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methylnicotinamide in the urine. The evi- 
dence is definite that kynurenine can serve as 
a precursor of quinolinic acid and N1-methyl- 
nicotinamide. 3. During 24 hours after in- 
jection of 1 mg of labeled DL-kynurenine, 
6.86% was excreted as unchanged labeled ky- 
nurenine. 

The authors wish to thank Dr. David Christman 
of the Chemistry Department for advice and several 
check #tritium analyses. We are indebted to Dr. 
D. D. Van Slyke for a critical review of the manu- 
script. 
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A Method for Production of Arrhythmias in the Isolated Rabbit Heart. 
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Rosenblueth( 1 ) ,  Scherf (2) ,  and Harris(3) 
have described methods for the experimental 
production of cardiac arrhythmias. These 
methods, performed on the intact dog in situ, 
are laborious and time consuming. The iso- 
lated heart offers a simple and inexpensive 
procedure for studying cardiac activity; 
therefore, a series of experiments were under- 
taken to determine whether it would be 
feasible to induce arrhythmias in the isolated 
rabbit’s heart. 

Materials and methods. Rabbit hearts were 
perfused by the Langendorff technic (4) with 
Locke-Ringer’s solution prepared with dou- 

ble-distilled pyrogen-free water. The solution 
is oxygenated, maintained a t  37.5” and per- 
fused at  40 mm Hg. It has been found neces- 
sary to have both auricles distended by the 
perfusate, and this can be accomplished by 
tying off all vessels except the superior vena 
cava, which is partially ligated. Electrograms 
are recorded following an adjustment period 
of 15-20 minutes. Potential difference is 
measured by placing electrodes at  various po- 
sitions in the myocardium. In order to deter- 
mine the type of arrhythmia produced, the 
number and position of electrodes are altered. 
When a constant pattern is obtained the 
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FIG. 1. (Top) Normal electrogram (right auricle to left  ventricle). Heart  rate 116. (Bot- 
tom) Increased heart rate after electrical stimulation (tachycardia or flutter). Heart  ra te  236. 
Paper speed 25 mm/sec. 

FIG. 2. 
tom) Right ventricle to left  ventricle. Heart  rate 140. Papcr speed 25 mm/sec. 

FIG. 3. 
Heart  rate 216. 

(Top) Normal electrogram (right auricle to left  ventricle). Hear t  rate 140. (Bot- 

(Top) Paroxysmal tachycardia instituted electrically. Right auricle to left  auricle. 
(Bottom) Right auricle to left  ventricle. Hear t  rate 216. Paper speed 25 mm 

/see. 

Hear t  rate 498. 
inm/sec. 

tom) Fibrillation pattern produced by electrical stimulation. Paper speed 25 mm/sec. 

tom) Increased heart rate after focal application of 0.05?40 aconitine nitrate. Heart  rate 360. 

FIG. 4. (Top) A 2 : l  auricular flutter instituted electrically. Right auricle to le f t  auricle. 
(Bottom) Right ventricle to left  ventricle. Heart  rate 249. Paper speed 50 

(Top) Normal electrogram (right auricle to left  ventricle). Heart  rate 138. (Bot- 

(Top) Normal electrogram (right auricle to le f t  ventricle). Hear t  rate 110. (Bot- 

FIG. 5. 

FIG. 6. 

cardiac rate is determined from the electro- 
gram, and the heart is stimulated electrically. 
Electrical stimulation produces changes vary- 
ing from paroxysmal tachycardia to atrial 
flutter and fibrillation. The same types of ar- 
rhythmia may also be produced by the topical 
application of 0.05% aconitine nitrate. An 
increased rate can be demonstrated by using 
two electrodes, embedding one in the right 
atrium and inserting the other in the tip of 
the left ventricle. The electrodes consist of 
two 12 mm lengths of enameled No. 30 cop- 
per wire which are soldered to Lead I1 elec- 
trodes of an electrocardiographic patient 
cable. After a normal electrogram is ob- 
tained, the right auricle is stimulated electri- 
cally for 5-10 seconds (5-10 volts, 50 pulses/ 
second, pulse duration of 2-10 milliseconds, 
and pulse delay of 5 milliseconds). Fig. 1 
shows a typical electrogram produced by this 
procedure. To differentiate between an atrial 
flutter and a paroxysmal tachycardia, 4 elec- 
trodes are placed in the myocardium. The 
2 additional electrodes are soldered to an ac- 
cessory shielded cable which is inserted into 
the input socket of the preamplifier on a San- 
born Twin-Viso Recorder. The potential dif- 
ferences are measured between the right and 
left auricles and the right and left ventricles. 
Fig. 2 shows a typical electrogram produced 
in this manner. Other leads may also be 
taken by varying the position of the elec- 
trodes. Fig. 3 and 4 respectively show the 
production of paroxysmal tachycardia and 
a trial flutter resulting from electrical stimula- 
tion. To demonstrate the induction of fibril- 
lation, a normal electrogram is made by re- 
cording the potential difference between the 
right auricle and left ventricle. After the nor- 

mal pattern is obtained the right and left 
auricles are rapidly stimulated alternately 
(140 volts, 50 pulses/second with a pulse 
duration of 2-10 milliseconds). Fig. 5 illus- 
trates the fibrillation pattern produced in this 
manner. Focal application of 0.05% aconi- 
tine nitrate to the right auricle results in a 
tachycardia, atrial flutter, or fibrillation. Fig. 
6 shows a tachycardia produced by this 
method. 

Results. A total of 40 hearts was used to 
study the various arrhythmias discussed. Ad- 
ditional experiments were carried out to de- 
termine the duration of the induced arrhyth- 
mias. It was found that paroxysmal tachy- 
cardia and auricular flutter persisted for pe- 
riod varying 20 minutes to 6 hours, and at any 
time this could be reverted to a sinus rhythm 
by electrical stimulation. Further stimula- 
tion reestablished the arrhythmia. Once in- 
duced, a fibrillation would persist indefinitely. 

Summary. A method has been presented 
for inducing experimental arrhythmias in the 
isolated rabbit heart. These vary from par- 
oxysmal tachycardia to atrial flutter and 
fibrillation. Multiple leads from the myo- 
cardium are necessary in order to determine 
the type of arrhythmia produced. This meth- 
od is inexpensive, rapid and the results are 
reproducible; therefore, we believe that this 
technic could be employed to advantage in 
screening eurhythmic agents. 
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