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Abstract : The mechanism by which cyclic AMP facilitates secretagogue stimulated
catecholamine(CA) release from cultured bovine adrenal chromaffin cells was investigated.
8-Br cyclic AMP and forskolin enhanced CA release induced by acetylcholine(ACh).
Ouabain, omission of extracellular K* or veratrine enhanced ACh-evoked CA release and
counteracted the effects of 8-Br cyclic AMP and forskolin. Cyclic AMP decreased Na*,
K*- ATPase activity of microsomes from bovine adrenal medulla. 8- Br cyclic AMP,
forskolin and catalytic subunit of cyclic AMP-dependent protein kinase (A-PK) reduced [y~
32P]ATP hydrolysis in digitonin-permeabilized chromaffin cells. This reduction of ATP
hydrolysis was abolished in the presence of ouabain and thus suggested to be due to an
inhibition of Na*, K*-ATPase. 8-Br cyclic AMP and forskolin alone slightly increased
22Na uptake, intracellular Na* concentration([Na*]i), depolarization and raised intracel-
lular free Ca?* concentration([Ca?*]i), and encouraged these ACh-induced responses. 8-Br
cyclic AMP and Forskolin enhanced CA release elicited by ACh in the presence of Ca**
channel blockers. Potentiations by 8-Br cyclic AMP or forskolin of stimulation-evoked CA
release, increase in ?*Na uptake, [Na*]i, depolarization and rise in [Ca?*]i were antagon-
ized by tetrodotoxin, amiloride, or by the removal of Na* from the medium, but not affected
by K* channel blockers. Ouabain, removal of K* or veratrine mimicked the effects of cyclic
AMP and these agents counteracted each other. 8-Br cyclic AMP enhanced CA release,
45Ca efflux and [Ca?*]i rise induced by caffeine in the absence of extracellular Ca?*. These
results may suggest that further enhancement of Ca®" influx through the Nat*/Ca?*
exchange mechanism and mobilization of intracellular Ca®* from its stores due to reduction
of the Nat gradient as a result of inhibition of Na*, K*~ATPase by cyclic AMP, is involved
in the facilitation of CA release elicited by cyclic AMP.
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Acetylcholine chloride(38—%U38). caffeine(k 1Lk
2 T3 hexamethonium chloride CERA{LE T3%).
atropine sulfate, adrenaline, ouabain(Merk). bepridil
hydrochloride, physostigmine salicylate, 5~adenosine
triphosphate trisodium salt, amiloride hydrochloride,
8-bromo adenosine 3, 5-cyclic monophosphate
sodium salt, diltiazem hydrochloride, nicardipine
hydrochloride, veratrine, veratridine, cyclic AMP-
dependent protein kinase catalytic subunit and its
endogenous inhibitor(Sigma). -forskolin, inomycin
calcium salt(CALBIOCHEM, Corp.). fetal calf serum
(ICN Biochemicals Co., Ltd.). guanosine 5-mono-
phosphate(Boehringer mannheim). adenosine-3’, 5'-
cyclic monophosphothioate, Rp-diastereomer(Rp-
cAMPS)sodium salt(BIOLOG Life Seience Institute).
bis -(1, 3 - diethyl - thiobarbituric acid)trimethine
SBFI acetoxymethyl
(Molecular Probes, Inc.). trypsin inhibitor(Worthin-

oxonol(bis - oxonol), ester

gton Biochemical, Corp.). adenosine-3’, 5-cyclic

monophosphate monosodium salt, guanosine-3’, 5'-
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cyclic monophospcate monosodium salt(Yamasa
Shoyu Co., Ltd.). fura-2 and its acetoxymethyl ester
(A L% % F7). tetrodotoxin(=3t). verapamil
hydrochloride(=—% ). digitonin (FIJ&fiZE). - col-
lagenase S-1CGHH ¥ 5 5 v). DMEM #530( H K 8I%8).
45CaCl,(1.15-1.55GBq/mg Ca), #*NaCl(34.14 GBq/
mg Na), %RbCl1(62.16 Mbqg/mg Rb), [y -32P]
adenosine 5’ -triphosphate tetraethylammonium salt
(111 TBg/mmol) (New England Nuclear). ffi®—f%k
TN THARER AV

