THE DISCOVERY AND PHARMACOLOGY OF CYCLOPROPANE!

G. H. W. Lucas?

IT was over thirty years ago, on November 22, 1928, that I prepared. in the
laboratory of the Department of Pharmacology of the University of Toronto, the
first sample of cyclopropane ever to be used for-anaesthetic experiments on
laboratory animals. I trust the reader will bear with me, however, if I first go
back a few years prior to that date to show how previous research in the Depart-
ment led to the discovery of cyclopropane. The data I shall present may be
gleaned piecemeal from the various departmental publications prior to 1928, but
hitherto no one has brought them together in one paper.

I first became acquainted with Professor Velyien E. Henderson, several years
before I joined his Department, through my efforts to discover the growth-
promoting factor in yeast, under Professor W. Lash Miller of the Department of
Chemistry. Certain feeding experiments on animals were carried out in the
Department of Pharmacology. Later I served as biochemist for the late Sir
Frederick Banting, who had his laboratory in Professor Henderson’s Department.
Because of this I was aware of some of the research in progress in anaesthesia and
when, in 1927, Professor Henderson offered me the opportunity of joining in
this research, I accepted without hesitation.

The story from 1927 on involves four persons—the late Professor Velyien E.
Henderson, Dr. W. Easson Brown, Mr. Allan Brock, and myself. Mr. Brock, who
at the time was laboratory assistant and machinist in the Department, assisted
in operations on the animals and in the design and manufacture of any new and
essential apparatus.

At least 35 papers dealing with anaesthetics and anaesthesia have been pub-
lished by members of the Staff in Pharmacology. A worldwide quest for a general
anaesthetic more suitable than ether or chloroform or nitrous oxide reached its
peak about 1923. The earliest investigations in this field were undertaken by
Paul Bert in 1878 on nitrous oxide, but little attention had been paid to his
results.

Ethylene was under serious investigation in various laboratories on the North
American continent about 1920, and in Toronto, Dr. W. Easson Brown became
interested in it. He was aware that in 72 per cent concentration it was not:toxic
to animals; in August, 1922, he anaesthetized rabbits and-mice with 80 per cent
ethylene and 20 per cent oxygen. A papeir on this subject, which he read before
the Toronto Academy of Medicine on February 20, 1923, was published in the
March 7 issue of the Canadian Medical Association Journal of that year (1).
A week later A. B. Luckhardt and J. B. Carter published a report of their work
on the same gas in the Journal of the American Medical Association (2). In a later

1Presented at the Annual Meeting, Canadian Anaesthetists’ Society, May 6, 1959.
2Department of Pharmacology, University of Toronto.

237
Can. Anaes. Soc. J., vol. 7, no. 3, July, 1960



238 CANADIAN ANAESTHETISTS SOCIETY JOURNAL

publication, on May 19 of the same year, they reported that they had conducted
106 operations in hospitals, using this gas as a genéral anaesthetic. In the Ameri-
can literature, Brown is not given credit for the earliest publication on the
anaesthetic value of ethylene in laboratory animals, possibly because he published
his results in a Canadian journal.

Brown meanwhile continued his experimental work on animals in co-operation
with Dr. Henderson and extended it to include anaesthetization of some members
of the laboratory staff. He used it in several operations on human patients. The
fact that ethylene could be used in concentrations of 80 per cent or over for
satisfactory anaesthesia, and had been used extensively by Luckhardt, did not
satisfy Dr. Brown and Professor Henderson. From the study of the narcotic
properties of alcohol, it was postulated that propylene would be a more potent
gas than ethylene and its preparation was begun in the laboratory early in 1924.
In July of that year Brown reported in the Journal of Pharmacology and Expers-
mental Therapeutics (3) that propylene had defirite anaesthetic properties and
would induce anaesthesia in concentrations as low as 37 per cent in air or oxygen.
Anaesthesia, he asserted, could be maintained in concentrations from 20 to 31
per cent in oxygen; in concentrations of 65 per cent or over it was considered toxic.

