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Abstract The effects of nifedipinew-conotoxin GVIA channels by use of their selective blockers, wecpno-
(w-CgTx) andw-agatoxin IVA (-AgTx) on C&* cur- toxin GVIA (wCgTx), dihydropyridines,w-agatoxin
rents, a 60-mM-K-induced increase in intracellular €a IVA (w-AgTx), andw-conotoxin MVIIC, respectively [2,
concentration ([C&];) and catecholamine secretion weré, 5, 12, 17]. It appears that the relative contributions
examined to clarify the subtypes of&a&hannels in cul- made by currents through the various?Cehannels to
tured adrenal chromaffin cells from the pig. Nifedipindye total Ca* current and the electrophysiological charac-
w-CgTx, andw-AgTx inhibited C&* currents in a dose-teristics of these channels differ among species. In bo-
dependent manner, suggesting the presence of L-, N- aeiné adrenal chromaffin cells, L-type €achannels are
P-type C&+ channels. The maximal doses of nifedipineormally quiescent and appear only when cells are stim-
(10 M), w-CgTx (1pM), andw-AgTx (0.1uM) inhibit- ulated by preceding depolarizing pulses grréceptor

ed C&* currents to 85%, 22%, and 94% of control cuegonists [3, 5], and N-type €achannels have been pro-
rents, respectively. The inhibitory effects of these thrpesed as being present heterogeneously and to be absent
blockers were observed in the same cell, indicating tlfiedm some cells [6]. In contrast, in chromaffin cells of
at least three subtypes of €a&hannels are present irthe cat and rat, L-type @achannels are reported to be
porcine chromaffin cells. The increase in #@aand cat- involved in standard Gacurrents [2, 15].

echolamine secretion induced by 60 mM Were inhib- Ca* entering into cells through voltage-dependent
ited equally by nifedipine (1QM) andw-CgTx (1uM), Ca* channels is well known to play an essential role in
but not bywAgTx (0.1 uM). These results suggest thatatecholamine release from adrenal chromaffin cells.
L-, N- and P-type Cd channels are present in porcinélowever, it has been proposed that secretory machinery
adrenal chromaffin cells, and that the major pathwaysaain discriminate between &apassing through Ga
Ca* entry evoked by a high concentration of &e L- channel subtypes. L-Type &achannels or L- and Q-

and N-type C& channels. type channels seem to contribute to catecholamine secre-
tion more efficiently than other channel types in adrenal

Key words Adrenal chromaffin cell - Gacurrent - chromaffin cells of the ox and cat [5, 16, 17], but not in

Ca* channel - Nifedipinew-Conotoxin GVIA - the rat [15].

w-Agatoxin IVA It has been reported that in cultured adrenal chromaf-

fin cells of the pig, high Kand nicotine evoke catechol-
amine secretion depending on the extracellul&r €an-
Introduction centration [24]. As to the properties of €ahannels in

this species, however, there is only one study, which
Ca* channels in neuronal cells are classified into sevefalind that one of the L-type €achannel blockers, nife-
subtypes by their pharmacological and electrophysiolatjpine, partially inhibits secretory responses to high K
ical properties [19, 22]. Adrenal chromaffin cells origieoncentrations and nicotine [11]. The possibility exists,
nating in the neural crests have been reported to havetbarefore, that other subtypes of voltage-depende#it Ca
ly the high voltage-activated type of €achannels [2, channels are involved in secretory responses to depolar-
10] which are classified as N-, L-, P-, and Q/O-tygdeation in porcine adrenal chromaffin cells.

In the present study, the effects @fCgTx, nifedi-

, pine, andw-AgTx on a whole-cell C& current evoked
’C'éggtrzrtgl#;ao} E,‘hgmzégbg;’ - Y. Nakazald by a depolarizing pulse, the increase in intracellul&* Ca
Graduate School of Veterina’ry Medicine, Hokkaido University, concentration ([C&];) and catecholamine release in re-
North 18th West 9th, Sapporo 060, Jejian sponse to a high Kconcentration were investigated to
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clarify the subtypes of Gachannels in porcine adrenatlached to coverslips were incubated i Claee PSS conta}ining
chromaffin cells. fura-2 acetoxymethyl ester (fura-2/AM, | BM) for 45-60 min at
37°C. After the incubation, a coverslip was mounted in a chamber
fixed on the stage of a fluorescence microscope (model TMD, Ni-
kon, Japan). High-K solution (in mM: 80 NaCl, 60 KCI, 1.2
Materials and methods MgCl,, 1.7 CaCJ, 10 glucose and 10 HEPES, pH = 7.4 with
NaOH) was applied through the pipette connected to a peristaltic
pump (minipuls, Gilson, USA) controlled by the personal comput-
er. In this system, the solution around the cell could be changed
%ianpletely within 200 ms. Changes in [Cawere measured by

