I-fject of Cyclopropane on Vyvocardial Contraction

and Membrane Potentials
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I Das heen demonstrated bothe experimentally
in-animads and clinicadly that among the promi-
nent plarmacologic actions of - evelopropane
are its clicets on b thimicity, excitabilitv, and
contractilitv: ol cardiae musele- 7 Consider-
able evidence Tas been poblishied relating to
the possible role the antonomic and central
nervons svstems. as well as by posia and hyper-
carbii neo have in the production of these
cardine cffeets. While sueh studies have in-
dicated some of the important factors thal
ey contribute and modify the action ot evelo-
propane on the Tieart, knowledee as to whether
this agent direetly atfoets the basic ecllular
cvents anderivine the clectrical and mechant-
cal activity of cardiae tissne is sl incomplete,
A study therefore, was ndertaken toin-
vesticate the cffects of varions concentrations
of evelopropane on transmembrane potentials
of isolted rabbit atria perfused in citro.
These membrane effeets Tive been velated to
simultanconshvamceasired  contractile tension.
clectrical excitability. and perfusate concentru-
tions of evelopropane and onveer.
Faperinients on dogs swere also porformed
to determine the clfects of evelopropane on
ventricular membrane potentials i the intact
animad and to o relate these effeets to simul-
tanconshv-meastred  blood Tevels of evelopro-

pane.
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Methods

Atria {or in rvitro studies were obtained
from white New Zealand rabbits,

ular strip ol musele about 3 by I3 . was

\ rectang-

disscceted from cither the right or Teft atriad
appendage. The atriad strip was suspended
horizontallv in a0 T13-ml msele clionber by
wo pair of hooks,  One paiv, attached to one
wall of the muscle elinber, was connected
to the oufput of a square-wave generator used
for stimulating the preparation, The other
pair ol hooks Liolding the tissue was attached
to the cantilever heam of o Grass strain gange
transducer which permitted  the recording of
nearly isometrie contractile tension. Inmost
of the experinents, the mnsele was driven at
A constant rate ol TS per minnte. using a
stimulns pulse duration of 5 misee. at twice the
threshold voltaae. The clectrical excitability
of the atrin was determined by noting the
threshold voltage needed to clicit contractile
response ab stimulus pulse durations of 0.2
0.5, 1.00 2,00 5.0 and 12.0 misee.

Transmembrane  potentials were recorded
with 3 M KCKHHed  alass microclectrodes
nsing o cathode folower-amplifier cirenit.
Transimembrane potentials and contractile ten-
sion were recorded simultaneonslhy on a direet
writing oscetllocraph.

The chamber in which the atria were sus-
pended  was continnonslv perfused with a
maodificd Tyrode’s soluation. At onvveen (95
per centi—carbon dionide 5 per cent o gas
minture was passed  diveetlv into the minscle
chiunber throngh o sintered tube. The per-
frusion reservoir was similody aerated. The
clleets of evelopropane were studied by intro-
ducing the gas divecthy into the musele chan-
ber vie a scceond sintered tube, Bate of flow
of the vases was monitored by nse of a 1o

tameter,
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180 LEVY. ICEIYANAGL AND FREDERICKSON

The concentration of evelopropane and oxyve
gen in the musele chamber perfusate was
Orentt and
Calenlated Tactors for the solubility

determined by the method  of
Witers.®
of evelopropane were taken from valies given
by Robbins: Sampling of the perfusate was
made by withdrawing o quantity of perfasate
anaerobically frome the musele chamber with
aosveinge. Particular care was taken tooen-
clude any gas hubbles fron the sample.

