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INVOLVEMENT OF Ca** ON CYCLIC AMP-INDUCED
CORTICOIDOGENESIS IN BOVINE ADRENOCORTICAL CELLS

Yasunori MaTsumMoTO and Miyuki KAGATA
Department of Pharmacology (I), The Jikei University School of Medicine

Cyclic adenosine monophosphate (cAMP) and calcium ion (Ca?*) play important roles
as intracellular messengers in the corticoidogenic effects of adrenocorticotropic hormone
(ACTH) in bovine adrenocortical (BA) cells. However, which messenger has a greater
effect on ACTH remains controversial. The nonhydrolyzable cAMP derivative dibutyryl
cyclic AMP (Bt,cAMP) stimulates corticoidogenesis even in the absence of extracellular
Ca?*. Therefore, we examined the effect of nicardipine and EGTA on Bt,cAMP-induced
corticoidogenesis in the absence of extracellular Ca?* in isolated BA cells. We also measured
the mobilization of intracellular concentration of Ca?* ([Ca?];) by Bt,cAMP in a primary
cultured BA cell using the Ca?"-imaging system. We found that: Bt,cAMP (1 mM) and
forskolin (10 #M) each enhanced corticoidogenesis time-dependently even in the absent of
extracellular Ca?". However, the addition of nicardipine (2 4M) markedly inhibited cor-
ticoidogenesis induced by Bt,cAMP or forskolin in the absence of extracellular Ca*". In
addition, the Bt,cAMP-induced corticoidogenesis was markedly inhibited by the addition of 1
mM EGTA. This inhibitory effect of EGTA was observed after 10 minutes’ incubation. In
the presence of extracellular Ca?*; Bt,cAMP-induced [Ca?*]; responses increased slowly,
witha time lag at 7 to 12 minutes, and peaked after approximately 20 minutes ; in the absence
of extracellular Ca?* ; the gradual increase [Ca?*]; due to Bt,cAMP were observed with the
Ca?*-imaging system. Our results suggest that cAMP releases Ca?** from BA cells to the
extracellular space and Ca** follows to influx intracellularly via the cAMP-activated calcium
channels. Our results also suggest that both cAMP and Ca?* are required for on ACTH-
induced corticoidogenesis.

(Tokyo Jikeikai Medical Journal 2005; 120: 1-8)
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DLEENCAMP LR XD b X704 FEEREE
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Thbb, £HENEED ACTH EMKEFEME
BNV Y7 AF ¥ %I (voltage-operated Ca?*
channel : VOC) %M b3 % 2 &2 & 0 fifast
o0 Cat WMAZREL, ZOMEAT AN
BEESRI S D 2 L BRB LY, —7, Sala 5
EEREOHIEEZHWT, 7 v MEIEEEHE
BT % ACTH 2 Xk % cAMP EAZHIEL, A
TuA FEERRLIBMRET LR, RRE
ACTH THHEN cAMP B2E % FRx¥ 35 Z &
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FKET2bDEHEZD, LrLEWNs, HEDE
Bt Ca OFAET Tirbh iz,
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oA FEEMEELAREDEZ NS, 20
B2 ACTH O X 7 u A FEAEEER L,
cAMP & Ca** D EBL6FE L THELTWS
D FVE LI SN Ty, —75, [EEH
e cAMP &R TH 5 dibutyryl cyclic AMP
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A REAZRET 2 2 EBRESNTLEY, 2
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NATuA FEECEAS LW LT 54513,
Bt,cAMP iz X 2 E#17%5 A 7 0 4 ¥ ELEFK
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1. 7 EIBREERRIAERIR O

