in the same time, and this equally applies to all the experiments.

Curve 3a then shows a considerable fall and no response is obtained for

Curve 4, Stimulation at the distal extremity showed a normal response.
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FIGURE VIII.
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In Figure VIII the drum was stationary, "make" and "break" curves

being shown.

This tracing is produced, as it shows this particular sciatic
nerve to have sﬁrongly resisted the action of Hedonal, contrary to the
usuai experience, The oonductiviﬁy of fhe nerve has been certainly
affected, however, in that the "make" curve has disappeéred entirely
and has made its appearance again when the distal (untreated) extremity

was stimulated,

FIGURE VIII,

The Hedonal solution chosen was the weaker one, and

the intervals were short,

In Figure IX the Hedonal solution was ,37% and the stimulations

were made at intervals of one minute.

FIGURE IX.

obtained with the coil at 37 c.m.

Curve 1.
Curve 2,
Curve 3,
Curve 4.,
Curve 5,
Curve 6,
Curve 7.

In this experiment, conduction of the nerve impulse has become more
impossible, due to Hedonal.
response was obtained, to prevent mingling of curves,

The distal extremity when stimulated (curve 7) has responded even

more strongly than the normal curve taken at the proximal extremity of

the nerve,

than in Curve.l (normal), the distance for the nerve impulse to travel

being less.

Nomal.

Hedonal,
Hedonal,
Hedonal.
Hedonal.
Hedonal.

Taken after stimulation at the distal extremity.

“The * “lafency  pertod is also much less in Curve 7 (distal)

Height 37 m.m.
Height 34 m.m,
Height 32 mem.
Height 29 m.m,
He ight 21 meme
Height 6 m.m,

A maximal "hreak" shock was

The effect has not been pushed until no
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SECTION XII.

EFFECT ON THE RATE OF NERVE IMPULSE
| AS SEEN IN THE FROG'S SCIATIC.
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The method employed in the following seven experiments, is the old one
of Von Helmholtz. The normal rate was first teken, and then the nerve
was immersed in Hedonal solution +37% in normal 8aline and the test made
again immediately, the rate being valculated as detailed below.

In the following experiment it may be noted that the rate of the
nerve impulse after treatment of the nerve by Hedonal has been
calculated after only one dose. As may be seen in other mections on
this subject, the initial dose of Hedonal has sometimes produced a curve
higher than the normal one, althdugh usually a lower curve; so that in
the present case if the calculation had been made after longér or
subsequent periods of immersion, the effect would have been greater in
the same direction.

The method in detall:-

The frog's gastrocnemius with the sciatic nerve attached, was prepared
and placed on the frog board. The muscle tendon was then attached to the
short arm of the myograph lever, The long arm had a stylet at its
extremity which reached the fast-revolving drum, A Du Bois=Reymond
inductorium was used for the current,and a mercury commutator was
introduced into the secondamycircuit. No weight was suspended on the
long arm of the lever, By testing with the electric current a single
maximal"break" shock was obtained,and the position of the secondary
coil was then retained throughout the experiment.

An electrode was-placed under each end of the nerve so that by
means of the commutator either end could be stimulated without changing
the position of the electrode. One end of the nerve was electrically
stimulated, a curve obtained and the moment of stimulation marked.

Then the other end was stimulated, The distance between the starting
points of both curves on the abscissa line was measured in millimeters.

The
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The calculation was then made for the normal rate of nerve impulse as

it was found in this nerve, A diagram of the electric arrangement is here

shown. page 76.'

FIGURE I, ’ .
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In Figure 1 the length of the nerve was 40 meme. The time record
showed notches each measuring 4 m.n. and representing 1/100th of a second.
The secondary coil stood at 13.5 mem,

Calculation of the normal rate:-

Distance from moment of stimulation to
start of curve 1 (proximal end) 5 m.m,.

Difference
2.5 m.m,

Distance from moment of stimulation
to start of ecurve 2 (distal end) 2.5 mom,

The measurement 2,5 m.m. represents the time occupled in trensmission
of the nerve impulse, The further estimation is shown below by the

eguational method,

X MeMe —‘ 205 MeM, . l/lOOth S€Coe
40 m.m, 1 sec, 4 m.m, = 6400 m.m. per second
' or 6,400 meters,
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Caleulation of the rate after treatment by Hedonal:-

Distance from moment of stimulation to the

start of Curve 3 (proximal end) 7 mem.
Difference
Distance from moment of stimulation to the _ 3¢5 MeMe

start of curve 4 (distal end) - 3eB melie

% m.m, | 3.5 m.m. 1/100th second
40 m.m.,! 1 sec. 4 m.m, = 4571 m.m. per second or
4,571 meters per second.

