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Antagonism of Hydrocarbon Anesthetic-Epinephrine Arrhythmias in Dogs

by Nethalide, a Dichloroisoproterenol Analogue.

(28389)

Wirriam J. MURrAY, RobNEY L. McKNIGHT AND Davip A. Davis
(Introduced by Fred W. Ellis)
Department of Surgery (Anesthesiology), University of North Carolina School of Medicine,
Chapel Hill

The synthesis of nethalide,* an analogue
of the specific beta receptor antagonist di-
chloroisoproterenol (1), which differs from the
latter in being free of intrinsic sympatho-
mimetic activity(2), makes available a bet-
ter pharmacological tool for studying adreno-
tropic receptors of the beta type(3). It was
the purpose of the present study to utilize
this compound in an effort to assess the im-
portance of beta receptors in the mediation
of hydrocarbon anesthetic-epinephrine ar-
rhythmias.

Cl_/ l_CH(OH)—CH,—NH—CH(CH,,).z
RV

Dichloroisoproterenol

</><\>_CH(OH)—CH,~NH—CH(CH,),
\V \

Nethalide

Methods. Unpremedicated dogs weighing
10-15 kg were given sufficient thiopental so-
dium (15-25 mg/kg) intravenously to allow

tracheal intubation to be performed. An
anesthetic mixture was then administered by
means of a semi-closed system with a to and
fro carbon dioxide absorber (recharged every
2 hours) and the animals allowed to breathe
spontaneously throughout the experiment.
With cyclopropane a flow rate of 600 ml/min
(500 ml oxygen -+ 100 ml cyclopropane)
was maintained, giving a concentration of
approximately 16%. Concentrations of tri-
chloroethylene and halothane (Fluothanet)
which would produce myocardial sensitiza-
tion were experimentally determined but ac-
tual vapor concentrations were not measured.
For a 2 1/min oxygen flow rate, these were

* Nethalide is the generic name for (2-isopropyl-
amino-1-[2-naphthyl]ethanol HC1) which was earlier
referred to as I.C.I. 38,174 and now also has the
trade name Alderein by Imperial Chemical Industries,
Ltd., England. In addition, Ayerst Laboratories, who
generously supplied the drug for this study, have
employed the designation AY-6204.

t Ayerst Laboratories.
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found to be the minimum setting of a Foreg-
ger vinethene vaporizer containing trichloro-
ethylene which just allowed bubbling to oc-
cur, and settings of 1.5-2.4 of an F-N-S(4)
vaporizer charged with halothane. The sensi-
tization produced by these agents as meas-
ured by epinephrine challenge was quantita-
tively similar to that obtained with cyclo-
propane. Intravenous injections were given
in a foreleg vein through a percutaneously
placed indwelling needle or polyethylene
catheter kept patent by a slow saline infu-
sion. On an Offner Dynograph was continu-
ously recorded a lead 2 electrocardiogram
and blood pressure in a femoral artery from
a percutaneously placed polyethylene cathe-
ter attached to a Statham pressure trans-
ducer.

The method employed to produce cardiac
arrhythmias was based on that described by
Cummings and Hays(5). Thirty to 60 min-
utes of equilibration with the anesthetic
agent under study was allowed prior to a
series of 2-3 control epinephrine challenges
at 15 minute intervals. An experimental run
consisted of determining the total pg/kg of
epinephrine that had been administered in-
travenously at the time of first appearance
of multiple ventricular ectopic beats. Epine-
phrine solutions were freshly prepared for
each animal by dilution of Adrenalin 1:1000%
with distilled water to contain 1.0 pg/kg/ml
and 10 ug/kg/ml. The procedure was stan-
dardized by administering the epinephrine
solutions at a rate of 3 ml/min with the more
dilute solution being infused first up to a total
volume of 10 ml, and then if the end point
was not reached immediately followed by up
to 10 ml of the more concentrated epinephrine
solution at the same infusion rate. In those
experiments where a marked blockade was
demonstrated, 1:1000 Adrenalin was then
slowly infused. The nethalide HCI solution
in a concentration of 10 mg/ml was admin-
istered intravenously as soon (usually 3-5
minutes) as the animal returned to its pre-
epinephrine EKG pattern and blood pressure
levels, and followed 15 minutes later by an
epinephrine challenge. No dog was used in
more than one experiment.

t Parke, Davis and Co.
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TABLE I. Comparison of Doses (ug/kg) of

Epinephrine Producing Arrhythmias Before and

15 Minutes After Intravenous Nethalide Adminis-

tration to 6 Dogs Anesthetized with Cyclopropane,

Trichloroethylene, or Halothane (2 dogs per anes-
thetic agent).

