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IT was  over thir ty  years ago, on November 22, 1928, tha t  I prepared, in the 
laboratory of the Depar tment  of Pharmacology of the University of Toronto, the 
first sample of cyclopropane ever to be used for-anaesthetic  experiments on 
laboratory animals. ~ t rust  the reader will bear with me, however, if I first go 
back a few years prior to tha t  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 
hi therto no one has brought  them together in one paper. 

I first became acquainted with Professor'Velyien E. Henderson, several years 
before I joined his Depar tment ,  through my efforts to discover the growth- 
promoting factor in yeast, under Professor W. Lash Miller of the Depar tment  of 
Chemistry. Certain feeding experiments on animals were carried out in the 
Depar tment  of Pharmacology. Later  I served as biochemist for the late Sir 
Frederick Banting, who had his laboratory in Professor Henderson's Depar tment .  
Because of this I was aware of some of the research in progress in anaesthesia and 
when, in 1927, Professor Henderson offered me the opportuni ty  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 machii~ist in the Depar tment ,  assisted 
in" operations on the animals and in the design and manufacture  of any flew and 
essential appa{atus. 

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 ~n this field were undertaken by 
Paul Bert in 1878 on nitrous oxide, but  little at tention had been paid to his 
results. 

Ethylene was under serious investigation in various laboratories on the North 
American continetat about  1920, and in Toronto, Dr. W. Easson Brown became 
interested in it. He was aware tha t  in 72,per cent concentration it was not I toxic 
to animals; in August, 1922, he anaesthetized rabbits a n d m i c e  with 80 per cent 
ethylene and 20 per cent oxygen. A papeCr on this subject, which he read ~efore 
the Toronto Academy of Medicine on February 20, 1923, was published in the 
March 7 issue of the Canadian Medical Association Journal of tha t  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 .4 ssociation (2). In a later 
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1Presented at the Annual Meeting, Canadian Anaesthetists' S~x-iety, May fi, 1959. 
2Department of Pharmacology, University of Toronto. 
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THE DISCOVERY AND PHARMA~OL(DGYOF CYCLOPROPANEl

G. H. W. LUCAJs2

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] 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
Ch,emistry. Certain feeding experiments on an~mals 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 machihist 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 o~ nitrous oxide reached its
peak about 1923. The earliest investigations III 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 continept about l!):!O, 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 papJr 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 ~ork

on the same gas in the Journal of the American llfedical Association (2). In a later.
lPresented at the Annual Meeting, Canadian Anacsthetists' Society, May 6, 1959,
2Department of Pharmacology, University of Toronto.
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publication, on May 19 of the same year, they reported tha t  they had conducted 
106 operations in hospitals, using this gas as a general 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 t ha t  ethylene could be used in concentrations 6t 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 s tudy of the narcotic 
properties of alcohol, it was postulated tha t  propylene would be a more potent  
gas than ethylene and its preparation was begun in the laboratory early in 1924. 
In July of t ha t  year Brown reported in the Journal of Pharmacology and Experi- 
mental Therapeutics (3) tha t  propylene had defiaite anaesthetic properties and 
would induce anaesthesia in concentrations as low as 37 p~r 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 
Depar tment  of Pharmacology, succeeded in making a very pure sample of 
propylene aaad 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 dev~eloped in it; these were not present in the 
original gas prepared in the laboratory. As no means were found to account for 
this tinexpected toxic action, or to remove the toxic product, anaesthetic research 
with this gas came to a standstill. 

I t  was at  this juncture tha t  I joined the staff of" the Depar tment  of Pharma-  
cology. As I reviewed the ii terature on anaesthesia and became more familiar 
with the work of Brown and Henderson on propylene, it was apparent  tha t  the 
serious metabolic changes occurring during anaesthesia were in part  due 
anoxaemia. We decided to direct our at tention to the work of Paul Bert (5) on 
nitrous oxide administered with oxygen under pressure. He had maintained tha t  
satisfactory anaesthesia could 'be at tained with nitrous oxide-oxygen mixtures 
under pressure greater than tha t  of the atmosphere. He pointed out that,  by 
increasing the pressure to 1�88 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 tha t  of pure nitrous oxide. According to Henry 's  Law of the solution of gases, 
a pat ient  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 rei~aforced. 
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publication, on May 19 of the same year, they reported that they had conducted
106 operations in hospitals, using this gas as a general anaesthetic. In· the Ameri­
can literature, Brown is not given credit for the earliest publicatiqn 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 <if 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 wa; begun in the laboratory early in 1.924.
In July of that year Brown reported in the Journal of Pharmacology and Experi­
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 de"Yceloped 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 famttiar
with the work of Br0'Yn and Henderson on propylene. it was apparent that the
serious metabolic changes occurring durinR 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 11 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 Rases,
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 reihforced.
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Despite the fact t ha t  pressures up to 2 atmospheres were employed and partial 
pressures of nitrous oxide were 1�89 times that  of pure nitrous oxide when inhaled, a 
satisfactory state of deep surgical anaesthesia was not reached. Animals When 
st imulated could move about  in the cage. Anaesthesia could be secured at  these 
high partial pressures of nitrous oxide on13~ when the partial pressure of oxyge~ 
was so low tha t  anoxaemia was present2 Thus  ended another  anaesthetic venture.  
We seemed to have come to a dead end. 

