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Abstract—The present study was designed to investigate the effect of quinidine on catecholamine (CA) secre-
tion evoked by ACh, high K+, DMPP, McN-A-343, cyclopiazonic acid and Bay-K-8644 from the isolated per-
fused rat adrenal gland and to establish the mechanism of its action. The perfusion of quinidine (15-150 pM)
into an adrenal vein for 60 min produced relatively dose- and time-dependent inhibition in CA secretion
evoked by ACh (5.32 X 10-*M), high K+ (5.6 X 102 M), DMPP (10~ M for 2 min), McN-A-343 (10~ M for 2
min), cyclopiazonic acid (10~ M for 4 min) and Bay-K-8644 (10 M for 4 min). Furthermore, in adrenal
glands pre-loaded with quinine (5 X 10> M), CA secretory responses evoked by veratridine (10~ M) was time-
dependently inhibited. Also, in the presence of lidocaine (10~ M), which is also known to be a sodium channel
blocker, CA secretory responses evoked by ACh, high potassium, DMPF, McN-A-343, Bay-K-8644 and cyclo-
piazonic acid were also greatly reduced in similar fashion to that of quinidine-treatment. Taken together, these
results suggest that quinidine causes greatly the inhibition of CA secretion evoked by stimulation of cholinergic
(both nicotinic and muscarinic) receptors as well as by membrane depolarization, indicating strongly that this
effect may be mediated by inhibiting influx of extracellular calcium and release in intracellular calcium in the
rat adrenomedullary chromaffin cells. Furthermore, these findings indicate strongly that this inhibitory action
of quinidine appears to be associated to the blocking action of sodium channels at least in CA secretion from

the rat adrenal gland.
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It has been found that quinidine and its stereoisomer qui-
nine are prototypes of a category of compounds that are well
known because of their antiarrhythmic action on excitable
cardjac cell. Class 1 antiarrhythmic agents, quinidine, disopy-
ramide and procainamide modify myocardial refractory
period, conduction velocity and excitability by blocking
sodium channels (Roden, 1996); in addition they all possess
atropine-like activity to varying degrees (Corr er al., 1978;
Mirro et al., 1980; Roden, 1996). They include those drugs
producing blockade of cardiac Na* channels, which resvlts in
a decrease in the maximum rate of depolarization of cardiac
cells (Tamargo et al., 1992). Most class 1 drugs inhibit Na*
channels in a voltage- and rate-dependent manner. In addi-
tion, most of the currently available class 1 drugs can also
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inhibit Ca** and K+ channels (Delgado et al., 1993; Delpon er
al., 1991; 1995; Salata & Wasserstrom, 1988; Scamps et al;
1989; Slawsky & Castle, 1994; Tamargo ef al., 1992; 1995;
Woosely, 1991).

In vascular smooth muscle cells, the blockade of Ca?* entry
through voltage-gated channels would be expected to decrease
peripheral vascular resistance and arterial blood pressure. In
fact, intravenous administration of most class 1 antiarrhyth-
mic drugs can decrease mean arterial blood pressure and even
result in severe hypotension (Mariano et al., 1992). It was
shown that quinidine inhibited high KCl-induced contraction
in a time- and voltage-dependent manner in isolated rat aor(a,
an effect that was accompanied by a decrease in Ca* entry,
whereas the inhibition produced by propafenone was not time
or voltage dependent (Fernandez del Pozo et al., 1996,
Perez-Vizcaino et al., 1994).
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Recently, Fernandez del Pozo and his coworkers (1997)
found that most class 1 antiarrhythmic drugs induced a con-
centralion-dependent relaxation in isolated endothelium-de-
nuded rat aorta pre-contracted with either KC1 or norepineph-
rine by inhibiting Ca* entry through voltage- and receptor-
gated channels as well as Ca’ release from intracellular
stores. As a consequence, these drugs decrease the availabil-
ity of intracellular free Ca> required for vascular smooth mus-
cle contraction. However, it was reported that quinidinc
increased the release of norepinephrine from atria. It is also
concluded that quinidine- and atropine-like agents exert atri-
um-specific positive inotropic effects by blocking muscarinic
receptors (Deng et al., 1997). More recently, Kim (1998) has
shown that quinine, a stereoisomer of quinidine, inhibits the
secretion of catecholamines (CA) evoked by either cholin-
ergic stimulation or membrane depolanization from the iso-
lated rat adrenal gland.

