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Eight synthetic local anaesthetics from among (he Propiophenones, Benzil and
Phenoxy derivatives and derivatives of Benzyl alcohol wen' examined for their arrhvth-
mia combating activity. Against acetylcholine induced auricular fibrillation U·0045
showed maximum activity and U -0172, U·OI77, U-OS75 and Lignocaine were more active
than quinidine. In aconitine induced fibrillation li.OI77, P-267 and 0-0575 established
'end point' in doses ranging from 2.3 to 4.7 mgjkg. In auricular flutter all the drugs
under test showed an activity greater than quinidine. In hydrocarbon-adrenaline in-
duced ventricular arrhythmia only U-0045, U-0069 and U·0575 afforded protection.
Suppression of ventricular ectopic activity in the "coronary dog" was exhibited by almost

. all the compounds, although the suppressor effect was short-lived. The experiments
carried out indicate that all the drugs increased the refractory period, though this does
not run parallel to their antiarrhythmic activity.
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Burstein (1946) reported the quinidine like arrhythmia combating acti-
vity of procaine hydrochloride. Two compounds resembling procaine were
latter reported to exhibit antia~rhythmic activity from thi laboratory b
Arora, Sharma and Madan (1956a,b). It was hence thought worthwhile to
carry out the present study including a number of compounds from various
groups of local anaesthetics. Certain propiophenenes, benzil and phenoxy
derivatives and derivatives of benzyl alcohol were thus explored for their anti-
arrhythmic properties by employing various techniques. The present report
is the result of such an investigation. Quinidine has been used as a standard
drug for comparision.

Exp. Biet.

METHODS

Uttabo/ism, The following drugs were studied-

(i) Propiophenone, 3.dimethylamino-2-pheno y hydrochloride( -0172),

(ii) Benzylalcohol, a (2-dim~thyl amino-Ivphenoxyethyl ) hydrochloride
(U.OI77).

(iii) Bis-(B-0-methoxyphenyI1~opyl)-amine lactate (U-0045).
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(iv)

(V)

Di-(B-O-methoxyphenyl isopropyl) -amine lactate (U-0069).

Ethanol, 2- bis (2-methoxy-:{ -methyl phcnethyl) amino hydro-

chloride (U-0575).
4n-butoxy B-( I-piperidyl). Propiophene hydrochloride (P-267).

B_diethylaminoethyl-p-n.hexyloxy-benzilate hydrochloride (P-169).

0( .diethylamino-2,6-acetoxylidide hydrochloride (lignocaine).

(vi)

(vii)

(viii)

All the compounds were white, crystalline and odourlf:ss powders, soluble
in distilled water. One percent 'stock' solutions were prepared in distilled
water and stored in a refrigerator. For the sake of brevity and convenience
the compounds will be referred to by code names.

Acetylcholine-induced auricular fibrillation .- The technique described by
Schallek (1952), a modification of the method of Scherf and Chick (1951) was
followed in all essential details. Auricular fibrillation was produced by topi-
cal application of 5 per cent acetylcholine bromide on the sinus node.

Aconitine-induced auricular fibrillation .-It was produced by topical applica-
tion of 0.05 per cent aconitine nitrate solution on the atrium after the method
of Scherf (1947). The intravenous administration of the drug was continued
until the 'end point' i.e., the establishmel1t of 1 : 1 rhythm with the heart

rate below 200 beats per min was reached.

Auricular flutter .-Auricular flutter was initiated by the injury-stimulation
procedure described by Rosenblueth and Garcia Ramos (194 7a, 1947b,
1947c). The drugs were injected after the flutter had continued for at least
30 min. Sponotaneous reversions of arrhythmia of such duration were
rare. The drugs were administered according to the titration procedure,
employed by Winbury and Hemmer (1955), that was 1 mg/kg of the drug
was injected intravenously every minute until reversion to normal sinus
rhythm occured in flutter or 'end point' was reached in fibrillation. In addi-
tion to the bipolar conventional lead l I, electrograms were recorded directly
from the atrium by a 3-channel Grass Inkwriting Oscillograph.