1. MR BEERERE

vUEIBHENLD 7 =7 4 VIO BEEEX
Fenwick B*DFjkE—HEEEL TT - 2%, B, BIE
% Ca?*, Mg?* free Krebs-Ringer phosphate(KRP)¥#&
(NaCl 154 mM, KClI 5.6 mM, CaCl, 1.3 mM, MgSO,
1.1mM, Na, HPO, 2.15 mM, NaH,PO, 0.85 mM and
glucose 10 mM, pH 7.4)DEHIC X b MK ZBE VI L
701 0.0175 % collagenase, 0.004 % trypsin inhibitor,
0.5 % BSA %¢r Ca?*, Mg?* free KRP ¥ T 37°C, 40
S~ 7 2 AR CHER LI DER L. BIBME
FREHOLSH UM L, HLWBERKRFTITC,
207 O, 2 BRL bW UKIRET A L Ic X Vil
REHEEL. BELCEBHE, »~7 14 Vililaxx
(10X g, 10 £ T 3 EBEEH 10 % ¥ ~ JR R M,
100 unit/ml penicillin G, 100 xg/ml streptomycin, 0.1
mM ascorbate, 5mM HEPES % 4 s Dulbecco’s
modified Eagle medium (DMEM £5#h) A i & 2,
1.0-4.0X10° cells/dish DEE CTHEER 75 A5 v 7~
¥ —V(ER B mmIRINL, BEEERT . &
125 % Cogz, 95 %ZEK & LK T 37CIERMER L1
CO M ¥ 2 =2 —F T\, KEEWIL2 ~3 BT
Ll ERCIEEES ~7 HEoMREA V. o
%, [Ca?*]i, MR NatigE ([(Nat]D) % X OBEEL O
E 1zt Erlenmeyer plastic flask 12 5 X10° cells/ml ©
HEET 24~ 72 WFRIIRERE R U e MR 2 68 /8 L e,

2. ATFa—nAT 3 ViEH

BEEMITORERY KRPEETHL, BRIET
24 BEERRE U 7c R SRBRIcgE Le. HTLWKRP B B\
BHTABEDEZEDBW 1 ml L XHL, 37C T35
preincubation L7ct%, ZFEEYXELEWEAMT S
LI X Y RIG%BAA L e, —ERMH incubation L7 K
B XD 0.5mIBEEL, chegihseECAEY
adrenaline ##Z¥# » L Euler and Lishajko®®® trihy-
droxyindole ¥ & F \ B #2 I & 405 nm, 8 Y6 ¥E & 515
nm CHERICER L.

3. 2Na uptake D HIE

4 X10° cell/dish CTEERELCEBE 7 e~7 4 V#l
fa%zER KRPEH 5 IHTAEBEEY * SR T 3 5H
37°C T preincubation L7:%% 154 mM 22NaCl(74 KBq/
ml, specific activity 31.14 GBq/mg Na) & E¥r&is
WA LRI EA L. —ERROBRIGE 2B D
BE, BEbkS L KRPEEZAMTHZLIVK
BEEIEL, 30 B & bz 5 B KRP & CHllg % ¥
%L, Mfsbo*Na kE L. 1 N-NaOH &L
THifaE2mEEDY, "M 7B L% 1 N-HCl c
ML, BHEEY V<o VFrv—va Vi T v E—T
THE L.

4. *Ca efflux OHIE

Ml % Ca>* % BrE L 7« KRP ¥ T % % $%Ca(74
KBaq/mD % & tr KRP % T 30 4 & incubation 3 % &
LIk veCa CTEHEL, MlascCarlrEkT rc®
Ca®* free KRP®&TI104RMT4EEEL, IHIC
EGTA(1 mM)#%&tr Ca* free KRP¥ T 2 m¥EE L
7=, ZO#a% 3 48 preincubation L, FIEEE & incu-
bation # KIS % 78 L CA HIE & kS EE ORIE
L7, MRS Eh s HEHER R EROFEC X h K
hyvFrv—vavhvvE—THELL “Ca
efflux X &HEEE R 5 LIBARF~ OB HE/ (5
BF~OWHHEE+MRcEEThsE)]TRLE.
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DOIEMLZ K oifast~oi 2 0& 2T, £ T
K*® b v —4—& LT*Rb #H\>, *®Rb efflux Z#5E
ELTKYS v v & VIR 2B L 1.

Rb efflux @ #I & M K8 % KRP ¥ T ¥ % % *Rb
(148 KBq/ml, specific activity 62.16 MBq/mg Rb) %
&1 KRP ¥ T 37°C, 60 4fdincubate 35 Z itk b
B L, KRP T4 EIEE X b Mifast °Rb #BEL
728, ouabain(l mM)%Z&TeH 5 W ILHE % i\ KRP
¥ T 3 4 [ preincubation 17\, ExDEY L & s
KRP ¥ ©— &R/ incubation # K % 2 #E L GRS
& CA DHIBIHE L 1.

6. [Ca®*]i %X O [Na*]i Bl

[Ca**]i R O’ [Natlino I X7 » =7 4 VAT
Ca?* indicator, fura-2 % 0" Na* indicator, SBFI # &
RL, ZHEREEHADE X b BIE L.