Cell culture

Porcine adrenal glands were obtained from the local slaugh

house and were brought back to our laboratory in an ice-c asco, Japan). The fluorescence signal was detected using a Ni
Cee"-free physiological salt solution [@afree PSS, in mM: 154 kon CF UV lens (Fluor, X40 oil-immersion objectives), and the

NaCl, 5.4 KCI, 1.2 MgCJ, 10 glucose, 10 HEPE®I{2-hydroxy- L h ' 3 ¢
ethylpiperazineN'-2-ethane sulphonic acid), pH = 7.4 with€mission light, which was passed through a pinhole diaphragm
NaOH]. Porcine adrenal chromaffin cells were isolated from tﬁ#gh“y larger than the cell, was collected by a photomultiplier

| excitation microfluorometry using a CAM-200 spectrometer

adrenal medullary tissue by the collagenase digestion methodthsQudh @ 500-nm filter. Fluorescence intensity was measured at

ported by Brooks [9] with some modification. In brief, after th Xcitation wavelengths of 340 and 380 nm and sampled at 20 Hz

adrenal cortex was removed, adrenal medullae were minced PgMacLab in conjunction with the personal computer and stored
about 2-mm pieces with séissors in ice-cold2Geee PSS. da?a were analyzed by the software mentioned above. The ratio of

Minced pieces were incubated in Bdree PSS with 200 U/ml fluorescence of a cell excited at 340 nm to that excited at 380 nm
collagenase (type I, Worthington Biochemical) and 0.5% bovii@S used to calculate [€4 [13é;£he standard curves were deter-
serum albumin (BSA) for 30 min at 37°C with shaking. After thfinéd using a series of uffered solutions (Molecular
incubation, the cell suspension was agitated gently with a pipefts?es). Differences between calculated ratiggffo obtained
Collagenase was removed by centrifugation and isolated cd)<ells l0aded with fura-2/AM and the standard curve were cor-
were resuspended in fresh@éree PSS and then filtered with ny-Jected [20]. Experiments were done at room temperature
lon mesh. Collagenase digestion was repeated five to six tin@g_z‘r’ C).

with a solution containing fresh collagenase. The cell suspension

from the first and second digestion was discarded, since it incI%{ holami .
ed a large amount of cell debris and red blood cells. The cells be€cholamine secretion

tained from later digestions were combined and resuspended-in . . .
Dulbecco’s modified Eagle’s Medium (DMEM, Gibco) and cult xperiments for the measurement of catecholamine secretion were

tured on coverslips and in 48-well plates. The cells were mafftTied out using cells cultured in 48-well plates. First, cells were
tained in a humid?fied atmosphere og 95% air and 5% (BCan washed with normal PSS and preincubated with or withodt Ca

incubator at 37°C for 2 weeks. DMEM was supplemented wifipannel blockers at 37°C for 20 min.2ZCahannel blockers were
10% new-born calf serum -(Gibco) 100 U/ml penicillinpresem during the periods from the latter half of preincubation
100 mg/ml streptomycin, 0.5-25g/ml fﬁngizone 1QuM cyto- {10 min) throughout the incubation for the test. After preincuba-

sine arabinoside and 284 fluorodeoxyuridine. The culture medi- iOM: th+e cells were washed with ice-cold PSS three times. Then
um was replaced with fresh medium every 2 days. high-K*+ solution was added, and the cells were incubated for

15 min. Adrenaline and noradrenaline released from cells and re-
maining in the cells were measured by an electrochemical detector
(EC-100, EICOM, Japan) connected to a high-performance liquid
chromatography (HPLC) system (Jasco, Japan). The detection
[pit was 10 nM for both adrenaline and noradrenaline. The treat-
age-clamp techniques [14]. Heat-polished electrodes with 2 5 mgnt of samples for HPLC was carried out according to the meth-

4-MQ tip resistance were used. The composition of normal ext2f of Salzman and Sellers [21]. The ratio of noradrenaline content
cellular solution was: 134 NaCl. 6 KCI. 1.2 MgCL.7 CaC), 10 t0 adrenaline content (3 to 25) tended to increase during culture as

glucose and 10 HEPES (in mM, pH = 7.4 adjusted with Nao,{gported [23]. The release of noradrenaline from cells was there-
For the measurements of €aurrents, 5 or 10 mM Cagwas re considered to be an index of catecholamine release. Catechol-

used instead of 1.7 mM CagClITo inhibit voltage-dependent Na amine secretion was expressed as a percentage of the total cate-

currents, 0.2uM tetrodotoxin was added to the extracellular soltf;-hOIam'ne content in the cells.