A chemical engineer, Mr. L. J. Bonham, working on a special grant in the
Department of Pharmacology, succeeded in making a very pure sample of
propylene and reported his findings in the February, 1925, issue of the Journal of
the American Pharmaceutical Association (4). Samples of the gas thus made were
excellent for anaesthesia on experimental animals. However, when it was tanked
in steel alloy tanks, toxic materials developed in it; these were not present in the
original gas prepared in the laboratory. As no means were found to account for
this unexpected toxic action, or to remove the toxic product, anaesthetic research
with this gas came to a standstill.

. It was at this juncture that I joined the staff of the Department of Pharma-
cology. As I reviewed the literature on anaesthesia and became more famMiar
with the work of Brown and Henderson on propylene, it was apparent that the
seri10us metabolic changes occurring during anaesthesia were in part due
anoxaemia. We decided to direct our attention to the work of Paul Bert (5) on
nitrous oxide administered with oxygen under pressure. He had maintained that
satisfactory anaesthesia could be attained with nitrous oxide—oxygen mixtures
under pressure greater than that of the atmosphere. He pointed out that, by
increasing the pressure to 13 atmospheres in a nitrous oxide 80 per cent-oxygen
20 per cent mixture, the partial pressures of the nitrous oxide would be the same
as that of pure nitrous oxide. According to Henry's Law of the solution of gases,
a patient breathing this mixture under pressure would have in his blood as much
nitrous oxide as he would have when he breathed pure nitrous oxide. Bert
reported successful surgery with this anaesthetic mixture.

Over a year was spent investigating the anaesthetic value of nitrous oxide-
oxygen mixtures under pressure. We experienced much difficulty in designing a
suitable tank in which to anaesthetize laboratory animals (rabbits, cats, and
rats). After several tanks burst under pressure, a satisfactory one was made from
steel tubing heavily reifnforced.
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Despite the fact that pressures up to 2 atmaspheres were employed and partial
pressures of nitrous oxide were 1% times that of pure nitrous oxide when inhaled, a
satisfactory state of deep surgical anaesthesia was not reached. Animals when
stimulated could move about in the cage. Anaesthesia could be secured at these
high partial pressures of nitrous oxide only when the partial pressure of oxygen
was so low that anoxaemia was present.? Thus ended another anaesthetic venture.
We seemed to have come to a dead end.

During the researches on nitrous oxide and oxygen under pressure, little attention
had been paid to the tank of propylene, prepared by E. R. Squibb and Sons several
years previously, which had developed peculiar toxic products. Professor Hender-
son now drew my attention to this unsuccessful experiment and suggested that I
give the matter some attention to learn, if possible, what substance could have
formed in the tanked gas. While searching the literature, I found that cyclo-
propane, which is an isomer of propylene, might be formed during any chemical
reaction in which propylene was prepared. I perforimed some qualitative analyses
on the sample of toxic gas and came to the conclusion that some cyclopropane
was present. I suggested that this gas might be the toxic m:.terial; I could not
find any data in the literature regarding its toxic effects when inhaled. Professor
Henderson therefore decided that I should prepare cyclopropane, employing the
method published by Wilstitter in which trimethylenebromide was reduced by
zinc to cyclopropane in the presence of alcohol a’nd traces of water. Since we
suspected the gas was poisonous, it was approached with a great deal of
care.

According to my notebook, the first sample of cyclopropane was prepared for
anaesthesia on November 22, 1928 (Fig. 1). It was employed to anaesthetize cats
in a manner similar to that used for propylene. Needless to say, the stage was
set for anaesthetic experimentsjon this gas because much apparatus had been
designed for research on ethylene and propylene. To our amazement, the cyclo-
propane was not toxic but anaesthetized animals in concentrations lower than
those observed for any other a,naesthetic gas. The animals recovered rapidly. It
was evident that cyclopropane!was a gas which invited further investjgation.