ERE BA {7 > BIE B A% 2> & trypsin
PR TR72, S OHEEBRICAHRNDS &, Ak
M2 I S S D OBEATE oV VEIB RE %
ML e LTRW ., e LT Ca*t %
& % ¢ \» Krebs-Ringer-bicarbonate-glucose-
albumin $EEFHR (123 mM NaCl, 5.9 mM KCI, 1.2
mM KH,PO,, 1.2mM MgSO,, 25.0 mM
NaHCO,, 2mg/ml glucose, 3 mg/ml bovine
serum albumin (BSA), 0.01mM EGTA; pH
74) (Ca*-free KRBGA) 12 0.25%trypsin %l
ZTERL, 37°C, 95% 0,7 5% CO, [&fH T T,
B & 7 E % Ca*t-free KRBGA TA ¥ F 2X—
varl, HEL MR 20 L, 20
M % trypsin BHES &5 @ Ca?*-free KRBGA
TIEE L, trypsin fEA % F1E S EFEBRIC AW,
I 12 13-3610% cells/0.5ml 12 72 % & 9 &
L, A7 04 FELEEBICHO .

2. R704 FEE£DRE

Trypsin JLERIC & > TH 5 7 Bt BA g
(13-36 X10* cells/0.5 ml) & Bt,cAMP, nicar-
dipine &2 &ML, 95% O, 5% CO, KfH T,
PCDOEMHETTA vFax—ya L, dichlor-
omethane TRIGZILH AT a4 F 2L 722,
A7 a4 FiRNVEYERI Slavinski & O F#E?
% FW T T, cortisol ZiE#ERX 7o A N & L7z,

3. VI RIBRERREMOVEE

BA #fif@ 1% collagenase JLEE I THEFE R IZ T
BUGMRETE LY, FEE2fRchNs &, BE
Y oA TE Y VEIE * B ORI = Bk
%, KRBE L7, WERA Ca?t-free KRBGA
IZTCHEH, MEEZRELUREEZMUILI:, O
EHIYIE % 0.1%collagenase I, 0.005% deoxyr-
ibonuclease I8 & *1.2mM CaCl, &FH D
KRBGA §1 T 37°C, 5%CO, "M T TA > Fa
N—1bIL, ZOBEY T 4 7 & VML
BEL, BB REHRREMEZERRL .. Bohi:
Wil % 59% fetal calf serum, 109 newborn calf
serum, 2.59% horse serum B & OV E »&H
3 2 Wi Ham F-10 55529218 L, Cellmatrix
T L Fe o N—27F A fEFEL, 37°C, 5%CO,
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B ORI E L7 FERRICIE 3~4 HREE L7
Ak BER L7z,

4. ANSILAA=D2T

B N—T T AR L 7o RET 2 BA Milfg %=
v TEBR %o/, ¥ 7, Krebs-Ringer-
HEPES-glucose-#&f## (123 mM NacCl, 5.9 mM
KCl, 1.2 mM KH,PO,, 1.2 mM MgSO,, 10.0 mM
HEPES, 2 mg/ml glucose, 0.0l mM EGTA, 1.2
mM CaCl, ; pH 7.4) (KRHG) IZ cremophor EL
EHOBMEA VYT AHREREETH % fura 2/acet-
oxy methyl ester (fura 2/AM) Z&hL, 10%
cremophor EL, 5 mM fura 2/AM &8 KRHG %
TR Tz, Z OFEMERT 37°C, 90 40 A v F 2 R—
ML, MAfgIC fura 2 2 &fF L CERERIZHW Y,

H Y A IIHEERE CCD 7 X 7 % i
2 T BT EEMSE (= a > TE300), HGEGREsT 7
a7 2. (MK N=2 X Aquacosmos) % {#
Lz, 29, il 2B L7207 At EF = > —
27— A TERE, BE LEMECEy M35
R Rz L v & S, #ic KRHG TR L 72,
% LT Bt,cAMPm 72 & THIE L T, fura 2 %
HRE R HOEE (510 nm) &S =¥ E (380 nm
& 340nm) 2 XV HE L e, MKW Catt IRE
([Ca*])) OZE)IX 340 nm B X U 380 nm TJFh
2 L 72 IF D HDEFREE O HE (1.340/1 380) THR L 729,