tion. The pipette solution contained: 120 CsCl, 20 TEACI (tetra-

ethylammonium chloride), 1.2 Mggl1.2 ATP (adenosine tri-

phosphate), 0.2 GTP (guanosine triphosphate), 10 HEPES and®1¢0S

EGTA [ethyleneglycolbis(aminoethylether)tetra-acetate] (in m%
e

Whole-cell current recording

Whole-cell currents were measured with standard whole-cell vd|

- ; : i he following drugs were purchased: nifedipine (Wako Pure
B red by, the.patch-amp amplfier (CE2-2300. Nihon Keden. Jahemicals, Japank-conotoxin GVIA anckxagatoxin IVA (Pep-
pan) and sampled at 5-40 kHz by an analég/digital conv’erlge Institute, Japan). Media containing nifedipine were prepared
(MacLab, AD Instruments, Australia) in conjunction with a per:oMm ?\ﬁonﬁ?“t.fgted stocdk_ Sollutlgnf (0.1 and 0ﬁ01 M) okf thle drug 'P
sonal computer (Macintosh, Apple, USA). Stored data were aﬁ#ﬂé} %;leSL\iv:s)(lkg I{niw(?[hftga%rk %tor_ezgosce:. Llleostaoecr dsrﬂ uélounsgd
lyzed by the software Igor Pro (Wavemetrics, USA). The liquid pf o Ip q ' g
junction potential between the pipette solution and the extracelft£"e of analytical grade.
lar solution was canceled before forming gigaohm seals. Cells
were continuously superfused with normal PSS at a flow rateé:{f -
1-2 ml/min through the pipette placed 1ffh from the cells. =tatistics
Drugs were applied using the same pipette. Experiments were

r_
ried out at room temperature (20-25°C). e data are presented as the mean + SEM r{umber of obser-

vations). Statistical significance was assessed using Student’s
test, ancP values less than 0.05 were considered significant.

Measurement of [CGd];

[C&; in single porcine adrenal chromaffin cells was measured
with the fluorescent G4 indicator, fura-2. Chromaffin cells at-



181

Results A _Jk 3omy S0 ]
Voltage-current relationship of voltage-dependert*Ca 2 60 r-

- 50
channel currents 10 -
Porcine adrenal chromaffin cells, 8—luf in diameter, 0 o
were used to measure €aurrents. Cell capacitance
was 5.2 + 0.2 pFr(= 90). The application of a depolar- -~ 20 2000A
izing pulse to +15 mV from a holding potential of 20004
—80 mV evoked an inward current which was completely 20ms

blocked by C&" (0.5 mM), indicating the contribution ofB Iga2 (PA)
voltage-dependent @achannels. Since Gacurrents in- 0 +50 M
creased during culture in the first 3 days, and currents of &—e = =
steady amplitude could be obtained from cells cultured -59 vte:f(g?w
for 4-10 days, the experiments were performed using 4-
to 10-day-old cultured cells. After cells were voltage-
clamped, the amplitude of €acurrents induced by de-
polarizing pulses was gradually increased and reached a
steady level within 3 min. The experiments were there-
fore started after steady €aurrents had been obtained.
In the presence of 10 mM &athe holding current at a
holding potential of -80 mV was —11.5 = 0.9 pA& ., 000~
(n=90), and the peak amplitude of&€aurrents evoked 1040
by a depolarizing pulse to +15 mV for 25 ms was
—341 + 13 pA (= 90). 0.8
Figure 1A, B shows the voltage-currektl( relation-
ships of C& current responses to various depolarizing ¢
pulses from a holding potential of —=80 mV in the pres-
ence of 5 and 10 mM @a C&* current began to be
evoked by a depolarizing pulse of —30 mV, increased in
amplitude with an increase in the magnitude of the puls-°'2"
es, and attained a maximum at approximately +10 mV, |
The potential of pulses which evoked maxima¥Gaur- T T ; . |
rents was slightly higher in the presence of 10 mM*Ca -80 -60 -40 20 0
than 5 mM C&-. The reversal potential of @acurrents Vioa (MV)
was 74 £ 2 mV = 9) in the presence of 10 mM €a Fig. LA-C \oltage-current relationships and steady-state inacti-
This V-I relationship was not influenced by holding poration curve of voltage-dependentEaurrent in porcine adrenal
tentials of between —100 mV and —60 mV (data nodtromaffin cellsA Ce* currents evoked by depolarizing pulses to
shown). In addition, low-voltage-activated €a&urrents Vvarious voltages indicated from a holding potential of =80 mV in