I shall not burden you with minor details of the ensuing experiments. However,
it is interesting to note that, as cyclopropane was solub# in sulphuric acid, it was
relatively easy to measure concentrations in any mixture employed for anaes-
thesia. An impurity in the gas, probably saturated hydrocarbons, was obtained
in quantity by dissolving out the cyclopropane in sulphuric acid and leaving this
gas as a residue. When this residue was tested, it had no anaesthetic value.
Experiments with cyclopropane showed that it was anaesthetic in a concentration
of approximately 12 per cent in oxygen and that the concentration could be
increased up to 30 per cent or so without causing serious toxic effects on the
heart, but respiration at higher concentrations was somewhat shallow. Repeated
administration of the gas to animals did not cause toxic effects (7, 8). The
changes in metabolism were measured; these were practically nil. The gas was

3Although these results were published in the Journal of Pharmacology and 'Egperimental
Therapeutics in August, 1927 (6), same textbooks still state that nitrous oxide—oxyge¢n mixtures
under pressure give satisfactory anaesthesia.
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found to be explostve n air or 1n oxygen 3n anaesthetic concentrations the oil
water partition coeflicient was determined for 1t

Professor Henderson reported briefly the results of our discovery at the
Annual Meeting of the Canadian Medical Association June 21 1929 (9) and 1n
October of the same year I presented a longer paper at the Annual Congress of
Anaesthetists 1n Chicago (10) At that time we had not experimented on humans
because we felt the gas was too impure

The gas was subsequently prepared in pure state and the crucial test was
performed namely tanking it under pressure in steel alloy tanks to ascertain
whether or not impurities formed in the gas as they did with propylene About
120 L of gas were manufactured purified and then hquefied by being passed
through a glass coohing co1l immmersed in hgud air A small steel tank fitted with
a connection for an anaesthetic machine and with a small removable plug was
also cooled 1n hiquid ay~(Fig 2) The hqud cyclopropane was poured into the
steel tank and the plug was inserted and secured The tank was then permitted
to remain in the laboratory at room temperature for about one moith As
experiments on vmmals showed that the gas had not become toxic on standing
we proceeded to the experniments on humans
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i

FicuerE 2 The equipment first Lsed te liquify and the fArst
tanhk used to };ontaxn cyclopropane for anaesthetic purposes
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Dr. W. Easson Brown had not been actively engaged in research on cyclo-
propane up to this date; he had discussed the experiments with Professor Hender-
son and me and we Had agreed that his contribution would be mainly in the
human experimentation. He was the first doctor in the world to administer
cyclopropane in anaesthetic concentrations to humans, the first patient being
Professor Velyien E. Henderson. At this first sitting, my task, as the analyst,
was to check concenfrations of the administered cyclopropane rapidly. Mr.
Brock regulated the flow of gas and Dr. Brown looked after his patient. Both
induction and recovery were rapid following a short anaesthetic. No ill effects
followed. Dr. Brown then anaesthetized several members of the staff, myself
included. We knew then that the gas was ready for experimental use in the
hospital; we had at hand all the necessary equipment for measuring -and con-
trolling the anaesthetic concentrations.

At this particular time our luck changed. Three deaths which had occurred in
Toronto in a relatively short period from the' administration of ethyl chloride to
patients gave rise to considerable newspaper publicity. Dr. Brown, who was on
the anaesthetic staff of the Toronto General Hospital, begged the privilege of
administering some of our sample of non-toxic cyclopropane to a patient, even
for a short surgical procedure. A demonstration was put on one evening in our
laboratory when Dr. Brown anaesthetized Dr. Frederick Banting before a
number of physicians, but this was of no avail. Dr. Samuel Johnston, Head of the
‘Department of Anaesthesia, who was present, observed the effects of cyclo-
propane, but in view of the unfortunate ethyl chloride deaths he forbade the use
of cyclopropane in the hospital. It remained for others at a later date to investi-
gate the anaesthetic value of this gas in surgery.

In Toronto we experimented with laboratory animals using commercial
cyclopropane supplied by E. R. Squibb and Sons (Fig. 3) and then turned B
attention to cyclopropane derivatives, hoping to discover one which waould be an
ideal liquid anaesthetic at room temperature, would have a boiling point about
that of chloroform and could be administered by means of a mask. I prepared
several chlor-derivatives of cyclopropane and also ethyl- and methyl-derivatives.
None of these, however, to my mind was of value. Either they were too toxic or
the boiling point was too high. I decided to abandon research in anaesthesia.