5. ME

Bt,cAMP, nicardipine, forskolin, deoxyribo-
nuclease I, Ham F-10, ¥ B XY ~IIiEiX
Sigma # (St. Louis, MO, USA) X Y, col-
lagenase I 137 7 2 ¥4 (EE) £ v, fura2/AM
¥ Dojindo Lab (HE4) X b, Cellmatrix 3#H
Yo F o (RIR) LK DEEAL:. ZDMORE
FT RTCERRZ v,
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1. Bt,cAMP RIICL 2 X704 FELICKHT S
nicardipine DN

Wik BA M B % Bt,cAMP HI# 2 57 o
4 R EAICH T 23 VOCHEH T H % nicar-
dipine O #h# & MET L 7z, Mg HmmL 7
Bt,cAMP IZHIfIN AT L, fllfastic Ca*t ik
MUZLTH AT A NEEERRET 29, 22
T, Mifgst Ca?t RIS T T 1 mM Bt,cAMP
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Fig.1. Effect of nicardipine on Bt,cAMP-induced

corticoidogenesis in BA cells in the absence of
extracellular Ca?*.
BA cells were incubated with 1 mM Bt,cAMP
in Ca?'-free KRBGA for the times shown
(0—®). After BA cells were started to incu-
bate, these were added 2 M nicardipine at 0
(--®-+),30 (--m--), 60 (--O--) and 90 min
(--x-+), respectively. Each value represents
the mean+S.E. of triplicate determinations.

WEDRATaAf FELAREET /25, A~
Fa—va VIERKEFERIC A T A FEEZE
#L7 (Fig.1). 2L T, 41 ¥Fax—va B
15 30 7348, 60 438, 90 73212 2 uM nicardipine
BWMLIZEZ 5, $§XTICBWT Bto,cAMP #l
Bz & 5 A7 a4 K4 IZ nicardipine ¥SIN&,
sEewiiflsni, 72, 41 vFar—yvarH
I & [FIIFIZ nicardipine Z¥INL 72354, 30 04
VFaR—varEoBt,cAMPIZ X5 AT 1
A ¥ €4 & 1% nicardipine SERIIEE & H X THY
309 DOz R Uz A8, 30 3 LA 1338 L Il
FE STz,
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2. Bt,cAMP & & U nicardipine Bi{LIE BA fAAE
1252 Bt,cAMP IC& 2 X704 FEED
Ehm

a4 Ca?t NS T ¢ 1 mM Bt,cAMP

¥ 7213 1 mM Bt,cAMP+ 2 uM nicardipine &
X V30 METALE L%, HE%E Ca’-free
KRBGATH®¥ Lz, TOMK %2 Hw T
Bt,cAMP Oz %2 #%5) L7z, Fig. 2 a8k,
st Ca** EANZRAF T 12 B> T Bt,cAMP T
30 S FEIATALIE U 72854, Bt,cAMP HliI X % X
TOaA REEIFA VFax—ya>r304, 604
Z I Z #7110 pmol/10° cells, #7160 pmol/10°
cells Th-o7z., 7z, Bt,cAMP & & 12 nicar-
dipine Z &N L 30 4rFEETALE L 7265 5R, 30 43, 60
DA YFa—va KO Bt,cAMPIZ X % X
T A REAIZZNZ N 50 pmol/10° cells, #J
100 pmol/10° cells TH D, Bt,cAMP HJhHTALEE
AT, Bt,cAMP W2 & 2 A7 14 R EEEE
135540 o 7z,
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Fig. 2. Effect of Bt,cAMP on corticoidogenesis in

Bt,cAMP- or Bt,cAMP and nicardipine-
pretreatment in BA cells.