: : . e presence of 10 mM @aB Peak C&" currents [,2*) shown
did not appear in all cells tested. In the following expef T A were plotted against pulse potentiabpén circley. The volt-

ments, C& currents were evoked in the presence of exge-current relationship obtained in the presence of 5 mi Ca
ternal 10 mM C&. from the same cell ik is also indicatedsplid circleg. Leak cur-
Figure 1C shows a steady-state inactivation curve fepts caused by voltage pulses were subtracted. Similar results

+ s i ere obtained from 4 other cells of two culturés. Steady-
Ce* currents. C& currents were repetitively elicited b>)évtate inactivation curve for @acurrents evoked by depolarizing

depolarizing pulses to +15 mV at intervals of 20 s fropyises to +15 mV from various holding potentials?Ceurrents
various holding potentials that were maintained lomgative to those at —-80 mM/I,,) were plotted against holding
enough for inactivation to reach a steady stapetentials ¥,,,q). Symbolsand vertical barsindicate the mean
(40-300 s). C& currents were decreased by holding p(\_‘alue + SEM ofl/l,, obtained from 4 to 11 experiments. A
tential fH' h h 60 mV d half i L Smooth curvederived from the Boltzmann relation is given by
entl_as of higher than — myv, an a Ina(_:tlvatllon WaS— | nad1+€Xp[(Vy,~V)/K} L, where V,,, = —40.6 mV and
obtained at about —40 mV. &aurrents were inactivatedk = 8.2 mv

completely by holding potentials more positive than

-10 mV.

0.4+

(Fig. 2). C&* currents were evoked by depolarizing puls-

es to +15 mV from a holding potential of -80 mV at in-
Effects of C&* channel blockers on €acurrents tervals of 20 s. The application of nifedipine (fu)

caused a rapid decrease of?Ceurrents that reached a
The inhibitory effects ofw-CgTx, nifedipine andw- steady level within at most 40 s (2nd pulse}AgTx in-
AgTx on C&* currents were examined to clarify the2€a hibited C&* currents gradually, and maximal inhibition
channel subtypes in porcine adrenal chromaffin cellas observed within 2 min in each cell. The effectvof
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10puM nifedipine 0.1uM 0-AgTx 1M w-CgTx Weone

. 4 . .

200pA |

20ms 0.6
Mheo
1.0_ .....
w-AgTx 044
0.8 nifedipine
0.2
0.6
0.0 T UL AL UL AL LR
0.4 0.01 0.1 1 10
[blocker] (uM)
0.2+ Fig. 3 Dose-dependent inhibition of €acurrents by C& chan-
nel blockers. C& currents were evoked by depolarizing pulses to
+15 mV from —80 mV at intervals of 20 s in the presence of
0.0 T T T 1 10 mM C&*. Two doses of nifedipinep-CgTx or w-AgTx were

o —

100 200 300 400 applied to each cell. Peak €aurrents relative to those measured
time (s) immediately before application of blockers were plotted against
log doses of the drugs. Peak?Caurrents were plotted 120 s after