There has been a difference of the loss in rate of 28%.
FIGURE II. - fatwral Sine.
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The nerve was 50 m.m. long in Figure II. The time line showed notches
measuring 5 m.,m, and representing 1/100th of a second,
To calculate the normal rate of nerve impulse:-

"+ The - lafency . pericd for curve 1 (distal)
. : for curve 2 (proximal)

4 meme,
8 mem, Difference 4 m.un

Therefore we have

X meme. } 4 m.m. 1/100th second
50 meme [ 1 sec, 5 mem, = 6250 m.m, per second or
6.250 meters,
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To calculete the rate after Hedonel was applied.
" Latency Period of curve S (distal) = 7 m.nm.
u n " curve 4 (proximal) = 12 m.n. Difference 5 m.m.
5 m.m. =‘rate of nerve impulse; but each time wave measuring 5 m.m.
is equel to 1/100th of a second, therefore 50 m.m. (the length of the
nerve) have been travelled in 1/100th of a'second, or 5000 m.m. per
second. (5 meters). The difference of the loss in rate is 20%.

FIGURE III.
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In Figure III, the time line is in waves measuring 4 m.m., each of
which represents 1/100th of a second. The nerve between the points of
stimulation was 45 m.m. long.

Curves 1 and 2 are the normal curves traced when the nerve was

stimulated at the distsl and proximal extremities respectively.

.

i

The latency period for curve 1 S Mol

" " " curve 2 = 5 m.m.
The difference in the periods = 2 m.m,
The rate is calculated below.

X meme | 2 m.m, 1/100th sgc. = 9000 m.m. per second
45 m.m. | 1 sec. 4 mem, or 9 meters.
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After the nerve was immersed in Hedonal, the rate was calculated,

Latent period of curve 3 = 7 m.H.
" " " 4 = 17 mem,

The difference in the periods = 10 m.m.

X meme ; 10 m.m, 1/100th second
45 m.,me' 1 sec. 4 m,m,

= 1800 m.m. per second
or 1.8 meters,

There has been a loss in the rgte of nerve impulse equal to 80%., due to

the nerve being immersed in Hedonal +37% for one minute.

FIGURE IV,
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In Fijgure IV esch time wave measures 5 m.m., and represents 1/100th of a
second. The Hedonal solution was ¢37%. The nerve measured 25 m.mn.
"The difference in the latent period of curves 1 and 2 = 8 m.nm,

X mem. ; 8 mem. 1/100th second,
25 meme I 1 s8Ce 5 mem, = 1562 me.m. per second or
1,562 meters,

After the nerve was immersed in Hedonal solution for 1 minute it was again
stimulated, The difference in the latent periods of curves 3 and 4 = 9 m.m.

X mem, |9 m,m, 1/100th second. = 1388 m.m. per second
25 m.m.! 1 SEC., 5 m.m. : or 10588 meters. . *

There has therefore been a loss in the rate of the nerve impulse equal to
11%Z due to the nerve being immersed in Hedonal solution o37% flor one minute.
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In Figure V each time wave measured 4 m.m, and represented 1/100th second.
The Hedonal solution was .37/. The nerve measured 40 m.m.

The difference in the latent period of the normal curves 1 and 2 is

equal to 1 m.m. To calculate the normal rate of impulse ;-
Xmm. r 1 mm. 1/100th second.
40 mam. I 1 sec. 4 mam. "™ "= 16,000 m.m. per second

or 16 meters per second.
The difference in the latent periods of the two Hedonal curves 3 and 4
is equal to 1.5 m.m.
X m.m. 1.5 m.m. 1/100th second.
40 mm. I 1 sec. 4 m.m. = 10,666 m.m. per second
or 10.666 meters.
Therefore the nerve has shown a loss of 33/ by being immersed in Hedonal

.37/ for one minute.
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FIGURE VI.
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In Figure VI the nerve measured 35 m.m., the Hedonal solution was .37/.,
and each wave of the time line measured 40 m.m. representing 1/100th second.
To calculate their normal rate:-
The difference in the rates of the normal curves 1 and 2 is equal to 3 m.m.
X m.m. 3 m.m. 1/100th second
5 m.m. 1 sec. 4 m.m. = 4666 m.m. per second
or 4.666 meters.
To calculate the rate after Hedonal treatment
The difference in the latent periods of the Hedonal curves 3 and 4 equals 4 m.m.
X m.m. 4 m.m. 1/100th second
m.m. 1 sec. 4 m.m. = 3500 m.m. per second
or 3.5. meters.

