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A lengthening of the QT interval of the
electrocardiogram preceding onset of ventri-
cular fibrillation was reported by Chenoweth
during a study of epinephrine-hydrocarbon
syncope(1). The increase in the QT interval
was observed in tracings in which there was
a regular unifocal beat before the develop-
ment of fibrillation. Since epinephrine by
itself may increase the QT interval(2), the
present study was undertaken to determine
the significance of this electrocardiographic
change prior to onset of experimental ven-
tricular arrhythmias. In animals treated with
hydrocarbons relatively small doses of epine-
phrine or norepinephrine may precipitate
ventricular fibrillation while isoproterenol
causes only cardioacceleration(3). The
changes in the QT interval produced by these
catecholamines were therefore compared in
animals predisposed to arrhythmias by ad-
ministration of petroleum ether.

Methods. Lead II of the electrocardiogram
was recorded in 20 cats anesthetized with
sodium pentobarbital (30 mg/kg). Control
responses to intravenous injection of 5-10
pg/kg epinephrine, norepinephrine or isopro-
terenol were first observed. Ventricular ar-
rhythmias were induced 15 minutes later
using the method of Garb and Chenoweth(3)
in which 0.1 ml/kg petroleum ether (B.P.
30-60°C) was injected through an endo-

* This work was supported by a grant from the
New Jersey Heart Assn. (Somerset Co.).

tracheal tube and the same dose of catechola-
mine was repeated 30 seconds later. Episodes
of epinephrine-induced ventricular arrhyth-
mias are usually transient in cats under pen-
tobarbital anesthesia(4). It was therefore
possible to repeat the injections of petroleum
ether and catecholamines in most animals.

The PR, QRS, and QT intervals were
measured during the various phases of the
experiments. Because of the inverse relation-
ship between the duration of the QT interval
and the heart rate in various metabolic states
(5), the ratios of these intervals to the cor-
responding cardiac cycle lengths were calcu-
lated.

Results. Epinephrine caused a progressive
lengthening of the QT interval after injection
of petroleum ether and prior to the onset of
ventricular tachycardia and fibrillation (Fig.
1). This prolongation of the QT interval
was not observed after epinephrine during
the initial control period.

Norepinephrine and epinephrine produced
similar changes in the electrocardiogram after
petroleum ether. In the tracings showing
multiple focal ventricular tachycardia or fib-
rillation after petroleum ether and epine-
phrine, there was a 28% increase in the QT
interval compared to that produced by nor-
epinephrine in the animals in which a regular
sinus rhythm was maintained. However, the
same dose of isoproterenol injected 30 seconds
after petroleum ether did not produce any
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TABLE I. Electrocardiographic Changes in Cats Under Pentobarbital Anesthesia After
Petroleum Ether (PE) and Epinephrine (EPI).

PR interval

QRS complex QT interval

eyele length eycle length cycle length
X * 8, X & 8y X o 8,
Control .20 + .01 09 + 005 49 + .01
PE 20 + .01 .08 + .004 48 + .01
EPI .23 + .01 .09 + .007 52 + .02
PE and EPI 25+ .01 .08 + .005 .51 + .01
(no multifocal activity)
PE and EPI 21 + .02 12 4+ .012 64 + .02*
(multifoeal activity)
*p<.01.

significant changes in the length of the QT
interval. In 6 animals injected with isopro-
ternol after petroleum ether, there was a 4%
decrease in the QT interval. The isoprotere-
nol-hydrocarbon combination also failed to
produce ventricular arrhythmias.
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FIG. 1. Electrocardiographic changes caused by 5

p4g/kg epinephrine in cats under pentobarbital.

Upper record: Epinephrine alone eaused only iso-

lated ventricular extrasystoles, Middle and lower

records: Epinephrine after petroleum ether caused

a progressive increase in QT interval and ventricu-
lar fibrillation.

Because of the positive correlation between
the duration of the QT interval and the car-
diac cycle length previously reported(5), the
results obtained after injection of petroleum
ether and epinephrine were recorded in terms
of the QT/RR ratio (Table I). A slight
increase in QT interval in relation to cardiac
cycle length was observed after administra-
tion of epinephrine and petroleum ether in
the animals which failed to develop ventricu-
lar arrhythmias. This change was similar to
that produced by epinephrine during the con-
trol period before the administration of petro-
leum ether. On the other hand, the mean
increase in the QT/RR ratio caused by epin-
ephrine before the onset of multiple focal
ventricular tachycardia and fibrillation was
significantly greater than that caused by
epinephrine in the absence of arrhythmias
(p <0.01). Although the duration of the
QRS complex was somewhat longer prior to
ventricular arrhythmias than in the presence
of a regular sinus rhythm, this increase in the
length of the QRS did not explain the pro-
longed QT interval observed in these experi-
ments. The prolonged QT interval before the
development of the ventricular arrhythmias
was primarily due to a lengthening of the ST
segment (Fig. 1).