BiEER LA 2 » <7 4 vifillak NaCl 150 mM
KCl 5 mM, MgSO, 1 mM, CaCl, 1.3 mM, glucose 5
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mM, BSA 0.5%, HEPES-Tris buffer 10 mM(pH
7.4+0. D% & ¥r medium T ¥ & %, fura-2/AM(1
#M) & 5\ ik SBFI-AM(15 o M) % & BB ICIEE L,
32°C, 40 4fincubation 3% Z (i X b il &R L
7otk X BT 2 58 D medium % 0 x40 4 incuba-
tion§5 & &iC X b MFRICE D JA ¥ 1L acetoxymeth-
yl ester @ Ik R % S5 1T 7% » 7. SBFI-AM 1%
12.5 % pluronic acid Z4tr Me,SO R L, &K 15
M &72% X 51 medium SBFIL, BEFMLETH
X b SBFI-AM B¥, & Ui, fura-2 5 %\ 1% SBFI
FAMN L cMifas®mn0xg, 10 4T 2 B L
7o, MIRRIEEW (5X 107 cells/ml) % 5% L 7.

[Ca?*]i, [Na*li ®#llizix Hitachi F 2000 364
KERT A, MR GRAR B 13& 43X 10° cells/
ml, 6X10° cells/mD & F = Xy FHTH S < DEBEHRL
D, 32°C T oDy R (340 nm, 380 nm) TOEDE
HE(EEHE RS0 nm) DS U ToRc X hEHEL
7o,

[Caz*]i=Kp[(R—R min)/(R max—R)] «
[F min(2 380)/F max (1 380)]
R=[F(4 340)—Z(a 340)1/
[F(a 3800 —Z(a 380)]
[Na*]li=[F(a 340)—Z(1 34001/
[F(1 380)—Z(4 380)]
R max : $2F0 Ca®>* F T fura-2 ® R fH
R min: & Ca®>* F¢D fura-2 ® R{E
Z: ¥ v IrosoEEEE
Ko, EHEERUE 224 nM 20 L7220,

digitonin(100 M) CHifaR B BB LT 52 ik D
Fmax %, /7 2% ) 4&ETF EDTAQO0mM) T Ca?
BFEL—+bFBHZ LD Fmin #RD 7.
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7. Na*, K*-ATPase IEMHIELE

EREAORE  BIBHEMR I 7 » V' - 2B EED
SEE TS L. BIBBE % 0.25 M sucrose T &
TFARA DL, 4°C, 154 7,000 X g i TEOE =
EEREBIL4C, 30 47 105,000 X g TEOSHE L, I
Iz Y —2HSLEL B, COEIZRY —A
Ei4 13 ATPase it e 8+ 5 CA ROt Ca?*k B UL EE
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Na*, K*-ATPase &M OHI%E  Nat, K+-ATPase i&

P 1% total ATPase 1& M 2 B Mg?*-ATPase ik & 2%

Moo

L5I & &1tk bR, total ATPase i 100 mM
NaCl, 5 mM KCI, 2 mM MgCl,, 5 mM ATP, 40 mM
Tris-HCI buffer (pH 7.4) % & #¥s medium T 37C, 10 &
MIBESRIEA & UG S el T 5B VR X D RD .
Mg?**-ATPase {E#: 1% 100 mM NaCl, 2 mM MgCl,, 1
mM ouabain, 5 mM ATP, 40 mM Tris-HCl buffer
(pH 7.4 &1 medium TREBICKIG X R D HEH
L=l ) v BRI 2 158 o chloroform-meth-
anol: 1, v/ EMzKIGEELELY, BREABKES
DiEHE Y v % Fiske and Subbarow®?DHEkic X h B8
LTk, -

F VA7 BOFEREE Lowry IBNC X W EE¥ER vy
B&LTBSA ZAWTHEL.

8. digitonin[EFERBKEE 7 »~7 4 vHilaT
[y=%2P] ATP k5o HE

BEBRER Lz v<7 1 vililla% KRP & CREEE
vehicle, forskolin, 8-Br cyclic AMP T 37°C, 348
preincubation L, ATP ase {&#EI%E medium 2 ml T
B HE B I 10 M digitonin % X 085 mM[y-2P]
ATP(@37 KBq/mD & &¢e¥ L\~ assay medium IZ32#
THZ LI Y RIGEEB L. A-PK oty 7= =
v }(A-PK C.S) % L UNEMHEYE (A-PK L) D
btz - T, digitonin THEEEME & L%, vehicle
BB NIH I E L 7= A-PK 1. T 3 4[4 preincuba-
tion L, [y-**P]ATP 35 X 0*A-PK C. S. S\ % A-PK
L 2L RIGRIEA BT 52 Lk b G BB L.
RIS TCAGGHKREBE 8 %) BHINTSH & LT X b &4
TR, ZOBREAWKIC 6 58D isobutanol-2% sodium
molybdate-0.75 M H,S0,(4: 1: 1, v/&Mx, EH
WL IRET 5 ek b [y-PIATP o k5 &
THEU[®*Pi]x Y v=E ) 75 vEE & L T isobutanol
JBCHIH U, O KB & 4B isobutanol B o fiks
EMERRES vF v —va v vy - THIE L.
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[EBEAT D ZE{L 138 YeFE 7R 3E bis-oxonol & I\~ T Ml
L7z. bis-oxonol IXEBEMICIE U CHE~DBITHEL
L, ok hBORESEINT 5 & LA HREIhT
Uy 532)»33). :