The nerve hy immersion in Hedonal solution *37/ for one minute has lost

24.9/ of the rate of nerve impulse.
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In Figure VII the nerve measured 50 m.m.,
.37/ and the time waves measured 3.5 m.m.

To calculate the normal rate of nerve

The difference in the
X m.m. r 2 m.m.

50 m.m. 1 sescT 3.5 m.m.

latent period of the two normal curves

FIGURE VI1I.
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each.,
impulse:-

1 and 2

1/100th second.

8750 m.m. per second
or 8.750 meters.

To calculate the rate after treatment by hedonal;-

The difference

X m.m. 18

SO m.m.1

HyiOOth second

3.5

m.m.

1 sec.

m.mii

The nerve, after 1 minute

impulse 75/.

in the latent periods of the Hedonal curves 3 and 4

in hedonal #37/,

2187 m.m. per second
or 2.187 meters.

has lost 1n 1ts rate

representing 1/100th

84.

the Hedonal solution was again

second.

2 m.m.

8 m.m.

of nerve



SECTION XIII.

EFFECT OF HEDONAL ON

MUSCULAR CONTRACTILITY

AS OBSERVED IN THE FROG'S GASTROCNEMIUS.

e
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MUSCULAR CONTHACTILITY.

This has been investigated in the gastrocnemius of the frog.
(a) by direct stimulation of the muscle itself by electric current
in normal conditions.
(b) by direct stimulation of the muscle after the muscle had been
treated by Hedonal. \
(¢) by indirect stimulation, viz., through the sciatic nerve in
'the normal state.
(d) by indirect stimulation of the muscle through the nerve after
treatinglthe muscle by Hedonal.
In this way it has‘been possible to mathematically calculate:-
1. The real contraction of the muscle when electrically stimulated before
and after treatment by Hedonal.
2. The percentage of contraction before and after treatment.
3. The work done in gramme-millimeters both before and after treatment
of the muscle by Hedonal.
"4, The percentage of power lost by the muscle due to the effect of Hedonal.
5. Regarding the muscular contraction, the effect of Hedonal on the duration
of the latent period.
Nine experiments are shown.

FIGURE I.

o %mn v_ _

This figure shows in a general way the action of Hedonal on the

muscle. The work done by the muscle has not been estimated.
A muscle preparation was placed on the frog board, and connected
through a lever with the smoked drum, which in this case was stationary.

Both "make" and "break" shocks were applied directly to the muscle

ltself/



jtself, which lay across the electrodes from a Du Bois-Reymond's inductorium,.
gix normal couplets were first made at intervals of a minute’to show
the normal amount of fatigue which might be expected apart from treatment.

Then four tracings were made after treatment of the muscle for
one minute in a bath of Hedonal solution, .37%.

The result was that the "make" contraction was absent from every couplet
after the treatment of the muscle by Hedonal, The "break" contraction was
in each couplet cut down until the fourth showed no response.

In the normal couplets there was no reduction seen in the height of the
curves, The "make" curve was about 13 millimeters and the "break" 26

millimeters high, 0f the Hedonal curves, curve g = 24 m.m. (break)

curve h = 18 m.m. ("break")
curve 1 = 10 m.m. ("break™")
The next one showed ne response.,
Through the whole experiment the secondary coil stood at 10 centimeters,
The muscle was 25 millimeters long. The Hedonal therefore had,after

four deses, stopped all response to the electric current applied.
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FIGURE I1.
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In "this experiment there has been calculated, respectively; —
(a) The work done by the gastrocnemius estimated in gramme-millimeters.
(b) The work done after treatment by Hedonal.
(¢) The actual loss of power of the muscle in gramme-milliraeters.
(d) The percentage loss of power.
(e) The effect on the latent period after electric stimulation.
The following are the details of the experiment;-
Length of the muscle 50 m.m.
Length of the long arm of the myograph lever from

170 millimeters.

fulcrum to tip
Length of short arm of lever from fulcrum to

10 millimeters.

power
Distance from fulcrum to weight

suspended =2Q millimeters.
Weight suspended = 5 grammes.
Current applied with the secondary coil standing at 11

centimeters.



The muscle specimen was mounted as before and a revolving drum was

used, the current being applied from a Du_Bois-Reymond's inductorium.

Two normal curves and one Hedonal curve were traced.

Curve l.

curve 2.

curve 3.

Normal. Vertical height 21 m.m.

Latent period was 3%/100ths of a second,

or .032 second.

Normal, taken after walting 2 minutes.

Height 18 mem. - a fall of 3 m.m.

Latent period 3%/100ths of a second, or

.032 second as before.