Therefore, in this study, it was attempted to examine
whether quinidine affects the CA release evoked by cholin-
ergic stimulation or membrane depolarization from the iso-
lated perfused rat adrenal gland and to clarify the mechanism
of its action.

MATERIALS AND METHODS

Experimental procedure

Male Sprague-Dawley rats, weighing 180 to 300 grams, were
anesthetized with thiopental sodium (40 mg/ke) intraperitoneally.
The adrenal gland was isolated by the methods described previ-
ously (Wakade, 1981). The abdomen was opened by a mid-line
incision, and the left adrenal gland and surrounding area were
exposed by placing three hook retractors. The stomach, intestine
and portion of the liver were not removed, but pushed over to the
right side and covered by saline-soaked gauge pads and urine in
bladder was removed in order to obtain enough working space
for tying blood vessels and cannulations.

A cannula, used for perfusion of the adrenal gland, was
inserted into the distal end of the renal vein after all branches
of adrenal vein (if any), vena cava and aorta were ligated.
Heparin (400 IU/ml) was injected into vena cava to prevent
blood coagulation before ligating vessels and cannulations. A
small slit was made into the adrenal cortex just opposite
entrance of adrenal vein. Perfusion of the gland was started,
making sure that no leakage was present, and the perfusion
fluid escaped only from the slit made in adrenal cortex. Then
the adrenal gland, along with ligated blood vessels and the

cannula, was carefully removed from the animal and placed
on a platform of a leucite chamber. The chamber was continu-
ously circulated with water heated at 37 & 1°C.

Perfusion of adrenal gland

The adrenal glands were perfused by means of an ISCO
pump (WIZ Co.) at a rate of 0.33 ml/min. The perlusion was
carried out with Krebs-bicarbonate solution of following
composition (mM): NaCl, 118.4; KCl, 4.7; CaCl,, 2.5; MgCl,,
1.18; NaHCO,, 25; KH,PO,, 1.2; glucose, 11.7. The solution
was constantly bubbled with 95 % O, + 5 % CO, and the final
pH of the solution was maintained at 7.4-7.5. The solution
contained disodium EDTA (10 pg/ml) and ascorbic acid (100

o/ml) to prevent oxidation of CA.

Drug administration

The perfusions of DMPP (100 uM) for 1 min and McN-A-
343 (100 uM) for 4 minutes, and the injection of ACh (5.32
mM) and KC1 (56 mM) in a volume of (.05 ml were made
into perfusion stream via a three way stopcock. Bay-K-8644
(10-* M), cyclopiazonic acid (10-*M) and veratridine (10~ M)
were also perfused for 4 min, respectively.

In the preliminary experiments it was found that the secre-
tory responses to ACh, KCI, McN-A-343, Bay-K-8644, cy-
clopiazonic acid and veratridine returned to pre-njection level
in about 4 min, but the responses to DMPP in § min.

Collection of perfusate

As arule, prior Lo stimulation with various secretagogues, per-
fusate was collected for 4 min to determine the spontaneous
secretion of CA (background sample). Immediately after the col-
lection of the background sample, collection of the perfusates
was continued in another tube as soon as the perfusion medium
containing the stimulatory agent reached the adrenal gland. Stim-
ulated sample's was collected for 4 to 8 min. The amounts
secreted in the background sample have been subtracted from
those secreted from the stimulated sample to obtain the net secre-
tion value of CA, which is shown in all of the figures.

To study the effect of quinidine on the spontaneous and
evoked secretion, the adrenal gland was perfused with Krebs
solution containing guinidine, then the perfusate was col-
lected for a certain (background sample), and then the medium
was changed to the one containing the stimulating agent and
the perfusates were collected for the same period as that for
the background sample. Generally, the adrenal gland's perfu-
sate was collected in chilled tubes.



Inhibitory Action of Quinidine on Catecholamine Secretion 15

Measurement of catecholamines

CA content of perfusate was measured directly by the fluo-
rometric method of Anton and Sayre (1962) without the inter-
mediate purification alumina for the reasons described earlier
(Wakade, 1981) using fluorospectrophotometer (Kontron Co..
Italy). A volume of 0.2 ml of the perfusate was used for the
reaction. The CA content in the perfusate of stimulated glands
by secretagogues used in the present work was high enough to
obtain readings several folds greater than the reading of con-
trol samples (unstimulated). The sample blanks were also
lowest for perfusates of stimulated and non-stimulated sam-
ples. The content of CA in the perfusate was expressed in
terms of norepinephrine (base) equivalents.

