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Utilization of Chick Embryonic Electrocardiograms to Detect
the Pro-arrhythmic Actions by Antiarrhythmic Drugs
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Abstract

We have studied the pharmacological and toxicological effects of cardiovas-
cular drugs on chick embryos using electrocardiograms in order 1o develop
alternatives (o the use of mammals. Recently, proarrhythmic actions induced
by antiarrhythmic drugs havc been widely studied. In this study, we investigat-
ed the pharmacological cffects of antiarrhythmic drugs, Ia (procainamide),
Ib(lidocaine), Ic(flecainide), II(propranolol) and IV(verapamil) types, as clas-
sificd by Vaughan Williams. When a single injection of drugs was performed
into the air sac of fertile eggs of White Leghorns on the 16th day of incuba-
tion, all drugs decreased HR in a dosc-dependent manner. Also, when higher
dosages of drugs werc injected, these drugs induced various kinds of arrhyth-
mias, i.e.. S-A or A-V blocks, as shown in mammals. The intervals of PQ,
QRS and QT waves varied depending on the drugs used. However, the ECG
waves cxhibited the same changes seen in mammals with a few exceptions.
Our ECG recording system using chick embryos may be applicable for screen-
ing tests for proarrhythmic actions of antiarrhythmic drugs.

Keywords: Chick embryo, alternative animal, antiarrhythmic drug, electrocardiogram,
proarriythmic action

Introduction

We have evaluated the pharmacological and
toxicological cffects of cardiovascular drugs
on chick embryos using physiological tech-
niques including electrocardiograms and
echocardiograms in order to develop alterna-

tive methods to the use of experimental ani-
mals(Sugiyama et al., 1996, Miyazaki. et al.,
1994, Yoshiyama et al., 1997, Saito et al.,
1993)

Previously, we reported that tachycardia in
chick embryos induced by isoprenaline is
completely inhibited by the f-adrenergic
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receptor blocking agent propranolol (Sugi-
yama ct al., 1997). At that time, we did not
cxamine proarrhythmic actions induced by
antiarrhythmic drugs. Recently, since the
reports of The Cardiac Arrhythmia Suppre-
sion Trial (CAST). proarrhythmic actions
induced by antiarrthythmic drugs have been
widely studied (CAST Investigators. 1989,
CAST II Investigators. 1992).

The pharmacological effects of antiarrhyth-
mic drugs show a different attitude among
human, dog and rat. However, it was unknown
whether  proarrhythmic  actions could be
induced by injection of antiarrhythmic drugs
into chick embryos or whether the arrhythmias
of chick embryos arc similar to those in mam-
mals.

In this study, we analyzed the ECG
waves in chick embryos induced by type I
antiarrhythmic drugs, la (procainamide), Ib
(lidocaine), Ic(flecainide), type II(propranolol)
and type [V(verapamil) as classified by Vaugh-
an Williams, and we attempled to predict the
proarrhythmic actions by comparing changes
between the ECG in the chick embryos and
those in rats and in man.

Materials and Methods

Eggs and incubation

White Leghorn fertile eggs were incubated
at 37.5°C at a relative humidity of about 65.5%
and were turned automatically every hour (P-1
type. Showa Incubator Laboratory). Eggs were
used on the 16th day of incubation for this
experiment.

Antiarrhythmic drugs used

Procainamide hydrochloride (Daiichi Phar-
maccutical Co., Ltd., Tokyo), lidocaine hydro-
chloride (Fujisawa Pharmaccutical Co.. 1.ud.,
Osaka). flecainide acetate(Eisai Co., Ltd.,
Tokyo), propranolol(Sumitomo Pharmaccuti-
cal Co.. Ltd., Osaka), and verapamil hydro-
chloride (Eisai Co.Ltd.,, Tokyo) were pur-
chased from commercial sources and were

diluted in sterilized physiological saline to the
desired concentrations in 0.2 mL of solution.

Injection of drugs and ECG recording
in chick embryos

Anesthetic injection of urethane ((45 mg /
egg) + & -chloralose (4.5mglegg)) was per-
formed into the air sac of eggs 1o record the
stable ECG waves in 16-day-old embryos
which could be clearly analyzed RR, PQ. QRS
and QT intervals. Drugs were injected into the
air sac of eggs in a volume of 0.2 mL 20 min
after injection of the anesthetic. As described
in the previous paper (Sugiyama et al., 1996),
specially designed needle electrodes were
inserted into two small holes at the equator
and one at South Pole. Two needles on the
cquator were used as the bipolar lead for the
embryonic heart and one needle at the South
Pole was used as a ground lead. Three needles
were connected to an ECG recording system
(Nihon Koden AVB-21, Tokyo, Japan) and the
ECG waves were recorded up to 60 min for 15
sec every 2-10 min. The recorder paper speed
was 25 mm/s or 100 mm/s. The intervals of
RR, PQ, QRS and QT waves were measured
using calipers.