Hydrocarbon.adrenaline induced ventricular arrhythmias.- The method described
by Riker and Wescoe (1951) was followed. Petroleum ether was adminis-
tered intratracheally in a dose of 0.1 ml/kg' followed in turn after 15 secs by
60 fLg./kg of adrenaline intravenously. Ventricular arrhythmias of all types
ranging from multifocal ectopic beats to ventricular fibrillation invariably
resulted. The drugs under test were injected intravenously 2 mins before. the

administration of petroleum ether.
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(P-267).

de (P-169).

:aine).

Ventricular arrhythmia follotcing coronary occlusion.- The anterior descending
branch of the left coronary artery was ligated in two stages, as described by
Harris and Kokernot (1950). The test compounds were given after 20 to 24
hrs of the operative procedure. The mode of administration was intraven-
ous in a ell diluted state over a period of 5 minutes. The dose was repeated
after 30 minutes, whenever required.

vders, soluble
I in distilled

convenience

Isolated rabbit auricles.- The method as developed by Dawes (1946) was
followed. After the auricles had been immersed in the bath for 30 minutes,
they were stimulated (voltage 15, duration 2 msec) each time for 15 secs by
break shocks of increasing frequency until a point reached when they would
no longer respond to any stimulus applied. This was recorded as the maxi-
mal response rate which was considered to be reciprocal of the refractory
period. The drug under test was then added to the bath in the desired con-
centration. After 10 minutes the maximal response rate was redetermined
and reduction in maximum frequency noted.
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Electrocardiogram of cat.-Cats of both sexes weighing between 25 and
4 kg were 'lnaesthetised with allobarbitone-urethane solution 0.6 ml/mg intra-
peritoneally (it is an aquous solution containing 0.1 g allobarbitone, 0.4 g
urethane and 04 g monoethyl-urea per ml). The electrocardiogram was
recorded by the Grass Inkwriting Oscillograph employing conventional bipolar
lead n. The paper was run fast (60 mm/sec) during the experiment so as to
permit the measurement of different complexes with accuracy. The drug
under test was injected intravenously and electrocardiogram was taken for
the first 2 mins and then at 5 mins. Changes in refractory period and con-
duction time were measured from Q-T and P-Q intervals respectively.

rpical applica-
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RESULTS
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Acetylcholine induced auricular fibrillation .-On the application of the pledget
the first effect observed was cardiac slowing, and pinching of the auricle was
immediately followed by auricular fibrillation. In the present series the
con troIs ranged between 12 and 18 mins.

U-0045 was found to be very effective, and resulted in a cessation of
fibrillation immediately (within a min) in a dose of 1 mg/kg. U.0172,
U-Oln and lignocaine were also found superior to quinidine. The results
are summarised in Table I, and Fig. I illustrates the effect of the drug
P-267.



I
Dose in

-1-
Avg reduction in duration of

Dogs Drugs mg/kg I fibrillation

Acetylcholine-induced auricular fibrillation

4 U-OI72 2.5 96.5 ± 1.5*

4 U-OI77 2.5 90.7 ±3.6

4 U-0045 1.0 74.2 ±7.0

4 U-0069 1.0 29.5 ±4.14

-4- U-0575 2.5 91.0 ±1.7

4 P-·267 2.5 93.0 ±3.4

4- P-169 2.5 78·5 ±2.6

4 Lignocaine 2.5 90.0 ±4.04

4 Quinidine 2.5 52.0 ±1.63

Aconitine-induced auricular fibrillation
4- U-OI72 18.0 **End point not established.

4 Lignocaine 20.0 End point not established.
4 U-OI77 4.7 ±0.8* End point established.
4- U-0045 5.75± 1.48

" " "
4- U-0069 6.33±1.16 " " "
4 U-0575 3.5 ±1.2 " " ,.
4- P-267 4.0 ±0.8 " so "
4 P-169 6.0 ±1.1 " " "
4 Quinidine 16.0 ±2.65 " " "

Injury cum stimulation-induced auricular flutter

3 U-OI72 10.0±1.63* ***Reversion

3 U-OI77 1.7±0.2
"

3 U-0045 3.0±1.22
"

3 U-0069 6.3±1.16
"

3 U-0575 1.3±0.3 "
3 P-267 3.3±O.9

"
3 P-169 3.8±1.7

"3 Lignocaine 1.3±O.07 "
3 Quinidine 21.0±2.16

"
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TABLE I

Effect of drugs on experimentally induced auricular arrhythmias

• Standard deviation. •• End point means restoration of 1:[ rhythm with a heart ;:;c
below 200/min. • •• Reversion means restoraton to normal sinus rhythm.
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Fig. I. A. Normal electrocardiographic record. B. Termination of arrhythmia 30 secs

after the intravenous injection P-267 marked by the arrow-head. C. Normal
sinus rhythm after drug.