FHEEE LY VEIE 2 v <7 4 viilaR[Ca®]i I
EE A L7 medium ©E &R, BEEQCXIL
cells/mD) LEEICBE L 7o, EEAMBEIEERTIC BSA #&
% L - medium THIM & & LG00Xg, 30 I X h
# L 7= 1% bis-oxonol(0.2 uMD) & ¥ In L 7z BSA B &=
medium ¥ 10° cells/ml) X R FHEHE 540 nm, ¥
e R 565 nm OHIEIRE 2 DR, MMIZF 2 <
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I. cyclic AMP 0gI& CA gt 5 & s a
i - z N - 0.5F .’-—’A
_cychc AMP @.CAﬁ%EW st AR TR 1 . A/A ACh 5 WM
&73. 8-Brcyclic AMP(0.5 mM) 3% & CA HEEE% )
B REL, ACh(5 xM)Ic X % CA EEERH 2 51T E 8Br-cAMP 0.5 mM
% CH#E34 L 7= (Fig. 1A). 8-Br cyclic AMP(0.5 mM), S 0 b f § g
forskolin( 1 xMDWkic ACh OBE—FSHBEEE G Tine (min) 12
REBREFATBE L, HARIGICIEEL nd - 7o (Fig. -
1B). a0 B
II. cyclic AMP o CA BEEHIEH IS5 Natd = —0
cyene e g Forskolin ‘:::::::3"'___-
B35 < 1 uM /.
¥R Nats v+ v 2 v & FAE T 5 tetrodotoxin e 8 4
. 3 . + - Br-cAMP o
(TTX)H B WX KRPEF b D NatlkED gy Rico 1L 0.5mM =

WOHRE L e (Fig. 2). TTX(1 xM) ik ACh(5 M),

excess KC1(20mM) iz X 5 CAE#E > % 4 39.6+4.3,

24.0%£3.2 %I L. TTX MED 5\ 3SR Nat B
% forskolin(1 M) » CA HEEESETR(F % B < #I%l
L7-. 8-Br cyclic AMP(0.5 mM)® CA HEEBEsa1E R
1ZonT b RROBR 2B 7 (Rne3).

II. cyclic AMP iz X % CA EHEESRIER © Na*, K+~
ATPase BHEH % X O veratrine 1z X 5 H#i

cyclic AMP o CA E#EHETRIER I Nat 2 B85 57
MR IO TEDOEE O WTRERBEHN L. Al
ouabain R/} ¥ K Bz X 5 Na*, K*-ATPase /& #:
BHEE & % \ T veratrine £ F [ Nat]i Z#in & & 5 40
BED ACh iz X 5 CA il S X O cyclic AMP iE§fERE T8
YER 3 5 & 2B L 7= (Fig. 3). ouabain(0.3~50
1 M) DRTALE 1 ACh(3 puMIZ X 5 CA 2 ZE W IR
H#EL, 10 uM THE 310423 R OHEIMER Lc. REE
@ ouabain & forskolin(1 M) D Bf iz X b CA i %k
R OB AME, X VIERE D ouabain TH LI, D
HAGIE ouabain B D Zh & 2 7eds o 7o, FIFED
#& R X ouabain Db h KA KK E K X b Na*,
K*- ATPase iE##HE L TH D bh . veratrine
(1 pg/mDAB I X » THACh i X 5 CA¥E B
268+18 % #E 58 & h, veratrine F£ #E F 8- Br cyclic
AMP, forskolin Z#H LT % % 3L L0 #ESRIEF 1372
Hhiehote. &I ouabain, K EkED 5 il ver-
atrine 7£#£ F T forskolin, 8-Br cyclic AMP o CA
WEHESETRVEF O ER AWK RS EICE L e e d T
EiE\Z U, X DR CAEM A5 X 23 ACh
(10 kM) 1= X % CA ¥ % forskolin 23 & b IcHEiR T %

o)
: Control

OL:,,/?/ R

1 J
2.5 5.0 10 30 100
ACh (uM)

Fig. 1. Effects of 8-Br cyclic AMP and forskolin on
CA release from cultured bovine adrenal
chromaffin cells. A : Time cours. of 8-Br
cyclic AMP facilitation of CA release-induced
by ACh from adrenal chromaffin cells. Cells
were preincubation with or without 8-Br cy-
clic AMP (0.5mM) for 3min. The medium
was replaced with fresh medium containing
no drug (a—a), 8-Br cyclic AMP (0—0),
ACh (a—a) and ACh+8-Br cyclic AMP
(e —e). B:Effects of 8-Br cyclic AMP and
forskolin on CA release induced by various
concentrations of ACh.
pretreatment with 8-Br cyclic AMP or fors-
kolin, cells were incubated for 6 min in the
medium containing various concentrations of
ACh and 8-Br cyclic AMP or forskolin. Each
point represents the mean of triplicate assays
of single experiment.

