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tions for the observations reported here are: 
I t  is possible that B-3-TA does not inhibit 
antibody synthesis but merely inactivates the 
antibody in such manner as to make it non- 
reactive. This seems very unlikely since one 
would expect the antibody to be inactivated 
regardless of time of administration of ana- 
logue. Furthermore, the study of analogues 
has revealed a definite inhibitory action on 
the synthesis of certain proteins, which in 
many cases has a selectivity for one stage 
only of the synthetic mechanism, much as the 
one seen here. Novick(l4) has observed that 
B-3-TA will inhibit the synthesis of permease 
and block concentration of inducer in E .  coli, 
but not the synthesis of B-galactosidase once 
the inducer has been concentrated inside the 
organisms. On the other hand the inhibitory 
effect might be exercised at  the level of anti- 
body synthesis regardless of time of feeding 
of the analogue. The observation that anti- 
body synthesis is not affected even by addi- 
tion to an in vitro antibody forming system 
of 7 times the amount of drug normally used 
definitely contradicts this possibility ( 1). This 
lack of inhibition has recently been confirmed 
by Hruban( 13). 

Summary. The time of action of B-3-TA 
on antibody synthesis has been further nar- 
rowed to the first 2 days following antigen 
injection. A study of the histological reaction 
observed in the red pulp of the spleen fol- 

lowing immunization has revealed only slight 
decrease in number of pyronin positive cells 
a t  5 days after administration of antigen. 
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The chelating agent, 1,lO-Phenanthroline concentrations of 1 ,lo-P and quinidine on 
the action potential of rat atria were also 
compared. 

(1,lO-P), has been used successfully in ex- 
perimentally induced atrial and ventricular 
fibrillation in rabbits ( 1 ) . To study further Methods. The preparation. 

a blow on the neck and bled, the heart quick- quinidine on fibrillating and normal rabbit ly removed, and the atria dissected free from atria were compared. The effects of equal ventricles and surrounding tissues. The right 
*This work was supported by a grant from the atrial appendage was impaled on a platinum 

Am. Heart Assn. electrode and the left atrial appendage 

the action of 1,1O-p, the effects of 1,lO-P and albino rabbits weighing 2-3 kg were 
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FIG. 1. Effects of quinidine, atropine and 1 , l O -  
Phenanthroline on induced rabbit atrial fibrilla- 
tion. Two successive fibrillations were induced in  
each preparation. Complete recovery was observed 
before induction of second fibrillation. Ordinate : 
atrial rate per =in. Abscissa: time in  min, 0 time 
denotes time after completion of stimulation. 

FIG. 2. Effect of quinidine on rate, contractile 

TABLE 11. Effects of 1,lO-P, Quinidine and Atro- 
pine on Atrial Maximal Following Rate. 

Maximal following rate 
Aftcr Low 
drug potassium 

Drug Initial addition + drug 

1,lO-P lo-' M (6)  355 175 300 
Quinidine 2 X ~ O " M  400 96 145 

Atropine M (2) 390 - 390 
(4) 

Number in  parentheses indicates number of ex- 
periments performed. 

tion to which the atria can respond with cor- 
responding contractile activity. Higher stimu- 
latory rate would not elicit a one-to-one con- 
tractile response to the stimulation. The effect 
of 1,lO-P on maximal following rate was com- 
pared to that of quinidine. A single stimula- 
tion strength of 8 volts and duration of 0.75 
msec were used in all the experiments. I t  is 
evident from Table I1 that both 1,lO-P and 
quinidine reduce the maximal following rate 
of rabbit atria, quinidine being the more ef- 
fective. Fig. 2 and 3 also show that the maxi- 
mal effects of 1,lO-P and quinidine were 
reached after a long period of incubation 
(about 90 minutes). The effects persisted 
after quinidine or 1,lO-P had been washed 
out. 

The ability of low-potassium medium to 
counteract the action of quinidine is well 
known (6 ) .  Lowering the concentration of 
potassium in the medium to one-fourth the 
original concentration reduced the effect of 
quinidine and 1,lO-P on the maximal fol- 
lowing rate of the atria (Table 11). The 
antagonism by low potassium of the reduc- 
tion of maximal following rate by 1,lO-P is 
more distinct. When 1,lO-P and low potas- 
sium, or quinidine and low potassium, were 
replaced with normal medium, the maximal 
following rate decreased showing again the 

force and maximal following rate of normal rab- 
bit  atria. Ordinate: upper number, maximal fol- 
lowing rate per min; lower number, intrinsic rate 
per min, lower number of 100 also represents 2 g 
for the contractile force. W indicates washing. 

