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VOLTAGE-OPERATED CALCIUM CHANNEL IS INVOLVED IN
CORTICOIDOGENESIS IN BOVINE ADRENOCORTICAL
FASCICULATA CELLS

Minoru MurakAMI, Yasunori MaTsumoTo, and Tkuyo KaIl
Department of Pharmacology (I), The Jikei University School of Medicine

Ichiro Konpo
Department of Anesthesiology, The Jikei University School of Medicine

The voltage-operated Ca?* channels (VOCs) may be involved in the regulation of cor-
ticoidogenesis by adrenocorticotropic hormones in isolated bovine adrenocortical cells. To
confirm the presence of VOCs in adrenocortical cells, we examined the effect of high extracel-
lular concentrations of K*, which causes membrane depolarization, on corticoidogenesis and on
the mobilization of intracellular Ca?* concentration ([Ca?*]i) using primary cultured bovine
adrenocortical fasciculata cells (BAFCs). In the presence of extracellular Ca?* (1.2 mM), K*
(12.5-60 mM) enhanced corticoidogenesis in a concentration-dependent manner. The effect of
K* was greatest at a concentration of 30 mM. The addition of 30 mM K* in the presence of
extracellular Ca*" caused a sustained rise in [Ca?*]i. However, the effect of K* on [Ca?"]i
was not observed in the absence of extracellular Ca?*. Therefore, membrane depolarization
due to a high concentration of extracellular K* elicits Ca?* influx from an extracellular pool
in BAFCs. The VOC inhibitors nifedipine, nicardipine, verapamil, and diltiazem completely
inhibited the corticoidogenesis induced by 30 mM K*. The effect of 30 mM K* on [Ca?"]i was
also attenuated by nifedipine in BAFCs. These results indicate that the corticoidogenesis-
linked L-type VOCs are present in BAFCs.

(Tokyo Jikeikai Medical Journal 2002 ; 117 : 315-22)
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ACTH 12 & % GC FEEAIFMIEs Ca?t NLET
B2 s SNTLISR, GC EL: & Ca*t OBfRH
HHENIZ U D72, Yanagibashi 137 v EIE B
EEEEIRIC BT h, ACTH 12 & % GC EEA IS
AR A Ca*t N E Ea E 2 FF b, Ml
ACTH cHEM b s 2 BAIEEIE A VY 7 A
F % % )V (voltage-operated Ca?* channel :
VOC) BFEET A Z & x2RBLIY, LrLAD
5, MWEEIX trypsin JLEE U 72 Bl B R B dE i g %
vy, VOC [HES Iz X 2 ACTH @ GC FEEA
YEF O & BRI R L T3, 2L,
EIRE K X M~ O Ca*t JiA I3 %
EENSRCOVTIEBZEL Twuiwn, 51,
trypsin ALE I3 AR E ORGSO ET 5 2 &
WS TE DY, 72 VOC FEHEIC 3 2 Hifd
BIOBEG L RB SN TV, Z L CHIFEH
s &R 3 BB BR S D 5 L b il Tw
5 25, trypsin JLENC L o TIHBIL, EHHIZ
R L IOEREE s o EF o NIRRT Z D &
FZTANIICL W, Lich-> T, M B
i 2z o B M % v T VOC OFFTE # 1t
RIT 20BN D 5, SE, HRITHIIERESE D%
BERTED2TBRL T2z, FIRKEE3SHEHDO Y
Y EIE FZEFREHINE (bovine adreocortical fas-
ciculata cell : BAFC) # W THER L. 2L C,
HHRC I 22 i 534 9 5 i K+ 2 & 5 GC B4R
xt 3 5 FrE B VOCH % 3 T » % dihydropyr-
idine (DHP) F3EY L HIRREEDE W VOC
FHEESE T H % verapamil ® diltiazem DOXIH % #
LY, 7z, HOEM Ca?t BRI TH 2 fura 2
IV A% €7 BAFC 2 v T VOC OFEED
E Y 25 FERA % 5 5 72

I. % P

1. BAFC O¥MiiEE

BAFC I, collagenase I % Fv> T HEE 1 8L
LAIRERE L 729, 2 ORI~ &, 7]
KRNI EE S L VEATE Y VEIBE#
FHDREMABRERICK R L7z, R»T, B L
7z Krebs-Ringer bicarbonate glucose albumin
buffer (pH 7.4) (123 mM NaCl, 5.9 mM KCl, 1.2
mM KH,PO,, 1.2mM MgSO,, 25.3mM
NaHCO,;, 1.2mM CaCl,, 2mg/ml glucose, 3