The usuad experimental procedure was to
wlow  the preparation to stabilize for about
GO-120 minutes alter monnting v the muscele
RO

increased  duaring

chamber. At o bath temperature ot 2322
contractite tension asially
this period. Onee o constant contractile ten-
sion valne was achioved, control recordinas of
transmembrane potentiads, exeitability data,
and perlusate concentrations of osvvaen were
obtuined.  Cyclopropane was then introduced
into the musele choonber. Periodie recordings
ol transmembrane potentials and simnltane-
oush measured contractile tensions were made.
A the end of ten minmtes. atrial exeitability
was acain measured. transimembrane potentials
recorded. and another sample ol the bath
pertusate obtained for the determination of
cas concentrations, Duaring the administra-
tion ot the evelopropane, o continmons and
constant flow of the onveen (95 per cont)—
carbor dioxide 3 per cent o minture was nain-
tained.  Unless otherwise noted. the evelopro-
pane was tirned oft ot the end of ten mimides
and the preparation allowed to vecover. Dur
ing this recovery period. perindie recordines
of transmicibrane potentials were obtained,
A soon s contractile tension had returned to
the pre-eyvelopropanie valie. exeitability data.
as well as perfusate concentrations of osvaen
and iy residual evclopropane, swere obtaimed,

Incthe experiments onintact dogs, the ani-
mals were anesthetized with evelopropane and
maintained  onaotificial respiration. asing w
Palimer priomp. The chest was opened through
an intercostal incision and the Teart exposed
and supported by o pericardial eradle. accord-
ing to the method of Hoftman wand Suckling.®
Standard Jead 2 clectrocardiograms were e
corded using needle clectrodes. Transment-
brane potentials from single cells of yioht or
lett ventricle were obtained with the same

apparadus and technigques used i the e vitro

\ne~thesiology
Marc Apr. 1963
studies. except that the indifferent electrode
for the transmendbrane recording civeuit was
placed on the epicardinm.

Measwrement and analvsis of the  trans-
membrane  potential recordings were made
according to the scheme and configurational
designations used by Cranefield and Holfman -
These designations are shown on the control
record of figure 1. Phase 0 of the action po-
tentiad i the vapid membrane depolarization
associided with o change of potential of ap-
proxitadely HS mve Phase 1 ois the rapid
portion: of membrane repolarization preceding

the period of slow repolarization. phase 2
esometinies referred to as the platean phase).
The terminal phase ol repolarization is desie-
nated as phase 30 and the diastolic portion is
phase 1 Cmembrane vesting potential™y. In
atriad fibers. the platean phase of repolariza-
tion is usually Tess prominent than the platean

phase seere in ventriendar tissue (fig, 1),

Results

Isolated Atria Studies.
evelopropane into the perfisate produced a

The introduction of

decrcase in contractile tension ol atrial muscle.
This negative inotropic clfect was associated
with an inercase in the rate of repolarization of
the first and second phases of the membranc
action  potential. Action-potential - changes
nsuallv appeared before o decrcase in con-
tractions was noted. Total action-potential
drdion was not significantly changed in those

experiments where the preparation was driven

at aconstant rate ol T3 per minute. Nem-
brime action-potential wnplitude and resting
potentials were not nmarked!s changed. How-

ever, with prolonved administration of evelo-
propane {hevond 20 minutesy | action-potential
overshoot was decrcased. When the adminis-

tration  of cvelopropane  was discontinued,

contractile tension and  action-potential - re-
turned to their controb values and configura-
tion. A typical experiment ilastrating these
cifects is shiown in fivare 1. Table T sim-
marizes rvesting-potential and action-potential
valites betore and dorving the administration of
several concentrations ol evelopropane in six
ditferent right wtrial preparations,

The dearee of depression of contractile ten-
stonr acecompanving the administiadion of eyv-

clopropance o yight atrial preparations was
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Fre T Siotanconsh recorded transmcembrane: potentials and contraction tension bram
driven, isolated rabbit vight wtrial preparation. Desienations for varions plases ol the tranos-
membrane potential are shown oo the control record. Efleets ol eyelopropane (perfusate con

centration 6=7 1wl 100 mby are shown in middle records. Revenibility ot eyvelopropane

action is shown in bottom recording, tahen 16 mimutes after discontinning eyelopropane,

Stimulns artilact s visible on transmembrane record just prior to depolarization (phase (),
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Fignres i parentheses refer to the manber ol observations irome which the mean MR aned

crlealuted

found to be divecthy related to the amonnt of
cvelopropane saturation of the perfusate. This
relationship s illnstrated i ficore 20 where
the percentage decrcase ine contractile tension
for right atrial tissue is plotted versus the
measured  perfusate concentration of - evelo-
propane.