Fig. 2 Time courses of inhibition of Gacurrents by nifedipine, application of nifedipine dpen trianglesn = 4-8) andw-AgTx
w-CgTx andw-AgTx. Ca* currents were evoked by the depolariz{open circles n = 4-5), and 240 s after application @CgTx
ing pulses to +15 mV from —80 mV at intervals of 20 s in the pre@pen squargs = 4-11).Symbolsndicate the mean valuss
ence of 10 mM C&. Theupper panekhows the overlapped traces
of the typical C&" currents in the presence of nifedipine (i),
w-agatoxin IVA (>AgTx 0.1 pM) and w-conotoxin GVIA (- concentrations of Ga channel blockers were applied to
i‘;ggxtg “'\é'z)i-k'”Cmfe'g‘t’;e;n%i{;edrgza!‘ug&*b‘gf’ggf V""eggti'(‘)%”g"ceach cell to reduce the influence of the rundown. Peak
channel pblockers. These normaljized values F())Ff) peak curre,%[@p“tu,des of C& currerjts 'relatlve to those observed
(N1, - o) in cells treated with 0.uM w-AgTx (circles n = 7), Immediately before applications of €achannel block-
10 uM nifedipine gquaresn = 9) and 1uM w-CgTx (riangles ers (/l.,,) were plotted against the log doses of the
n = 5) were plotted against tim&ymbolsand vertical barsindi- drugs (Fig. 3).
cate the mean value + SEM b, .o w-CgTx inhibited C&* currents dose dependently, and
maximal inhibition was obtained at 148/ (to 13 + 3%
) of control,n = 4 at 3uM). Nifedipine andw-AgTx also
CgTx (1 pM) on C&* currents was characterized bynhibited Ca&* currents in a dose-dependent manner.
slowly developing inhibition. It took 284 + 31 8 € 5) These inhibitory effects were much weaker than that of
for wCgTx to cause maximal inhibition of @acur- (.CgTx, thoughwAgTx was more effective at lower
rents. Assuming that the time course of this inhibitopncentrations than the other two drugs. The maximal
action was single exponential decay, the apparent tifRRibition was attained at 3-1M (to 81 + 2% of con-
constant was 135+ 17 8 € 5). The percentages of €a tro|, n = 4 at 10pM) with nifedipine and at 0.11M (to
currents in the presence afCgTx (1 uM), nifedipine g5 + 3% of control,n = 5) with w-AgTx. These values
(10 pM) and w-AgTx (0.1 pM) were 22 + 3% 1§ = 9), are larger than those obtained from the experiments with
85 * 4% @ = 5) and 94 + 3%r( = 7), respectively. The the single application of Gachannel blockers at maxi-
inhibitory effect of nifedipine, but not those @¥CgTx mal doses. These differences seem to be caused by the
andw-AgTX, was partially reversible (data not shown). rundown of Ca* currents masked by the inhibitory ac-
tion of C&* channel blockers applied over a long period,
o i.e., the rundown of CGacurrents might overestimate the
Dose-dependent inhibition of €zacurrents inhibitory effects of nifedipineq-CgTx and, in particu-
by C&* channel blockers lar, wAgTX.
L The results illustrated in Figs. 2 and 3 suggest that
Ca* currents were evoked by depolarizing pulses iycine adrenal chromaffin cells have N-, L- and P-type
+15 mV for 25 ms from a holding potential of -80 MV &t+ channels and the N-type channels contribute to

intervals of 20 s. Each concentration of?Cahannel yhole-cell currents much more than do the L- and P-type
blockers was applied to a cell until the inhibition attaingghsnnels.

a steady level. Since repetitive application of depolariz-
ing pulses caused a “rundown” of the2€Caurrents, two
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Vi (MV) Fig. 5 Effects of sequential application afAgTx, w-CgTx and
test

nifedipine on voltage-dependent&a&urrents. C& currents were
evoked by depolarizing pulses for 25 ms to +15 mV from a hold-
ing potential of —-80 mV at intervals of 20 s in the presence of
10 mM C&+*. Theupper panekhows Ca* currents in a cell before
(1) and after treatment with 0J3M w-AgTx (2), 1 M w-CgTx

(3) and 10uM nifedipine @) sequentially. In théower pane] the
peak C&* currents [-,2*) evoked by depolarizing pulses shown in
theupper panehre plotted against time. EachZahannel block-

er was applied as indicated Bgrows. Numbers 1-£orrespond to
those inupper trace

0.6
0.8
1.0

Fig. 4 Effects of nifedipinew-CgTx andw-AgTx on the voltage-
current ¥-1) relationship of C& current. Ca* currents were

evoked by depolarizing pulses for 25 ms to various potentials fr i inati ifadini
a holding potential of —80 mV at intervals of 20 s in the presen(?ghts were recorded 2 min after application of nifedipine

of 10 mM Ca&+*. Ca* currents are normalized to the controlP€a f_fO uM) and w-AgTx (0.1uM) and 4 min after applica-
current evoked by the depolarizing pulse to +15 mV in each cé@n of w-CgTx (1uM). All these C&* channel blockers
and plotted ad/l,,. The effects of nifedipineclosed circles caused the decrease in amplitudes of+Caurrents

n = 6), w-AgTx (closed trianglesn = 5) andw-CgTx (closed eyoked by various steps without large effects on their
squaresn = 5) on theV-I relationship of C& current were exam-

ined 2 min, 2 min and 4 min after application of these drugs, r\égltage dependency.
spectively. TheV-1 relationship of control CGa currents is also il-
lustrated ¢pen symbo)s Symbolsand vertical barsindicate the