1%

mg/ml bovine serum albumin (BSA), 0.01 mM
EGTA) (KRBGA) 12 T##L, BEBRERICK
BAEMEIL 7z, MIUIEE R % 0.1% collagenase I
B £ 100.005% deoxyribonucleasel &K 4 %
KRBGA #1T 5% CO, KA T T 37°C 12 T 1 ¢
A VFax— ML, BRAEy b CHIRG A B L
7o MR % 80 X v Y a HE T 4 VY —TH
JtE U R R W 15 e, MR R %
4°C, 1,000 rpm 12T 10 43R0 U T 7 Mifd %,
5% v ¥ HIRIME, 10% v ¥ #r4 R, 2.5% ¥
~IMES & OHIEYWE % & Ham F-10 558521
WCTHEL, 2472V 4 7ORENCHEREL,
REEH A (5% CO,) £5#E38 T 37°C THIREEEL
7219, DL EOAEIX 3 N CTHEICIT > 72, S E O
FEBOIIPMERE 3 HH oM Z v,

2. GC EEFEHDAIE

247 v F A4 FOREINCE U 7z 855
HORE (15-20 Jsffa/ 7 = v) %, KiSE K &8
Krebs-Ringer bicarbonate glucose albumin
buffer (pH 7.4) (129.3 mM NaCl, 3mM KCI, 1.2
mM KH,PO,, 1.2mM MgSO,, 25.3mM
NaHCO,, 1.2mM CaCl,, 2mg/ml glucose, 3
mg/ml BSA, 0.01mM EGTA) (low K-
KRBGA) (pH 7.4) THEIEEEE, B2 BEHT
T5% CO, [AHTIWCT37°C, 1 RfilA > F 2 —
MLz, A Fax—ya yEoREIX1Iml &
L, A ¥Fax—METEA >V Far—vai
Z05mlBRL T, zoHicEEnsd GCRHER
etk CHIE L7210, #E¥E GC & L T cortisol
PRWE, &EENCBW T GC ELEMEO RAE
DERILDZDT, FHRIIEKNEICHT 2% TEL
7z,

3. #REA Ca*' JBE ([Ca*']i) MBEIE

[Cazt]i @ HI%E 1 Mastui ® & %2 Hw T
ol bbb, T AR BIcEEE L - B S
% 0.029% cremophor EL & A Krebs-Ringer
bicarbonate glucose HEPES buffer (pH 7.4)
(123 mM NaCl, 5.9 mM KCl, 1.2 mM KH,PO,,
1.2 mM MgSO,, 10 mM HEPES, 1.2 mM CacCl,,
2 mg/ml glucose, 0.01 mM EGTA) (KRBGH) #
C fura 2/acetoxy methyl ester &3tic A > F o
N—1b L, HOEM Ca* 853 Th % fura 2 X
DA F 7, ML HtsE X HITACHI F-
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2000 #2436 ERE T 340 nm & 380 nm O il
BE2 058 L icE#s %25 510 nm BOE
R THE L 7. JllE 1X30°C o K 5
HEPES buffer (143 mM NacCl, 1.2 mM MgSO,,
2mg/ml glucose, 20 mM HEPES, 0.01 mM
EGTA) (pH7.4) Ttk o7z, [Ca*t]i OFH)
1% 340 nm & 380 nm & Ltk = T xR L 340 nm/380
nm (F340/F380) T L 7z. VOC % /* ¥ %
[Ca*']i ® FH1Z30mM KCl 2N+ % 2 &1
IVERL, SEALVY Y AT v 2 VIHEEIZ
KCl Z¥shnd % 50 #aiicinz 7z.

4. fREtALIE

Student’s #-test Z1TVv>, p<0.05 ZHFEEHHIICHE
BEbD ELE.,

Collagenase I 137 2 ¥ #: (350 £ v, deox-
yribonuclease I, nifedipine, nicardipine, ver-
apamil, diltiazem % Sigma f (St. Louis, MO,
USA) X v, fura?2/acetoxy methyl ester I
Dojindo Lab (REAR) LK D EEA L7z, & DOfiDFAZE
T RTRRR R Az,

III. #% ES
1. BAFCIZH113 GC EAICxT 2HMast KT o
2R
1.2mM Ca*" F4E T T K % i o KRBGA
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%W T, GC AT T 2 Mifast KT O%)R %2 %
ER L7z, M4 KT i3 7.5 mM DAE T ERER
W2 GCEEA 2L, S51230mM T%DIEA
BERICELR (Fig. 1), ZofERE» 5, 30 mM
K+ # P O EEBIC vz, K ERNSGET T
bV, b T RBsTEH BN GCHEENALNT,
ZOZ Mg KY 2L Twiw e, #
Fafiod Nat—K+ ATPase 234l < 4L Nat H3
faNcEE L, ZOFRE Nat—Ca*t &R ME
By LIS 2 o 0 Ca?t Fii ADMERE S M7z a] M
WEZOHND,