During the researches on nitrous oxide and oxygen underpressure,  little a t tent ion 
had been paid to the tank  of propylene, prepared by E. R. Squibb and Sons several 
years previously, wtlich had developed peculiar toxic products. Professor Hender- 
son now drew my at tent ion to this unsuccessful experiment and suggested tha t  I 
give the mat ter  some at tent ion to learn, if possible, what  substance c~)uld 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 propyl~ae was prepai'ed. I performed some quali tat ive analyses 
on the sample of toxic gas and came to the conclusion tha t  some cyclopropane 
was present. I suggested tha t  this gas miglrt be the toxic m~.terial; I could not 
find any data  in the l i terature regarding its toxic effects when inhaled. Professor 
Henderson therefore decided tha t  I should prepare cyclopropane, employing the 
method published by Wilst~itter in which tr imethylenebromide was reduced by 
zin6 to cyclopropane in the presence of alcohol ~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 sampJe of cyclopropane was prepared for 
anaesthesia on November 22, 1928 (Fig. 1). It was employed to anaesthetize cats 
in a manner  similar to tha t  used for propylene. Needless to say, the stage was 
set for anaesthetic experiments ion this gas because much appara tus  had been 
designed for research on ethylede and propylene. To our amazement,  the cyclo- 
prop~he was not toxic but  anaesthetized animals in concentrations lower than 
those observed for any other a~naesthetic gas. The an imals  recovered rapidly. It 
was e~;ident tha t  cyclopropanelwas a gas which invited further investigation. 

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 impuri ty  in the gas, probably saturated hydrocarbons, was obtained 
in quant i ty  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 tha t  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 a t  higher concentrations was somewhat shallow. Repeated 
adminis trat ion of the gas to animals  did not  cause toxic effects (7, 8). T h e  
changes  in metabo l i sm were measured;  these were practically nil. T h e  gas was 

3Although these results were published in the Journal of Pharmacology and 'E~perimental 
Therapeutics in August, 1927 (6), sqpae textbooks still state that nitrous oxide-oxyg4n mixtures 
under pressure give satisfactory anaesthesia. 
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Despite the fact that pressures up to 2 atmqspheres were employed and partial
pressures of nitrous oxide were I! tiines 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 the~
high partial pressures of nitrous oxide only wJt'en t.he partial pressure of oxyge;rl
was so low that anoxaemia was present.3 Tl1us bnded another anaesthetic venture.
We seemed to have come to a dead end.

During the researches on nitrous oxide an,d oxygen under' pressure, Ii ttle a tten tion
had been paid to the tank of propylene, prepared by E. R. Squibb and Sons several
years previously, wRich had developed peculiar toxic products. Professor Hender­
son now drew my attention to this 1..Jnsuccessful 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 performed 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 Wilstatter in which trirnethylenebromide was reduced by
zinc to cyclopropane in the presence of alcohol ah.d traces of water. Since we
suspected the gas was p_oi$,onous, 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 experiments Ion this gas because much apparatus had been
designed for research on ethylede and propylene. To our amazement, the cyclo­
propal,ne was not toxic but anaesthetized animals in concentrations lower than
those <;>bserved for any other ~aesthetic gas. The· animals recovered rapidly. It
was evident that cyc1opropane1was a gas which invited further investhation.

I shall not burden you with minor details of the ensuing experiments. However,
it is interesting to note that, as cyclopropane was solu~ in sulphuric acid, it was
relatively easy to measure concentrations in any mixture employed f~r 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 Pharnuuology and !EfJ>e1'imemal
Therapeutics in August, 1927 (6), sqrne textbooks still st.ate that nitrous oxide-ox}'g~n mixtures
under pressure give satisfactory anaesthesia.
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found  to be  exp]oslve m a l r  or  m oxygen  ~n a n a e s t h e t l c  c o n c e n t r a t l o n s  the  o]I 
w a t e r  p a r t l t m n  coefficmnt was  d e t e r m i n e d  for  It 

Professor  H e n d e r s o n  r epo r t ed  b n e n y  the  resul ts  of o u r  dmcover  T a t  the 
A n n u a l  Mee t ing  of the  C a n a d i a n  Medma l  Assomat ton  J u n e  21 1929 (9) a n d  m 
O c t o b e r  of the  same  y e a r  I p resen ted  a longer  p a p e r  a t  the  A n n u a l  Congress  of 
A n a e s t h e t l s t s  in C h m a g o  (I0) A t  t h a t  t lme we h a d  no t  expe r imen ted  on h u m a n s  
because  we felt the  gas  was  too tmpure  

T h e  gas  was  s u b s e q u e n t l y  p r e p a r e d  m pure  s t a t e  a n d  the  c rucml  t e s t  was  
pe r fo rmed  n a m e l y  t a n k i n g  i t  u n d e r  pressure  111 steel a l loy  t a n k s  to  ascer ta in  
w h e t h e r  or not  m~pun tms  formed  m the  gas  as t h e y  did wi th  p ropy lene  A b o u t  
120 L of gas were  m a n u f a c t u r e d  purif ied a n d  then  hquefied b y  be ing  passed 
t h r o u g h  a glass  coohng  coil m m m r s e d  m h q m d  m r  A small  steel t a n k  fi t ted wi th  
a c o n n e c t m n  for an  anaes the t i c  mach ine  a n d  wi th  a small  r emovab le  p lug  ~ a s  
also cooled m h q m d  aW~FLg 2) T h e  l iquid  c ) c l o p r o p a n e  was  poured  in to  the  
steel t a n k  and  the  plug was  inser ted  and  secured T h e  t a n k  was  then  p e r n n t t e d  
to r e m a i n  m the  labor ' l tor~  a t  room t e m p e r a t u r e  for  a b o u t  one mm[ th  As 
e 'cperlnlents  on ~mmals  showed t h a t  the  gas  h a d  no t  become  toxic on s t a n d i n g  
we proceeded to the  expe r imen t s  on h u m a n s  

FIOURE 2 The eqmpment first ~sed to hquffy and the first 
tank used to ~ontam cyclopropane for anaesthetic purposes 
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found to be explosIve In au'" or In oxygen l,n anaesthetIc concentrations the 011

"Water partItIon coeffiCIent w-as determined for It
Professor Henderson reported briefly the results of our dIscovery at the