A small but significant increase in the PR
interval was observed after epinephrine and
petroleum ether in the animals which main-
tained a regular sinus rhythm. However, this
increase in the duration of PR interval was
not significantly different from that produced
by epinephrine during the contrgl period.

Discussion. The electrocardiographic
changes preceding experimental ventricular
arrhythmias have also been studied by Fas-
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tier(6) who observed a fusion of the QRS
of an ectopic complex with the T wave of
the preceding beat at the onset of ventricular
fibrillation. In the present study this simul-
taneous occurrence of a QRS with the preced-
ing T wave has also been identified before
experimental ventricular fibrillation. How-
ever, in addition there was the accompany-
ing increase in the duration of the QT inter<
val prior to the onset of the ventricular
arrhythmias.  These electrocardiographic
changes gave a picture suggesting a delay
in the repolarization processes of the ven-
tricular myocardium after petroleum ether
and epinephrine. Thus, the entrance of an
impulse initiated by epinephrine from an
ectopic focus into the remaining myocardium
at a time when the ventricles were vulner-
able to fibrillation appeared to be an impor-
tant factor in the precipitation of ventricular
fibrillation by these agents.

Taken together these observations sug-
gested that petroleum ether and epinephrine
increase the vulnerability of the ventricles to
fibrillation by inhibiting the biochemical
processes responsible for the repolarization
of the ventricular myocardium. In support of
this view was the observation that isoprotere-
nol did not increase the QT interval after
petroleum ether, and this catecholamine also
failed to precipitate ventricular arrhythmias
in these preparations.
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Summary. An increase in the QT interval
and the QT/RR ratio was observed prior to
the onset of multiple focal ventricular tachy-
cardia and fibrillation induced by petroleum
ether and epinephrine or norepinephrine in
cats under pentobarbital anesthesia. This
prolongation of the QT interval before ex-
perimental ventricular tachycardia and fibril-
lation was significantly greater than that pro-
duced by these catecholamines in the absence
of arrhythmias. Isoproterenol, which did not
lead to ventricular tachycardia after petro-
leum ether, also failed to increase the dura-
tion of the QT interval. The appearance of
the electrocardiogram preceding these experi-
mental arrhythmias suggested that a delay
in the repolarization of the myocardium was
a factor in the precipitation of ventricular
fibrillation during hydrocarbon-catecholamine

syncope.

1. Chenoweth, M. B., J. Indus. Hyg. and Toxicol.,
1946, v28, 151.

2. Hegglin, R., Arch. f. Kreislaufforsch., 1944, v13,
173.

3. Garb, S., Chenoweth, M. B., J. Pharmacol.,
1948, v94, 12.

4. Scriabine, A., Hutcheon, D. E., ibid., 1956, v118,
239.

5. Robb, J. S.,, Turman, W. G., Am. J. Med. Sci.,
1947, v214, 180.

6. Fastier, F. N., J. Physiol., 1951, v112, 359.

Received April 1, 1963. P.S.E.B.M. 1963, vil3.

Effect of Salmonella typhosa Endotoxin on Perfused Dog Spleen.* (28425)

Epwarp D. Frouiicu (Introduced by Craig W. Borden)
Departments of Medicine and Physiology, Veterans Administration Research Hospital and
Northwestern University Medical School, Chicago, Ill.

Changes in calculated vascular resistance
following injection of endotoxin in various
vascular beds perfused at constant blood flow
have been reported(1-7). The forelimb(1),
lung(3), stomach(5), and kidney(6) demon-
strated increased resistance while the coro-
nary vasculature(4) responded with a de-

* The author wishes to express appreciation to
Drs. Fred S. Grodins and E. Clinton Texter, Jr., for
most helpful criticism.

crease. Earlier reports suggested that the im-
mediate systemic hypotension following lethal
doses of endotoxin resulted from hepatic and
intestinal congestion(2,7). Hepatic venocon-
striction and engorgement are of short dura-
tion; however, intestinal pooling persists(2,
7). Even though the gastric and intestinal
circulations are contiguous, the responses of
the veins to endotoxin are apparently dis-
similar. The stomach behaves more like the