Aconitine-induced auricular fibrillation.- Following the application of a
pledget soaked in aconitine (0'05 per cent) the auricular rate increased within
15 to 30 secs and worked up into fibrillation.

All the drugs were successful in establishing an end point (I: I rhythm
with the heart rate below 200 beats per min) except U-OI72 and lignocaine.
Results are shown in Table I and the effect of V 0575 is illustrated in
Figure 2.

Auricularflutter.-On administration of the drugs (after 35 mins of the
establishment of flutter) the initial effect was a reduction in the auricular rate
and with additional doses abrupt reversion to sinus rhythm followed. The
ventricular rate did not follow any set pattern. However, the decrease in the
auricular rate was associated usually with an increase in the ventricular rate.
V·OIn, U-0575 and lignocaine were very potent in correcting the experi-
mental flutter, as they caused reversion to normal sinus rhythm in a dose less
than 2 mg/kg. Quinidine had to be administered in a dose of 21.0 mg/kg to
bring about reversion. The data are summarised in Table I and the effect of
v-oln in auricular flutter is shown in Figure 3.

a heart rate
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. -

Fig. 2. Effect of U-0575 on aconitine-induced auricular fibriJIation. Control, Upper elec-
trocardiogram from lead 11. Lower, direct auricular electrogram. Fibrillation,

after application of 0.05 % aconitine. 1 min aftet drug, I: 1 rhythm. 2 min after

drug, 'End point' is established.

Hydrocarbon-adrenaline induced ventricular arrhythmias.- When intratracheal
administration of petroleum ether was followed by an intravenous injection
of adrenaline, the heart started beating with a chaotic irregularity lasting
for 2 to 4 mins. This was followed by spontaneous recovery.
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Fig. 3. Effect of U-OI77 on auricular flutter (injury-stimulation ~r;:ocedure). Contor
Upper electrocardi gram Ie- ad If. Lower, direct auricular electrogram. Flutter
shows 2: I auriculo-ventr.cular rhythm. Arrow-head indicates' abrupt reversion of
flutter to normal sinus 'rhythm after I mg/kg of U-O 177 injected -intravenously ,

U-0045 and U·0059 in 2.5 mg/kg doses and quinidine in'.5 mg/kg doses
afforded complete protection in all the three experimen'ts";carried out with
each drug. U·0575 afforded' protection in 2, out of 3 experiments in 5 mg/kg
doses. The rest of the drugs studied did not prevent onset' of ventricular
arrhythmias. The results are summarised in Table H. I ,

.. ,
L •

Ventricular arrhythmia folloiaing coronary ligaiion. - T.be results indicate that
at lower heart rates the co~npo~mds wer-e effeotive in suppressing the ectopic
rhythm than at higher rates while analysing the degree of antiarrhythmic
activity, the total dose, (administered at 30 min intervals) the'per cent reduc-
tion in ectopic activity, the duration of reversion and side effects if 'any were
taken into account and tabulated according to the semiquantitative scheme
of Clark and Cummings (1956). According to this U-0069, P·267, P-169,
ligno aine and quinidine exhibited a 75 to 100 per cent reduction in ventri-
cular ectopic activity, the rest of the drugs showed a graded activity as'is
evident from Table 11. The effect of P-267 and P-169 is illustrated in
Figure 4.
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TABLE 11

Effect of drugs Oil experimentally induced ventricular arrrhythmias

I Dose inAnimals Drugs mg/kg
Results

I

Hydrocarbon-adrenaline induced ven tricular arrhythmias

3 -0172 5.0
3 U-OI77 10.0
3 U-0045 2.5 + in 3 out of 3
3 U-0069 2.5 + in 3 out of 3
3 U-0575 5.0 + in 3 out of 3
3 P-267 5.0
3 P-169 5.0
3 Lignocaine 5.0
3 Quinidine 5.0 + in 3 out of 3

Ventricular arrhythmia following cononary ligation
Do e mg/kg

30 min Side effects
intervals

U--OI72 10+10+ 10- + None
U-OI77 10+10 + None
U-0045 5 ++ I Later on vent. tachycardiaT