Following 3 min

ZENLHEMNTHB. BT ouabain, KHgEKR LS
CA FEHEHIEA » TTX, NatlkEC X » B wmd x
haZ L aRD(®red).

IV. Na*, K*-ATPase icxi3 5/EfH

BR D X 51 cyclic AMP OfEf @ Nat &#&#, X
Nat, K+*-ATPase G IC & 5 CA HHEHETRIE AR
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Fig. 2. Effects of Na* channel blocker, tetrodotoxin (TTX) (A) and removal of external Na* (B) on forskolin
potentiation of CA release induced by ACh (5 #M) and excess KC1 (20 mM). Experimental design was
similar to Fig. 1. Following 3 min pretreatment with forskolin (1 xM), cells were incubated in fresh
medium containing the indicated agents. NaCl was replaced by its osmotic equivalent of sucrose or
choline chloride. The cells are exposed to TTX containing or Na*-depleted medium for 6 min prior to
forskolin pretreatment. Stimulation-evoked CA release represents CA release from which basal CA
release in the presence or absence of indicated pretreated-agents has been subtracted. Respective
controls were made with the same schedule without addition of each agents. Values are the mean *
SEM of 5-8 experiments assayed in triplicate.

2.0 (
+ D Untreated

[ 8Br-cAMP 0.3 mM

) ACh + - .
3 Lsh Forskolin U// Forskolin 1 uM
S1.
R
=2
@ ACh 10 M 77 A m
@ % g1 -'
31.0f . ’
v 270N
= // 1 N
< / ’ U _L
< / 1 0 0 -
2o0.5F 7, 'R
: 1014 7
TEE
5 ‘RN
1007
‘RN
o+ 4 AVl A A e e
0.3 1.03.010 30 50 [K*], OmM Veratrine
Ouabain (uM) 1 ug/ml
ACh 3 uM + ACh + ACh + ACh

Fig. 3. Effects of ouabain, K* deprivation from medium and veratrine on ACh-evoked CA release and on the
facilitation of the release by forskolin and 8-Br cyclic AMP. Experimental design was similar to Fig.
1. Cells were treated with ouabain, K*-deprivated medium and veratrine for 3 min before preincuba-
tion with or without forskolin and 8-Br cyclic AMP 3 min prior to a 6 min stimulation with ACh
BuMD).
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Fig. 4. Effects of cyclic AMP on Na*, K*-ATPase
activity and Mg?*-ATPase activity from
adrenal medullary microsomes. ATPase
activity was assayed by incubation in the
presence of NaCl (120 mM), MgCl, (56 mM),
EGTA (0.1 mM) and ATP (b mM) with or
without the addition of KCl (6 mM) and
ouabain (1 mM) to differentiate Na*, K*-
ATPase from Mg?*-ATPase.

A& OHERM EMBEEER» S cyclic AMP o {§ i 23
Na*, K*-ATPase E#HEIC X 5 [Nat]i ofEimciERE
T5Z ENRHER X hic. £Z T Na*, K*-ATPase &
x4 % cyclic AMP DI \WTHRE L.

1. BERERCHTH1ER

cyclic AMP 1% 10-8~10*M o J5#ifH < Na*, K*-
ATPase iEt: % 25~60 %86l L 7z. Mg?**-ATPase i&
IR EEE T H - o (Fig. 4. 5-ATP, 5-ADP,
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Fig. 5. Inhibition of [y-3¥P]JATP hydrolysis by
cyclic AMP in digitonin permeabilized
chromaffin cells. A : Following 3 min prein-
cubation with forskolin or 8-Br cyclic AMP,
cells were washed and assay was started by
incubating the cells with 1 ml of assay mix-
tures containing 10 uM digitonin and 5 mM
[y-**P]JATP (37 KBq/ml) with or without
ouabain. B: Following a 6 min preincubation
with 10 M digitonin, cells were washed and
assay was started by incubating the cells with
assay mixtures which contained freshly dis-
solved cyclic AMP-dependent protein kinase
catalytic subunit (A-PK C. S., 46 U/ug of
protein) and/or its inhibitor (A-PK I., 1.0 U/
ug of protein) in a solution containing 0.5
mg/ml dithiothreitol. The control contained
dithiothreitol at appropriate concentration.
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WCHRR RS . Fig. 51R7 X 512 forskolin( 1
uM), 8-Br cyclic AMP(0.3 mM) DO RiI4LE (X digitonin
TEE BN L Licfifa<ly-2PIATP oMK S R EH
B4l Lie. ouabain( 1 mM) [ y-2P]ATP ®hnk
1% % 60 % L 7. forskolin, 8-Br cyclic AMP ©
[y-**P]JATP hnzK 5 R ¢E A 1% ouabain #7E T C %
FADbNiehote. ThWx, forskolin, 8-Br cyclic
AMP iz X % [y-**P]ATP kD fEDBHA % Na*, K*-
ATPase JEMEDHEIC X 5 Z LR E . A-PK Ofil
By 7= = v b SRR [y-*P]ATP hnk45 % % #
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Fig. 6. A :8-Br cyclic AMP induced facilitation of evoked 2?Na uptake in cultured bovine adrenal chromaffin
cells. Following 3 min preincubation with or without 8-Br cyclic AMP (0.5 mM), cells were incubated
in fresh medium containing 154 mM NaCl with #?NaCl (74 KBq/ml) and the indicated agents. B:
Effects of TTX on forskolin- and ouabain-facilitation of ACh (5 xM)-induced **Na uptake.in