Statistical analysis

The statistical significance between groups was determined
by utilizing the Student's t-test. A P-value of less than 0.05 was
considered to represent statistically significant changes unless
specifically noted in the text. Values given in the text refer to
means and the standard errors of the mean (§.E.M.). The statis-
tical analysis of the experimental results was made by com-
puter program described by Tallarida and Murray (1987).

Drugs and their sources

'The following drugs were used: quinidine hydrochloride, ace-
tylcholine chloride, 1.1-dimethyl-4-phenyl piperazinium iodide
(DMPP), veratridine, norepinephrine bitartrate, methyl-1, 4-dihy-
dro-2,6-dimethyl-3-nitro-4-(2-trifluoromethylphenyl)-pyridine-5-
carboxylate (BAY-K8644) (Sigma Chemical Co., U.S.A.), cyclo-
piazonic acd, (3-(m-cholro-phenyl -carbamoyl-oxy)-2-butynyl tri-
methyl ammonivm chloride [McN-A-343] (RBI, U.S.A.), and
lidocaine hydrochloride (The Vitarine Co., U.S.A.). Drugs were
dissolved in distilled water (stock) and added to the normal Ktebs
solution as required except Bay-K-8644 and veratridine, which
were dissolved in 99.5% ethanol and diluted appropriately (final
concentration of alcohol was less than 0.1%). Concentrations of
all drugs used are expressed in terms of molar base.

RESULTS

Effect of quinidine on CA secretion evoked by ACh, high
K+, DMPP and McN-A-343 from the perfused rat adrenal
glands

After the initial perfusion with oxygenated Krebs-bicar-
bonate solution for 1 hr, basal CA release from the isolated
perfused rat adrenal glands amounted to 22.5 £2.2 ng/2 min

(n=8). It has shown that most class 1 antiarthythmic drugs
including quinidine induced a concentration-dependent relax-
ation in isolated endothelium-denuded rat aorta pre-con-
tracted with either KC] or norepinephrine by inhibiting Ca>
entry through voltage- and receptor-gated channels as well as
Ca™ release from intracellular stores (Fernandez del Pozo et
al., 1997). Therefore, it was attempted initially to examine the
effects of quinidine itself on CA secretion from perfused rat
adrenal glands. However, in the present study, quinidine itself
did not produce any effect on basal CA output from perfused
rat adrenal glands (data not shown). Therefore, it was decided
to investigate the effects of quinidine on cholinergic receptor
stimulation- as well as membrane depolarization-mediated
CA secretion. Secretagogues were given at 15 min-intervals.
quinidine was present 20 min before initiation of stimulation.

When ACh (5.32 X 10*M) in a volume of 0.05 ml was
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Fig. 1. Dose-dependent effect of quinidine on secretory responses
of catecholamines (CA) evoked by acetylcholine (ACh) from
the isolated perfused rat adrenal glands. CA secretion by a
single injection of ACh (5.32X10* M) in a volume of 0.05
ml was induced at 15 min intervals after preloading with 15
mM (B), 50 pM (C), 150 uM (D) of quinidine for 60 min,
respectively. Numbers in the parenthesis indicate number of
experimental rat adrenal glands. Vertical bars on the columns
represent the standard eror of the mean (S.E.M.). Qrdinate:
the amounts of CA secreted from the adrenal gland (% of
control). Abscissa: collection time of perfusate (min). Statistical
difference was obtained by comparing the corresponding control
(A) with each concentration-pretreated group of quinidine (B,
C, and D). ACh-induced perfusate was collected for 4 minutes.
*P<0.05, **P<0.01
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Fig. 2. Dose-dependent effect of quinidine on secretory responses
of catecholamines (CA) evoked by DMPP from the isolated
perfused rat adrenal glands. CA secretion by a single injection
of DPPP (10~ M) was infused for 1 min at 15 min intervals
after preloading with 15 pM (B), 50 uM (C), 150 uM (D)
of quinidine for 60 min, respectively. Statistical difference
was obtained by comparing the comresponding control (A)
with each concentration-pretreated group of quinidine (B, C,
and D). DMPP-induced perfusate was collected for 8 minutes.
*x¥Pe(.01