Professor Henderson continued a more extensive study of cyclopropane
derivatives but found nothing of anaesthetic value. A chemist, Mr. A. H. R.
Smith (11), was engaged to investigate the old tanked propylene and discovered
hexenes in it; these were extremely toxic to laboratory animals. It would appear
that Professor Henderson persevered until he had established the toxic component
of the tanked propylene. It was fortunate for both of us that, when we began
our experiments in 1928, I had come to the conclusion that cyclopropane was a
constituent of the tanked propylene.

The stage for further cyclopropane experimentation was now moved to Wiscon-
sin. Dr. Ralph M. Waters, in the Wisconsin General Hospital at Madison, had
heard my paper on cyclopropane in Chicago and was very interested in the new
anaesthetic. He and Professor Henderson were close friends and judging by a
letter written to Professor Henderson in August, 1930, Professor Henderson
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Ficure 3. The Hhrst commercial
"“tanks'' of cyclopropane supplied by
E. R. Squibb & Sons.

must have encouraged Dr. Waters to" use cyclopropane a§ an anaesthetic on
patients, following our failure to try it in the Toronto Gen'grai Hospital. After
Professor Henderson's death 1 was asked to examine departmental files and
recerds and discovered Dr. Waters' letter ta Professor Henderson dated August 20,
1930 (Fig. 4). In this letter he stated that he had secured a small tank of cyclo-
propane from the Ohio Chemical Company and, after teésting it on a dog, he had
used it in the hospital on three patients. One operation was:a simple appendec-
tomy (35 min.; Fig. 8); one an inguinal hernia (40 min.; Fig. 6); a third on a fat
wornan, her tenth operation, for the removal of a gall bladder previously drained
and the reﬁyair of a recurrent inguinal hernia (1 hr. 28 min.; Fig. 7). Dr. Waters
had included a copy of the operating room charts for each patient. Analysis
showed tha:.t about 40 per cent cyclopropane was essential for anaesthesia.

‘He states in his letter, '] believe that further investigations on this are dis-
tinctly indicated because the thing which iinaesthesia needs nore than anything



THE UNIWERSITY OF WIBCONSIN
STATE OF WISCONSIN GENERAL HOBPITAL
MADIOOMN

DIVISION OF SURGERY
Auguat 20, 1930

Professoer Y. E. Hendersocn
Univeraity of Torounte
Ontario, Canmsda

Danr Dooctor Hepndersont

At your suggestion, I segured, frcm the Ohio Chemiasal
Company & small tank containing tem gallons of Cyclopropsme. This, by
maens of the absorber teclnique,\ X found sufficient to spnesthetise ona
dog, forty minutes, snd being itheén matisfied thet I need not harm the
pationts, 1 have usod the romainder of the {ank for three complete él.ni-
oal snesthesiaf, One simple sppendoctomy—~thirty-five minutes, one imguinhl
hernis-—forty minutes, and ope fet lsdy (her tenth operation) for the re—
moval of u gall bladder, revicusly drained, and the repalr of & redvurrent
inguinsl hernia, HIhe lauter operation lessting one hour epnd twenty-eight
minutes. 4An attempt t0 use tho tank sgain thls morning geve me sun incuctibn,
but during the insertiom of the pharymgeal nirway, the small smount of
cyoloprepane waes loat so that the one dog anesthesis and three cliniocal
ware all 1 ocould secure from tan gallionse.

The Jall bledder cuse desoribed above was distinctly
obess, und of the fype most difficult to relax with any otler method
thon  p.nuld, nndrI bellove that the results, so far w5 relaxation goes,
vere bstter tham oould have been secursd in any other way than spimal.
Ahether 1t was as good as we would have mecured with spinal, I doubi.
The first case, AP endectomy, was the type of individusl in wlom I would
expect postoperative disturbdances, a young Jewass, who hed had sogo
vomiting previous te operation. 3She vomlted more than we would ha
oxpectod postoporetively and complu:ined of o "dizziness™, The hery in ocase
slso vomited, although not oxcassively. The gall bladder and hernia
were done thle morniog.