BA cells were pretreated by 1 mM Bt,cAMP
() or ImM Bt,cAMP+2 M nicardipine
(m) for 30 min in Ca?*-free KRBGA, followed
by wash with Ca?*-free KRBGA. The washed
cells were incubated with 1 mM Bt,cAMP in
Ca?*-free KRBGA at 30 and 60 min. Each
value represents the mean®S.E. of triplicate
determinations.
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3. Forskolin Rk 322704 FELICKHTS
nicardipine MR

Forskolin I & #2 adenylyl cyclase i /EFH L,
ZOWEWEREET 2 2 L k> THIEN cAMP
EEMEEZZLEFHMSNTHLEY, 22 T10
uM  forskolin iz kX 3 X704 NELIIHT 2
nicardipine ORISR 2 Uz, £ 5, ffast Ca*t
ETRINSAE T ¢ forskolin BAUEL %47 - 7-. Fig.
SIRTREIE, 4 v Far—y g VRIKERIZ
A7 a4 FELZEINL, % Z T forskolin T
R, 1> F2_— 3 VBIth 30 5, 604
%, 90 DIz FnZF N 2 uM nicardipine %z &R0
LiceZ2, EBEOARAT A FELICEWTED
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Fig. 3. Effect of nicardipine on forskolin-induced

corticoidogenesis in BA cells in the absence of
extracellular Ca?*.
BA cells were incubated with 10 M forskolin
in Ca**-free KRBGA for the times shown
(0—®@). After BA cells were started to incu-
bate in the above condition, these were added 2
#M nicardipine at 0 (--@--),30 (--H--), 60
(++O-+) and 90min (--x--), respectively.
Each value represents the mean=+S.E. of tripli-
cate determinations.
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v g VBAMEERIC nicardipine 2 WIS % &, @0
#% 30 43D forskolin HIFIZ &L 2 A 7w A NE
ARIIEI S 720581 30% THoTz. £ LT 305
LU 1 forskolin DFEH %58 < I L 7z,

4. Bt,cAMPRIHIZL 2 X704 FEELIZHT S

EGTA O%hR

Bt;,cAMPIZ X 2 X704 FELEIIXNT S
EGTAD #h & %2 #% 5 L 7z (Fig. 4). 1 mM
Bt,cAMP & 1 mM EGTA %Z[RREmMmT % &, 4
VFaX—ya R 10 B0 R T a4 NESE
WIFIF E A EZEPB ORI o120, ThliE
DATuA NEEFZL2CHEI s,
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250 {

¢ pmols10°cells )
S
o
|

150

Cortisol
-
o
o
|

50 I.I /¢C T l_p,,"'
:iJ. l 'l' K 0y,
o ey, T
L L
ok L2 M 2 M
0 51015 30 45 60

Incubation (min)

Fig. 4. Effect of EGTA on Bt,cAMP-induced cor-

ticoidogenesis in BA cells in the absence of
extracellular Ca?*.
BA cells were incubated with 1 mM Bt,cAMP
in the presence (@—®) or absence (--O--) of
1mM EGTA in Ca?* -free KRBGA for the
times shown. Each value represents the
mean=+S.E. of triplicate determinations.

WAV 7 NP DZ LR WG U7z, fifes Ca?
WIEE W 8 W T, I E B4 30 B £ 12 1mM
Bt,cAMP THIE L 7- & Z %, Fig.5Zx3 &
12 Bt,cAMP Hlli##%, 7 53E» S [Ca*t]; 250 % %
M EF LIRS 18 3R TE =2 ITEL, Z D%
FRZCERRICR o 72, —75, Milast Ca*r fEas
FHETIRBWT, i EFEMEK 1 mM Bt,cAMP
TR % &, FuansfEenic [Cat], oL
AW oniz, ZOFEBRICIIE—MEEHWT, S
b 4oofifdcREI N, ZLT, Mg
44 1.2 mM Ca** ihigetE T, Bt,cAMP Wi
[Ca?*], O FRBFRM 7~1243, ©—27IZ&ET 3
DIz 18~25 43 L% DI k> TEVEL S 1L
7z,