FIG. 3. Effect of 1,lO-Phenanthroline on rate, 
contractile force and maximal following rate of 
normal rabbit atria. Ordinate : upper number, 
maximal following rate per min; lower number, in- 
trinsic rate per min, lower number of 100 also rep- 
resents 1 g for the contractile force. 
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hooked to a Statham strain gauge. Contrac- 
tions of the atria were recorded on an Offner 
Dynograph through a strain gauge coupler. 
The unipolar electric potential was recorded 
simultaneously on the Dynograph through an 
A-C coupler. The atria were suspended in an 
oxygenated medium at  31°C containing 153 
mM NaCl, 5.36 mM KCl, 1.86 mM CaC12, 
5.95 mM NaHC03, and 11.1 mM glucose and 
oxygenated with 100% oxygen. 

Induction of atrial fibrillation. Fibrillation 
was induced by the method of Holland and 
Burn ( 2  ) . The atrial preparation was equili- 
brated in normal medium for one hour. Two 
washes with a medium containing 1.34 mM 
KCl (one-fourth of normal) and 0.23 mM 
CaClz (one eighth of normal) were then em- 
ployed and a further 1 5-minute equilibration 
period allowed. Acetylcholine was added to 
the medium to the final concentration of 2.2 
mM. Fibrillation was initiated by square 
wave pulses of 0.75 msec and 8-10 V strength 
at  a frequency of 1200 per minute for a pe- 
riod of 2-3 minutes. The first fibrillation 
thus produced was allowed to continue for a 

. period of 20 minutes and then terminated by 
several washes of normal solution. A con- 
sistently high rate of electrical activity dur- 
ing the 20 minutes indicated that long pe- 
riods of fibrillation can be induced. After a 
one-hour equilibration period, a second fibril- 
lation was induced in the same manner and 
allowed to continue for a 5-10 minute period. 
If the rate of electrical activity of the atria 
remained high during this period, the drug 
was then added. The activity of the atria 
was observed to a period of one hour after 
addition of the drug. The method required 
use of a very high concentration of acetyl- 
choline; however, an additional series of ex- 
periments with gradual reduction in concen- 
tration of acetylcholine to 0.005 mM led to 
successful induction of fibrillation. Intracel- 
lular membrane potential of the rat atrium 
was studied by the method previously de- 
scribed (3 ) . 

Results. Atria2 fibrillation. Consistently 
high rates of electrical activity can be induced 
and maintained in 9 out of 10 preparations 
at  both the high and low concentrations of 
acetylcholine employed. This is illustrated in 

TABLE I. Effects of 1,lO-P and Quinidine on 
Induced Atrial Fibrillation. 

Time t o  stop fibrillation 
(min) 

Drug Concentration Avg Range 

1,1o-P 2 x 10" M (3) 16.0 7-24 
10-'M (3) 7.3 2-14 9 9  

9 )  1 0 - 4 ~  (3 )"  11.0 7-16 
Quinidine 4 X M (2) one in 34 min ; 

one did not stop 
after 45 min 

" 2 X w 4 M  (4) 12.9 10.5-15.5 
" 2 x M (4)" 8.3 1.5-21 

* Fibrillation induced in lower concentration 
(5 X 10" M)  of acetylcholine. Number in paren- 
theses indicates number of experiments pcrf ormed. 

Fig. la where the first fibrillation was al- 
lowed to continue for 20 minutes, the second 
for 60 minutes. There were always differ- 
ences between the atrial rates of the first and 
the second fibrillations. Distinct fluctuation 
of the rate also occurred during each fibrilla- 
tion period. Maintenance of high frequency 
without a steady decrease in rate was usually 
used as the criterion for successful induction. 
The induced fibrillation was observed for 90 
minutes and was terminated by washing. 