cultured adrenal chromaffin cells.

TTX (1 xM) was treated 3 min before preincubation with

indicated agents. ??Na uptake in the presence or absence of ACh was represented by dotted and solid

columns, respectively.

L. & bic A-PK 0 AREEWE 2 [y-P]ATP i
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TERCHEEH L 7.

3. EEHRRC OB

Na*, K*-ATPase iEMAHE I 1 5 & [Na*]i DF2H
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Na*, K*-ATPase {E# I3 5 cyclic AMP o#iflfE
FABHED D 572301 ?Na uptake 3+ X O*[Na+]i %k
COWTHRE R 2 7.

1) 22Na uptake 53 5 17EH

BBz e=7 4 viiFa~® 2Na uptake i&xt3 5%
forskolin & 8-Br cyclic AMP o fEf % (Fig. 6) 1c~7.
ACh 3B ERII G TRB LD 7 » = 7 4 VHIfE~
@ ?2Na uptake ¥ 0 & & L. 8-Brcyclic AMP(0.5
mM) (3 Bi¥h T 2Na uptake #BEREL, AChicX 5
22Na uptake # 14, 34, 64 THK 4136, 140, 147 %
BT+ 5 & & HRD A Fig. 6A). forskolin b 8-Br
cyclic AMP & R#EDOIEA%RL7(Fig. 6B). &b1IC
ouabain % 8-Br cyclic AMP, forskolin & [A##E¥EHT
2Na uptake ¥R L, ACh AT A L 1tX b
ACh 1z X % #*Na uptake % 250 %3458 L 7-. ouabain 7
ZEF I forskolin #4LE L T % ouabain B¥hic X % #5578
HEDREZRED bl otc. TTX BiLE X AChG

uM)IZ X % 2Na  uptake % 25 % #1 4l L, forskolin,
ouabain © B E A & Z B IHl L 72 4%, forskolin,
ouabain O BEIMIEAICIZBYRIE LR S o e
(Fig. 6B).

2) [Natli oBfics iz 8

Na* indicator, SBFL #&fifL1z7 v =7 4 Vg%
AUCEXHEEOELB[Nat]li OB HE L 1o,
ACh % X 0 excess KCl Trini: B ERFE R E ©
Ha#inxeic., AChic X %% K%k atropine( 1
#MD +Ce (50 pMDIC X b ZEBF I X 7. veratridine
(20 £ MDIX[Nat]i ofFfE LicBEnaRmL, o
TTX(1 £MAE THHFL E e, Na*t ionophore TH
% monensin(10 uMTEMIZ & b JZFAKIGHE B
(Fig. D.

forskolin(1 xM): B ¥ c[Na*li # BEH M L,
AChGG uMDIc X 5 [Nat]i L& % #38 L 7= (Fig. 8A,
8B). %7z ouabain(100 M) & forskolin & EAEDEH
%7~ L, ouabain BIALEIC & b forskolin DfEXFR D
bhinh - 7z(Fig. 8C, 8D). ¥ b TTX A&k ACh
X %[Nat]i LR 2BEEMHE L. TTX & forskolin,
ouabain BAIRIERICIXIZ & A EHE L nh» 7o’ fors-
kolin # X 0¥ ouabain O H#E5R{E A & ¥l L 7= (Fig. 8D).
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Changes of intracellular free Na* concentration ([Na*]i) in response to various stimuli in bovine

adrenal chromaffin cells. Each trace was induced in parallel samples of the same cell suspension
loaded with SBFI. Cells were preincubated at 32°C for 7 min, and then challenged with indicated

agents.
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Fig. 8. Effects of forskolin and/or ouabain on spon-

taneous and ACh-evoked rise in [Na*li in
bovine adrenal chromaffin cells. Experimen-
tal design was similar to Fig. 7. Following
pretreatments, cells were preincubated, and
then challenged with indicated agents.