Statistical analysis: Values are expressed as
mean + S.EM. Student’s paircd (-lest was
used for statistical cvaluation, and P values
smaller than 0.05 were considered to be signif-
icant.

Results

Incidence of arrhythmia in the chick
embryos induced by drugs

All five antiarrhythmic drugs used in this
experiment induced arrhythmias in the chick
embryos in dose- and time-dependent manners
(Table 1).

In the cmbryos trcatcd with verapamil
(0.025 and 0.075mg/egg), arrhythmia was seen
in some embryos 2 min after injection and was
seen in all embryos (six out of six cmbryos) at
60 min. The frequency of arrhythmia in the
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Table 1. Frequency of arrhythmia in chick embryo treated
with antiarrhythmic drugs

Drugs Class  Dose

Time(min) after injection

(mg/egg)
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Drugs were injected into the air sac of eggs(n=6) on the 16th day of incubation and ECGs were

recorded until 60 min after injection.
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Fig. 1. Arrhythmias in ECG waves in chick embryos
treated with antiarrhythmic drugs

Drugs were injected into the air sac of fertile cggs on
the 16th day of incubation and ECG waves were recorded
until 60 min after injection. A:procainamide: Il degree A-
V block (Mobitz type, at 40 min after injection of 30
mg/egg). B:lidocaine; sinus arrhythmia (30 min, 1.5 mg).
C: flecainide; 11 degree A-V block (Mobitz, 20 min, 3
mg). D: propranolol; S-A block (60 min, 0.1 mg). E: vera-
pamil; I degree A-V block (Mobitz, 10 min, 0.025 mg).

chick cmbryos al the highest dose level was
66.6% by procainamide, 50% by lidocaine,
66.6% by flecainide and 33.3 % by propra-
nolol. Various types of arrhythmia in the chick
embryos treated with antiarrhythmic drugs are
shown in Fig.1.

Second degree A-V block was seen in 100%
of cases in arrhythmias treated with 30 mg/cgg
of procainamide or 0.075 mg of verapamil and
50% of cases (3/6) in arrhythmias treated with
3mg of (lecainide. These A-V blocks were
mainly Mobitz type. However, a casc of
Wenckebach type was observed after treatment
with 3 mg flecainide (data not shown). S-A
block was observed in 33.3% of the cases
treated with propranolol, regardless of dosc
levels. Sinus arrhythmia (2 out of 6) and aber-
rant ventricular conduction (1/6) were obsery-
ed in cases treated with 1.5 mg of lidocaine.

Changes in heart rate and the parameters
of ECG waves in chick embryos treated
with antiarrhythmic drugs
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Fig. 2. Changes in heart rate in chick embryos treated with antiarrhythmic drugs
Drugs were injected into the air sac of fertile eggs on the 16th day of incubation. Valucs arc the
mean £ S.EM. *; p<0.05, significantly different from 0 time on cach point by a paired Student’s (-test.

As shown in Fig.2, all five antiarrhythmic
drugs decreased HR in a dose-dependent
manner.

The PQ, QRS and QT intervals in the ECG
waves of the chick embryos subjected to the
highest and lowest doscs of ecach drug except
verapamil were measured. Time-response
curves of RR, PQ, QRS and QT intervals after
injection of antiarrhythmic drugs are shown in
Fig.3.

Procainamide (30 mg/egg) and flecainide (3
mglegg) caused a significant prolongation in
PQ, QRS and QT intervals during arrhythmia.
In lidocaine treatment cases, a significant pro-
longation of QRS and QT intervals were
shown at various times after injection. Propra-
nolol decreased the HR with characteristic
prolongation in QT intervals, but did not
change the QRS interval. Although injection
of the intermediate dose of verapamil did not
decrease the HR and hardly changed the QRS
and QT intervals, a prolongation of PQ inter-
vals was observed at various times after injec-
tion.