Hedonal curve. This was taken after the muscle had
been placed for 1 minute in a small bath made of
paraffin wax, conﬁaining Hedonal solution (.75%),
and electrically stimulated as above.

The height was only 3 mem. The muscle had lost 15

| m.m. in the height of the curve as compared with

curve 2 = 83%.

Latent period was 5%/100ths, or .052 of a second.

There has therefore been an increase in the latent period from one

dose of Hedonal, of .020 of a second, or 62%..

As curve 2 will be used as the normal one for comparison, it will

be necessary first of all to estimate the work done as shown by this

- curve.
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To find the sctual shortening of the muscle, a drawing has been shown

pelow which readily explainsvthe method of calculation:-
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When.the muscle cdntracts, the myograph lever A. B. D, takes up the new
position F. B. K., and F. is the height of the curve traced. This is the |
magnified contraction; the actual contraction is D.K. Two triangles are
seen, B, A, F. and B, D. K. The base F. B. 1is to the base B. K. as
A. F, (apparent contraction) is to D. K. (actual contraction). Stating

these facts by the equational method we have

170 m.m., | X = 1.05 mem, actual contraction.
18 m.m. | 10 m.m. percentage 3.5.

To find the weight really lifted:~-

Weight really lifted = weight suspended x Distance of weight to fulcrum
Distance of power to fulcrum

= 5 grammes X 20m.m. = 10 grammes.
10 m.m.
To find the work done by the muscle:-
Work done = weight really lifted X actual contraction.
= 10 grammes X 1.05 millimeters.

= 10.5 granme-millimeters.
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The muscle, normally and immediately, before further treatment, was
eble to do 105 gramme-.millimeters of work, when stimulated by electric
current, the secondary coll standing at 1l centimeters,

Estimation of the work done after the muscle was treated with Hedonal for-

one minute,

Curve 3 is now to be considered,

As before 170 mem. g X =  «17 mem. actual contraction
3 meme’ 10 mem, percentage .56.

The weight lifted 1s as beffore = 10 grammes.
The work done = ;o grammes X (17 m.m, = 1,7 gramme-millimeters.
Before treatment, the muscle did 10.5 gramme-millimeters.
After 1 minute in Hedonal selution, it did only 1.7 gremme-millimeters,

The percentage of loss of power to do work is equal to 83,




FIGURE III.

A muscle preparation was put in position and connected with the
revolving drum by the lever. The muscle was directly stimulated by .
the electric current.. In this experiment, all the detalls, includ-
ing length of muscle and current used, were the same as iﬁ Figure II.
The curves drawn, however, were at 2 minute intervals throughout.
The strength of the Hedonal bath was .37 per cent.

The muscle treated showed greater contractility, as will be
seen by the height of curve when stimulated. It showed more ability
to resist the application of the Hedonal.

The latent period by the first dose was not so much increased
as in Figure II, - practically not affected, although in later doses
the increase was seeéen.

The tracing is seen below.

\\\“'"//

Scale %% Nabwral Sige.
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FIGURE IV.

the apparatus.

before
In thls Figure the conditions were the same as described/regarding

The muscle was 30 milli.meters long, A revolving drum was used. The

current applied was from a maximal "break" shock with the secondary coil

standing at 17 centi-meters, and was applied directly to the muscle.

of Hedonal (.,75% in Saline) was employed in which to immerse the muscle.

Five curves were traced, The first two were normal. The calculations

have been made with regard to the last four curves,

muvel,

curve 2,

curve 3.

Gurve 4,

Curve 5,

Normal.

Normel,

Hedonsal

Hedonal

Hedonal

Height 28 mem.

Height 27 mem, It has fallen only 1 m.m. and
was taken after two minutes,

curve, - Taken after one mimute in Hedonal (.75%).
Height 24 mem, It has fallen 3 m.m,

curve. Taken after 1 minute more in Hedonal
solution. Height 18 mem,

curve, Taken after another minute in Hedonal

solution, Height 10 m.m.

In this experiment’the work done by the muscle before and after treatment

has been calculated, so that the total effect of the three doses of Hedonal

1

has been accurately measured.

03.

A solution



curve 2. To find the acﬁual shortening.

27 mem, v 10 m.m., = 1.5 mems actual shortening.

Percentage of shortening = 5.
The real weight lifted = 10 grammes. '
Work done = 10 grammes X 1,5 millimeters = 15 gremme-.millimeters,

gurve 3.

170 mem, X v
24 m.m.ﬂ 10 m.m, = 1¢4 meme actual shortening.
_ Percentage of shortening = 4.6.
- Work done = 10 grammes X l.4 m.m, = 14 gramme-millimeters,

GuWe 4,

170 m.meq X ' '
18 m.m.' 10 m.m, = 1,0 men, actual shortening. o
Percentage of shortening = 343,

~ Work done = 10 gremmes X 1 m.m, = 10 gramme-millimeters.