Annual MeetIng of the CanadIan Moedlcal AssOcIatIOn June 21 1929 (9) and In
October of the same year I presented a longer paper at the Annual Congress of
Anaesthettsts 10 ChIcago (10) At that tlln~ we had not expenITlented on hum.ans
because we reI t the gas was too Impure

The gas was subsequently prepared In pure state and the crUCla.l test was
perfonned namely tankIng It under pressure In steel alloy tanks to ascertain
whether or not Impuntles formed In the gas as they dId with propylene About
120 L of gas were manufactured punfied and then hquefied by beIng passed
through a glass cooling cot! nnolcrsed 111. lIqUid au'" A snIall steel tank fitted with
a connection for an anaesthetIC 111achll1.C and wIth a sll1aII rernovable plug v. as
also cooled In lIqUId a~~.F"tg 2) The ILqULd c~ dopropane was poured Into the
steel tank and the plug was Inserted and secured The tank was then pern11tted
to retnaln In the labor-ltor) at room tenlperature for about one nlothh As
experlInents on ... nlrnals showed that the gas had not becorne to.....1C on standing
we proceeded to the expenrnen ts on h u nlans

.-&.o,.~1..""'-­......
_ ....... T" (':l""'"I'" " ..
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FIGURE 2 The equipment first ~sed to hqu,fy and the first
tdn.... used to contain cyclopropane for anaesthetiC purposes
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Dr. W. Easson Bro~wn had not been acnvely engaged in research on cyclo- 
propane up to this date; he had discussed the experiments with Professor Hender- 
son and me and we 14ad agreed tha t  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 pat ient  being 
Professor Velyien E. Henderson. At  this first sitting, my task, as the analyst,  
was to check concens oft the administered cyclopropane rapidly. Mr. 
Brock regulated the flow of gas and Dr. Brown looked after his patient.  Both 

I , 
induction and recover~ were rapid following a short anaesthenc.  No ill effects 

I 
followed. Dr. Brown then anaesthetized several members of the staff, myself 
included. We knew then tha t  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 I a(lmil~istration of ethyl chloride to 
patients gave rise to considerable newspaper publicity. Dr. Brown, whlo 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 shor~ 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 awfil. Dr. Samuel Johnston, Head of the 
D e p a r t m e n t  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. I t  remained for others at a later date to investi- 
gate the anaesthetic value of this gas in surgery. 

In Toronto we exper imented-with  laboratory animals using commercial 
cyclopropane supplied by E. R. Squibb and Sons (Fig. 3) and then turned ~lt!r 
at tent ion to cyclopropane derivatives, hoping to discover one which would be an 
ideal liquid anaesthetic at  room temperature,  would have a boiling point about  
tha t  of chloroform and could be administered by means of a mask. I prepared 
several chlor-derivatives of cycloprop~ne 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 laboratoryanimals .  It  would appear 
tha t  Professor Henderson persevered until he had established the toxic component 
of the tanked propylene. I t  was fortunate for both of us that ,  when we began 
our experiments in 1928, I had come to the conclusion tha t  cycloprol~ane was a 
consti tuent of the tanked propylene. 

The stage for further cyclopropane experimentation was now moved to Wiscon- 
sin. Dr. Ralph M. Waters,  in the Wiscons}n General Hospital a t  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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Dr. W. Easson Bro~n 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 l1ad 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 concentrations of) the administered cyclopropane rapidly. Mr.
Brock regulated the flow of gas and Dr. Brown looked after his patient. Both
induction and recover)' were rapid following a short anfesthetic. 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 chang~d. Three deaths which had occurretl in
Toronto in a relatively short period from the l administration of ethyl chloride to
patients gave rise to considerable newspaper publicity. Dr. Brown, whIG was on
the anaesthetic staff of the Toronto General Hospital, begged the pdvilege 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 evenit1g 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 IJresent, observed the effects of cyclo­
propane, but in view of the unfortunate ethyl chloride deaths he forbaqe 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 cqmmercial
cyClopropane supplied by E. R. Squibb and Sons (Fig. 3) and then turned.r
attention to cyclopropane derivatives, hoping to discover one which would 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 ~hlor-derivativesof cycloprOPane and also ethyl- and methyl-derivatives.
None of these, however, to my mind was o( 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, 1'\:'lr. 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 Wis~ons~nGeneral 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



G. H. 1,V. LUCAS: CYCLOPI{OFANE 243 

FIGURE 3. Tfie first commercial 
"tanks" of cyclopropa!le supplied by 
E. R.. Squibb & Sons. 

mus t  have encouraged Dr. Waters to* u.,ue cycloprolaane ;~ an anaesthetic on 
patients, following our failure to t ry it in the Toronto  General Hospital. After 
Professor Henderson 's  death I was asked to cxamin~ departmental  files and 
~:ecerds and discovered Dr. Waters '  letter to Professor Henderson da tedAugust  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 t~sting it 0n a dog, he had 
used it in the hospital on th1:ee patients. One operation was:a simple appendec- 
tomy (35 rain.; Fig, 5); one an inguinal hernia (,t0 rain.; Fig. 6); a thlrd on a fat 
woman, her tenth operation, for the removal of a gall bladdel: pi'eviously drained 
and the ret~air of a recurrent inguinal hernia (1 hr. 28 rain.; Fig..7). Dr.  Waters  
had included a copy of the operating room charts for each patient. Analysis 
showed tha't about  40 per cent eyclopropane was essential for anaesthesia./ 

. He states in his letter, " I  believe that  further investigations on this are dis- 
tinctly indicated because the thing which anaesthesia needs l.nore than anything 
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must have encouraged Dr. Waters trr U~ cycloflroriane as an ana<::sthetic 9n
p~tients, following our failure to try it in the Toront.o General Hospital. After
Professor Hend~rson's death I was asked to examine departmental files and
records and discovered Dr. Waters' letter to Prorcssor Henderson dated A ugust 20~
1930 (Fig. 4). In this letter he stated that he had sccu'red a small tank of cyclo~

propane from the Ohio Chemical Company and, after t~sting it on a d~g, he had
us.ed it in the hospital on three patients. One operation was::a si/llllle appenclec­
tom.y (35 min.; Fig. 5); 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 reJair of a recurrent inguinal hernia (1 hr. 28 min.: Fig. ::1). Dr. Waters
had inc1uctkd a copy of the operating room chart.s for each patient. Analysis
showed th~t about 40 per cent cyclopropane was essential fo( anaest~esia.