mean value + SEM olfll ,, Effects of sequential applications of €a

channel blockers on @acurrents

Effects of C&* channel blockers on thél relationship  To investigate whether these2ahannels were all pres-
of C&* currents ent in the same cells, €xhannel blockers were applied
sequentially (Fig. 5)w-AgTx at 0.3uM caused a slight
Figure 4 shows th¥-I relationship of C& currents be- decrease in Gacurrents to 91 + 1% of control currents
fore and after treatment with 10M nifedipine, 1uM w- (n = 6). The 1uM of w-CgTx applied subsequently
CgTx and 0.1uM w-AgTx. C&* currents were elicited caused a great decrease in‘Ceurrents, to 22 + 2%
by depolarizing pulses to various voltages from a hol@t = 4). The remaining Ga currents were inhibited by
ing potential of =80 mV at intervals of 20 s.2€aur- 10 puM nifedipine. Similar results were obtained when
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these blockers were applied in different sequences, such gomy H1SmV

as w-CgTx, w-AgTx and nifedipine. However, in three = —
out of ten cells, a small inward current (44 = 11 pA)
which was completely blocked by 5 mM €aemained
even in the presence of these threé+@haannel block-
ers.

10uM nifedipine

control

1uM -CgTx

Effects of C&* channel blockers on €acurrents control
induced by long depolarizing pulses

N 200ms

peak

The effects of maximal doses @fCgTx (1uM), nifedi-
pine (10pM) and w-AgTx (0.1 uM) on C&* currents
evoked by depolarizing pulses of 1 s duration were ex-
amined (Fig. 6). Ga currents evoked by depolarizing 08
pulses to +15 mV from the holding potential of -80 mV
gradually decreased during the 1-s depolarization. Theos— ™
time course of time-dependent inactivation ofCeur-
rents fits the double exponential decay curve well and its ,_|
time constants were 96 + 25 ms and 793 + 110 ms
(n=19). Nifedipine ando>-AgTx inhibited the amplitude

of the ends of the Gacurrents induced by depolarizing
pulses for 1 s much more strongly than the peak Ca .
currents. The inhibitory rates of the peaks and the ends®-0 .
of Ca* currents evoked by 1-s depolarizing pulses were 1.0 —
15 £ 2% and 52 £ 3%n( = 6) with nifedipine, and
3.4 + 0.5% and 31 + 3%n(= 6) with w-AgTXx. w-CgTx 0.8
inhibited the peaks and the ends ofGaurrents equally,
i.e., by 65 + 4% and 61 + 3% € 7), respectively. As in-
dicated in Fig. 6, only thexCgTx-sensitive component
of the C&* current decreased during the 1-s depolariza-
tion. Assuming that the time course of inactivatiorwef 04
CgTx-sensitive component was a double exponential de-
cay, time constants were estimated to be 74 ms and.2
732 ms. On the other hand, nifedipine anégTx-sen-
sitive components of Gacurrents were slowly activated 44 _| i

and no inactivation was observed during the 1-s depolar- ' [ 1 ' '
izing pulse. If porcine chromaffin cells had three types of ~ ° 500 1000 0 0 ime oy

Ca* channels, the nifedipine-sensitive current was ex-

pected to be same as teAgTx- andw-CgTx-resistant Fig. 6 Effects of nifedipinew-CgTx, andw-AgTx on C&* cur-
current. Unlike the nifedipine-sensitive current, howevégnts by long depolarization. &acurrents were evoked by depo-

) raci rizing pulses for 1 s to +15 mV from the holding potential of
the w-CgTx- and w-AgTx-resistant current decrease—SO mV in the presence of 10 mM €aCa&* currents were re-

gradually during the 1-s depolarization. corded 180 s after application of i nifedipine and 0.uM -
AgTx and 240 s after application off®M w-CgTx. Upper panels
indicate the overlapped traces of typicaPCeurrents in the pres-

Effects of C&* channel blockers on the hightvoked ence and absence (control) of nifedipine an@gTx. In thelower
panels relative Ca* currents to peak amplitudes of control cur-

increase in [C&]; rents in each cell were plotted against ti@pen symbolsdicate

the control currents, andosed symbolsith continuous linesn-
Solution containing 60 mM Kwas applied to cells load-dicate C&- currents after treatment with nifedipineir¢les,
ed with fura-2 for 5 s at intervals of 7 min. Representd= 6), @-CgTx Squaresn = 7) andw-AgTx (triangles n = 5)

