


440 ANTAGONISM OF ARRHYTHMIAS BY NETHALIDE 

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 : 100Ot 
with distilled water to contain 1.0 pg/kg/ml 
and 10 pg/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 : lo00 Adrenalin was then 
slowly infused. The nethalide HCl 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. 
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TABLE I. Comparison of Doses (pg/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 

Cyclopropaiie 1.0 9.8/2.5 = 4 
2.0 35 /3.4= 10 

Trichlorzethylene 2.0 35 /3.8= 9 
2.0 58 /3.8= 15 

Halothane 2.0 50 /4.8= 10 
99  40 /2.8= 14 2.0 

9 9  

*Average of 3 control runs except for first dog 
receiving trichloroethyleiie in which only 2 coii- 
trols were obtained (range of individual determi- 
nations for all dogs, 1.5-5.5 pg/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 
halo thane developed ventricular fibrilla tion 
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 prdb- 
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. 
Tt 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- 

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. 
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