Epinephrine dose
after nethalide/

Nethalide Epinephrine dose*

Anesthetic agent (mg/kg) before nethalide
Cyclopropane 1.0 9.8/25= 4
" 2.0 35 /34=10
Trichloroethylene 2.0 35 /38= 9
” 2.0 58 /3.8=15
Halothane 2.0 50 /4.8 =10
” 2.0 40 /2.8=14

* Average of 3 control runs except for first dog
receiving trichloroethylene in which only 2 con-
trols were obtained (range of individual determi-
nations for all dogs, 1.5-5.5 ug/kg).

Results. The dose of epinephrine required
to produce arrhythmias 15 minutes after 2
mg/kg of nethalide was increased with each
of the anesthetics to 9-15 times the control
value, but only to 4 times in the dog receiv-
ing 1 mg/kg (Table I). This blockade per-
sisted for at least one hour in all dogs. All
of the animals in this series, except the one
receiving only 1 mg/kg of nethalide, subse-
quently received additional doses of nethalide
(up to a total of 7 mg/kg) demonstrating
further blockade requiring up to 3 mg of

.epinephrine to produce the arrhythmia. De-

spite rapid intravenous administration of up
to 10 mg of epinephrine within one hour
following even the 2 mg dose of nethalide,
ventricular fibrillation was not produced.
However, one of the dogs anesthetized with
halothane developed ventricular fibrillation
during the control period which was readily
reversed with an external DC defibrillator
allowing the experiment to continue. No at-
tempt was made to defibrillate another dog
(not shown in Table I) receiving halothane
which also developed ventricular fibrillation
and died during the control period. Fibril-
lation was not encountered with cyclopropane
or trichloroethylene. No associated changes
were noted on slow intravenous administra-
tion of nethalide but a transient (30-60 sec)
mild hypotension commonly occurred with
rapid injection. This hypotension was usual-
ly accompanied by flushing of the skin and
occasionally by a decrease in QRS voltage
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of the EKG. These latter effects, except for
decreased EKG voltage, have been previous-
ly reported(2,6).

In 2 additional dogs no effect of nethalide
was observed in altering the threshold for
electrically induced ventricular fibrillation,
thus failing to demonstrate any obvious rela-
tionship between adrenergically and electri-
cally induced arrhythmias,

Discussion. Our results have provided evi-
dence that beta receptors are important in
the development of epinephrine induced ar-
rhythmias associated with cyclopropane, tri-
chloroethylene, and halothane anesthesia.
Blockade of these receptors by nethalide was
shown to significantly decrease the sensitiza-
tion of the dog myocardium to such ar-
rhythmias. The degree of blockade is prob-
ably proportional to the dose of the antago-
nist administered, although more complete
dose response studies are needed to substan-
tiate this point. This blockade is in accord
with the demonstration by Schull et al.(7)
that dichloroisoproterenol antagonizes cyclo-
propane-norepinephrine arrhythmias in dogs.
It is also of interest that ventricular fibril-
lation was never observed even with very
large doses of epinephrine after nethalide
administration, despite its occurrence with
small doses of epinephrine during the con-
trol period in 2 of 3 dogs receiving halo-
thane.

While it is interesting to speculate on a
possible use of nethalide in clinical anes-
thesia to prevent the development of cardiac
arrhythmias when epinephrine is used with a
sensitizing anesthetic, a number of funda-
mental problems remain to be studied. One
of these is the potentiation of the epinephrine
pressor response(2), which may require si-
multaneous administration of an alpha block-
ing agent to avoid severe hypertension. Also,
it may be necessary to administer a vago-
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lytic dose of atropine to avoid parasympa-
thetic dominance of such a pharmacological-
ly sympathectomized heart. The ultimate in-
duction and maintenance of anesthesia and
the performance of surgery in an animal or
patient with such an obtunded autonomic
nervous system may result in more serious
problems than were prevented.

Summary. Administration of nethalide, an
adrenotropic beta receptor antagonist, to
dogs anesthetized with cyclopropane, tri-
chloroethylene, or halothane was found to
decrease markedly the sensitivity of the myo-
cardium to epinephrine induced arrhythmias.
From 4-15 times the minimum dose of epine-
phrine causing multiple ventricular ectopic
beats during the control period was required
to produce this arrhythmia 15 minutes after
intravenous nethalide. Ventricular fibrilla-
tion was not observed with even large doses
of epinephrine after nethalide but did occur
during the control period in 2 of 3 dogs re-
ceiving halothane. Some possible problems
that might be encountered with the use of
this agent as an adjunct to anesthesia are
discussed.

The authors wish to acknowledge the technical
assistance of Mr. William Creech.
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