Since inercasing evelopropane concentration
was accompanied by concomitant decrcase
perfusate

i the saturation ol the

ttable 1,

ONY UL

the possibility that relative Tivpoxia

AP were

was contributing to the changes in contraction
and action potential had to be considered.
Hypoxia alone lias been shown to produce
chianges in contraction and action potential
this
per-
formed in which Tiyposic was produced by

qualitatively  similar 1o those seen in

studhvs Fxperiments, therefore, were

cassing  the perfusate with nitrogen in an
amornt that produced a 30 per coent reduction
Results

showed that this effect was associated with o

in contractile tension in ten minutes.
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D ED] . .
33=50 per cent reduction in perfusate oxyvgen

saturation from control values.  Membrane

action-potential amplitude, duration, and rest-
Table 2

shows tvpical action-potential and resting-po-

g potential were also decreased.

tential values during nitrogen-indneed hypoxia.

In those cevelopropane  experiments where
the contractile tension had been reduced to
S0 per cent ol the control value in ten min-
ntes, oxyveen saturation was decrcased by only
5=35 per cent from the control value,

The negative motropic effect and inerease
in the rvate of repolarization of  the atrial
action-potential - produced by evelopropance
were accompanied generally: by o decrease in
the clectrical exceitubility (increased threshold
voltage) in siv out of seven right atrial prepa-

rations in which excitability swas measared. In
all four left atrial preparations in which ex-
citability data were obtained. evelopropane in-
creased  the electrical excitability (decereased
Iigure 3 summarizes the
different

evelopropane concentrations for vight and Teft

threshold voltage b,

changes in electrical excitability ot

atrial muscle.

Intact Dog Studies. The question may be
raised as to whether the changes seen in the
isolated rabbit atrial preparations in citro are
unique tor this preparation, and whether any
transmembrane effcets of evelopropane wonld
be seen inintact spontancoushy beating mivo-
cardivi in sift. Theretore, fowr experiments
were performed on open-chest dog prepara-

tions, recording transmembrane action-poten-

Tansre 20 Fifeet of Nitrogen-Tndueed Hypoxia on Atrinl Contraction and Membrane Potentials
!
Control 1 Post N- 10 Nimtess
It O MR \p ! O 1 MRD A\l
! Lo Deerense
! o Contraetion
Coomd TTon i I ol o0l TR
i ‘ ‘ X
G N T NIRSTE 0o B NEST2;
11 220 NSNS 1O S LN 19 TS
| AT ST 105,210 [ 12 SN2a0

MR = membrane resting potentional: AP =
nuntber ol obseevations from whiceh the mean MR

action potentinl, Figures i parentheses reter 1o the

e AP values were ealendated,
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190 LAY
tial chanees i ventricnbo sinele cells md
relating amy chanees to mceasired venons blood
coneentrations ol evelopropane,  Fiawre |
shows arepresentative record of deft ventricn:
Lo teansmembranc action-potentind and fewd 2
clectrocardiographic clinges occurring in o«
doo continmonsly receivine evelopropane and
onyeen nntil ventricuko fibrillation occonred.
Measied bload  evcelopropane concenteation
viried hetween FOS and 2300 0l 1000 il
it the recordines,

Results of these open-chiest dog experiments
indicate that, with coneentrations of evelopro-
pane adequate to achieve venons blood Tevels
ol the auent o hich as 21wl 100 1 Teft
ventricnlar vesting potenticls and action po-
tentials were not climaed from those vadues
recorded ab anesthetio Tevels associated with
aostage HILL phone 1o Tevel of anesthesia,