injected into the perfusion stream, the amounts of CA
secreted was 375 £ 36 ng for 4 min. However, the treatment
with quinidine in the range of 1.5 X 10-5~1.5 X 10+*M for 60
min inhibited significantly CA secretion evoked by adminis-
tration of ACh at 15 min intervals in a concentration-depen-
dent manner from 10 adrenal glands, as shown in Fig. 1.
When perfused through the rat adrenal gland, DMPP (10*M
for 1 min), which is a selective nicotinic receptor agonist in
auntonomic sympathetic ganglia, evoked a sharp and rapid
increase in CA secretion. However, as shown in Fig. 2,
DMPP-stimulated CA secretion after treatment with quini-
dine was greatly reduced in 10 rat adrenal glands. McN-A-
343 (10 M), which is a selective muscarinic M,-agonist
(Hammer and Giachetti, 1982), perfused into an adrenal gland
for 2 min caused an increased CA secretion from 10 glands.
However, McN-A-343-stimulated CA secretion in the pres-
ence of quinidine was markedly inhibited as compared to the
corresponding control secretion (100 %) as depicted in Fig. 3.

Also, it has been found that depolarizing agent like KCl
stimulates sharply CA secretion. In the present work, excess
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Fig. 3. Dose-dependent effect of quinidine on secretory responses
of catecholamines (CA) evoked by McN-A-343 from the iso-
lated perfused rat adrenal glands. CA secretion by a single
mjection of McN-A-343 (10~ M) was infused for 4 min at
15 min intervals after preloading with 15 UM (B), 50 uM
(C), 150 uM (D) of quinidine for 60 min, respectively. Statistical
difference was obtained by comparing the corresponding control
(A) with each concentration-pretreated group of quinidine (B,
C, and D). McN-A-343-induced perfusate was collected for
4 minutes. ***P<0.01

K* (5.6 X 102 M)-stimulated CA secretion after the pretreat-
ment with quinidine was significantly inhibited as compared
with its corresponding control secretion (100%) from 7
glands (Fig. 4).

Effect of quinidine on CA secretion evoked by Bay-K-
8644, cyclopiazonic acid and veratridine from the perfused
rat adrenal glands

Since Bay-K-8644 is known to be a calcium channel acti-
vator which enhances basal Ca? uptake (Garcia et al., 1984)
and CA release (Lim ez al., 1992), it was of interest to deter-
mine the effects of quinidine on Bay-K-8644-stimulated CA
secretion from the isolated perfused rat adrenal glands. Bay-
K-8644 (10-* M)-stimulated CA secretion under the presence
of quinidine (5 > 10~ M) was strikingly depressed to 19% as
compared to the corresponding control release from 6 glands
as shown in Fig. 5.

Cyclopiazonic acid, a mycotoxin from Aspergillus and
Penicillium, has been described as a highly selective inhibitor
of Ca*-ATPase in skeletal muscle sarcoplasmic reticulum
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Fig. 4. Dose-dependent effect of quinidine on secrelory responses
of catecholamines (CA) evoked by higsh K* from the isolated
perfused rat adrenal glands. CA secretion by a single injection
of K* (56 mM) was injected in a volume of 0.005 ml at 15
min intervals after preloading with 15 uM (B), 50 uM (C),
150 uM (D) of quinidine for 60 min, respectively. Statistical
difference was obtained by comparing the corresponding control
(A) with each concentration-pretreated group of quinidine (B,
C, and D). Krinduced perfusate was collected for 4 minutes.
##4Pe(),01

{Goeger and Riley, 1989; Seidler er al., 1989). The inhibitory
action of quinidine on cyclopiazonic acid-evoked CA secre-
tory response was observed as shown in Fig. 5. Under the
effect of quinidine (5 10~*M) in 6 rat adrenal glands, cyclo-
piazonic acid (10-% M)-evoked CA secretion was greatly
reduced as compared to the control response.