Following addition of quinidine 2 X 1 P  
M (Fig. lb ) ,  there was a period of gradual 
decrease in frequency, followed by a sudden 
change to a very slow rhythm or standstill. 
The effect of 1,lO-P was similar to that of 
quinidine (Fig. Id).  There was an initial 
gradual decrease followed by a sharp drop in 
rate. This was in contrast to the action of 
atropine (Fig. le) ,  which, a t  a concentration 
of M, produced an immediate reversion 
to a slow regular rhythm of 70 per minute. 

The results of experiments using different 
concentrations of 1,lO-P and quinidine are 
summarized in Table I. 1,lO-P at  1 W  M and 
quinidine at  2 X lo4 M were both effective 
in stopping the fibrillation. At lower concen- 
tration ( 2  x lo4 M )  , 1,lO-P was effective in 
stopping fibrillation while quinidine at  4 X 
lod6 M, was not as effective. 

Normal atria. The maximal following rate 
of the rabbit atria was employed by Dawes 
(4) and Vaughan Williams and Szekeres(5) 
to test the antifibrillatory activities of vari- 
ous drugs. The maximal following rate is de- 
fined as the highest rate of electrical stimula- 
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TABLE 111. Effects of 1,1O-P, Quinidine and Atropine on Autonomous Atrial Rate. 

(-After drug addition-, 
Drug Ini  t id 30 min % change 60 min % change 

IJO-P 10-4 M 100.4/min 92.0/min - 8.6 89.5/min -11.1 
Quinidine 2 X lod  M 8 6.4/min 60.5/min -29.5 51.6/min 4 1 . 3  
Atropine 10“ M 93.O/min 90.0/min - 3.2 9O.O/min - 3.2 

TABLE IV. Effects of Quinidine and 1,lO-Phenanthroline on the Electrical and Mechanical 
Activity of Isolated Rat Atria. 

7- % chang, 
Quinidine 1,lO-Phenanthroline 

(1.6 x lo6  M) (1.6 x 10” M) 

Parameter 0-30’ 30-60’ 0-30’ 30-60’ 

Resting potential (mv) 
Action potential magnitude (mv) 
Depolarization rate (v/sec) 
Repolarization ” (v/see) 
Conduction rate (cm/sec) 
Developed tension magnitude (mg) 
No. of penetrations 
” ” atria 

+ .5 
- .2 
-46.2 
-21.4 
-27.9 + 7.0 
100 
4 

+ .2 
- 1.8 
-63.0 
-30.3 
-39.3 
- 8.7 
105 

4 

+ 2.2 
- 4.2 
-51.1 
-21.7 
--21.3 
-10.0 

80 
3 

+ 2.5 
- 7.0 
-7 0 -4 
-29.4 
-27.2 
-13.1 

75 
3 

persistent effect of 1,lO-P and quinidine after 
the drug is removed (Fig. 2 and 3).  

The effects of 1,lO-P and quinidine on the 
rate and force of contraction of rabbit atria 
were also compared. As M quinidine 
readily produced atrial arrest, concentrations 
of 4 X loF5 M of quinidine were employed. 
Quinidine at 4 x M greatly reduced 
the atrial rate, while 1,lO-P at  a higher con- 
centration of M produced only a rela- 
tively small reduction in atrial rate (Table 
111). Quinidine a t  4 X M did not 
reduce the contractility of the atria. No ap- 
preciable effect on the force of contraction 
was produced by 1,lO-P at  2 X M. A 
distinct reduction of contractile force was 
effected by 1,lO-P at  M. 

As shown in Table IV, 1,lO-P and quini- 
dine produced very similar effects on the 
action potential of the rat atria. Both rate 
of depolarization and rate of repolarization 
were reduced. 

Discussion. Quantitative estimation of 
the effect of an antifibrillatory drug was 
measured indirectly by its effect on the maxi- 
mal following rate, conduction velocity, flut- 
ter and fibrillation during high frequency 
stimulation(5). It is important that such a 
drug should also be tested on fibrillation in- 
duced directly in experimental animals both 

in vivo and in vitro. The successful induc- 
tion of atrial fibrillation in heart-lung prepa- 
rations( 7 )  and in atrial preparations(2) re- 
quires the presence of acetylcholine. I n  the 
latter preparation, a high concentration of 
2.2 mM was employed. We have found that 
the concentration of acetylcholine can be re- 
duced from 2.2 mM to O.OQ5 mM. In the use 
of such a preparation to study the antifibril- 
latory effect of an unknown compound, even 
when a low concentration of acetylcholine is 
employed, it is necessary to test the anti- 
cholinergic activity of the compound. We 
have found that 1,lO-P at  M does not 
block the effect of acetylcholine on atria ( 1). 
The effectiveness of 1,lO-P in stopping in- 
duced atrial fibrillation thus cannot be re- 
ferred to its anticholinergic activity. 

