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Effects of Ca Channel Blockers under Different Lighting
Conditions in the Chick Embryonic Heart.

Hiroyuki Miyazaki, Takashi Sugiyama and Hideyo Shimada

Division of Pathophysiology, Center for Clinical Pharmacy and Clinical
Sciences, School of Pharmaceutical Sciences, Kitasato University, 9-1,
Shirokane 5-chome, Minato - ku, Tokyo 108-8641, Japan

Abstract

The pharmacological effects of Ca channel blockers on electrocardiogram
(ECG) in the chick embryonicheart were investigated under different lighting
conditions. The fertile eggs of White Leghorn chickens were incubated in dark
conditions and used on day 16 of incubation. Three different types of Ca chan-
nel blocker, nicardipine, diltiazem and verapamil were injected into the air sac
of the fertile eggs under light conditions (450 Lux) or dark conditions (12
Lux). The bipolar lead of ECG patterns was recorded using ECG systems.
Heart ratcs (HRs) were calculated from R-R intervals. Under light conditions,
3 kinds of Ca channcl blockers caused a decrease in HRs in a dose-dependent
manner and also arrhythmia was provoked. These phenomena were observed
more clearly under dark conditions. Furthermore, these enhancements of the
drug effects under dark conditions were also observed by concomitant injec-
tion of 15-50ug/cgg of melatonin even under light conditions. In conclusion,
these results suggest that chick embryos are very usetul models for investigat-
ing the chronopharmacological effects and for evaluating drug interaction of
cardiovascular drugs.
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Introduction

Chick cmbryos have been widely used in
physiological and toxicological experiments
for many years (Karnofsky 1955, Shepard
1976). Whilc the use of mammalian in various

cxperiments has been criticized from an eth-
ical viewpoint in recent years, interest in the
use of the chick embryo as an alternative to
mammalians has increased. We have alrcady
reported that chick embryos were useful for
evaluating the pharmacological and toxicologi-
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cal effects of cardiovascular drugs as an alter-
native mcthod (Miyazaki ct al. 1994, Sugi-
yama ct al. 1997). Furthermore, chick embryos
may be used as a technique in the field of
chronopharmacology, because the electrocar-
diogram (ECG) patterns through the incuba-
tion and examination periods were strongly
influenced by the lighting conditions (Yoshi-
yama ¢t al. 1995). In this report, we evaluated
the effects of differcnt lighting conditions and
pineal hormones on ECG patterns in chick
embryos using 3 kinds of Ca channel blockers.

Materials and Methods

Eggs and incubation

Fertile cggs of White Leghorns were
obtained from Ohmiya Pouliry Laboratory
(Ohmiya). All cggs were incubated at 37.6 =
0.2C at a relative humidity of about 65.5%
under dark conditions and were turned auto-
matically every hour (Showa Incubator Labo-
ratory). Fertile eggs were used on day 16 of
incubation.

Drugs used
Nicardipine  hydrochloride  (Perdipine,
Yamanouchi) and verapamil hydrochloride

(Vasolan, Eizai) were diluted by physiological
salinc. Diltiazem hydrochloride (Herbesser,
Tanabe) was dissolved in pure water and dilut-
ed by physiological saline. A mg of melatonin
(Aldrich) was dissolved in 1 mL of DMSO
(Wako) and diluted by physiological saline.
Forty-five mg of chloralose and 450 mg of ure-
thane were dissolved in 1.0 mL of water and a
0.1 mL of the solution was injected into the air
sac of fertilc eggs o calm the embryo in the
cgg shell.

Electrocardiogram (ECG) recording
systems for chick embryos

The ECG waves in the chick embryos were
recorded using the previously reported meth-
ods (Sugiyama 1996). The necdle-clectrodes
were inserted into 2 diagonal holes on the

“equator” and | hole on the “south polc™ of the
cgg. Two needles were used as a bipolar lead
for the embryonic heart and 1 needle was used
as a ground lead. These ncedles were then con-
nected to the electrocardiograph cquipment
(AVB-21, Nihon Koden). ECGs were recorded
as bipolar waves between the needles on a
thermal array recorder (PTA-1100, Nihon
Koden) and heart rates (HRs) were calculated
from R-R intervals.