U-0069 5+5+5 ++ +
, oneT

U-0575 5.0 ++ one
P-267 2.5 +++ + one
P-169 2+2+2 ++++ None
Lignocaine 5+5 ++++ None
Quinidine 5+10+5 ++++ Vomiting

+ Complete prevention against ventricular arrhythmia _ - Incomplete or no preven-
tion. * Semiquantitative scheme of Clark and Cummings (1956). + + + + 75 to 100v.,
reversion to sinus rhythm and decrease in total rate. + + + 25 to 50% reversion to sinus

rhythm and decrease in total rate. + + 10 to 25% reversion to sinus rhythm and decrease
in total rate. + No reversion but decrease in total rate.
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Fig. 4. Effect of P-267 and P-lfi9 in a dose cf 2 mg/kg 1. V. every half hourly on
ventricular ectopic tachycardia following two stage coronary ligation. Ordinate,-o-
Total rate. Ordinate,-o-Number of ectopic beats. Abscissa, Time of injection.

Isolated rabbit auricles.-Exper iments on the isolated rabbit auricles indi-
cated that all the drugs tested increased the refractory period of the myocar-
dium. U-0172 and lignocaine exhibited an activity greater than quinidine.
U-Oln, U-0045 and P-267 had about the same activity as quinidine. The
rest of them had a weaker activity. Results are summarised in Table Ill.

Electrocardiogram of cats. U-0172 and P-169 were found to be 5 to 10
times more potent than quinidine in increasing the refractory period as mea-
sured by Q-T intervals from the electrocardiogram of cats; simultaneously
they caused a lesser increase in the P-Q interval. U-0575 in I mg/kg doses
increased P-Q interval as much as by 50 per cent without enhancing the
refractory period.

TABLE III
Effec! of drugs on refractory period of isolated rabbit auricles

No. of Drugs Cone. in glml Avg. 0/0 reduction in maximum
Expts. frequency

4 U-OI72 2.5xIO-6 41.76 2.88*
4 U-OI77 2.5 X 10 -6 37.43 6.12
4 U-0045 2.5x 10 -6 33.25 2.3Gng
4 U-0069 2.5x 10 -6 24.16 4.17
4 U-0575 2.5x 10 -6 26.33 487

e or no preven-
P-267 2.5 X la -6 37.80-+- 75 to 100<10 4 4.08

-ersion to sinus 4 P-169 2.5x la -6 27.50 4.14
nand decrease 4 Lignocaine 2.5x10 -6 42.43 6.04

4 Quinidine 2.5 X la -6 33.66 3.66

• Standard Deviation.



56 QUINIDINE LIKE ACTIVITY

U-OI77, U-0069, P-267 and U 0045 produced greater increase in the P-Q
interval and the effect on refractory period was less marked as compared to
quinidine. Table IV summarises the findings obtained.

TABLE IV

Effect oJ drugs on electrocardiogram oJ cats.

No. of I Drugs
Dose Ag. 0;.. increase in Avg. % increase in

Expts. 1
mg/kg P-Q interval Q- T interval

3 U-Oln 20 10.0 1 \* 1723 2()7*

3 U-OI77 2.0 16.6 3.2 12.5 2.25

3 U-0045 1.0 18.0 3.04 17.66 2.15

3 U-0069 1.0 20.0 2.05 18.56 1 32

3 U-0575 1.0 50.0 5.7 0

3 P-267 2.0 16.6 2.87 12.5 222

3 P-169 '2.0 ·16.6 3.18 333 228

3· Lignocaine 1.0 0 7.53 1.79

3 Quinidine 100 480 1.6 21 0 0.81

• Standard Deviation.

DISCUSSION

Means of determining the antifibrillatory property of drugs are legion,
but there are not many methods on which commensurate work has been done
to adJudg~ their credibility. It is an indubitable fact that the basis of all the
techniques is empirical. It is a matter of conjecture whether these are likely
to pick up the right therapeutic compound: There are only two alternatives:
(i) to see if the drug under test is better than a known drug like quinidine in
preventing or arresting experimentally induced cardiac arrhythmias, (ii) to
measure the change produced by the drug in some property of the heart
muscle, which, on theoretical grounds, is thought to be of clinical importance.
This however, affords information which is less scientific than the former.
There is always a danger in relying on results obtained solely by bioassay on
isolated tissues. Hence, in the present study, methods embracing both the
principles were employed although stress was la~d on in vivo tests.