The effeets on action-potential duration and
platcaonr pliase of repolarvization were variable
owing to the chanves in spontaneons rate of
beating of the heart, Thas, at slowed Lieart
vates. the rate of repolarization ol the platean
phase of the action potentind swas slowed,
At faster heart mtes, vate of repolarization of
the platean phiase of the wetion potential was
\With sostained elevation of hlood
c21=23 il 100wl
clectrocdiogram — ap-

and o ALY

nodal vhivthi cinereed with wn inerease in

i”('rl‘.l\“(l.
levels of evelopropanc
irrecnlaritios in the

peared Ceoving of the T owanver

action-potential doration and proloneation of
the platean phase. Finallv o ventricalar fibeil-
Tation ocenrred. and action-potential amplitade

and duration decreased,

Discussion

The consistent observation that the adnminis-
tration of evelopropanc, in the concentrations
tested wis accompanied by o negative ino-
tropic effeet i isolated atvial tissne, s i
aarcerment with the results obtained by others
atilizine isolated cat oiele  cod tietle and

froa ventricle proparations,  \ depression

e

sitnltanconshy recorded dead 2 FCG i shown an Jower portion ol cach record.

TCHIY ANAGT
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of ventrienkun contraction foree with evelo-
propane i intact doe heart e sitne has also
been reported =

The results of micasurement of osyeen satn-
ration of the perfusate in the present stady
points to the possibility that the decrease in
accompanying  the

atrial contractile tension

administration ol exclopropane may be due,
in puart. to the production of the relative tissue
baposias The fact that the perfusate oxveen
sihovation had to be reduceed 33-80 per cent
with nitrogen to achicve @ 30 per cent de-
crease incontractile tension, whereas only o
5=35 per coent reduction of perlusate oxvaen
sativation: in the presence of evelopropune was
sufficient to produce cqual or greater veduction
incontraction lor the same interval, suggests
that the drug per se possesses a0 negative ino-
tropic action. Whether this hypoxic effect
contributed to the resalts of the carlier investi-
vations already mentioned cannot be answ ered

since the perfusate or blood onyaen saturation

wus not reported. However, from the gas

flow  rates and  ovelopropane concentrations
usedl relative Tvpoxia probably contribated to
the recorded effects on contraction,

The wost prominent and consistent eflect
on trensmembrane potentials accompanving
the administration of evelopropane to isolated
clectrically -driven preparations was the aecel-
cration of rate of repolavization of the platean
pliase of the action potential, This effect was
associated with a decrease in contractile ten-
sion,This consistent relationship between the
contraction

membrane  action-potential — and

changes  sneoested  that the  characteristic
nnocardial depressant action of evelopropane
might be the result of this agent producing
changes in myvocardial membrane permeability
and jon-transport wechanisims known to - be
involved i determining and  reaulating the
rate of cardine membrane repolarization s
However: there are maany examples of dis-
sociation of force of contraction from the con-

ficiration or doration of the membrane action

Transembrane potentials from sinele colls of Jeft ventricle of doo’s Twearts i sita.

NMeastred

blood cvelopropane conceentrations clo T nby ne also shown on three records. Note Luek
ob eflect of cvelopropane on membriane roesting potendial or action potential aoplitnde despite

appearanee of Tavinve chanees and nodal by thin,
lation is onplitude and resting potentiol decreased,

with rate chareees

Onlv owith the onset of ventricalar fibril-
Repolarizations cliunges are associated
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192 LENVY, ICHIYANAGLH AND FREDERICKSON

potential which areue avainst this generaliza-
tion. 7 While the data obtaimed in the pres-
ent study using cyvelopropane sngeest a general
association between the increase in rate of
membrane  repolarization and - depression of
contraction. the results by no means prove or
disprove a causal relationship hetween these
s o parineters.