L7e35> T, BRIZZOEEEM 2P < Tz 012 LL
BOEBRICBWT, THHB T GC EL (L
L% w3mM K& 7%4KRBGA (low Kt-
KRBGA) ZfH L7, Fig.2 TRT &1z, 30
mM K* #2112z 72 Ca** JE& M low K*-KRBGA
IZBWT, figshic Ca?r ZIRINT 5 2 &gk D,
Ca?* JEEERAER (0.3-2.4 mM) 12 GC EEA: A3l
ETehs, Ca* HERITIE GCELRBE S h R
mo iz,

2. 12mM Ca* HETD30mM K ifhicL3

GCELEIZNT AT LF v RIVAEZEN
R

Fig.3 T/~ ¥ &£ 5 I1Z, verapamil & diltiazem
1230 mM K ¥INC & 3 GC BEA: 2 B FERTER
(6.25-100 M) wHIFIL, FhZzhd ICs («M)

*

Fig. 1.

10 30 60

KCI (mM)

Effect of extracellular K* on corticoidogenesis in BAFC.

BAFC was incubated with various concentration of K* in K™-free KRBGA in the presence of 1.2

mM Ca** at 37°C for 1 hr.

nations.

The maximum cortisol production was taken as 10095.
represents the mean=S.E. from 3 separate experiments.
*Statistically significant from control value (p <0.05).

Each point
Each experiment was triplicate determi-
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Fig. 2. Effect of extracellular Ca*" on 30 mM K*-induced corticoidogenesis in BAFC.
BAFC was incubated in low K*-KRBGA in the presence of various concentration of Ca*" at 37°C
for 1hr. The maximum cortisol production was taken as 1009. Each point represents the
mean+S.E. from 3separate experiments. Each experiment was triplicate determinations.
*Statistically significant from control value (p <0.05).
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Fig. 3. Effects of verapamil and diltiazem on 30 mM K*-induced corticoidogenesis in BAFC.
BAFC was incubated in low K*-KRBGA in the presence of 30 mM K* and 1.2 mM Ca?*" at 37°C for
1hr. The maximum cortisol production was taken as 1009 (verapamil: O-O, diltiazem : @-@).
Each point represents the mean+S.E. from 3 separate experiments. Each experiment was tripli-
cate determinations. *Statistically significant from control value (p<0.05).

1X9.8+2.1 £ 16.7£1.8 (mean+tS.E.) T H -7 H, DHP R 3Y)1Z verapamil & diltiazem X V
(Tablel). %7- DHP %%4) T % % nicardipine bag WHIEIE A 2 R L 7z (nifedipine=nicar-
& nifedipine 13 M {2 DUTF TS ERER 2] dipine > verapamil >diltiazem). Z O 5 1% 30
#] % L 72 (Fig.4). nicardipine & nifedipine ® mM K'iz k2 GCELENLLAEVOC 2L 7
ICso (M) 1XZhZ 4, 0.05540.0008 & 0.042+ Ca®* MAW L VSN Z L 2R L T,
0.01 (mean+S.E.) Th-o7z (Tablel)., T7xb
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Tablel. ICs;, of the Ca?*" channel
antagonists on 30 mM K*-

induced corticoidogenesis in

BAFC.

Icso (/l M)
nifedipine 0.055+0.008
nicardipine 0.042+0.010
verapamil 9.8+2.1
diltiazem 16.7+1.8

Values are the mean = S.E. from 3
separate experiments. Each experi-
ment was triplicate determinations.

3. BAFCIZHIT3 [Ca*t], IZXT 2#ARS K &5
o

VOC OFAE % EEINCEEAT 2 72912, fura 2
2V A F ¥ 7 BAFC 2 AwT [Ca*]ilcxtd
2R Kt %Iz oW TEf L7z, 99, Ca?t
JETFAE T ¢ K+ #5501 HEPES buffer T4 > ¥ a
~N—hL, T K & Ca?t 2L 7. Fig.5
T3 & D, K ifliis 1.2 mM Ca* % il
T2 &, K EEIIKEFEL T [Ca i iZsghnL 7z,
Mg Ca 2L 2w e, KHLE I kD
[Ca*]ind EH B AN ol & 51T,
nifedipine (0-10 M) FZEETIZ BT 30 mM K+
TRUEL, 1.2mM Ca®" 2¥Nd % & [Ca?"]i D

| 571X nifedipine @ 3 B K F B I S iz
(Fig.6). L7235, 30mMK* 12 & % [Ca*']i
FAIF LA VOC OIEMHALIC L 2 2 ERBE L
7.