Curve 5,
170m.m, ¢ X
10 mem, ¥ 10 m.m, = o5 mem, actual contraction.

Percentage of contraction = 1l.6.

Work done = 10 grammes X 5 mem, = 5 gramme-millimeters,

The muscle has lost working power equal teo 66%/ by immersion in Hedonal '

(o75%) for 3 minutes.
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FIGURE V.
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Figure V shows six curves, three being normel and tsken at intervals
of two minutes, to show what diminution in the height of the curve, would
occur naturally. The last three curves have been traced after tﬁe muscle
haed been immersed in a bath of Hedonal (.75%) . These have been taken
at intervals of one minute. The muscle was 25 millimeters in length.

It was stimulated directly by an electriec current, with the secondary
coll standing at 18.5 c.m.. A revolving drum was used. The other
measurements in the apparatus were as before.

In the present case regarding the work done, the comparison has been
made between Curve 3 (the last normal one), and Curve 6 (the last Hedonal
one) .

Curve 1. Normal. Height 35 m.m.

Latent period 25 th/100ths of a second or .022 second.
Curve 2. Normal. Height 35 m.m.

Latent period 235rds/100ths of a second, or .026 second.
Curve 3.  Normal. Height 35 m.m. 7

Latent period 25rds/100ths of & second, or .026 second.
Curve 4. Hedonal curve. Height 31 m.m.

Letent period 25rds/100ths of a second, or .026 second.



Curve S. Hedonal curve. Height 25 m.m.

- Latent period 3/100ths of & second, or .03 second.
Curve 6. Hedoneal curve. Height 16 m.m. .
Latent period 3 rds/100ths of a second, or .036 second.
To calculate the work done in Curve 3. -

170 m.m. | X = 1.9 m.m. actual contraction.
3% mem. | 10 m.x.

percentage of contraction = 7.6

Work done = 10 grammes X 1.9 millimeters = 19 gramme-millimeters.

Curve 4.
170 m.m,. | X = 1.8 mem. actual contréction.
31 m.m. I 10 mom.

percentage = 7.2.
Work done = 10 grammes X 1.8 m.m. = 18 gramme-millimeters.
The work done is slightly less than in the normal Curvé Se
Curve 6.
“The totel loss of power is here estimated after & immersions of the
muscle in Hedonal, each lasting one minute. |

170 mem. { X = .2 m.m. actual contraction.
16 m.m. ] 10 mem.

Work done = 10 grammes X ¢ = © gramme-millimeters.

Therefore there has been a loss of work done equal to 10 gramme;
millimeters, or 52% - the effect of 3 minutes! treatment of the muscle with
Hedonal.

Regarding the latent period, it can be seen in the tracing that the

difference between Curve 3 and Curve 4 is inapprecisble.

Compering Curve 3 with Curve 6 there is an increase in the latent period

equal to 38% - the result of the immersion of the muscle for 3 minutes in

Hedonal (.75%) .



The following group of fourrexperiments"upon contractility Qf frog's
muscle differ from the foregoing, particularly in one point, viz.,
the muscle has been electrically stimulated indirectly, i.e., through the
sclatlc nerve. A muscle-nerve preparation was therefore in each case
mounted on the frog board. The electrode was placed under the centre of
the sclatic nerve. When Hedonal was applied, the muscle alone was
immersed, There was, as in the other experiments, a weight of 5 grammes
suspended on the long arm of the myograph lever, 20 m.m., from the fulcrﬁm.

The short arm, from fulerum to power, measured 10 me.mn,.
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In Figure 6 the muscle measured 30 millimeters. The solution of
Hedonal was .75% in normal Saline. The current was used with the

secondary coil standing at 17 centimeters. The drum was stationary

to prevent mingling of curwes, as there were both "make" and "break"

shocks recorded.
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Four normal couplets are seen in the tracing. These were taken
at one minute intervals. Five Hedonal couplets were also formed.
The muscle was placed for one minute in the Hedonal bath. It was then
removed and the sciatic immediately stimulated. This was repéated
at intervals of one minute.
The following can be noticed:-
Bach immersion in Hedonal diminished the height of the curve,
i.e., the contractility of the muscle.
The "make" and "bresk" in this case were very equally affected.
In the fifth couplet, no response was obtainable with the

current used.

TABLE OF MEASUREMENT OF CURVES.

