PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 161, 266-269 (1979)
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Psychologic stress has been recently shown
to enhance myocardial susceptibility to ven-
tricular fibrillation (1). In animals with liga-
tion of a coronary artery such stresses may
provoke ventricular ectopic arrhythmias (2)
and even precipitate ventricular fibrillation
(3). Raab (4) has shown that diverse psycho-
logic stresses can induce myocardial necrosis.
Evidence has also been presented in man
linking psychologic factors with the occur-
rence of ventricular fibrillation, the usual
mechanism for sudden cardiac death (5).

While neural pathways mediating brain-
heart interactions remain to be fully defined,
much attention has been focused on the sym-
pathetic nervous system. - Adrenergic block-
ade (6, 7) or stellectomy (7) significantly re-
duce or entirely prevent expression of psy-
chologically initiated changes on ventricular
vulnerability to fibrillation. It is suggested
that the level of sympathetic tone mediates
cardiac susceptibility to varying ventricular
arrhythmias.

The present study aimed to determine
whether alterations in circulating catechol-
amines occurred in animals subjected to min-
imal psychologic stress states and whether
these correlated with changes in the ventric-
ular vulnerable period threshold for repetitive
response. Circulating norepinephrine has
been suggested as a quantitative index of
sympathetic tone (8). We therefore measured
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both norepinephrine and epinephrine levels
in dogs in an aversive and tranquil environ-
ment and compared these to changes in re-
petitive extrasystole threshold, a marker of
cardiac vulnerability to VF (9).

Material and Methods. General. Seven
healthy mongrel dogs weighing between 10
and 15 kg were utilized for this study. A week
before experimentation, dogs were anesthe-
tized intravenously with sodium pentobarbi-
tal (20 mg/kg). A catheter for recording the
electrocardiogram and a bipolar pacing cath-
eter were transvenously placed at the apex of
the right ventricle. An indwelling catheter for
pressure monitoring and blood sampling was
inserted retrograde into the aorta through an
omocervical artery.

Cardiac testing. The repetitive extrasystole
(RE) threshold method was used to determine
the cardiac vulnerability for ventricular fi-
brillation (VF) (10). A Medtronic pacemaker
was used to provide rectangular pulses of 2-
msec duration at 273-msec intervals. This
heart rate was necessary to exceed the tach-
ycardia in the stressful environment. The
pacemaker current was set at twice the mid-
diastolic threshold and the distal pole of the
catheter was made cathodal. An electrically
isolated Grass S44 square-wave pulse gener-
ator provided constant-current test impulses
of 5-msec duration. After the delivery of a
test stimulus the circuitry employed shut off
the pacemaker output for 3.0 sec. The RE
threshold was determined with heart rate
maintained at 220 beats/min. Briefly, the
vulnerable period was determined as follows:
Scanning for the RE threshold was com-
menced with a stimulus of 4-mA intensity
delivered 30 msec beyond the effective re-
fractory period. The test stimulus was deliv-
ered progressively earlier by 5-msec intervals
until the refractory period was encountered.
If no RE was elicited, the stimulus intensity
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was increased by 2 mA and the scanning
procedure was repeated. The RE threshold
was taken as the minimum current intensity
at which RE occurred in two out of three
trials.

Psychological environments. Two environ-
ments were employed: one deemed stressful
and the other nonstressful (1, 2). The non-
stressful environment was a large cage in a
soundproof room where the animal was un-
disturbed and appeared relaxed. The stressful
environment consisted of a Pavlovian sling in
which the animal was restrained. The animal
in the sling received a transthoracic 4-wsec
shock on 3 consecutive days. On the fourth
day, the dog received no further electric
shocks and the perception of stress resulted
from the memory of previous aversive stim-
uli. Determination of heart rate, blood pres-
sure, and RE threshold and sampling of
blood were carried out in both environments
on the fourth day. The animals were studied
only once in each setting.

Biochemical method. Five milliliters of
whole blood collected via the chronic in-
dwelling catheter was transferred to a vacu-
tainer tube containing 100 ul of an additive
solution (90 mg/ml EGTA, 60 mg/ml gluta-
thione, pH 6.0-7.4); circulating catechol-
amines were measured according to a single-
isotope radioenzymatic assay (10).

Statistical analyses were made using Stu-
dent’s paired ¢ test. All values are expressed
as mean + SEM.

Results. When the animal was transferred
from the nonstressful cage environment to
the stressful sling environment, there was a
significant 41% (P < 0.01) reduction in the
RE threshold. Concomitant with the decrease
in RE threshold during stress, plasma nor-
epinephrine levels increased twofold (P <
0.05) and epinephrine levels increased four-
fold (P < 0.01). The reduction of RE thresh-
old was also accompanied by significant ele-
vations in heart rate (P < 0.01) and mean
arterial pressure (P < 0.05) (Fig. 1).