In acetyl~holine-induced auricular fibrillation, all the compounds except
U-0069 were found to b~ superior to quinidine: Particularly U-Oln, U-OI77,
U-O.')75, P-267 and lignocaine had a remarkable ability of reducing the dura-
tion of fibrillation. But it is known this method alone for screening drugs
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222
228
1.79
0.81

does not yield tangible information regarding the potentiality for clinical use-
fulness. Therefore, a greater reliance has to be preferably placed on aconi-
tine-induced auricular fibriJiation and auricular flutter which give conclusive
results.

In aconitine-induced auricular fibrillation all the drugs except u-oln
and lignocaine were successful in establishing the 'end point' and exhibited an
activity greater than quinidine. Similarly in crush stimulation induced auri-
cular flutter all the agents studied were more potent than quinidine, parti-
cularly the three drugs, U-OIn, U-0575 and lignocaine, which caused a
reversion in a dose of 1.7, 1.3 and 1.3 mgJkg respectively.

; increase in
r interval

2.07*
2.25
2.15
1 32

In hydrocarbon adrenaline induced ventricular arrhythmias U-0045,
U-0069 and U-0575 offered complete protection. U-0045, U-0069 were thrice
as potent and U-0575 equally potent to quinidine.

The results obtained oh ventricular arrhythmias induced by two-stage
ligation of the coronary artery indicate that lignocaine was more potent than
quinidine in suppressing the ectopic activity. P-169 and P-267 were also
found to be powerful suppressors, but the action was so short lived that they :
do not promise therapeutic efficacy. U-0045 and U -0069 showed an effect in
a dose which was too near the toxic dose.

are legion,
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f the heart
importance.
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In the present studies, refractory period has been measured in two ways.
(i) 'by determining the reduction maximum frequency in isolated rabbit auri-
cles and (ii) by determining the change brought about by the drugs in Q-T
intervals as measured from the electrocardiograms of cats. It is obvious from
the data that there is no parallelism between the results obtained by employ-
ing the two methods. As a matter of fact close similarity in observations is
not expected from methods widely. differing in type. The results also show
that there is no relationship whatsoever between the potency of an antiarrhy-
thmic drug and in the ability to effect a change in refractory period. U-0575
has been found to be a potent antiarrhythmic drug but did not produce any
change in Q- T interval. All the other drugs increased the refractory period
as observed by both methods. None showed decrease in refractory period.
Thus it is very clear that no quantitative relationship exists between !he
arrhythmia combating property of a compound and its ability to lengthen the
refractory period. But if it is assumed that prolongation of refractory period
is only one of the ways in which perhaps drugs act, then this discrepency is
understandable.

iunds except
172, U-OI77,
ng the dura-
ening drugs Very little is known about the relationship of chemical' structure to anti-

fibrillatory effect. It is difficult to select a single minimal chemical structur



QUINIDINE-LIKE ACTIVITY

responsible for antifibrillatory action. On the one end of the scale potassium
or magnessium alone can under appropriate circumstances, stop fibrillation
and on the other are the cinchona alkaloids. U-0045, U-0069 and U-0575
are constitutionally the same, except that in U-0575, is branching, having an
ethoxy group which is responsible for enhanced activity. P-169 is less potent
than P-267 as there is n-amyloxy group at paraposition. U-OI77 is more
potent than P-267, because the presence of phenoxy group at C2 position in-
creases activity. The difference in activity of U-Oln and U-OI77 can be
explained by the fact that the former is a propiophenone and the latter a
benzyl alcohol derivative. Lignocaine is closely related to procainamide but
it is much more active. A free amino group in para position, therefore, seems
harmful for activity. The methyl groups present in positions 2 and 6 may also
be responsible for certain facets of arrhythmia combating property. A genera-
lisation which can be drawn from this study is that the alkoxy group present
at para position exhibits greater activity than when if is present at the ortho
or meta positions e.g U-0045, U-0069 and U-0575 which is corrobar batedy
the findings of others (Weaver and Abrue, 1954).

The author wishes to express his thanks to Dr. F.S.K. Barar for his help in the pre
paration of the manuscript.
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