It is conceivable that both the dimimished
contraction and changes i membrane action-
potential repolarization scen with eyelopro-
pane may be results of sepurate actions of the
driig on membrane and contractile propertics.
This view has some support in the resalts of
preliminary experiments where pretreating the
atrize with atropine decreased or prevented the
menmbrane  action-potential changes normally
seen with evelopropance. althongh the char-
acteristic decrease in contractile tension still
ocerrred. Confirmation and extension of these
findings would offer support for the coneept
that evelopropane per se has a diveet depres-
sant effect on mvocardial contractile: mechi-
nisims, and this action is not necessarily: me-
diated throueh chunges i membrane electrical
cevents, Interestinglve in dogs, atropine treat-
ment also has been shiown to be imeffective in
preventing the decrcase in ventricular  con-
traction torce characteristically produced by
cvelopropane. '

The interpretation of the membrane poten-
tial changes in the intact. inmervaded. spon-
tancoush' beating dog heart is complicated
by the presence ol changes o pacemakers,
cotopic beats, and arhvthinias, Under these
variable conditions. it is not elewr whether
there are any significant quaditative differences
in the membrane potential clanges produced
by evelopropane i ventrienlar tissue in situ
and isolated atrial tissae. The general Taek
of clfcet of evelopropane on resting-potential
and action-potential amplitude in both isolated
atrial and intact ventricular preparations s
worthy ot mention, however.  Action poten-
tials obtained during ventricular fibrillation in
the intact dog studies are quaditatively similar
to fibrillation  potentials produced by other
means,™ Uoand are not considered characteris-
tic of evelopropane alone. The facet that ven-
tricular contraction foree is depressed in situ '
as well as in vitro 0 supports the view that

atrial and ventricalar nny ocardinm are quali-

Anesthesiology
Mur—Apr, 1963
tatively similar in their reaction to exclopro-
pane, On the other hand, changes in the elee-
trical exeitubility: produced by exvelopropane in
atriad musele do point to the possibility that
right and lett atrial mvocardiom react differ-
ently to various  concentrations of - evelopro-
pane.  Significant difterences injonice and bio-
chemical composition of right and Teft atrial
tissue have been shown, = and these differ-
ences may offer a clue to the different effect
evelopropane Lias on the excitability of these

two tissues,

Summary

The effects of various  concentrations  of
cvelopropane on atrial and ventricular myvo-
cardial membrane potentials have been studied
in isolated rabbit-atrial preparations and in-
tact dogs,  Atrial membrane potential changes
have been related to simultancously measured
contractile force,  excitability and  perfusate
oxvgen saturation,

In all concentrations studied, eyvelopropane
produced a negative inotropic effeet on iso-
lated, electrically driven  atrial  mvocardinm.
This negative inotropic effect in right atrial
tissue was found to e dircetly related to the
measured  evelopropane  concentration in the
perfusate. The production of relative hypoxia
accompanyving the administration of evelopro-
panc  probably contributes to this negative
inotropic effect, as shown by control studies
where hypoxia was produced  with nitrogen-
vassed pertusate,

Measurement of atrial trimsmembrane po-
tentials nsing  the  microelectrode technigue
showed that the negative inotropic effect of
cevelopropane was accompanicd by an aceel-
eration of the rate of repolarization of the first
and second phases o the atrial membrane
action potential, Membrune resting and ac-
tion-potential  amplitude  were onlv slightly
affected. Action-potential overshoot was de-
creased. however, with prolonged administra-
tion of the drug.

The negative inotropic cffect and increase
in the rate of repolarization of the atrial action
potentials  produced by evelopropane  were
formd to be generally associated with a de-
crease in the clectrical  excitability  of  right
atriad tissue, but an inercase in excitability in
left atrial preparations.
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Recordings ol ventricular - transicembrane
potentials i open-chest does during evelopro-
pane ancesthesia showed that membrane yest-
g el action-potential amplitude were ot
markedy chaneed until blood Tevels of evelo-
propane were obtained swhich produced ven-
tricular fibrillation.  Action-potential vepolari-
zation was varinhhv alfected with blood Tevels
ol evelopropane ranging bebween 16-21 ml.
100 ml This variable effect on ventrienlar
action potentials was associated with changes
in spontancous rate, cetopic beats und ar-

rhyvthimias.