The blood pressure vairiaotions as & resuli of ihis ngent,
observed Iln three cuses, were suprisingly sisile it scems to me. I am esking
oy secretary to moke coples of the operating room charts of {hese three cakes
for your informatlions. The pulse rate in the first cu.e was guite virlable,
but wns exiremely rupld before Lthe mnesthesls was begun due, I presuie. to
fright, There was & supriping ieck of respirestory stimulstion even dur ing
S otion in the [irsi ocxse pund we therefore d4idn’t inasert the soda lime
diring induotion in the other two. The pulse :n osch ouse showed a slaght
irregulosrity when too greut n concentiantion was resched, wilh some iendOno}
té arhythmis, but the arhythmie woe uzed by wie us an indlaation for mere
oxygen. We mede gas analyses of ithe oxygen-carbon dioxiae contont bf bag
st the end of esch operastion, and in the cuse o7 the hermie, Pi“ 80 Wy BOOND
a5 unesthesia was nodl estublished. Thesa gas snolyses are at extreme
verispoe with your luberaibry reaults, snd it ie for ihis reason I im sending
vou them today. The first two cases, 58 you will see, wWerd run on per-
oentages in excess of 40 of oyolopropsne. The gpll bledder—hernis Gsase
had 23 % oyoldpropanoc 4t the end of vperntion 11 1s true, but durirg| the gell
bladder prpoedure, I am Bure the copcentration wus v<¢ry much higher e
segtinsted thut & 50-50 mixture was plnced in the bag at the beginning snd
that it wag replaced with n 40-00 mixture ot the time the whdomen was“ppenpd,

lLicure 4 bacsimile of a letier from Dr Ralph Watirs t Prolessor V. E Henderson concersung the first use ci
cyclopropane 1n b ucal surgery
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WO » <

A copatant delivery of oxyden, prooubly’}u!fioteai 1o cover the metsbolic deoms
for axygen was flowing throughcutl most of the oporative tima, s¢ that the 23%-
found in the bag at the and of th hernis gperaticn wes probably much wesker
then that used at the haight of the operetive procedure. J ghall ke lad to
Pave your reaction to my discrepanclies.in oyolopropsne corcemtrations anw comps
to youy expearience. Ve tried the addition of decico.y more ox)3gen with the 1i¢
of dropping back to such percentsges as Yyou had found nessssury 1n spimales, @
rotching rescltiéed when we did 0. I rogret huving been usabtle (o Bomp.icte mo:
altnical cases with the gasd se-,;1i0d me, and in case Any BOre is monu'eocstured,
I should be very glad to give the gee s furtkar trial olimicelly. The Ohlo
Chemical Company sisted that they might make up more of the gas late in the fs
This teon gnllons wus all thoy had at the preseat time,

I‘believe that furtber lavestigatioanj im tt s gas is
distinotly indicated bensype the thing which anesttesis nseds more thas say’
tting else at the presont time, 1t seems 10 me, 18 s Quliok sctiag gasecus ager
wtioh will produce reasomably exXtreme relexstion of abdominal muscles with
re: sonably repid recovary thorefrom, Thie, it scems ¢ me, cysloprapesnc
Browda some possible ovidence of doing.

Trustiag 1hat my notos may be O0f sene  ntcrest to you,
and with kindest personrl regesrds, I am,

Sincerely,

% e

Ralph ¥, Watrers, i, D.
Department of Assstidesls

qM VR

Ticuwy 4 ntinued)
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else at the present time, it seems to me, 1s a quick-acting gaseous agent which will
produce reasonable extreme relaxation of the abdominal muscles with reasonably
rapid recovery therefrom. This, it seems to me, cyclopropane shows some possible
evidence of doing."”

Professor Henderson, in answer to this letter, wrote (Fig. 8) pointing out that
Dr. Waters should estimate the cyclopropane content of gaseous mixtures by
dissolving it in sulphuric acid and should not assume that all the gas remaining
after the removal of oxygen and carbon dioxide was cyclopropane (Fig. 5). I recall
that Dr. Waters reported later that the analyses made by the Toronto method
showed that the anaesthetic concentrations of cyclopropane were about half that
reported in his first three cases.