Effects of lighting conditions

The experiment was performed under light
conditions (under the fluorescent lamp, 450
Lux) or dark conditions (under the red salety
lamp, 12 Lux) for 2 hours after acclimatiza-
tion. A cloralose and urethane (CU) solution
was injected into the air sac of the fertile eggs
on day 16 of incubation. After 20 minutcs of
CU solution pre-trcatment, a single injection
ol varying doses of drugs was made into the
same site of the eggs.

Effects of melatonin

Fifteen to 50ug of mclatonin, that were pre-
viously found to have no effect on ECG pat-
terns, was concomitantly injected with varying
doses of Ca channel blockers.

Statistical analysis

All results are given as mean = S.E.M. The
data of multiple groups were analyzed by
Bartlett’s test for homogeneity of variance.
They were then analyzed by onc-way ANOVA
when the variance was homogenous. or by
Kruskal-Wallis’s test when it was not homoge-
nous. I there was a significant difference
among the groups, a mean or rank multiple
comparison test was conducted by Dunnet’s
test. The data of the 2 groups were analyzed
by F-test (ollowed by Student’s t-test or Aspin-
Welch’s t-test. The fiducial limit of 0.05 or
0.01, two tails, was used as the criterion for
significance.
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Fig. 1. Heart rate changes in chick embryos treated with Ca Channel blackers under light conditions.
A: Opg (@), 10 pg (), 30 pg (L) and 100 pg (O of nicardipne was injected into the air sac.

B: 0 pg (@). 30 pg (), 100 pg (A) and 300 pg (1) of diltiazem was injected into the air sac.

C: 0 pg (@), 3 ug (C). 10 pg (). 30 pg (1) and 100 pg () of verapamil was injected into the air sac.
Fertile eggs were used on day 16 of incubation. Each value represents the meanS.E.M. for 5 embryos.
*P<0.05. **P<0.01, significantly different from 0 pg/egg dose group by Dunnett’s (est.

Results

Effects of Ca channel blockers
under the different lighting conditions

Under light conditions. the injection of
nicardipine caused a decrease in HRs in a
dose-dcpendent manner and arrhythmia due
to A-V block was induced by dosage ol 100
uglegg (Fig. 1A). Under dark conditions, these
tendencies were more marked, i.c., in the 30ug
dosc group the results were equivalent to the
1001 g dose group in light conditions (Fig.2A,
3A). Further, arrhythmia was followed by
severe bradycardia in the 100 ug dose group.

Diltiazem caused by the dose-dependent
decrease in HRs in both light and dark condi-
tions and induced arrhythmia at all doses
(Fig.1B, 2B). While the magnitude of the
decrease in the HRs by diltiazem was more
apparent in dark conditions as in the case of
nicardipine, the decreases were less prominent

than those induced by nicardipine (Fig.3B).

In verapamil, no dose-dependent change of
the HRs was obscrved under 30ug. However,
promincnt bradycardia and arrhythmia were
provoked in the 100ug dose group in light con-
ditions (Fig.1C). Under dark conditions, the
dosage which induced similar violent changes
was 30ug, 1/3 the above dosc (Fig.2C, 3C). In
the 100u g dose group. arrhythmia and brady-
cardia were followed by cardiac arrest.

Effects of melatonin

Under light conditions, melatonin alone had
no effect on the heart rate or ECG patterns at
doses of 50ug and below (data not shown).
However, melatonin enhanced the effects of
the 3 kinds of Ca channel blockers previously
mentioned when they were concomitantly
injected with them. This enhancement effect
was most prominent when concomitantly
injected with nicardipine (Fig.4).
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Fig. 2. Heart rate changes in chick embryos treated with Ca Channel blockers under dark conditions.
A: 0 pg (@), 10 pg (2, 30 pg (A) and 100 pg (L)) of nicardipne was injected into the air sac.

B: 0 ug (@). 30 pg (), 100 pg (A) and 300 pg (D) of diltiazem was injected into the air sac.

C: 0 pg (@). 3 pg (), 10 pg (A) and 30 pg (O of verapamil was injected into the air sac.