Iv. # %=

BEZ e Ml O BEREFAET 1 Cat WEE L %E %
RizLTwalri3iiMMontns, BIBEE
HREMEcBW T, AHNEEMETH 2
ACTH % adenylyl cyclase-cAMP-protein
kinase A 2%/ L T, GC EAEZ{EHET 2D, Lo
LZDOEAFEICIZMENCa WRATH
070 Fiz, Miflgsi e Ca?t BHAT S I LI
X0, BHE 7 cAMP EANR S e Ty GC B
EIEEE N, L35 T, BIBREMmig
B3 Ca* MABBICOWTHIS Z &1 GCE
AR5 L TCEETH S, MEARNAD
Ca?* AR ICIE ARl Lb32bb b
TWw3, Znx VOC, V4> K7 — h BIJERRE
A A > F v 2, ZEEEEEANVY T LT v
AINTH 5,

Yanagibashi & 1% 7 & Bl 57 & FEEHI T 2 B
WTACTH 12 & W VOC 2315 M1k & 4 Cat 23
WAL GC BEADMEME X 1L 5 ATREM: 28 L 727,
L2 L, T trypsin ALEIC X O JHHE S L7254
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Fig. 4. Effects of nicardipine and nifedipine on 30 mM K*-induced corticoidogenesis in BAFC.
BAFC was incubated in low K*-KRBGA in the presence of 30 mM K* and 1.2 mM Ca?*" at 37°C for

1 hr.

Each point represents the mean+S.E. from 3 separate experiments.
*Statistically significant from control value (p<0.05).

cate determinations.

The maximum cortisol production was taken as 1009 (nicardipine : O-O, nifedipine : ®-®).

Each experiment was tripli-
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Fig.5. Effect of extracellular K* on the [Ca®*]i mobilization in BAFC.
Fura 2-loaded BAFC on coverslip was incubated in K*-free HEPES buffer at 30°C in quartz cell
with continuous stirring. Added K*, A: 30 mM, B: 15mM, C: 7.5 mM. There are results from

the typical experiment.

Two such experiments were performed.
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Fig. 6. Effect of nifedipine on 30 mM K*-induced [Ca?*]i mobilization in BAFC.
Fura 2-loaded BAFC on coverslip was incubated in K*-free HEPES buffer at 30°C in quartz cell
with continuous stirring. Added nifedipine, A: 0, B: 25 M, C: 5uM, D: 10 uM. There are

results from the typical experiment.

fa% R, VOC BHESKIC & % [0 7 S22
BetZE L Tnws, L L5, trypsin TULH
LEHIT & o THINEE D 7 A & > DR 2 1) T
ZHA[REMEDY B B DT, &lElF trypsin TiEZ2 <, X
D EAA DF5> collagenase CTHLEL L 3 HE#IAES
ZE L7 BAFC Z#HwWwT, VOC » GC A L B
LTWBNIZOWTHEEL -,

ERE KT 2w CHEBRLI: L 25, GCEAR
HREAL Ca?t S IRAFE L TIEss S iz, i
Jast Ca*t FAE T @ GC EA T 2 Mg st K+
DR EWERERN 5 7228, Hilastic Ca2t %
WL T WIREETIR 2 OsRIIBEE s
Mmolz, e OfEED S BAFC 2B W T, Mg
LD EERE K 74 T Tl Mg 4t Ca** 13 GC B
BWCHEATH Y, R 2 F v 72 525 & [AAR
BAFC 12 GC &#BH 3 % VOC BFEET 5 Z &8
mEE NI, Fie, Hulzwdng VOC BHEHE S

Two such experiments were performed.