Na*, K*-ATPase {E#:DEE X Na*t FaH LAE 3
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[Ca*]i D#EMETI &R T & LA B4 DEMTTSh
T\ 5%, cyclic AMP @ X %4 WG 0 BEER1EH I b
COBENRES L TR RS L BEAM, [Ca?t]i
X3 % forskolin, 8-Br cyclic AMP OfER iz o\WT
BEEIN%, X5 ouabain, K+ &%, veratrine OfEH
& HBRR U,

1. BBk 588

REALIZHR$ % cyclic AMP o &r i35 BT,
JEEAL D B R BOERE SN 5 Z L Enb h
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% L. Kitayama H*NEEIB 7 =~ 7 4 v #fifld T bis-
oxonol DB EIRE L L CROBRIGZHETE
5T ERHELTVS.

1) cyclic AMP DB ICH T 51EH

0 B ¥ 35 W8 © bis - oxonol ¥ Y A E T ICE L etk
excess KCl %z X b bis-oxonol BIEOHINZ R 7
(Fig. 9A ). KCl Z##ihnf9w¥sing 5 & bis-oxonol #
FZA K o BB LEREEZRL, Zhid
Goldmann ® & & % 5 B X » H[K+]i=125 mM,
[Na*t]i=30 mM, [Na*+K*]o=148 mM, &« =0.05 D
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Fig. 9. Changes of bis-oxonol fluoresence in bovine adrenal chromaffin cells in response to excess KCl (A),
8-Br cyclic AMP (B), and the effects of Rp-cAMPS (C). Cells (10° cells/ml) were incubated at 32°C
with 0.2 uM bis-oxonol until fluoresence leveled off. Rp-cAMPS was added 20 min before the
addition of 8-Br cyclic AMP. These and the following experiments are representative examples of
experiments performed with very similar results in at least three different batches of cells.

A2 —CHELLBEBEMLOBELEL X —HL TV
(Fig. 9A A). 8-Brcyclic AMP ¥zt v 1~ 24T
REE% & %2 CHEHM: O bis-oxonol » ¥ YEIRE D
B2 S hie(Fig. 9B). & oW NEHME o8Nk
0.1~10mM O FH THEKRFEH TH - =. forskolin
(1 uMDSBHEEDOBEOHEME R L. TOLER
A-PK %[H%¥E3 % Rp-cAMPS(0.5 mM) T iZig54 1
EEh, A- PK OfEMHALENTHZ EBBHNEeo e
(Fig. 9C). #ifa#% excess KCI1(56 mM), gramicidin D

(200 nMD T L 78 TI1x 8-Br  cyclic AMP(0.5
mM)IZ X 58I EE xR D b, 8-Br cyclic AMP
1z X % bis-oxonol D365 E D ZE AL M R AL o i
PBCERL TS & 2RE L &EFig. 10 A).

ouabain(50 uMDAME H 5\ M L KEiw X - TH o
BEE|I&EIL, ZhboOFLE8-Br cyclic AMP @
Bio B &M%k &7 (Fig. 10 B). 8-Br cyclic AMP i
IBABEITIXFET T RERBERD AT
(Fig. 11A). medium # © NaCl % sucrose $ % \» iX
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Fig. 10. A: Effects of 8-Br cyclic AMP on bis-oxonol fluoresence in adrenal chromaffin cells depolarized
with excess KCl or gramicidin D. B: Counteraction of 8-Br cyclic AMP-induced increase of bis-
oxonol fluoresence by ouabain or the removal of K* from the medium.
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Fig. 11. Effects of several treatments on 8-Br cyclic AMP- and ouabain-induced changes of bis-oxonol
fluoresence. The cells were washed and resuspended in normal (A), Na*-depleted (B) and Ca**
-depleted (C) medium prior to assay. NaCl was replaced with osmotically equivalent of sucrose
@ and choline chloride @.
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Fig. 12. Effects of 8-Br cyclic AMP and ouabain on
ACh- or excess KCl-induced changes of bis-
oxonol fluorescence. Experimental design
was similar to Fig. 9. TTX (1 xM) was
added 1 min before the addition of 8-Br
cyclic AMP or ouabain.

choline Cl TE#3 % & 8-Br cyclic AMP o 4G
B34 L7 (Fig. 11B). medium # o Ca**#x%EL T
% 8-Br cyclic AMP it X %4 /& 1372 b h e (Fig.
11C). ouabain & X 2B BIEMA S ZhbOAE X
R DRER 2B (Fig. 11A-0).