Iv. # =

v B BB AR EHIIE & v T, #lfgst Cat
RIS T W B 1T 5 EZE M Bt,c AMP Hl#
A7 uA FEAExT 25 LA VOC DR EHE
HTH 5 nicardipine BX A V¥ 7 A FLr—
¥ —TdhH5EGTA OhEEZME L, H#ENTIE
b5, cAMP Iz X hflisns A7 a4 FELE
BT Ca® WEELRREHZRLTHE LD
FERA R R AT, MRSt Catt SERINSAE T I B »
T Bt,cAMP ¥ X Fforskolin iz X b, HIfg ™A
CAMP % FREEILEOAT 04 FELL
%} §° % nicardipine @ %) £ & # & L 72 £ R,
Bt,cAMP ¥ X tF forskolin BRI 8 © 13 B 4
FHWCAT oA FELESEMLU., 2L TA >~
F a2 N—3 3 UELE 30 531, 60 534, 90 RIS
Z N Z N nicardipine ZEINT % &, FhliE, A
Ta4 FELIZBW TEROIIGEIE R S i,
ZDZ kX, A< kb Bt,cAMP B X U fors-
kolin #lI3 30 43 DA% 1%, MfEAt o it & ufz Ca®t
N VOC 2/ L CTHUHIBENARAL, X704
REAICSEL TWE I EERBL TS, —H,
A ¥ F 2 N—v 3 YHHRERC nicardipine % N
L 72856, Bt,cAMP 8 X U forskolin i2 & 5 A 7
oA FELFPPIEI SNz 0D, 5Bl
RSN pol, LicosT, ZOER»o4
b ¥ ar—ya YR 30 2D A
FuA4 REAICBWT, cCAMP BEE R EE %5
L Twb ZEMREns, LarLars, Hid
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Fig.5. Effect of Bt,cAMP on the [Ca?*]; mobilization in BA cell.
Fura 2-loaded BA cell was stimulated by 1 mM Bt,cAMP at 30 sec after the start of recording in

the presence (A) or absence (B) of extracellular Ca?*.
Four such experiments were performed.

ment.

ST & s Ca?t 2 EGTARIIC & v F
V—t L, fIlEAAOD Ca?> OFFAZHEL X
EEBICBWTIE, { Y F 22— g VBt 10 43
FIFEAEAT O A FEELINFEI ST, 10 584
Bridseecidi s nre, Ledi-> T, cAMP 3%
ELTHEBEATOA FEELCESG LTV DI,
FIWBAGAT: 10 I TH D, ZDH cAMPIZ LD
VOC M L L, Milgsh it S iz Ca*t »E
MALAT 04 REEZSSIEELLZDDEE
Zohd, FE, MilaN Ca?t BELEICNT 2
Bt,cAMP O % H7z £ 2 5, B 5 m7g Ca®t i
ADBBE I N, cAMP Iz X D ifast» & 0
Ca’ MADMERES 115 2 & 13 MDCK #ifa ), =
o B R B A, MING §ifE L O b
T TN AR THRE I N TW S, cAMP
WWEBHNY T AT 2 2 NVOEHALERICOWT
1%, cAMP »3E#: L B VOC 23E LT 5 L v
it 2 cAMP K174 D protein kinase A 12 &
) B EN LT LEVOC DEH LB Z %
EVIHEY R D L, v YEIBEEMRIZBW
T, cAMP 12 &3 VOC OFEHALR E B & DR

The result is the trace of typical experi-

WEOHBRTE20EBEDE ZARHTHS, L
LS, cAMP N 7~12 3212 Ca** Fi A
DERE I - Z £ 5, protein kinase A 12 X %
D VBAbE N T D IEELO ATREE DS R VLAY, S,
R 2RI LETH 5.