. He states in his letter, "I believe that further investigations on this are dis­
tinctly indicated because the thing which :inaesthesia needs l~ore than anything
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Aug~s~ ~0, 19>0 

P r o f n x ~ e r  Y .  K ,  l~enderxon 
U ' n l T e r e i ~ y  o f  T o r e ~ t ~  
Ont a r l o ,  Canada  

Dear D o c t o r  Hende r son=  

At your suggestion, I seour~d I from the Ohio Ghemioal 
Gom?~n~ s s m a l l  t a n k  c o n t a i n i n g  t e n  g a l l o n s  o f  C y c l o p r o p s a e .  T h i o ,  by 
me~ns  o f  t h e  a b s o r b e r  t e o } n l ~ l U O , \ I  found  S u f f i c l e ~  to  a n e s t h e t i z e  One 
dog ,  f o r t y  m i n u t e s ,  and b e i n g  t h e n  i n t ~ s f i o d  t h a t  I n e e d  no t  harm t h e  
p a t i e n t s ,  ~ h a v e  u s e d  t h e  r e m a 2 n d e r  o f  t h e  t a n k  f o r  t h r e e  c o m p l e t e  ~ l . n i -  
eel anestheslade One simple appendectomy--thirty-five m i n u t e s ,  one IngUin~l 
h e r n i a - - f o r t y  m i n u t e s ,  and one f a t  l a d y  ( h e r  t e n t h  o ~ e r s t i o n )  f o r  t h e  r e -  
moT~l o f  a g a l l  ~ l a d d e r ,  r e v l o u s l y  d r a i n e d ,  ~ .d  t h e  r e p a i r  o f  a r e 0 u r r e n t  
i n g u i n a l  h e r ~ i a ~  |ks  l u ~ e r  o p e r a t i o n  l a s t i n g  one h o u r  and t w e n t y - e ~ b t  
m i n u t e s ,  s a t t e m p t  ~o Use t h e  ~ank a g a i n  t h i s  m o r n i n g  g a v e  me an i n c u o t l ~ n ,  
hut  d u r i n g  t h e  ~ n e e r t t s n  o f  t h e  p h e r y D g n a l  a i r w a y ,  t h e  s m a l l  Bmount o f  
o ) c l o p r o p a n e  was l o s t  no t h a t  t h e  one dog a n e s t h e s i a  and t h r e e  cll~iosl 
were  all i o~uld secure from ten gsllonse 

The ~all bladder case described above 7ta~ d l a t  ~nctly 
obea@~ and o f  t h e  type most  difficult to  relax ~ l t h  any ot~er m e t h o d  
thaT, p~n~l, s n d r I  believe that t he  r e s u l t s ,  as s .s relsxatlon goes, 
~r better thnn~oould have been secured ~n any other way than spln~l. 
Whether  i t  was as good as we w o u l d  have s e c u r e d  w i t h  s p i ~ l ,  I d o u b t .  
The first Oase~ ap endectomy, was the type o~ IndlVidu&l in w}om ~ would 
e x p e c t  p o a t o p e r a t i T e  d i s t u r b a n c e s ,  a yomng J e w e s s ,  who had had so �9 
v o m i t i n g  p r e v i o u s  tO o p e r a t i o n .  3he v o m i t e d  more  t h a n  we would  h n ~  
expected postoperatively and oompla~ned of a "dlzzln,ss". The her),~.~ o~%e 
a l s o  v o , . l t e d ,  a l t h o u g h  not  e x c e s s i v e l y .  The g a l l  b l a d d e r  end h e r n i a  
w e r e  done t h i s  m o r n i n g .  

The blood pressure v ~ z l u t i o n o  as  a result o f  this ~ge~t, 
o b s e r v e d  in t h r e e  o a s e s ,  w e r e  s u p r i s t , g l y  s t a l l s  i t  seems to  me.  I m, asking 
my secretary to muke copies of th~ operating room oh~rts Of these three oases 
for your In/ormut~on. The pulse ra~e in the ilrsi o~e wan quite T~rl~ble~ 
but wa~. e x t r e m e l y  r a p i d  b e f o r e  the s n e s ~ h e s i a  was begun ~ue ,  i presn :~e ,  to  
fr~ht, There w~a s aupri~Ing lack of re~plrstory atlmulatlon even 6U~ trig 
l ~ o l i o n  In the Eirsi cane ~nd we therefore d i d n ' t  insert the soda lie< 
~rlng I n d U c t i o n  in the o t h e r  two.  The p u l s e  ~n s u c h  ou~e ,h0wed a s l i g h t  
i r r e g u l a r i t y  when too  g r e , t  a o o n o e n t ~ a t i o n  wua r e a c h e d ,  w i t h  some t e n d o n s )  
t6  a r h y i h m i a ~  bUt the a r h y t h m i a  woe used  by me ~s an indloa~Ion fez  more 
o x y g e n .  ~,u made gas  a n a l y s e s  o f  t h e  o x y g e n - c a r b o n  d i o x i u e  c o n t e n t  ~f  bag 
at  t h e  end o f  e a c h  o p e r a t i o n ,  .~nd in  t h e  cane  o"  t h e  h e r n i a ,  ~I~ so aS aoo~ 
as a n e s t h e s i a  was ~n~l estuhllahe~. These g a s  ansl~aes are e~ e x t r e m e  
v a r i a n c e  w i t h  y o u r  l ~ b o r a i b r y  results, ~n~ It Ix Cot trois r e ~ s o n  ~ ~m S e n g l n ~  
you them t o d a y .  The f ~ r s t  two e s s e x ,  as  you w i l l  see~ Were run  on ~ n r -  
n n n t a g e e  in SxoeSs O.f 'JG o~ eyolopropaneo The gell bladde~-~ernla ~aae 
had 2~ Oy~16propa~e  a t  t h e  end of o p e r a t i o n  i t  I s  true~ but  d u r i r ) g ~ t h e  g e ~ l  
b l a d d e r  p r g o e d u r e  ~ ~7 a~ s u r e  t h e  o o n o e n t r n t l o n  W~S v ( r y  mu~h h i g ~ e r ~  ~Te 
e s t i m a t e d  t h u t  a 50 -~0  m i x t u r e  was p l a c e d  in  the  bug a t  t h e  h e g i n n i ~ g  and 
t~ai i t  w ~  r e p l a r e ~  wltb c 4Q-~0 n l i x t u r e  s t  the tlme the ~d~me~n w ~ s ~ p ~ n ~ a .  