Couplet. "Make M "Break."
- 3
a 34 m.me 93 MeMMe
b ) 54: 1 » 56 4] .
L Normal curves.
e 56 i 36 1t
d 32 N 33 ¢ J
o 2g .‘;, ‘ oz M w
f 22 n 20 L]
Hedonal curves.
g 7 " 14 " >
h 10 L] 5 "
i O n ' 0 on J
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FIGURE VIZ.
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A muscle-nerve preparation was mounted, the length of the muscle being
28 millimeters. The Hedonal solution employed was .37%. The secondary coil
stood at 44.5 centimeters. A fast revolving drum was used, driven by a
geared motor. The muscle was indirectly stimulated by electricity through
the sciatic nerve.

S8ix curves were drawn, the first one §nly being the normal one. The
others were taken at intervals of one minute, the muscle each time having
been immersed in Hedonal.

Curve l. Normal. Height 26 m.m.

Latent period 25rd/100ths of a second or .023 second.
Curve 2. Hedonal. Height 24 m.nm.

Latent period 3/100ths of a second or .03 second.
Curve 5. Hedonal. Height 32 m.m.

Curves 2, 3, and 4 are indistinguishable for the latent
pericd, as the lines are too close for measurement.

Curve 4. Hedonal. Height 20 m.m.
Curve 5. Hedonal. Height 17 m.m.
Latent period 3%rd/100ths of a second, or .033 second.
Curve 6. Hedonal. Height 10 m.m,
Latent period 4/100ths of a second, or .04 second.
By treating the muscle with Hedonal, the latent period has been increased

by 017 of a second, or 73%.




To estimate the work done by the muscle:-
Curve 1, (Normal.)

176ﬁ.m. g X . o
26 mem,’ 10 m.m, = 1.5 mem, Actual contraction,.

Percentage 5,3. _
Work done = 10 grammes X 1.5 = 15 gramme-millimeters,
Curve 2, (Hedonal)

170 meme } X A »
24 meme ¥ 10 mems = 1.4 m.m, Actual contraction.

Percentage 5.
Work done = 10 grammes X 1.4 m.m. = 14 gramme-millimeters.

The muscle by being immersed in Hedonal (.37%) for
one minute has done 6.6 per cent. less work,

Curve 6, (Hedonal,)

170 meme § X ‘
10 mem, P 10 m.m, = 8 m.m, Actual contraction.

Percentage l.7.
Work done = 10 grammes X .5 = 5 grarmme-millimeters.,
At the end of the experimeht the muscle showed

a loss of work actually done equal to 66 per cent.
as compared with the normal curve Noo.l.

100,




FIGURE VIII.
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A muscle-nerve preparation was made,

Seale %™ Nabwal Jize

'Stimulation by electricity was indirect - through the nerve. The

secondary coil stood at 8.5 centimeters. A fast revolving drum wasg

used with MeColl's control arrangement for keeping the revolutions

constant in speed. The Hedonal used vas .75 per cent.

The first two curves were normel ones taken with one minute

intervals.

Hedonal.

Curve 1.

Curve 2.

Curve 3.

Curve 4,

Lines 3 and 4 were traced after the nuscle had been in

Normal, Height 33 millimeters.
The latent period 3/100ths of g second or ,03 second.
Normal. Taken 1 minute later. Height 32 millimeters.

The latent period 5/100ths of a second or .03 second.

Hedonal . Teken after the muscle was immersed in Hedonal for

1 mimte. Height 29 millimeters.

The latent period 3/100ths of a second or .03 second.

the muscle measuring 30 m.m.

101.

Hedonal., Teken after the muscle Was again immersed for 1 minute

in Hedonsal. Height 7 millimeters.

The latent period 43/100ths of & second or .045 second.
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-

The muécle having bg?n immersed for two separa£é'minutes in ﬁédonai
,’soiutioh;;has shown;,regardingvthe muscular contraction; en increase in.
the latent periéd of .015 second or 50%. |

‘Estimation of the work done:-

Curve 2.~ 

170 mem. | X = 1.8 mem. actual contraction.
52 Ml | 10 m.m.

Percentage 6.

Work done = 10 grammes X 1.8 m.m. = 18 gramme-millimeters.

Curve 3,
170 mem. | X | = 1.7 m.m. actual contraction.

29 menl. [ 10 m.m.
: Percentage 5.6.

Work done = 10 grammes X 1.7 mem. = 17 gramme-millimeters.

The muscle has lost power equal to 1 gramme-millimeter.

Curve 4.
170 m.m. | X = .41 m.m. actual contraction. ’
7 Melle i 10 m.m.

Percentage 1l.3.
Work done = 10 grammes X +41 = 4,1 gramme-millimeters.