. : . : _<and w-CgTx and w-AgTx in combination feversed triangles
tive data are shown in Fig. 7. [€§ rose during the 5-s n = 3). Closed symbolsvith dashed linesndicate C&* currents

application of high-K solution and began to fall whensensitive to blocker, calculated as the difference & Carrents
K+ concentrations returned to 6 mM. The resting?[G;a with and without each Gachannel blockeiSymbolsandvertical

in porcine adrenal chromaffin cells was 34 + 2 nMarsindicate the mean values + SEM

(n = 26), and the first application of 60 mM*HKor 5 s

raised [C&"]; to 314 + 32 nM ( = 26). [C&*]; responses responses were evoked again after washing out the Ca
to 60 mM K+ were gradually decreased by the repetitivthannel blockersn-AgTx failed to inhibit the [C&]; re-
application, to 80-90% of each preceding response ($ponses to 60 mM K However, nifedipine and-CgTx

ble 1). Therefore, Ca channel blockers were applied tavere effective in decreasing [€§ responses to 60 mM
cells after two control responses were observed. Thin, The ratio of the third responses to the first response

—

0.6 —

/
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[Ca®'], (nM) Table 1 Effects of C&* channel blockers on 60-mM+*Knduced
400 — increase in intracellular Gaconcentration £[Ca2*];, nM). High
K+ (60 mM) solution was appplied for 5 s sequentially at intervals
300 of 7 min. The 3rd responses were observed in the absence (con-
10uM nifedinine Recover trol) and presence of 3@M nifedipine, 1uM «w-CgTx and 0.JuM
H niede y w-AgTx. Resting intracellular Ga concentrations were subtract-
200 ed. Mean values + SEM are indicated-@gTx w-conotoxin
GVIA, w-AgTxw-agatoxin IVA
100
WJ Conditions Response number
- - - - = st ond 3rd 4th n
07 Control 351459 279450  231#37 14

400 ] M CaTx Recovery Nifedipine ~ 367457  318+40  115+25* 167+25 10
w-CgTx 324+87 285161 106+28* 97122 5

300 | W-AgTX 275t69 255166 186154 149439 10

200 — bf\‘. * P < 0.05 and **P < 0.01 compared with the preceding responses

100 — \—J\\

o0 CA release (% of content)

EZ T EE TS
800 10 T I
600 — 0.1uM w-AgTx Recovery
8 -
400 +t
Tt o
200 — ‘L j\\‘ 6 — *.|-* .[
oI - - - - 4
1min T
2 -
Fig. 7 Effects of nifedipine-CgTx andw-AgTx on the 60-mM-
K*-induced increase in intracellular €aconcentration [CaZ*];)
in single porcine adrenal chromaffin cells loaded with fura-2.0 I I T I T
Cells were stimulated with a solution containing 60 mMfér 5 s basal 60 K 60 K 60 K 60 K
(solid bay at intervals of 7 minEach panefepresents typical re- _with with with
sponses to 60 mM Kin the same cell. Thhird responsén each nifedipine ©-CgTx w-AgTx

panelwas evoked in the presence of 18l nifedipine, 1uM w- . L
CgTx or 0.1uM w-AgTx. Nifedipine andw-AgTx were applied Fig. 8 Effects of nifedipiner-CgTx andw-AgTx on 60-mM-K:-

3 min before and during stimulation with 60 mM.Ko-CgTx was induced catecholamineCf) release. The catecholamine release
applied 5 min prior to stimulatic:n from cells during the 15-min incubation at 37°C was examined.

Catecholamine leakage from cells incubated for 15 min at 4°C was
subtracted. Ca channel blockers were applied 5 min before and

; ; PSR during stimulation with 60 mM K Results are expressed as the
in control and in the presence of nifedipineCgTX, - leased catecholamine as a percentage of the total catecholamine

. r
AgTx were 65%, 31%, 32%, and 67%, respectively. dbntent in the cellsColumnsandvertical barsindicate mean val-
the decrease in the [€3 responses to repetitive stimulues + SEM. Fronieft to right, columnsindicate thebasal(n = 20)
with high K* is taken into account, nifedipine amet level and responses to 60 mM Kithout (1 = 9) and with 10uM
CgTx inhibit about 50% of control responses. The inhip'-f‘idép'“e' 0 —.6)|1 FI‘EM w-CgTx (= 6) and dO-luM .‘ﬁ?‘gTX_ J
. ftect of nifedinine but not that o CaTx was par- U= ) respectively. Experiments were carried out with four inde-
Itory effect 1P| ) g Par- pendent preparations. P<0.01 and ***P<0.001, when compared
tially reversible, similar to their effects on €aurrents with basal releastP<0.01 andt1P<0.001, when compared with
evoked by depolarizing pulses. 60-mM-K*-induced release in the absence of blociers

Effects of C&* channel blockers on high#kevoked cat- (1 pM) but not by w-AgTx (0.1 pM). Nifedipine

echolamine secretion (10 pM) and w-CgTx (1 uM) decreased catecholamine
release by 53 + 9% and 48 + 12%, respectively.