1 ~(~U~l~ 't l'acslm,le of a letter from s Ralph ~katcrs t Professor V E Henderson concerulug the f~r~t u~e cf 
cyclopropane ~n ch ucal surgery 

THa U"Wa"aITY CilIII w....CO.....IN

STATE 0" WISCONSIN GENIE_I. HOSPITAL

MADIIION

Pr01••"or V~ &. Ron40raoD
~DiTer.ity of Toro~l~

O.. t .. rio, C.....4.

Dear Dootor Renderao" s

At your Buggeation, I secured l from the Ohic Chemioal
Com?~nj a amall tank oontaining ten gallons ot Cyolopropane. Tbla. by
means of the absorber toolnique.\I found euffio~ent to ..neatheti.D on.
40•• forty ~lnutes. and being then ••Ii.tiod that I need Dot barm the
patlenta, I have UBO~ the romaiD~er of the iank tor three complete ol.nl-
oal aneatbeala.. One sbDple appen4.otomy--thirty-five minutes, one inguln~l

hernia--forty minute •• and one tat lady (her tenth o~eratioo) for t~. re­
mOTal ot a gall bladder, reviously drained. an~ the repair of a reQurrent
inguinal hernia, '~e lafter oper~tion la.ting One hour and twenty-e~eht

minutes. ~ attempt '0 use the tank again th~. morning gave me an in~uot1~D.

hut ~uring the insertion of the pha~yngeal airway. the small Bmount o~

o)a~opropane waa loat so that the One dog aneathesia and three clinioal
ware all ~ o~u~d aeoure ~rom ten gallons.

The ~all bladder aase desoribed above was dist~notly

cbe.lt ...nd of the fype most c11tfioult to ",la:l< wIth any o1.l'er methol>
ihnt. p~Dul. andrI beli..v., that tbe rellults, so far .. s rolax .. tlon g<l>es.
'tere better than oould hay... been s"""red ion any other way than Bpin",l.
Whether it ws. as good aa we wpuld have seoured with spinal, I doubt.
7he ~lr.t oas•• ap enueotomy. WaS the type o~ individual in w!om I would
expeot postoperatl"'. disturbaocos, a yoaDB Jewo.a. who had had BO~

Tomiting previous to operat~oD. She vomited mOre than we would han­
expeoted postoperatively aod oomplu.ned of a ·dl~zlnu5a~. The herT in o'~e

a19n Yo~lte~ although not exoeBsively. Tho gall bladder and hernia
_ere dono thia morning.

The blood pressure vUliotlQnn aa a r ....ult o"f t]lia age.,t.
observed ln three 0 ....e6. were ..upri .. ingly Btall.. it seem .. to me. ::. am .. sl<~ng
my 800rotary to muke oopies o~ th" operat ing rooct oharts of the .... three cajoea
for your information. The pulse rute in the !irat ou~e was quito Y~riabl~,

"but wn~~. axtremel.y rap1d ba£-crre the anesthesia 'PIllS begun (,iuo., .::: presurts. to
fr~ht. There WaD _ ..uprising luok ot re~piratory stimulat10n "T~n du. log
i~otion 1n the rirat O~Be ~nQ we therefore didn'1 ln8ert tho aoda lim<
during ln~uotion in the other two. The pulse 1D each ou~e show.. d a 511ght
lrrej(u].arlty WhOD too greut .. oonoentJ at 10n "0& re"cheel ..... itb 50me ten4eno~

to arhythm!a. but the arhythmia wns used by me us an iDdio~tioD fOI more
oxygen. We made ga .. analyse. at the oxygen-earbon dioxlQe oOntent ~t bag
at tho end 01 eaoh operation, and in the ouae 0' the hernia, fid .0 a ••00'

•• anoath... ia was rio~l e.tabliahea. These gas Rhal)se. are at extr me
vari.noe with your l"bor .. t'bry re81l1t .. _ •• .,<;1. 1t 18 ror t1l1 .. re .... .," r m .on~jln4!

you them tOday. The firHt two o.ses. as you will seo. ~.. r. run on er-
oent..... in .xo..... o.r ·ja of cyolopropane. The gall blacl4ex-hertd... ase
baa 23' \)YQ~opropal\e at tho e.,-d of operatioD 1t i. t",ue. b"t c1"r~r,,~ the ga~l

\>l. .. dd.. r 1"rpooduro. ;t .... aure tho Clonoent ... atiClD 'Hua v. ry mu-Gh hlg~~r ,to
...tllelt.t.tI thbt a '0-50 mlxture waS plt>oed 1n the bag at the bel:l.nni g an4
that it ..". repl ..~ed with. 4()-60 nllxture at ·H,. t 1",. the 'a!l(i6Men 1' .. a~9P'V'''!''d..