The muscle,after having had two separate minutes in
Hedonal solution, has lost contractility, as rep-
resented by 13.9 gramme-millimeters, or a loss of
work done equal to 77%.
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FIGURE IX.
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The electrical stimulation of the muscle was indirect, viz., through
the sciatic nerve. The current used was with the secondary coil standing
at 11.5 centimeters. The Hedonal solution employed was e37%
The lines -traced represent maximal "make" shocks. The drum was stationary.

Five normal lines were first traced at intervals of one minute$ they
altered very little.

Four Hedonal lines were attempted. The last one showed no response (i).
Then the muscle was placed in "Ringer" solution for one minute. No
restoration was obtained (J).

The height of the contraction is seen below.

\
Line a. Height 46 m.m.

be " 46 Mellle

Ce " 46 m.am.e S Normal lines.

d. "; 45.5 Mallle

8. v 45 1m.m. )

’ \

f. ." 40 Melle

ge " 32 mem. _
r Hedonal.

he ' 20 mem.

i. No response. )

e No. restoration. " Ringer.
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SUMMARY.

ANAESTHESIA.

A rabbit requires for maintenance of ansesthesia by intravenous
per fusion, 2.2 grains of Hedonal per hour per kilogramme of body
weight. .

The effect on the eye 1is similar to that of chloroform. Smell
doses of .17 grain per Ekilogramme stimulete the sympathetic,
dilsting the pupil, the light reflex being retained: large doses of
57 grain per kilogremme paralyse the third cranisl nerve, dilating
the pupil, the light reflex being abolished.

The action on the cornesl reflex varies extremely. It may be
abolished by .11 grain per kilogramme, while .43 grain has failed to
make it disappear.

The nature of the anaesthesia produced by Hedonal differs from
that of other anaesthetics: it resembles more the sleep of a true
hypnotic, A deep drowsiness continues for a long time after the
animel has shown response to a needle, With chloroform or ether,
after such response has been observed, the patient usually wakes up
in a few minutes if the anaesthetic is discontinued.

Regarding the cause of death, it has been shown that respiration
ceases before the heart; the heart stops in disstole.

EFFECT ON HEART Ok RABBIT.

The heart of the rabbit always shows decrease in the amplitude
of contraction of the auricle, and more so of the ventricle. Complete
pecovery of the auricle and ventricle takes place after perfusion of
«16 grain of Hedonsl per kilogramme. Complete recovery does not
alWays take place after a dose of £ grain per kilogramme.

The cerdiasc rate remains unaltered.

EFFECT ON EXCISED HEART OF FROG.

The excised heart of the frog shows diminished amplitude of

contraction when a solution of Hedonal is perfused. The weakest

sodution/
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solution to show this effect is 1 in 2,000: the strongest solution used, viz.,

1 in 250, frequently stopped the heart.

The cardiac rate is reduced. Weak solutions (1 in £,000) increase
the rate at first: the rate is in a few seconds reduced. With a stronger
solution (1 in 1,000), the initial increase in rate is not so apparent.
Bolutions of 1 in 250 showvhardly any initlal increase, and may stop the
heart eltogether.

When al 1l movement of the heart has ceased, the action may be restered
by perfusing Sherringtonts solution;1 it may even be restored by
gently touching it with a glass rod. This is important for the clinician
in cases of collapse in tabula; massage of the heart through the dia-
phragm may well be attempted in cardiac failure.

The heart df the frog stops in diastole.

Awédlution of «37% dropped on the surface of the heart will stop
all movement, which movement may be again restored by the externsal
application of normal saline.

EFFECT ON THE ARTERICLES OF RABBIT AND DOG.

To ascertain the effect on the arterioles of the rabbit and dog,
there was chosen the kidney or the bowel with mesentery. The organ was
dissectwd out, and placed in an oncometer of sultable size. All the
experiments showed vaéoadilatation when Hedonal was perfused. The
results were more apparent in the dog than in the rabbit, and when
using the intestine than when using the kildney. The dose varied from
;15 grain per kilogramme to «5 graln per kilogramme., |

EFFECT ON ARTERIOLES OF FROG.

Upon the arterioles of the frog, Hedonal acts as a vaso-constrictor

when the druge<sclvent and restorative are idenficel, the drug being

perfused through the intact heart. Solutions of normal saline, Sherrington's
2 -
solution, and frog's "Ringer" respectively were used. The same effect

was obtained in all these conditions.

L s T L (e o - . — - e

1. For composition see p. 1&, vol II.

2. For composition see p. 18, vol.II.
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The effect 1s independent of the brain and spinal cord, Heconsl
may act directly on the circular muscle fibres in the wall: or again,
it may act through the local nerve supply, either stiﬁulating the vaso-
constrictor fibres, or inhibiting the vaso-dilators.