The friendship, interest, and co-operation of two doctors outside of Toronto
were largely responsible for the employment of cyclopropane clinically. Dr.
Ralph M. Waters and Dr Harold R. Grifith were present in Montreal at the
meeting of the Canadian Medical Associgtion in June, 1929, when Professor
Henderson announced our discovery of cyclopropane as a general anaesthetic.
They were much interegted in the gas and followed our p.ogress with it. Dr.
Grifith became interested in Dr. Waters' success in the Wisconsin General
Hospital and a paper presented by Stiles, Neff, Rovenstine, and Waters at the
12th Annual Congress of Anaesthetists in Chicago, October, 1933 (12), convinced
him of its clinical value and led him to begin using it as a general anaesthetic
in the Homeopathic Hospital of Montreal in 1933. He thus became the first
anaesthetist in Canada to employ cyclopropane.

PHARMACOLOGY OF CYCLOPROPANE

Cyclopropane (trimethylene) was prepared in 1882 by Von Freund. It was
made from trimethylene bromide plus zinc dust. Later it was made fron™-3-
dichlorpropane plus zinc. This latter method is known as the Haas method. The
anaesthetic potency of cyclopropane was determined in 1928-9 by Lucas and
Henderson (10). Its molecular weight is 42.05; its specific gravity 1.46 (air—1).
It liquefies at 5 atmospheres pressure at room temperature; the boiling point is
—34.4° C. It is rapidly absorbed by sulphuric acid, a property which makes it
easy to analyse when in combination with other gases. It is stable when stored
in liquid form in steel alloy tanks at room temperature. The impurities occurring
in it may be propylene, propane, allene, organic halides, and cyclohexane. Some
of these are formed during its manufacture. The solubility in o1l as compared to
water is 34.4; oil as compared to blood 15.3. The flash point of this material is
below 0° C. The minimum ignition temperature is 927° F. in air and 849° F.
in oxygen.

It is a colourless gas, non-irritating to the respiratory tract. It has a sweetish
odour and taste. It is inflammable and, according to my notes, forms an explosive
mixture in anaesthetic concentrations (Fig. 9); in air, mixtures of 2.4 to 10.3 per
cent and oxygen 2.5 to 60 per cent are explosive. It is not altered in the body.
The major portion is eliminated from the body in 10 min., but for complete
desaturation of the tissues a number of hours are required. No histological
changes occur in any of the organs.



September 8, 1930,
Dr.R.MeWaters,
Depts of Anesthesis,
State of Winconsin Ceneiral Hoepital,
Madison, Vin.
Taar Dr.7aters:

I am sorry to have dolayed in acknowledging your letter
of ‘ugust 20ih, which onme while i was away on holidays, and
not eaglly reached,

Your exporience is extremely inte esting and valuadble to
us. Qur experiments with the huﬁan anesthetics have not pro-
¢eded very far, owing to various Belaye and hollidays, Conse=-
quantly, we oamnot give you véry intellicnet eriticism on
jour findince., We are, howovor, oxtremely doubiful 1f such a
high peroentacees are requnired,

8 Fir @8 we can Jud;e from your lectter and' chorts, you
tstimale the omount of eyclopropene by annlyzinn.for oXyysen
nnd cirbondbxide and considering the reeiduce. of cyclopropane.
We are quite sure thnt thi- will not give sou acourate Fcnults.
iny gus unabsorbable by pyrorallol will then be gountrd cyglo-
nrepanses Cyelopropane oar be absorbed by strong sulphurie
naid, und all our c¢aleuliations of anesthetic concemtrntion have
been based on such an analysls. We find in one gsumple of cyclo-
nropane a considersble amount of unabsorbuble ;am, e ther a
gaturated hydrocarbon which is apt to be prersnt {n smll
amounts, or nitrogen.

e will let you know when we have tried come more
exporimenta,

Yours sincorely,

Figurr 8 Tacsumile of a letter [rom Professor Henderson to Dr Waters



e {xo ut surdoldo(d (0 A1 [ QUESDIUND Syl us s g au @ v




G. H. W. LUCAS: CYCLOPROPANE 255

On inhalation laryngospasm may develop during induction or during very
light anaesthesia, possibly owing to the parasympathomimetic action of the gas;
atropine and scopolamine medication ordinarily inhibit this effect. Laryngospasm
may occur if high concentrations are inhaled. \

During cyclopropane anaesthesia, dreams do not occur as they do when nitrous
oxide or ethylene is administered.