1 IGUHE·1 l'acs1ffil!C of a letter from Dr Ralph \\atl:..!"o t Prufe..,.."or V E Henderson conLenung the first use (f
cyclopropane 1 n dl lILa) 5urgery



c o n s t a n t  d e l i v e r y  o t  o x y g e n ,  p r o o a b l y ~ s ~ f r  t e  o o ~ e r  the  ~ e t J b o l i o  &ema 
~or oxygen  was ~ l e w l n ~  % h r ~ g h ~ u t  ~ o s t  e t  the o p e r a t i v e  t ~ .  so t h a t  t h e  2 ~ , .  
found  in  t he  b~g a t  t h e  end n~ th  h e r n i a  @ ~ s r e t t e o  u s a  p r o b a b l y  uuc~ weeJ~er 
t han  t h a t  USed a% t h e  h e i g h t  v~ t h e  o p e r a t i v e  ? r o o e i u r e .  ~ ~ h s l l  ~e ~ t 4  to 
~ave  ~our  r e a c t i o n  to  my d i a o r e ~ e n o l o s ,  in o y o ~ o p r o p a h e  o o ~ c e n t r a t i o n s  he comps 
~o >o~r e x p e r i e n c e .  ~e t r i o 4  t h e  e ~ L t L o a  o f  ~ e o i c o l y  mo r~ ~z~gee  = l i b  t h e  ic 
o~ dropping back to s~oh ~e~oent~ge8 as you boa ~oua4 ~eeeee~ry In an imals ,  h~ 
r e t c h i n g  resulte~ when we d l i  so .  I r e g r e t  h ~ n g  b~en ~ b l e  t e  e o o p l e t e  me= 
a ~ 1 ~ c a l  o a s e ~  w i t h  t h e  ga~  l u : , r l i o 4  =be, an~ l~ c a s e  any mor~ ~a ~ e u ~ a o t ~ r e d ,  
I shoula be very ~led to give the gab t further t rie~ ol|eloally. The Ohio 
Chemica l  Company s t a t e d  t h a i  t h e y  m i g h t  make up Ra re  of  t h e  Ass l a~e  Le t h e  f .  
This ton ~ a l l o u a  was a l l  they  ha l  st the ~reeoet tie~e. 

Z ,beXleve t ke t  f ~ r t b 4 r  i l ~ e e t l | e t l e s ~  in t~ .o  Lea Is  
d / a t ~ n o t l y  i n d i o ~ t e d  b e ~ l ~  the th~ng which eeeethes ia  oeeAa more thee an~' 
t~ ing  e l se  at the preheat  t ime,  i t  ~eme to me, Ls �9 quick a c t i e g  gaseous agel 
w~iob w l ~  ~ r o d u o e  r e ~ u o n e b l y  e z t r o ~  r e l s z t t ~ o ~  of  a b d o m i n a l  m u e c l a 8  wSth 
r e ~ s o n ~ l y  r a p i d  r e c o v e r y  t ~ e r e f r o m .  ,'~'bt~ I t  8eem8 to me, Gyelepeepane 
S~oWa some pOSSIble e ~ l d e n o ~  of  do lngo  

TFust iag 4he1 my hobos may be o f  s4me : n t e r e s t  to 7eu, 
an~ wJt~  k l n ( l e s t  p e r a o n ~ l  r e g e r d s ,  ~, eu, 

S i n o e r e l v ,  

Relpll I~. Wetere w ~;o D. 
Department o f  ~ e e t b e e l a  

....,.........t .d.--:
A oOl,,~tanl d.~t ..... ry o~ ox,..gen. p .... o."1)'".\&1(101."t to 00 .... 1' tba oat.boll0 tl.e••
for oxygen W •• flowln,~ thr""'llh,,,,t ...o.t of th. opor.tl•• t "_ ••• t".t tb. 23"'.
fa'und 1n the bag .t tbe end of th har,,1. Pi>.r.tt.••••• p~o"."ly ouch .tuor
th.n that uaell .. t the h.S.gllt. v1 H •• 01'. rat .... ;oroo••ura. ;r "hall ". (i. •• to
~aTe >our roaotion to my dl.oro?noloa.1n oyolopropana cor-centratlo..... ooeVI
to >our csporl.no•• ~e trio. tb. a~.lt1o" of daol~o~)' aore OZ>A80 _lth tho 1c
of dropping back to suoh pe~o.at.e•••• ~o'" h.d foua. D••••• ~r)' 10 ao1••1., ",
retohing rosult.~ whon we d14 aD. X re,r.t h~.. tn, " ..n ~."l. , ••oap~ot. aOI

ol'rnu, ...l 0"80. witb tb.. g~ aQ:',;liod _ ••04 1 .. c ••• ".7 _oro 1. ",,, .... ' aot-. ... d.
I .hou11l be very ~lad to giv. tho C•• a I ..rt~or trl.1 011.10al17. Th. Ob10
ChemiaJl eompany .t.ted that th." al,ht ••k. "p acr•• f 'b. ,a. lat~ lD tb. II
Th ia teD gal10... Wk. all th." " ••• t tho ['r...oat '1.....

X-boll••• t.a' furtbor 1aY.atl,a' I •• ' i. ,~ •• ,.a ia
distinatlY 1"dioot04 b..o.~.o 'b. thin, _b1oh ••••th•• l ••••4. aoro tha n,'
t}lng el ....t th .. pr ont t1ta•• i' _ ••• to ••• 1•• quiok ••tl., g •••o" lito.
wlioh .1~1 proQuoe r Q.abl~ .str... r.l.~at.oa of .b40.1nol a ...el•• -\'b
ref sonably rapid , ..OOY""" th .. r.fro.. 'rbl.,1t .0_. t. _. Dy.loprop&De
S~O.B some poaaibl..... idenc" 01 do~nt.

tru .. tia, 'hat _" n"t". aa)' to. o' ..... ; .. te1' ... t 10 70",
and wlt~ kindest personal "".01'••, 1 •••

Sino.... l,..