It has been found that veratridine promotes CA release from
the adrenal gland by activation of the tetrodotoxin-sensitive
Na* channel; this increases the intracellular positive charge
which leads to depolarizaton and subsequently opens the volt-
age-sensitive slow calcium channels (Kirpekar & Prat, 1979).
Therefore, it was tried to determine the CA secretory effect
evoked by veratridine in the presence of quinidine from the iso-
lated rat adrenal glands. As depicted in Fig. 5, veratridine (100
UM)-induced CA. secretion under the existence of quinidine (5
X 10+ M) effect was greatly inhibited to 48 £4% (15-19 min,
P<0.01), 35 3 ng (30~34 min, P<0.01), 27 = 1.5 % (45-49 min,
P<0.01) and 12 ¥ 1.0% (60-64 min, P<0.01), respectively from
the 8 rat adrenal glands as compared to the corresponding con-
trol response (100%).
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Fig. 5. Effects of quinidine on CA release evoked by Bay-
K-8644, cyclopiazonic acid and veratridine from the rat adrenal
glands. Bay-K-8644 (105 M), cyclopiazonic acid (10 M) and
verairidine (104 M) were perfused into an adrenal vein for 4
min at 15 min intervals after preloading with of quinidine (5
% 104 M) for 60 min, respectively. Other legends are the
same as in Fig. 1. BAY-K: Bay-K-8644, CPA: cyclopiazonic
acid, VERAT: veratridine. ***P<0.01

Effect of lidocaine on CA secretion evoked by ACh, excess
K+, DMPP, McN-A-343, Bay-K-8644 and cyclopiazonic acid
from the perfused rat adrenal glands

In the previous experimental results as shown in Fig. 1-4, it
was found that quinidine showed a dose-dependent inhibition
in CA secretory responses. It has been shown that local anes-
thetics block conduction by decreasing or preventing the large
transient increase in the penmeability of excitable membranes
to Na* that normally is produced by a slight depolarization of
the membrane (Strichartz and Ritchie, 1987). Therefore, it is
likely of very interest to examine the effect of lidocaine on
CA secretion evoked by various secretagogues. CA releasc
evoked by ACh (5.32 X10* M) after preloading with
lidocaine (5 %10~ M) for 20 min amounted to 34 £7%
(P<0.01, n=6) as compared to each corresponding control
secretion (100%) as shown in Fig. 6. DMPP (10 M)- and
MecN-A-343 (10-*M)-stimulated CA releases after preloading
with lidocaine were also significantly reduced to 39-7% (P<
0.01, n=5) and 45 = 4% (P<0.01, n=5), respectively as com-
pared to each corresponding control secretion (100%) (Fig.
6). Excess K+ (5.6 = 102 M)-evoked CA release after preload-
ing with lidocaine (5 X 10~ M) was also inhibited to 528 %
(P<0.03, n=5) as compared to each corresponding control
secretion (100%) as shown in Fig, 6.

In the presence of lidocaine (5 X 10-*M), the CA secretory



18 Dong-Yoon Lim et al.

LIDOCAINE

CONTROL Bl AFTER LIDO

CATECHOLAMINE SECRETION (%)

ACh KClI

DMPP McN-A Bay-K CPA
(&) (5) (5) {5) (5) (5)

Fig. 6. Effect of lidocaine on CA releasing responses evoked
by ACh, high K*, DMPP, McN-A-343, Bay-K-8644 and cyclo-
piazonic acid from the rat adrenal glands. CA secretory responses
evoked by the injection of ACh (5.32X10-* M) and perfusion
of DMPP (10 M for 1 min), McN-A-343 (10~ M for’ 4 min),
Bay-K-8644 (105 M for 4min) and cyclopiazonic acid (107
M for 4 min) were induced before and after preloading with
lidocaine (510 M) for 20 min, respectively. Other legends
are the same as in Fig, 1. McN-A: McN-A-343, Bay-K: Bay-
K-8644, CPA: cyclopiazonic acid. *P<0.05, ***P<0.01

response by cyclopiazonic acid (10 M) given into the adre-
nal gland was reduced to 13 =0.7% (P<0.01) as compared to
the corresponding control response (100%) from 5 experi-
ments as shown in Fig. 6. Bay-K-8644-evoked CA secretion
under the presence of lidocaine was strikingly depressed as
compared to the corresponding control release; thus, the
release was reduced to 20 £ 1.9% (P<0.01, n=53) of the control
secretion (Fig. 6).