Analgesia occurs when concentrations of 3 per cent to 5 per cent of the gas are
inhaled. Plane II requires from 11 to 14 per cent; plane I1I, 14 to 23 per cent;
plane IV, 23 to 40 per cent. At this high concentration respiration may fail. The
gas is administered in a closed circuit and is not altered by alkaline absorbants or
carbon dioxide. The kidneys, liver, spleen, and uterus are little affected during
anaesthesia. The activity of the intestine is depressed in deep anaesthesia, but
recovery is rapid when the gas is withdrawn. Blood-clatting time is unchanged
although oozing and capillary bleeding are encountered owing to vasodilation
and to some elevation of the blood pressure. Metabolic processes and blood
chemical patterns are not disturbed significantly.

Relaxation of skeletal muscle is adequate for many surgical operations. The
gas may be administered with muscle relaxants such as curare to gain greater
relaxation.

The most serious disadvantage of cyclopropane lies in the fact that the irrita-
bility of the automatic tissue of the heart is increased, causing arrythmias from
the displaced pacemaker. Vagus escape, atrioventricilar block, ventricular
tachycardia, and ventricular fibrillation may occur spontaneously. The mech-
anism by which this anaesthetic adversely influences cardiac automaticity is not
completely understood, although much research has been directed to the solution
of the problem and a voluminous literature exists. There is some evidence that
sympathetic reflexes arising in abdominal receptors play a. role in the production
of these cardiac disorders.

It has been known for a long time that epinephrine and some related amines
enhance the production of the arrythmias, but the mechanisms involved are
subject to much debate. In the opinion of some workers both the rise in blood
pressure and the direct effect of epinephrine must be considered.

Epinephrine is lost from the adrenal gland during cyclopropane anaesthesia but
less so than with ether. Ether, however, protects the heart from cyclopropane
arrythmias when it is administered with the gas.

The proper choice of drugs for premedication may play an important role ;
the incidence of cyclopropane arrhythmias. There is some support for the belief
that they arise more frequently with morphine than with barbiturates. The
content of potassium in the myocardium may also play some role in the occurrence
of arrhythmias in cyclopropane anaesthesia. It has been shown that an increase
of the potasswm in the myocardlum follows the injection of epinephrine. Anoxia,
an excessive rise in carbon d1ox1de alkalosis, and a rise in blood sugar may also
contribute to such irregularities.

Atalectasis, partial or massive, may occur, it is claimed, if the anaesthetist does
not watch his patient carefully to be sure of adequate respiration and to see that
some inert gas such as nitrogen or helium is left in the inspired air after cessation
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of the operation. Cyclopropane and oxygen are rapidly absorbed and unless some
less soluble gas is in the lungs, areas may collapse.

Following long operations, postoperative hypotension may occur (cycloproparie
shock). This condition appears to be associated with a severe respiratory acidosis.
It is believed that the proper prophylaxis to prevent this syndrome may be
achieved by maintenance of a normal alveolar carbon dioxide tension.

Experimentally on dogs, employing the cyclopropane-epinephrine test, investi-
gators have reported that procaine amide, prbcaine, meperidine, quinidine,
atropine (large doses), ergotamine, dibenamine, and tolazoline afford partial or
complete protection against cardiac arrhythmias.

I have taken considerable time to discuss the early history of the research on
anaesthesia in the Department of Pharmacology and to show how the pioneer
investigations of the late Dr. Velyien E. Henderson and the late Dr. W. Easson
Brown led to our discovery of cyclopropane. It was my good fortune to be
associated with them in this work.

It is fortunate, also, that my notes on the preparation and first use of the gas
experimentally on animals have been preserved, together with some of the
apparatus used in the experimental investigations, and that I found Dr. Waters'
letter to Professor Hendersori, along with copies of the hospital records of Dr.
Waters' three patients, and the copy of Dr. Henderson'’s reply.
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