Cultured porcine adrenal chromaffin cells incubated in

normal PSS at 37°C for 15 min spontaneously released

2.4 + 0.3% ( = 20) of the total content of catecholamin®iscussion

(Fig. 8). This spontaneous release of catecholamine was

not affected by any Gachannel blocker used. Signifi-The results of the present experiments indicate that only

cant catecholamine release was evoked by 60 miM khe high-voltage-activated type of €ahannels is pres-

which was inhibited by nifedipine (40M) andw-CgTx ent in porcine adrenal chromaffin cells. The maximal
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doses ofw-CgTx, nifedipine andw-AgTx decreased vation phase during a 1-s depolarization to +15 mV, sug-
Ca* currents to 78%, 15%, and 6% of control, respegesting a time-dependent inhibition of L-type2€aur-
tively. This finding suggests that the L-, N- and P-typé&ent by nifedipine during a 1-s depolarization.

of Ca* channels exist in the porcine adrenal chromaffin Unlike the current responses, the increase ir?fjca
cells similar to those of the ox [1, 7] and cat [2], becaugeoked by 60 mM Kwas inhibited equally by-CgTx
these C& channel subtypes are commonly defined asd nifedipine but not byo-AgTx at maximal doses.
Ca* channels sensitive to 1,4-dihydropyridine derivd-he failure ofw-AgTx to inhibit the high-K-induced
tives, w-conotoxin GVIA andw-agatoxin IVA, respec- increase in [C#]; is probably related to the finding that
tively [19]. Non of the three Ga channel blockers the inhibitory action oto-AgTx on C&* currents is the
changed the&/-1 relationship of C& current, suggesting smallest of these three ahannel blockers. The appli-
that each subtype of €achannel is activated by a simi-cation of nifedipine and>-CgTx in combination inhibit-
lar range of pulse voltages. ed the high-K-evoked increase in [G§; to 8 + 2%

In bovine adrenal chromaffin cells, however,2Ca(n = 4) of the preceding responses. This result indicates
currents have been shown to be sensitivex©gTx in that the major pathways of &aentry in response to
some cells but not in others, suggesting the heterogemnigh-K* stimulation are both L- and N-type €achan-
ous existence of N-type €achannels [6]; L-type Gd nels. Although there are considerable differences be-
channels have been reported not to be involved in sttween the experimental conditions for current and
dard C&* currents but to be unmasked by preceding d&a2*]; measurements, the difference in the inhibitory
polarization or by stimulation of Ddopamine receptorsefficacy of C&* channel blockers for Gacurrents and
[3, 5]. These findings are not similar to the present dior high-K*-induced increases in [€g; may be attribut-
servations of porcine adrenal chromaffin cells, becausge to the differences in time-dependent inactivation of
Ca* currents were inhibited stepwise by these?*CaCe&* currents. It seems likely that application of a high
channel blockers sequentially applied to the same cetlencentration of Kfor 5 s caused a greater inactivation
In three of ten cells examined, however, a small inwapfl N-type channels than of L-type achannels. Simi-
current still remained in the presence of all these blod&r to the inhibitory effects on [GH; responses to high
ers, as was also reported to occur in bovine chromaffin, nifedipine andw-CgTx equally inhibited catechol-
cells [1]. amine release evoked by 60 mM,Kout w-AgTx had

In bovine [6] and feline [2] adrenal chromaffin celldjttle effect on it. These results suggest tlaCgTx-
only 2 min of exposure ta>-CgTx was sufficient to sensitive N-type and nifedipine-sensitive L-type2Ca
cause maximal inhibition of Bacurrents. In porcine ad-channels are the main pathways by whicl#*Gavokes
renal chromaffin cells, however, the inhibitory effects @fatecholamine release induced by a highckincentra-
w-CgTx on C&* currents developed much more slowl$ion.
in the presence of 10 mM &athough the solution sur-
rounding the cell could be changed completely withAfknowledgements This study was supported by Research Fel-
200 ms. The differences in the time course of inhibiti ships of the Japan Society for the Promotion of Science for
by w-CgTx cannot be explained by €alependent inhi- oung Scientists.
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