FREK L5 GCELZIMEI L, LrL,
Table 1 12779 & 5 12, nifedipine & nicardipine
@ ICso 1Z verapamil & diltiazem X ¥V 100 5 &
& ¥ BF ¢ &> 7z. Nifedipine & nicardipine i%
VOC #IRMHEH, TH Y, verapamil & dilti-
azem | VOC IR DEWHEIETH S 2 L »
5, ZORERITEETHNTARHZZFFL Tw
2919 —75, 2 T BAFC ORI ol s 12
£ % [Ca*]i OBINOERIRER I #E S h T
R, L7edd- 0, SEERAL i3anH Ca?t HEndE
Thbfura2 YA F 7 BAFCZ2HWwT,
HEE KR & 2 [Ca?r i o4 2308 25
Bl7-. 1.2mM Ca**" f#fE T, 30mM K* X
[Caz*]i ORHGHY 2RI % T S/ 2 L7z s, i
NCaFEFET T, REEKNCE-TY
[Ca*liomire 2 o & oiz, & 51,
[Ca?*]ilc 3 % &g K OfEM X VOC ZE R
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MR T H % nifedipine 12 & - THIH X 7z,
o DOfER» S, mEE KT 13X VOC 2 AL
LS 2 & @ Ca*t LA ZEHET 2 2 L HVURE
Wiz, 72720, BimE K ick % GCEAICHT S
nifedipine @ IC,, &, HIRE K 1z X % [Ca?t]i
FHEMEIT 2 OB R Z IR EBRED
EBRHDLH, COENPEbIIZERELT, =250
TWHEEN D 5. 3, GC B4 I3 28T Mka
% nifedipine T4 F C1EFEI A > FaxX—b L
TRERTH B DR T, [Ca?t]iicxtd 2 #E5E
IX nifedipine @ 100 BEILE I L % b DT, MHE
A OMEDH 2 &% . — 7, nifedipine 130G
ZWs Iz, [Ca’tiicBld 2 FET i
L CIaid i = %2 W& U 72 72 %, nifedipine 2343 fi#
anedvEzons, GCELAIWCHET 2FEEIC
BWTHE, 1 vFax—1r%2CO, A ¥ Far—
F—WTITo 720, BERERINLTHEDT
SRSV,

VOCizig, 7 &y L&, TR, N oD 3 ¥
A 7 H D™, Matsunaga 5'® & Cohen 519 &
K= NNy F 75 TRERNT, vYRIE
A ER EMIIC B W TR & LB OGFELE 2R
WL Twa, Fiz, #EY B EERE
faCiEBmREK L VR TEF v 20
Wb ah, DT LEF v 2 V24 L CTHlligst
5 Ca?t OFFRIMMAD 2 2 L2 WAL T
W5, &51Z, Burnay 7 & fura2 2D AF
i VEIE REEREMCHYT, TRHE L
HOVOCOEEEZRBL TWwD, —HICiX
DHP Z#EY)i: T 2 & L # VOC Ol 5 = JH 5
LEEbhTnws, LarL, DHPREYTH S
nicardipine {3 T #l3% X ' L #F % 3 )L 2 9
%9, b5 1250 DHP REYTH % nifedipine
T 8T v 2V 28I L %2 v, —J7, Mlinar 59
EAR—=neNXyF 27T 7k TBAFCIE T
BT v 2 VD HFFD RS LT hs, 15513
By AF v VHEEKTH B NIt &
La®* 2w e L, DHP Z3YIHEHAL Tw»
e, Tx DEERSAETIE, nicardipine 7210 Tk
¢ nifedipine T% BAFC Iz B1J 2 S E K 12
&% GCEAZTERWCHIHIL 72, 2 L TEEE K*
2 X BN~ O Ca®t Fi A IZ nifedipine 12 X
mHls iz, DEOfER XD, BAFC izd |

b LED VOC BEAEL, % hns GCEAIH
BLTwaZenFHEzohsd, LerLiens,
BAFCic81 %2 TH VOC DFEDH L L O
Z OAHEENC D W T IISERE T 2 LEN D
5.

V. #& B

L v vEIE R AERIREM s 0 % GC EA
WEBI T 2 VOC DFFFEIC D W THRES L7z,

2. st Ca*r FET T, Miffast KT i3 Em
Tz GC EEEZRAEL, /2, BEE K FET
TS Ca*t b IREMRAERIC GC FEAE % AR
L7z

3. BEEK X5 GCESAIFLMVOC
HEIRHEEHE T % 5 nifedipine, nicardipine IZ & ©
g < il S, VOCIERFEBIHEZRETH % ver-
apamil, diltiazem I & > Ty HH S Nz, Z DA
EA/EH O 58 & 1% nifedipine=nicardipine > ver-
apamil>diltiazem TH - 7.

4. Fura2 2D A% ¥ 72w VR EFRE
MR BT, Mfast KT IR ERER [Catli
& FRX¥, ZOfEHIX nifedipine THEEKIEH]
WX iz,

5. bR LY, v RIS KREACRERY
Wi, GCEAIWHE L7 LA VOC BNEAET S
ZEER I NI,

KRN S 2 bz v, R, HEHZ5Y
F L7 IN B R e 2 S OB e BT £ 57,
7z, BB V7272 & £ LI SRR
KREFIEBIZFHIESE 1 DRI Bz LE T,
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