DISCUSSION

The present experimental results demonstrate that quini-
dine inhibits CA secretory responses evoked by stimulation of
cholinergic (both nicotinic and muscarinic) receptors as well
as by membrane depolarization in dose- and time-dependent
fashions, indicating that this effect may be exerted by inhibit-
ing influx of extracellular calcium and release in intracellular
calcium from the rat adrenomedullary chromaffin cells. Fur-
thermore, these findings indicate strongly that this inhibitory
action of quinidine is relevant to blocking action of sodium
channels at least in CA secretion from the rat adrenal gland.

Generally, chromaffin cells of the adrenal medulla fire
action potentials at rest, and the spike frequency is enhanced

by ACh (Biales et al., 1976; Brandt et al., 1976). The action
potentials result from voliage-dependent Na*, Ca* and K*
currents similar to those of neurones and muscle fibres
(Biales er al., 1976; Brandt et al., 1976; Kidokoro & Ritchie,
1980). In the present study, the finding that quinidine has
inhibited CA secretory responses evoked by veratridine
seems that the inhibitory effect of quinidine may be exerted
by the blockade of the Na+channels in the chromaffin cells. In
support of this finding, veratridine (0.1 mM) was found to be
effective in producing an increase in CA secretion from per-
fused guinea pig adrenal glands by an increase in the tetrodot-
oxin (TTX)-sensitive Na* permeability of chromaffin cell
membrane (Ito et al., 1978). Moreover, veratridine failed to
increase the CA secretion in the absence of extracellular Ca?
or Na* from the guinea-pig adrenal glands and this veratri-
dine-evoked CA secretion was inhibited by the pretreatment
with tetrodotoxin and excess Mg?* while potentiated by oua-
bain (Tto et al., 1979), These results demonstrated surely that
Na*-dependent Ca®" influx as well as voltage-dependent Ca
influx mechanisms may be involved in the CA secretion
evoked by veratridine. Based on these findings, in the present
study, the fact that quinidine inhibited veratridine-induced CA
release indicates that the quinidine's inhibitory mechanism is
relevant to the blockade of Na* channels in the perfused rat
adrenal glands.

It is well-known that Ca’ is indispensable for stimulus-
secretion coupling in adrenal chromaffin cells (Douglas,
1968; 1975). Furthermore, Ca** movement across chromaffin
cell membranes was found to be affected by the Na* gradient
(Aguirre er al., 1977, Rink, 1977). The removal of extracello-
lar Na* and the addition of TTX were also found to be effec-
tive in inhibiting veratridine-induced CA release. Ohta and
his coworkers (1973) reported that, in the squid giant axons,
veratridine causes a depolarization resulting from a selective
increase in the resting Na* permeability and that the effect
was inhibited by the addition of TTX and the removal of
extracellular Na* ions. Moreover, it was also found that an
increase in the Na* permeability of chromaffin cell mem-
branes plays a crilical role in the release of CA induced by
veratridine from perfuse guinea-pig adrenal glands (Ito et al.,
1979).

Furthermore, in terms of the fact that lidocaine depressed
the CA release evoked by ACh, DMPP, McN-A-343, and
high K+, it appears that quinidine may inhibit CA release
through the blockade of sodium channels. In fact, local anes-
thetics block conduction by decreasing or preventing the large
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transient increase in the permeability of excitable membranes
to Na+ that normally is produced by a slight depolarization of
the membrane (Strichartz and Ritchie, 1987). This action of
local anesthetics is due to their direct interaction with voltage-
gated Na* channels. In terms of this fact, quinidine also seems
to possess the blocking activity of Nat channels in the rat
adrenal gland. Class 1 antiarthythmic drugs block transmem-
brane Nat transport thereby reducing the amount of Na* ions
available for Na*-Ca* exchange and decreasing the concen-
tration of intracellular Ca?*. Therefore, it was proposed that
the vascular relaxation of class 1 antiarrhythmic drugs could
be explained by the inhibition of Ca?* entry through the depo-
larized cell membrane in rat aorta (Carron et al., 1991: Dohi
et al., 1994; Fernandez del Pozo et al., 1996; Perez Vizcaino
et al., 1991; 1994). As previously described (Perez-Vizcaino
et al., 1994), the inhibitory effects of quinidine on CA secre-
tion evoked by high K*increased as the time of exposure to
quinidine was prolonged.