Fertile cggs were used on day 16 of incubation. Each value represents the meansS.E.M. for 5 embryos.
*P<0.05. **P<0.01, significantly diffcrent from 0 pg/egg dose group by Dunnett’s test.
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Fig. 3. Comparison of AHRs with light conditions and dark conditions at 5 minutes after Ca channcl
blockers treatment. Pancls A, B and C show the results of nicardipine, diltiazem and verapamil, respec-
tively. The open column and the dotted column show the light conditions and the dark conditions,
respectively. Each value represents the mean+S.EM. for § embryos. *P<0.05, significantly different
from another lighting condition on cach dose group by t-test.
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Fig. 4. Comparison of AHRs with Ca channel blocker alone and concomitant injection of melatonin at
5 minutes after injection of each compound. The open column and the dotted column show alone and
concomitant injection, respectively. Each value represents the mean£S.E.M. of 5 embryos. *P<(.05.
significantly different from 0 pglegg dose group by Dunnett’s test.

Discussoin

Nicardipine, diltiazem and verapamil are all
Ca channel blockers that work on the electric
potential - dependent L -type Ca channels
(Watson and Girdlestone 1994). From a clini-
cal viewpoint, diltiazem and verapamil are
classified as Type I, which suppresses atrio-
ventricular conduction at vasodilating doses,
while nicardipine is classified as Type I,
which shows dominant clfects on the blood
vessels (Shingh 1986, Taira 1987). Since L-
type Ca channels in the chick embryonic heart
arc developed on day 11 of incubation (Brotto
and Creazzo 1996), the changes obscrved in
the ECG pattern were considered to be due to
the effects of thesc Ca channel blockers. All
these blockers caused bradycardia and arrhyth-
mia which were considered due to the suppres-
sion of atrioventricular conduction since the
type of arrhythmia was A-V block. Further-

more, nicardipine showed the weakest effect
on the heart as previously reported with mam-
malian (Motomura and Hashimoto 1990, Taira
1987). This finding suggests the usefulness of
chick embryos in this field.

Comparison of ECG patterns obscrved with
chick embryos under light conditions (450
I.ux) and dark conditions (12L.ux) showed that
all 3 compounds had higher eftects on the car-
diovascular systems under dark conditions
than under light conditions. The hypotensive
cffects of these compounds in humans are
reported to be more marked in the daytime,
probably due to the fact that their plasma con-
centrations are higher in the daytime than in
the nighttime (Gould ct al. 1982A, Gould et al.
1982B. Lemmer et al. 1989). However, these
differences observed after oral administration
are considered to be duc to differences in
absorption in the daytime and in the nighttime.
It is well known that administration into the air



sac of fertile cgg is equivalent to intravenous
administration and is not allected by absorp-
tion. This may be the reason for the different
responscs in chick embryos and humans. The
validity of this hypothcsis can be tested by
measuring  blood concentrations in  chick
embryos.

Concomitant injection of mclatonin, a hyp-
notic agent biosynthesized in the pineal body
and Ca channel blockers under light condi-
tions, reproduced the results obtained under
dark conditions. This finding strongly suggests
that melatonin was responsible for thc more
marked cffects of the Ca channcl blockers on
the ECG under dark conditions. While the
contents of melatonin in the pineal body in
chicks arc known to be low in the daytime and
high in the nighttime and to decrease when
exposed to light (Sun ct al. 1993), circadian
rhythm of mclatonin in chick embryos is still
unknown. However, the pineal body of chick
embryos develops in the roof of the third ven-
tricle on day 3 of incubation (Calvo and Boya
1978) and shows a histopathological form
characterizing the pineal body with melatonin
sceretory cells on day 10 of incubation (Calvo

and Boya 1979). Furthermore, the activity of

hydroxyindole - ¢ - methyl (ranslcrase, an
cnzyme which cxists only in the pineal body
and is involved in the biosynthesis of mcla-
tonin is observed in chick cmbryos from day
12 of incubation (Wainwright 1974). Thesc
findings suggest that melatonin was biosynthe-
sized and functioning in the chick embryos
used in our experiments. It can therefore be
concluded that chick embryos arc uscful for
chronopharmacological studies and studies on
drug intcractions related to circadian rhythm in
which melatonin is thought to play a role.
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