Discussion

Qur studics showed that chick embryos
treated with antiarrthythmic drugs exhibit
proarrhythmic effects as shown by ECG
waves. ECG analysis also revealed significant
differences in  arrhythmias induced by these
drugs. This study was initially designed to
identify changes in heart rate which decreasc
in a dose-response manner after treatment.
However, when the ECG waves in the treated
chick embryos were analyzed, various ECG
wave cycles, including arrhythmias, PQ., QRS
and QT intervals were obscrved. depending on
the drug uscd. Further, these drugs induced
proarrhythmic c¢lfects including  bradycardia
with AV or SA blocks at middle and/or high
dose levels. We also compared chick embryon-
ic data with those in man (Beaven and Thomp-
son. 1983a, Anderson ct al., 1984, Kjekshus et
al., 1984), and in rat (Suzuki et al., 1991) to
analyze whether chick embryos can be used to
predict the proarrhythmic actions of antiar-
rhythmic drugs in man (Table 2).
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Fig. 3. Time-response curves of RR, PQ,
QRS and QT intervals in the chick embryos
treated with antiarrhythmic drugs

Drugs were injected into the air sac of fer-
tile eggs on the 16th day of incubation.
Values are the mean £ S.EM. *; p<0.05,
significantly different from 0 time on cach
point by a paired Student's t-test. A:Pro-
cainamide. B:Lidocaine, C:Flecainide D:Pro-
pranolol E:Verapamil



Table 2. Changes in ECG parameters in chick embryo. rat and man
treated with antiarrhythmic drugs

Drugs Class Qualitative changes in ECG parameters

RR PQ QRS QT
Procainamide la T, ) (1.8 (T, 1) 11 (1.1
Lidocaine I b tH(t.=/) 1 (—,=) te(T. 1) t1(1.0)
Flecainide lc t1( ) tt( ) te( ) te( 1)
Propranolol I te(t. ) t(t.=/1) =(t. 1 (1.8
Verapamil v .3 t(t. %) > (=) =(1,=)

1 1 :significant prolongation 1 :prolongation, | :shortening, —:no change

= :chick embryo
(—)mat
(~»):human

There are currently 3 I type antiarrhythmic
drugs which have been classificd by the differ-
ent speeds at which they reduce the transfer of
sodium across the myocardiac ccll membrane;
la (procainamide) is thc most rapid. Ic (lle-
cainide) is the slowest and Ib (lidocaine) is
between Ia and le. Procainamide decreased the
HR in chick cmbryos in a dose-dependent
manncr and at the highest dose induced an
arrhythmia (AV block) and prolongation of all
ECG parameters. These resulls are quite simi-
lar to previous results in man and rat, as shown
in Table 2. Lidocaine decreased the HR at the
highest dose level and induced sinus arrhyth-
mia associated with a prolongation of QRS
and QT intervals. In man and rats, lidocaine
only rarely causes sinus arrcst (Rosen and Wit,
1983), but arrhythmia with a prolongation of
QT and QRS intervals has been reported.

Flecainide is an antiarrhythmic drug which
was associated with an increased incidence of
sudden cardiac death in patients with heart
failure in the CAST study. When at least onc
mgflegg of flecainide was injected into the
eggs. arrhythmias (A-V block) were induced
as well as a significant prolongation of PQ,
QRS and QT intervals. Katristic et al (1995)
has reported that the prolongation of the QT
and QRS intervals in paticnts with heart failure

was obscrved after treatment with flecainide. It
may be possible to predict the proarrhythmic
actions in mammals induced by type I antiar-
rhythmic drugs using ECG waves in chick
embryos. Further, these changes in the ECG
parameters are probably related to the reflec-
tion of the conduction disturbances in the
myocardium.

Propranolol is a type Il antiarrhythmic drug
which causes B-adrenergic receptor blockage.
Propranolol trcatment of chick embryonic
heart caused S-A block and a prolongation of
the PQ and QT intervals during a prolongation
of RR intervals, but did not cffect the QRS
complex. Suzuki ct al (1991) has reported that
propranolol caused prolongation of QRS com-
plex in rat. Small differences in ECG parame-
ters between chick embryos and mammals
may be due to differences in species.

Verapamil is a type TV antiarrhythmic drug
which interferes with calcium channels. Injec-
tion of verapamil has been shown to frequently
cause I degree A-V block in ECG waves
which are classified as Mobitz type in the
bradycardia. The same phenomenon has been
observed in man (Bevan and Thompson,
1983b).

Our data is in good agreement with observa-
tions in man, including decresed HR, conduc-
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tive disturbances in myocardial cells, and simi-
lar changes in ECG parameters in  chick
embryos treated with procainamide, flecainide
and verapamil. While lidocaine and propra-
nolol decreased the HR with a prolongation of
QT intervals as in rat, a part of ECG parame-
ters was not similer.

In conclusion, although the exact mechanism
underlying the influence of antiarrhythmic
drugs on the proarrhythmic actions in the
chick embryonic heart remains to be clarified,
our ECG recording systems using chick
embryos may be applicable for screening
proarrhythmic actions of antiarrhythmic drugs.
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