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Ventricular Arrhythmias and Autoinaticity following Norepinephrine.* 
(22832) 
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In human subjects norepinephrine was 
shown to increase peripheral vascular resis- 
tance without accelerating the heart rate ( 1 ). 
Norepinephrine has also been reported to be 
less effective in precipitating ventricular ec- 
topic rhythms(2) and it is being used in 
treatment of secondary shock when epineph- 
rine is contra-indicated to restore arterial 
blood pressure. Recently, norepinephrine was 
observed to increase the vulnerability of the 
ventricles to fibrillation and the greater safety 
reported for norepinephrine was considered to 
be due to its slower rate of infusion in clinical 
practice ( 3 ) . Hecause norepinephrine is em- 
ployed estenzively in treatnient of hypoten- 
sive states. this study was undertaken to 
compare its potency relative to that of epi- 
nephrine in eliciting experimental: ventricular 
rhythms. Csing cats under pentobarbital. 
harman methosulfate was given to predispose 
the heart to ventricular rhythms by a method 
previously described (4).  To extend the quan- 
titative comparison of norepinephrine and 
epinephrine on cardiac excitability, their ac- 
tions on isolated cardiac papillary muscle 
preparation of Cattell and Gold(5) were also 
investigated. 

Methods. Expcriinental ocntricular ar- 
ry t  hmias . The electrocardiographic changes 
produced by epinephrine and norepinephrine 
were studied in normotensive cats under so- 
dium pen tobarbital anesthesia. Harnian 
methosulfate (2.5 mg/kg) was injected 5 
minutes before epinephrine or norepinephrine 
and the ensuing electrocardiographic changes 
were recorded. Autoinaticity studies. Follow- 
ing the technic of Cattell and Gold(5) iso- 
lated, cat, cardiac papillary muscles were 
mounted in lucite holder and immersed in 
75 ml of modified Locke‘s solution(6). The 
chordae tendinae were connected by a fine 
silk thread to a thin steel plate on each side 
of which a Baldwin SR-4 strain gauge was 

study was supported in part by grant from 
National Research Council of Canada. 

mounted and contractions were recorded with 
the strain gauge amplifier of a Sanborn Twin- 
\‘is0 Cardiette. The muscle was stimulated 
eiectrically with a square wave shock from a 
thj-ratron stimulator a t  60 per minute and 
the amplitude of contractions and threshold 
of excitability were noted. The incidence of 
automaticity (rhythmic contractions without 
electrical stimulation) was observed following 
addition of norepinephrine and epinephrine 
with equilibration period of a t  least 15 min- 
tite.; between drugs. 

Rcsnlfs. Soda1 rhythm (NR) , ventricular 
c strnsystoles, tachycardia and flutter (VR) 
::nd ventricular fibrillation (VF) occurred 
iollowing injection of both epinephrine and 
norepinephrine in cats previously treated with 
harman methosulfate (Table I).  Immediately 
before the onset of fibrillatory rhythm, a mi- 
gration of the T-wave into the QRS could 
be seen (Fig. 1). A similar interruption of T- 
waves by R-waves was observed by Fastier 
to occur before ‘bepinephrine syncope” follow- 
ing benzene or furfurin(7). In  contrast to 
larger mammals, cats were able to survive 
relatively long periods of ventricular fibrilla- 
tion. Based on both the duration of arrhyth- 
mias and the incidence of ventricular fibrilla- 
tion, norepinephrine was found to be signifi- 
cantly more active than epinephrine in elicit- 
ing ventricular ectopic rhythms (p < 0.05). 
- lutanzaticity of papillary muscles. A pos- 

1’X I: IJE I. Inciileiice and Duration of Arrhythmias 
i i i  (‘ats Treated with 2.5 mg/kg Harman Metho- 

sulfate. 