(II~ 'f,/a/t';;;j!
K.lp' U. -at.r., U. D.
Dop.rt.... t 01 ....... t h... 1.

( 11..' 1.':.1. oJ, ni"'lledl
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else at the present time, it seems to me, ts 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. Griflith were present in Montreal at the 
meeting of the Canadia.u Medical Association in J u n e ,  1929, when Professor 
Henderson announced oct  discovery of cyclopropane as a general anaesthetic. 
The); were much interested in the gas and followed our p:ogress with it. Dr. 
Griffith became intereslted in Dr. Waters '  success in the Wisconsin General 
Hospital and a paper presentdd 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 frontl~-3- 
dichlorpropane plus zinc. This latte~r 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 (a i r - - l ) .  
It liquefies at 5 atmospheres pressure at room temperature;  the boiling point is 
- 3 4 . 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 oil 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 respirator), 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. 
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else at the present time, it seems to me, IS 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. Griffith were present in lVlontreal at the
meeting of t.he Canadia{l Medical Associ~ion in June,· 1929, when Professor
Henderson announced o~r discovery of cyclopropane as a ~eneral anaesthetic.
They were much inter~ted in the gas and followed our p:ogress with it. Dr.
Griffith 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 frorif',l-3­
dichlorpropane plus zinc. This latt~r method is known as the Haab method. The
anaesthetic potency of cyclopropane was de termined . in 1928--9 by Lucas and
Hepderson (10). Its molecular weight is 42.05; its specific gravity 1.~6 (air-I).
It liquefies at 5 atmospheres pressure at room temperature; the boiling point is
-34.40 C. It is rapidly absorbed by sulphuric acid, a property which makes it
easy to an·alyse when in combinat~on 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 durin~ its manufacture. The solubility in oil as compared to
water is 34.4; oil as compared to blood l5.a. The flash point of this material is
below 00 C. The minimum ignition temperature is H27° F. in air and 849 0 F.
m oxygen.

I t is a colourless gas, non-irritating to the respiratory tract. I t has a sweetish
odour and taste. I t is inflammable and, according to my note~, forms an explosive
mixture in anaesthetic concentrations (Fig. H); 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
desaturati<?n of the tissues a number of hours are required. No histological
changes occur in any of the organs.



September 8, 192S0, 

Dr. R.M. ~a~ers e 
Dope. of Auestheeia. 

S t a t e  o f~Wisaons i~  @eneral  H o s p i t a l ,  
Maaison, Wie. 

Dear Dr, ,~a te rs  : 

I m n  s ~ r r y  to  have de l a ye d  ~n aeknowled61ng your  l e t t e r  

o r ~ucust  2 0 t h ,  which same w h i l e  I was away on h o l i d a y s ,  and 

not easlly reached, 

Yottr experience is extremely Into, esting, and valuable to 

us~ O~r expnrlments wlth the human anesthetics have not pro- 

cleded v-ry far. owtn E ~o v~.rloue mel-~ye and holidz~ys. Conse- 

quentlF, we c~xnnot glve you very intellicnet erl,tiol~ on 

,,our f!ndinco. We are, however, .extremely doubtful if Such a 

hl~h p e r e e n t a c e 6  aro  roquJrode 

~13 f~r ~o we san jud,~e from your letter ~nd'eh:~rte, you 

oBt~ma~e the amount of eyoloprop~ne by .'~nalyzini~ for oxy.~en 

El~nd c~rbond~xide and eoneiderir~ the residue, of cycloprop.~no. 

~e are q~Ite ~ure that %hi,' will not give jou aeeurnt,, results. 

~uy g~t,, unabeorhable by pyro~allol will then be eounted e~elo- 
, ) 

:~ropane. C~olopro~ne o ~  be abso rbed  by s t r o n ~  sulphurie 

tread, ~nd all our oalc~l(~tlons oT ~est):et~e conc~tratio~ have 

been b~sed on such an analyci8~ We find in one ~mrlo of cycle- 

,~rop~ne a oon~id ' e r~h le  ~mount of, unabeorb~tble ~ .  e~ thee  �9 

s a t u r a t e d  h~droe~rbon  which Is apt  to  be ,,,reven~ i n  s ~ l l  

amount~e o r  n l t r o g e n .  

W~S will lot you know "~hen we have tried some more 

experi~e~t~, 

YOurs s i n c e r e  ~y, 

F~GURE 8 ['ac-mm,le o, r a l e t t e r  fron~ Professor Henderson  to Dr ~ a t e r s  

Dr. R.M. r/ai'• .re,
Dept. of Ane8t~e8ia.

State Of.WlS0onein General Hospital.
Mallieon. Wis.

near Dr.Waterl!l:

I am BOny to have dolayed 1n aolm.0I'I'1edg1llg your letter

or \ueust 20th. which oume whIle I ~~8 away on ho11d~Y8. nnd

not emelly reaohed,

YOla experience 18 extremely 1nte'8Rt1nr. and vUluable to

t18. Otlr cXI·H'rlmento with tho human aneothotlcs have not pro­

neded vpry far, Qwt.ne~ 'H'.rlous lelays l\nd hOlllklYs. Conse­

(!uentl:r, we Oilnnot 6ive ,yon very inte 111Cnet or1 ~ 1cifUII on

lQur L,nd1nco. \~c I1re, howovor.oxtremely doubtful If such a

hiljh peroentu,:eo o.rC! rE>quj red,

"3 r\r ~s we aun JUd.,e from Jour lcttC'r lind' ch:\I·ts. yon

~Btimil ~e the (lIIIount of cyclopropane by unnlyZ1ni~ for ox~{:eD

Ilmd c lrbond\)xlde and oonslderlne the rCBidue· of cyclO[1TOll"\ne.