The possibility of spontaneous reversion of 
an induced fibrillation to a slower rate adds 
to the uncertainty in direct testing of the 
antifibrillatory efficacy of a drug. Every pre- 
caution should be taken to prevent spon- 
taneous reversion to normal rate. In the 
present series of experiments in comparing 
antifibrillatory activities of quinidine and 
1 ,lO-P, the conditions for inducing fibrilla- 
tion were standardized and a control period 
of successfully induced and maintained fibril- 
lation was always employed before a second 
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induced fibrillatory period and addition of finding usable drugs which are antifibrillatory 
the drug. 

The mechanism of the antifibrillatory ac- 
tion of quinidine has been extensively studied. 
One of the most consistent findings is the 
lengthening of the effective refractory period 
by therapeutic concentrations of quinidine. 
Intracellular membrane potential studies have 
shown that quinidine lengthened both the de- 
polarization period (8) and the repolarization 
period (9). The lengthening of depolarization 
and repolarization periods of the rat atrial 
action potential by quinidine was also illus- 
trated in our experiments. The depressant 
effect of quinidine on Na influx( 10) and on 
K efflux( 11) can be related to its effect on 
the lengthening of depolarization and repolar- 
ization of the action potential. Thus, the 
change of membrane permeability to K and 
Na ions by quinidine can be the basis of its 
effect in lengthening the effective refractory 
period. The effect of quinidine on rabbit 
atria, however, may be 2-fold. I t  has a dis- 
tinct effect on the effective refractory period, 
thus slowing the conduction rate. Any rapid 
firing of a focus cannot be followed. I t  must 
also have an effect on the S-A node, producing 
a decrease in atrial rate and eventual atrial 
arrest a t  higher concentrations. 

The chelator 1 ,lo-P shows similar antifib- 
rillatory activity to that of quinidine. I t  
further shares many properties with quini- 
dine, such as reduction of maximal following 
rate and reversal of the reduction of the maxi- 
mal following rate by low potassium. At 
identical concentrations, 1 ,lo-P lengthens the 
depolarization and repolarization periods of 
the atrial action potential to the same extent 
as that of quinidine. Unlike quinidine, 1,lO-P 
has distinctly less effect on the intrinsic sinus 
rate of the isolated rabbit atria, This raises 
the possibility that the antifibrillatory effect 
of quinidine may be dissociated from its un- 
desirable cardiac chronotropic inhibitory ef- 
fects. The effectiveness of 1,lO-P as an anti- 
fibrillatory agent indicates the possibility of 

but do not greatly influence the intrinsic sinus 
cardiac rhythm. 

Summary. 1. A method of inducing fibril- 
lation in isolated rabbit atria was explored. 
Atrial fibrillation can be readily produced 
and maintained under the conditions de- 
scribed by Holland and Burn ( 2 ) .  The method 
is improved here by the use of much lower 
concentration of acetylcholine. 2. 1,lO-Phe- 
nanthroline is as effective as quinidine in 
stopping induced fibrillation in isolated rab- 
bit atria. 3. 1,l O-Phenanthroline, like quini- 
dine, reduces the maximal following rate of 
isolated rabbit atria, but to a lesser extent. 
4. The lowering of maximal following rate 
by 1,lGPhenanthroline and quinidine can be 
lessened by reduction of potassium in the 
medium. 5 .  At comparable concentrations, 
1 ,lo-Phenanthroline does not affect the intrin- 
sic sinus rate of isolated rabbit atria, while 
quinidine reduces the intrinsic rate markedly. 
6. 1,l O-Phenanthroline, like quinidine, pro- 
duces distinct reduction of the rate of de- 
polarization and repolarization of the action 
potential of the rat atria. 
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