T3, MRS & 7z Catt DRI IE
EZIhsrht I MENEENTWS, SEO
52ER T Bt,cAMP BB X Of, Bt,cAMP+nicar-
dipine [FEIRFZRINIC & D 30 S RIRTALE 21T, %
DE M % e U Bt,cAMP THIE L 72 5 R,
Bt,cAMP B i jij 4L ¥ & kX T Bt,cAMP+
nicardipine [FIBFHTALE ClX, A 7 a4 NELZE
L Aotz 2ix Bt,cAMP & nicardipine
ZRIFFICHTALE 2 Z L1 & D, Bt,cAMP O
Wiz ko T Ca* A N7 5D Ca* piffifastic
B S 1, H O AJEA 3 % O % nicardipine
WHELZEEZONSE, CORBERY 7,
Bt,cAMP 2 & 2 A 7 1 4 FELCIZMEND
Ca* PEELBEZRILLTWDE I L E2REBL
TWw3, Tbb, Ca*tid Bt,cAMP 2 & - Tl
BRI sz Z Xy, filgmCa?t A v 7
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PO Z b, Cat SHIfEst &5,
Z 0 Ca** PHEMBEN~NAD AT a4 FEEE
Ffisn s cEzon s, ZOAREMEICOWTIE,
v 3 BB B b B 2 B 7o ESE T cAMP 28
MR Cat B ER AL 2> & o Ca*t U % (e 5
52 EMBENCRB LI mEND 50, 5
[, F&X & Bto,c AMP 23PN Ca®* B8 i 5>
S50 Ca B ERIET 5 2 &% Ca?t 4 A=Y
Yk, HERRLL.

HMfEA Ca?t Bz e L THE 2 55 D3/
Jafk, S ha >RV 7, R END B, BfEx
LIGEFEICHIfEA Ca?t BRI BEE A2 52 TWwW5 0D
WINEETH D, 8% 5 { cAMP iZ/MatE» & o
Ca®* A % BT 2 L b s, /NNaE» 5D
Ca?* it icB5 L T 2 D1 inositol 1, 4, 5-tri-
sphosphate (IP;) D Z & (IP;R) B X fCa? -
induced Ca?* release #75| &#2 Z ¥ ryanodine %%
=& (RYR) TH %'®, cAMP 3 protein kinase
AEHEENLUTCIPR 2 VL, IP, DS
HEEDDAREESRIN TR, —/T
WEE g MR B W T, cAMP X b 2D Y >N
cfEE L, ToEEERI/IMIED RYR 2L T
INEA S Ca?t BT 2 Lo b H 519,
Tz DAV BA i IP;R BFEET 2 2 &1k
S PIZEINT W3, £72, 507 —F IR & %
WA, L X RT-PCR 12 £ » RYR OFFLE 2R
TEHREDE T, L LD SBHED L 2 2,
cAMP 2 & % #ifa N Ca®t B ER Az &> & o Ca*
BRI, ©b 5 DORERNSEEL T i 00
BT TH L., SHROMNPLETH 3.
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#, 60 2374, 90 43421Z nicardipine Z¥IN9d % &,
PO X 7 a4 FEEZBOIIFERLEREZ SR
7z,

3)  MEREA: Ca*t RIS T T, Bt,cAMP B

X U nicardipine i L& L 7z Ml g ic 5F 4 3
Bt,cAMP 12 kX 2 A7 v 1 FE4L X Bt,cAMP B
THETALE L D 5o 72,

4)  Mfas: Ca*t RIS T I B U 5 EGTA
WINZ XV, Bt,cAMPIZ X 2 A7 04 RELR
ks e,

5) Ca** 4 X—=Y 7 iZBWT, Hifgs Ca**
FEEB & UIEFELE T T 1 mM Bt,cAMP 3#aA
Ca?" JifE% FR ¥,

6) DLEOERIY, v EIEREMICB
T, cAMP 12XV Ca*t A b7 oL 72 Ca?t
DR~ & 41, VOC 2 A U THIFEN AT
ALAT A FELCESLTWS Z EMNRRE
nre.

KX BIER T 21 HTz b, ML, HEHZE5Y
F U7 NP BABER I R L 70 2 I OB 2 BT £ 77,
¥ Tz, RGN S0 7272 & & Lo R ER
KRFFEBFREEES 1 ORI Bz LE T,
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