We ar(' quite Jure thnt thL' w111 not Live JOu neour~1.,' reuuIte.,

,'1111 ""tUI unnbeorbablo by pyro,allol \Vl11 thon bp Gountf'd °7010-
~ • I)

:oropanD, CycloproIk'\ne 01\1 be absorbed by 8tron~ BUlrhllrio

floid. l(nd 0.11 our oalOlllu t10na of anestllct'fe cone ltIltrflt 1011 hu".

beon based on auch an analY£lle: We f1nd in one ohr:1rlC' of cyclo­

nrop().t\e l\ conai d'er~hle lJ,1IIQ~t qf, unabaorbt\bIc D~ • • , th"r a

B~tur!\ted hYdrocllrbon w~~ch 18 npt to ba !'rf"·ltn~ in Rl'X\ll

9.lDOunh. or ~1tl"cn;eri.

WI~ wlll 1e t you know l~hen '/fO have trl(' Ii corne more

eX~r1'lIeJl.t.,

YOurs olnoer~ly,

F,GURJ: 8 rac~lImlle of a letter from Professor Henderson to Dr Waters
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G. H. W. LUCAg: CYCLOPROPANE 2 5 ~  

On inhalation laryngospasm may develop during induction or during very 
light anaesthesia, possibly owin'g to the parasympathbmimetic  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 III ,  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 ci~:cuit and is not altere'd by alkaline absorbants or 
carbon dioxide. The kidneys, liver, spleen, and uterus are little affected during 
anaesthesia. The  activi ty of the intestine is depressed in deep anaesthesia, but  
recovery is  rapid when the" gas is withdrawn. Blood-clotting 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 pat terns  are not disturbed significantly. 

Relaxation of skeletal muscle is a d e q u a t e f o r  many.surgical  operations. The  
gas may be administered with muscle relaxants such as curare to gain greater  
relaxation. 

The most serious disadvantage of cyclo.propane lies in the fact tha t  the irrita- 
bility of the automatic  tissue of the heart  is increased, causing arrythmias  from 
the displaced pacemaker. Vagus escape, atrioventrici~ilar block, ventricular 
tachycardia,  and ventricular fibrillatioja may occur spontaneously. The mech- 
anism by which this anaesthetic adversely influences cardiac automat ic i ty  is not 
completely understood, although much research has been directed to the solution 
of the problem and a voluminous li terature exists. There is some evidence tha t  
sympathet ic  reflexes arising in abdominal receptors play a. role in the production 
of these cardiac d~isorders. 

I t  has been known for a long time tha t  epinephrine and some related amines 
enhance the prod'uction of the avrythmias, 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  
lesg so than with ether. Ether,  however, protects the heart  from cyclopropane 
arrythmias  when it is administered wifh the gas. 

The proper choice of drugs for premedication may play an impor tant  ro lefh  
the incidence of cyclopropane arrhythmias.  There is some support  for the belief 
tha t  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. I t  has been shown tha t  an increase 
of the potassium in the myocardium follows the injection of epinephrine. Anoxia, 
an excessive rise in carbon dioxide, alkalosis, and a rise in blood sugar may also 
contribute to such irregularities. 

Atalectasis, partial or massive, may occur, it is claimed, if the anaesthet is t  does 
not watch his pat ient  carefully to be sure of adequate respiration and to see tha t  
some inert gas such ~s nitrogen or helium is left in the inspired air after cessation 
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On inhalation laryngospasm may develop during induction or during very
light anae5thesia, possibly owiri'g to the parasympathomimetic action of the gas;
atropine and scopolamine medication ordinarily inhibi t this effect. LarYl1gospasm
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 r:equires from 11 to 14 per cent; plane III, 14 t.o 23 per cent;
plane IV, 23 to 40 per ,cent. At this high. concentration respiration may fail. The
gas is administered in a closed cil~cuit and is not alter~d 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-clotting time is unchanged
although" oozing and capillary bleeding are encountered owing to vasodilation
and to some elevation of, the blood presspre. 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, atrioventricn:@r block, ventricular
tachycardia, and ventricular fibrillatio,n 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 playa. role in the produttion
of these cardiac qisorders.

I t has been kn~wn for a long time that epinephrine and some related amines
enhance the production of the a1"rythmias, but the mechanisms involved are
subject to much debate. In the opinion of some workels 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 jh
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 potassium in the myocarqium follows the injection of epinephrine. Anoxia,
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an excessive rise in carbon dioxide, 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 patien,t carefully to be sure of adequate respiration and to see that
some inert gas such flS nitrogen or helium is left in the inspired air after cessation
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of the operatmn. Cyclopropane and oxygen are rapidly absorbed and unless some 
less soluble gas is in the lungs, areas may col!apse. 

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 tensio'h. 

Experimentally on dogs, employing the cyclopr0pane-epinephrine test, investi- 
gators have reported that  procaine amide, prbcaine, meperidine, quinidine, 
atropine (large doses), ergotamine, dihenamine, 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 o u r  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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of the operation. Cyclopropane and oxygen are n~pidly absorbed and unless some
less soluble gas is in the lungs, areas may col,lapse.

Following long operations, postoperative hypotension may occur (cyclopropane
shock). This condition appears to be associated with a severe respiratory acidosis.

, I

I t 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 cydoprppane-epinephrine test, investi­
gators have reported that procaine amide, prbcaine, meperidine, quinidine,
atropine (large doses), ergotamine, dibenamlne, 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 an~ the late Dr. W. Easson
Brown led to our discovery of cyclopropane. I t 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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