Duration 
1 )OM’, ,-- Number -, of arrhyth- 

1)mg pg/kg Total NR VR VF mias,see.* 

t . ~ l i i i t t ~ 1 ) 1 i -  2.5 10 0 6 3 8 . 4 1  3 

10.0 11 3 11 5 78 +20 

Norepineph- 1.2 1 0  1 10 4 82 -143 

rill(> 5.0 20 2 9 6 54 1 1 6  

20.0 10 4 10 7 66 f 9 

rine 2.5 10 0 9 4 116 1 4 0  
5.0 10 3 10 6 198 1 3 0  

10.0 10  4 10 9 162 k 1 6  

* Mean -+ S.E. 
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FIG. 1. Electrocardiograms of cat (2.4 kg) under sodium pentobarbital. A, 11 :37 a.m., con- 
trol reading. B, 11:44 a.m., 4 min. after harman metliosulfate 2.5 mg/kg intrav. C, 11:45 a.m., 
1 2  see. after norepinephrine bitartrate 5 pg/kg intrav. D, continuation of C. E, 11 :47 a.m., 

2 min. after norepinephrine bitartrate. 

sible relationship between ability of a sub- 
stance to initiate automaticity and the 
property of precipitating ventricular ectopic 
beats was previously suggested (4). A com- 
parison of the incidence of automaticity in 
the papillary muscles after addition of epi- 
nephrine and norepinephrine was therefore 
indicated to see whether norepinephrine was 

TABLE 11. Effects of Epinephrine and Norepi- 
nephrine on Cardiac Papillary Muscles. 

Mean 70 
increase in  

Incidence amplitude 
of auto- ofcontrac 

Drug c one . maticity tions 

Epinephrine .4 X 2/12 60 
1.6 ” 6/12 123 

Norepineph- .2 ” 5/12 66 
rine .8 ” 8/ 9 95 

also more active in this preparation. As 
shown in Fig. 2, norepinephrine was found to 
be effective in increasing contractile force and 
inducing rapid, automatic contractions of 
papillary muscle. Although changes of con- 
tractile force of the papillary muscle pro- 
duced by norepinephrine and epinephrine did 
not differ, the incidence of automaticity after 
norepinephrine was significantly greater than 
after epinephrine (p  < 0.05). 

To compare the cardioaccelerator proper- 
ties of epinephrine and norepinephrine with 
their effects on cardiac excitability, the in- 
creases in heart rate in isolated, perfused cats’ 
hearts were determined. The tachycardia fol- 
lowing epinephrine was greater than for 
equivalent doses of norepinephrine although 
the difference in activity was not significant. 
Thus, the relative effects of these substances 
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FIG. 2. Iiicrcasc in colitrnctile force and nuton1:l ticity induced by  norepinephrine bitartrate 
(1.6 X in tlie eat's 1ic;it-t 1):ipillary iiiiiscl(~. (-1q)er record, stimulus marker (frequency, 
I/sec. : ( l~ l~ i1 t io l~ ,  10 iiiillisw. : 15 volts). l,ou-\-c~ rcw)td, wi1tr;ictioiis recorded by  a strain gauge 

:ind :iinplificlr of a S:iiilJorii Twin-T'iso C'arilickttcl. Fiw horizontal lilies represent 1 g. 

on the sinus node and on ventricular excit- 
ability appeared to be separable. 

Disc.ussio~. Electrocardiographic changes 
consisting of heart block and supraventricular 
rhythms were occasionally observed in nor- 
mal subjects after intravenous norepineph - 
rine( 9). In  cases of shock, on the other hand? 
most authors have found no evidence that 
the drug increased myocardial irritability dur- 
ing the hypotensive phase even after coronary 
occlusion. Severtheless, the high potency of 
norepinephrine in precipitating ventricular 
rhythms in norniotensive cats treated with 
harman methosulfate as well as in increasinrr 

cipitated by norepinephrine in cats, under 
pentobarbital anesthesia, treated with har- 
man methosulfate. Migration of the T-wave 
into the R-wave at  onset of ventricular fibril- 
lation was similar to that described before 
epinephrine induced arrhythmias. ( 2 )  The 
effects of norepinephrine on cardiac excitabil- 
ity were confirmed using isolated papillary 
muscles in which norepinephrine had a greater 
potency than epinephrine in eliciting auto- 
ma tic contractile activity. 
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