From the above it may be noted that the action of Hgdonal on the
arteriolg§ of the mammal is entirely different from the action on the
arterioles of the frog, viz., in the former, there is vaso-dilatations
but in the latter vaso~constriction.

EFFECT ON BLOOD PRESSURE IN RABBIT AND DOG.

The blood pressure was tested in the rabbit and the dog. In both
animals it is reduced by perfusing Iledonal. There is for a few seconds
an initial increase in pressure, Jjust as there may be observed a stimu-
lating first effect in the case of some other aneesthetics. The initial
increase 1s more apparent in the rabbit; but it may alsec be seen in the
tracings from the dog. A dose of 6 c.c. (.75% Hedonal) or .69 grain, when
perfused by the jugular vein of a rabbit weighiﬁg 1.800 grammes, caused
a fall of pressure of from 15-22 me.m., while it was found that 1 c.c.
or .11 grain in a rabbit of 1,300 grammes caused a fall of 20 m.n.. A
dose of 6 c.cs Or L69 grain in a dog weighing 4,400 grammes caused @
fall of 7 mem..

EFFECT ON RESPIRATION.

The effect on Respiration was examined in the rabbit. On simply
glancing at the tracings, one might conclude that the respiration is
most regular, and that there is no change from any one dose: but when
one takes the whole tracing into account, the aggregate effect is
;ertainly a loss in the amplitude of expansion of the thoracic wall,
and a reduction in the respiration rate. |

The fa;ts are here stated. Single small doses of .2 grain of
Hedonal per kilogramme show practically no change in the amplitude
of expansion nor in the rate. A single dose of 26 grain per kilo-

gramme showeC a reduction in the amplitude of expansion equal to

25%, and in rate equel to 21%. In an experiment on the rabbdbit,

where/
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where the quantity of Hedonal was similar to that found necessary to
maintain ansesthesia, viz., .7 grain per kilogramme during 17 minutes,
the reduction in the smplitude of expansion was 38%, and, in the
respiration rate 53% during this time. |

I am of opinion that the effect of Hedonal on respiration'is not
a dangerous one, and that the early deaths in the clinic which 6ccurred
after operation, were not of central origin, but due to the great -.
muscular relaxation affecting the tongue,leading to obstruction of
the air-way mechanically,.

EFFECT ON VAGUS NERVE-ENDINGS IN RABBIT AND DOG.

The effect of Hedonal on the Vagus nerve-endings wes eXamined
in fhe rabbit and the doge.
The results in the rabbit may be seen in the following tracings:-
(a2) The auricle and ventricle of the heart,
(b)) The respiration and blood pressure,
Tne results in the dog are shown in the tracings of the blood
pressure taken from the carotid.
The physiblogical action of the vagus nerve-endings is not
materially affected by Hedonal.

EFFECT ON EXCITABILITY OF NERVE.

The Excitability of Nerve was tested in the frog, the sciatic nerve
attached to the gastrocnemius being used.

Hedonal diminishes the Excitabilitye.

Restoration of the Excitability méy be attained by placing the
nerve in frog's "Ringer™; this loss of BExcitability, with Restoration
following, may occur twice in succession.

Occasionally there was found an initisl increase in excitability
due to Hedonal, but this was always followed by a loss of Excitability.

EFFECT ON CONDUCTIVITY OF NERVE.

The Conductivity of the frogts sciatic nerve was also tested, using
a similar preparation to the above.
It was found in every case that Hedonal diminished the conductivity

of the nervee.



11. EFFECT ON RATE OF NERVE-IMPULSE.

The Rate of the Nerve impulse waé measured;in'the-frogvby:the
method bf von Helmholtz.

The normal rate was first calculated. The sciatic nerve was
then treated with Hedonal solution (.37%) for one -minute, and the
rate again ascertained. |

In every experiment, Hedonal reduced the rate. In one case,
where the nerve had been in the solution for one minute, thé re-
duction was as great as 80%. |

12. EFFECT ON MUSCULAR CONTRACTILITY.

The effect of Hedonal on Contractility of Muscle was invest-
gated in the frog's gastrocnemius by electric stimulation, both
directly, (through the muscle), and indirectly, (by the nerve).

The same measured current was empleyed in each separate experiment.

(8) The actual contraction of the muscle when elec%rically

stimulated was reduced by placing it in Hedonal solution.

(b) After treating the muscle with Hedonal and stimulating it

electrically the latent period was increased.

(c).The work done by the muscle was much reduced.
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