This work sas supported in part by o Researeh
Tramming Grant frome the National - Institute of
Health, C.S.PELS. Preliminary reports ot this
study were presented at the 1939 Spring Meotings
of the American Socicty for Pharnmacoloay and
Laperimental Therapentios, and at the 19349 Fadl
Mectings of the American Society of - Anesthesi-
olowvists,

References

1. Robbins, B Hoo Cyclopropane Anesthiesio ed.
20 Baltimore, Willinns & Wilkinse Co.,
OSSN,

Meek, W T Some cardiae effects of inhalant
anesthetios and  syvinpathomimetic aamines,
Ilarvey Loee, 360 1SS, 191,

3. Pricec Ho Lo General anesthesia and cirenla-
tory - homcostasis, Physiol, Rov, 400 187,
1960,

LoLine. Gooand Gerard, R W The normal
membrane potential of frou sartorins, [ Cell
Comp. Physiol. 340 3830 1919,

S0 Hofbmaa, B o wand Sockling, B Cardiae
coellular potentials: cffect of vaeal <tinmula-

Amer. )0 Physiol

8]

tion and  acetvlcholine.
173: 3120 1953,

G Orentt. S0 aned Waters, RO M 4 method
for the determination of evelopropane. oth-

ENDOSCOPY

‘.

16,

FEFECT OF CYCLOPROPANI 193

Vienes and nitrons ovide in blood with the
Vo Shke=Neill manometric apparatus, ).
Biol. Chiean. 117: 309, 1957,

Hotlman, B ad Suckline, 190 B Cellalar
potentiads of intact mammadian heartss Aer,
1. Phasiol. 170: 557, 1952,

Cravelicld, PooFLand Holhan, B B Elee-
trophyvsioloay ot single cardiae colls, Phvsiol,
Rov, 38: 11, 19SS

\cierno, Lo Joand D Palie, 0 R The of-
feets of cther, evelopropane and chloroform
on the solated anricle of the cat, ANese-
stiorocy 120 5670 1951,

Adriani, )0 and Rovenstine, FoAG Cyclopro-
pance and parasympathetic action in reptilian
and amphibian hearts. Awer. )0 Physiol,
129: 294, 1910,

Abajian, J.. and Brazell, o

riod and conduction time studies with othy

Rebructory pe-

cther, exclopropane and chloroform using
turtle ventricle strips. Fed, Proe. 100 275,
1931,
Boniface, K.,
fhuence of some inhalation anesthetic agents
on the contractile force of the hewrte ]
Pharnacol. Fxp, Ther, 1130 6140 1955,
Price, L Lo and Helvich, MLz The effeet of
evelopropane, diethyt cther, nitrous onide,

Brown, J.. and Kronen, P In-

Hliup(-nt.q[ and li)(]l'uurn iotr concentration
on the myvocardial function of the dog heart-
T preparation. . Pharmacol, 1sp. Ther,
115: 206, 1953,

Shanes. AL N Electrochemical aspects of
physiological and phamiacological action in
eveitable cells. The action potential and
caeitation, Pharmacol. Rev, 100 165, 1958,
NMuldero A Gl Omachic AL wnd Rebar, B
Content of inorganic and high enerey phos-
phates, potassimn, sodinm, Tactade and aly-
coven in diferoent arcas of the heart, Amer.,
I. Physiol. 186: 304, 19536,

Briscoe, S Cholinesterase activity of Tett and
richt atriac of the rabbit’s hieart, 1. Physiol.
thond. b 1260 625, 1951,

The substitution of promethazine tor a bharbiturate in the com-

bination barbiturate-narcotic-atropine {or scopolamine) improved the premedication

for endoscopy mder topical Hdocaine anesthesia,

anxions patients and less salivation,

There were fewer Tailures, less

Hypotension did not ocear. (Findlay, €. W ..

The Nalue of Promcthazine Hydrochloride in Preparing Pationts for Peroral Endos-
copy. Amer. Revo Respo Diso S6: 272 ¢ Aue) 19620

20z Iudy g1 uo 3sanb Aq jpd°G0000-000£0£96 L-Z¥S0000/1 591 82/581/2/2/ipd-a1on1e/AB0|0ISUISaUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