In the present study, the findings that quinidine inhibits CA
secretory responses evoked by DMPP (a nicotinic receptor
agonist), McN-A-343 (a muscarinic M, -receptor agonist) and
high potassinm (membrane depolarization) in a concentra-
tion-dependent fashion from the isolated perfused rat adrenal
gland suggest that this inhibitory effect of quinidine may be
associated to the blockade of sodium channels. The result that
quinidine inhibits CA secretion evoked by stimulation of
muscarinic receptors with McN-A-343 suggests strongly that
Na* channels are involved in the regulation of the overall
secretory responses evoked by muscarinic stimulation. In sup-
port of this hypothesis, it has been shown that muscarinic
stimulation generates a depolarizing signal which triggers the
firing of action potentials, resulting in the increased CA
release in the rat chromaffin cells (Akaike et al, 1990; Lim &
Hwang, 1991). These observations are in line with a previous
report (Ladona et al, 1987; Uceda et al, 1992) showing that
Bay-K-8044 almost trippled the peak secretory response to
muscarine in perfused cat adrenal glands.

In this experiment, quinidine also depresses greatly CA
secretion induced by Bay-K-8644, which is found to potenti-
ate the release of CA by increasing Ca* influx through L-type
Ca? channels in chromaffin cells (Garcia et al., 1984). These
findings that quinidine inhibited CA secretion evoked by high
K* as well as by Bay-K-8644 suggest that quinidine inhibits
directly the voltage-dependent Ca™ channels through the
blockade of Na* channels, just like Ca* channel blockers
(Cena et al., 1983), which have direct actions on voltage-

dependent Ca?* channels. In the bovine chromaffin cells, stim-
ulation of nicotinic, but not muscarinic ACh receptors is
known to cause CA secretion by increasing Ca* influx
largely through voltage-dependent Ca?* channels (Burgoyne,
1984; Oka er al., 1979). Therefore, it seems that the quini-
dine inhibits CA secretion evoked by DMPP by inhibiting
Ca? influx through voltage-dependent Ca?* channels acti-
vated by stimulation of nicotinic ACh receptors.’

In the present work, it has been also shown that quinidine
inhibits the increase in CA secretion evoked by cyclopiazonic
acid, which is known to be a highly selective inhibitor of
Ca?*-ATPase in skeletal muscle sarcoplasmic reticulum
(Geoger & Riley, 1989; Seidler ez al., 1989). Therefore,
based on these findings, it is felt that the inhibitory effect of
quinidine on CA secretion evoked by cholinergic stimulation
as well as by membrane-depolarization may be associated at
least partly with the inhibition of mobilization of intracellular
Ca™ in the chromaffin cells. This indicates that quinidine also
has an inhibitory effect on the release of Ca?* from the intrac-
ellular pools induced by stimulation of muscarinic ACh
receptors, which is weakly responsible for the secretion of
CA. It has been shown that Ca’-uptake into intracellular stor-
age sites susceptible to caffeine (Ilno, 1989) is almost com-
pletely abolished by treatment with cyclopiazonic acid during
the proceeding Ca* load (Suzuki et al., 1992). Suzuki and his
coworkers (1992) have shown that cyclopiazonic acid easily
penetrates into the cytoplasm through the plasma membrane
and reduces Ca*-ATPase activity in sarcoplasmic/endoplas-
mic reticulum, resulting in increase in the subsequent Ca?
release from those storage sites and thereby increase of Ca?-
dependent K*-current. Moreover, in bovine adrenal chromaf-
fin cells, stimulation of muscarinic ACh receptors is also pro-
posed to cause activation of phosphoinositide (PI) metabolism,
resulting in the formation of inositol-1,4,5-trisphosphate,
which induces the mobilization of Ca* from the intracellular
pools (Cheek et al., 1989; Challis er al., 1991). However, in
the present study, it is vncertain whether the inhibitory effect
of quinidine on Ca* movement from intracellular pools is due
to ity direct effect on the PI response or, on the contrary, an
indirect effect as a result induced by the blockade of Na*
channels.

In conclusion, the results of the present study have demon-
strated that quinidine inhibits CA secretory responses evoked
by cholinergic (both nicotinic and muscarinic) stimulation as
well as by membrane depolarization, resulting in inhibition of
Ca* influx through the L-type voltage-dependent calcium
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channels and also in inhibition of Ca®* mobilization from
intracellular pools in the isolated perfused rat adrenal glands.
Furthermore, these findings indicate strongly that this inhibi-
tory action of quinidine is associated to blocking action of
sodium channels at least in CA secretion from the rat adrenal
gland.
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