A differential release of norepinephrine
and epinephrine was observed in the two
environments. In the nonstressful environ-
ment norepinephrine was the predominant
catecholamine in the peripheral circulation.
When the animals were exposed to the stress-
ful sling environment, there was a larger in-
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crease in epinephrine release and epinephrine
became the predominant plasma catechola-
mine (Fig. 2). The stress-induced changes in
both norepinephrine and epinephrine corre-
lated significantly with lowering in RE
threshold in the sling environment. The total
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F1G. 1. Effect of aversive sling environment on re-
petitive extrasystole (RE) threshold and circulating
plasma catecholamine level. The RE threshold decreased
41% within 10 min of placing the animals in the sling
after removal from the cage. The reduction in threshold
was accompanied by substantial increases in both nor-
epinephrine and epinephrine. Values are means + SEM.
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FiG. 2. Relative plasma levels of norepinephrine
(NE) and epinephrine (E) in two different psychologic
environments. In the nonstressful cage environment the
predominant catecholamine was NE (NE/E ratio =
1.35). In comparison, in the stressful sling setting E
became the prevailing catecholamine (NE/E ratio =
0.60).
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plasma catecholamine levels also showed a
significant positive correlation with the RE
threshold changes (Table I).

Discussion. In the experimental animal, en-
hanced sympathetic activity, whether induced
by electrical stimulation of the posterior hy-
pothalamus (12) or the stellate ganglia (13),
predisposes the myocardium to ventricular
fibrillation. Cardiac sympathectomy (14) or
B-adrenergic blockade (15) prevents the stim-
ulation-induced increase in ventricular vul-
nerability. Infusion of subpressor doses of
norepinephrine produces significant reduc-
tion in ventricular fibrillation threshold (16).
These findings indicate that norepinephrine
released at the sympathetic nerve endings
increases cardiac vulnerability to ventricular
fibrillation.

In the present study the animals were not
subjected to physically noxious stimulation
beyond 3 days. The sling environment was
merely evocative of remembered aversive sit-
uation; thus one could surmise that it consti-
tuted a psychologic stress. Indeed there was
a substantial rise in blood catecholamine con-
centrations indicative of enhanced sympa-
thetic neural activity as well as adrenal med-
ullary discharge. Concomitant with the
changes in circulating adrenergic neurohu-
moral agents there was a significant decrease
in the ventricular vulnerable threshold. These
observations in conjunction with the findings
that changes in ventricular RE response re-
sulting from diverse psychologic stresses can
be annulled by such B-adrenergic blocking
drugs as tolamolol (6) or propranolol (7) in-
dicate that these psychologically induced
electrophysiologic alterations are mediated
largely by the sympathetic nervous system.

In the present study the animals were ex-
posed first to the stressful and then to the
nonstressful environment. It is therefore rel-
evant to question whether reversing the con-

TABLE 1. RELATIONSHIP BETWEEN INCREASE IN
PrLasMA CATECHOLAMINE CONCENTRATION AND
DECREASE IN RE THRESHOLD DURING STRESS

Correlation

coefficient P value
Norepinephrine 091 <0.02
Epinephrine 0.81 <0.05
Norepinephrine and 0.84 <0.05
epinephrine

VENTRICULAR VULNERABILITY

ditioning sequence might have yielded differ-
ent results. A previous study carried out in
our laboratory, however, indicates that the
order in which the animals were exposed to
the stressful and nonstressful environments is
not crucial to the magnitude and direction of
the RE threshold changes (17).

Recent studies in man (18) support the
hypothesis first formulated by Funkenstein
(19) that aggressive emotions induce a pre-
dominant release of norepinephrine, whereas
anxiety elicits a preferential release of epi-
nephrine. Car racing was associated primarily
with augmented circulating norepinephrine;
whereas fear and anxiety evoked by the first
experience in parachute jumping induced ep-
inephrine release (18). It is not known which
type of psychologic stress (aggression or anx-
iety) is more conducive to enhanced ventric-
ular vulnerability to fibrillation. Our investi-
gations show that the type of stress associated
with the sling-cage paradigm is characterized
by the release of predominantly epinephrine.
One would speculate that the sling environ-
ment wherein the animal perceives itself
threatened with noxious stimuli would induce
a behavioral response consistent with anxiety.
But as in man, the sympathetic nervous sys-
tem reaction is not restricted to augmented
adrenal medullary response. The relative con-
tribution of each of the catecholamines to the
altered vulnerable period threshold remains
to be determined.

Summary. The correlation between circu-
lating catecholamines and ventricular vulner-
ability during psychologic stress was exam-
ined in conscious dogs. The repetitive extra-
systole (RE) threshold was used to assess
vulnerability to ventricular fibrillation. Ex-
posure of the animals to a stressful sling
environment compared to that of nonstressful
cage setting resulted in a significant 41% (P
< 0.01) reduction in the RE threshold.
Plasma levels of norepinephrine and epineph-
rine increased twofold (P < 0.05) and four-
fold (P < 0.01), respectively. It is concluded
that the elevation in circulating catechola-
mine levels correlates closely with enhanced
ventricular vulnerability during psychologic
stress and that the model for psychologic
stress employed results in substantial in-
creases in plasma catecholamine levels which
is in large part due to release of epinephrine
from the adrenal medulla.
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