2) ACh, excess KCl iz X 3 s ficst3 5 A

8-Br cyclic AMP gi#LiE Fic ACh(10 xM), excess
KCI(15 mM) % #sn3 % & bis-oxonol @ 4 Y38 EE 1348
B 5 ixzh b Ewe#inl, cyclic AMP 23 ACh i@
I ABOBEHRL CT\WBZ & 2. TTX 12 8-Br
cyclic AMP o i ficfg®4% & L7t <, 8-Brcyclic
AMP fL1E # o ACh o 8 Y658 B o 550 % #1 4 L (Fig.
12), cyclic AMP iz X 5 ACh D itsrfBigise TTX &
Xt NatF v+ VEADPBSE L TWAB T E&RLE. &b
Iz ouabain DS EIHREC B\~ T D 8-Br cyclic AMP
DE & L RAROER ¥ B (Fig. 12).
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Fig. 13. Effects of forskolin and 8-Br cyclic AMP on
basal level and ACh-induced elevation of
[Ca?*]i in bovine adrenal chromaffin cells.
Each trace of [Ca®"]i transient was parallel
samples of the same cell suspension loaded
with fura-2. Cells were preincubated at 32°C
for 7 min, and then challenged either with or
without forskolin and 8-Br cyclic AMP for 3
min followed by ACh (5 £M). The arrows
on the trace indicate addition of appropriate
stimulants. Each basal value of [Ca®*]i was
represented by Arabic numerals. These
experiment are representative examples. of
experiments performed with very similar
results in at least three different batches of
cells.
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[Ca**]i kR %%« X B D 196+18, 210+36 %I L
7= (Fig. 13, Fig. 14). ouabain(100 xM) % B¥k < [Ca®*]i
RN, AChic X % EF &350 (19 280 %) L
7= (Fig. 14). n% < ouabain f£7E F T forskolin D fE
AiEE L. TTX(1 pMBTLE X ACh(5 pMic
X 5[Ca*]i LR %# 40 %M L, forskolin, ouabain
D [Ca*]i #EIRIE P #1252 4 1%l L 7. forskolin,
ouabain O EMIEA 3 LT TTX (XM NE 273
W% 5fc. &bic Na* % sucrose CTE#T 5 &, 2h
SofER %L EFig. 14). Ll E, cyclic
AMPOCAERE, 2Na uptake,[Na*]i, Bis#&, [Ca*t]i
23 AER VT TTX, Nat B3, ouabain R
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Fig. 14. Effects of TTX (1 M) or Na*-deprivation from the medium on forskolin (1 £M)- and ouabain (50
uM)-induced rise of [Ca?*] i, and ACh-induced rise with or without forskolin and ouabain in bovine

adrenal chromaffin cells.

Experimental design was similar to Fig. 13. The cells were washed and

resuspended in normal and Na*-depleted medium prior to assay. NaCl was replaced with osmotical-

ly equivalent of sucrose.

Ef X Na*, K*-ATPase [HECES —FH D KL TH
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2) Ca* 5+ v ARHEFIDFE

cyclic AMP o CA 7-UWETaisEc 1 % BALKFF
Ca** # + v 2 VOIS OWTHRET 57 Cat + +
v 3 VEEF D IER oW TR % 2 7 (Fig. 15).
verapamil, nicardipine, diltiazem (X ACh(5 uM)IZ X
% CA B2 RERFIICHEIL, £430uM, 1 uM,
30uM THBD 6, 123 X 05 Bicimd &2 (Fig.
15A). forskolin 1x = h b Ca®" 5 + v A ARAERHFLET
1 ACh @ CA #BERRET S & L 2RBD. T HIT for-
skolin x Ca?* + + v 2 LV HEF R Z % 0 &
ionomycin(5 xM)®H % \~ X veratrine(10 gg/mDic X
% CA #EHic O\ T L L, Ca?t + v v F VHEHFIF
T T hIEFAR & RARBRE O CA EHERIEA YR LK
(Fig. 15B). 0 % T ouabain, /¥ K* k7% o Na*,
K*- ATPase IEHMHELEB < X 5 CA HHEEHERIER b
Ca*t # + v x VHEHIFEAE T @D bR, cyclic AMP
Drh LA UCBREBER L (KRS,

3) K+ v vrriek+ 57ERA
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THE & 2. 7= (Fig. 16).
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2, Thib K+ v A HEFFAET forskolin & X
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Fig. 15. Effects of Ca?" channel blockers on the facilitation by forskolin of ACh-(A), ionomycin- and
veratrine-(B) evoked CA release. Cells were preincubated for 3 min with various concentrations of
verapamil (&, ©), nicardipine (®, 0) and diltiazem (a, &), and for the additional 3 min with Ca?*
channel blockers and forskolin (1 #M), and then incubated for 6 min in the presense of ACh (5 xM),
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Fig. 16. Effects of 8-Br cyclic AMP on *Rb efflux

from cultured chromaffin cells. Cells were
preloaded with ®Rb as described in Material
and Method. Then, cells were challenged
either with or without ouabain (1 mM) (6
min before) or 8-Br cyclic AMP (0.5 mM)
(3 min before) to ACh (5 £M).
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Fig. 17. Effects of K* channel blockers on forskolin

(1 uM)-potentiation of ACh (5 xM)- and
excess KCl (20 mM)-evoked CA release.
Experimental design was similar to Fig. 1.
Following 10 min pretreatment with various
K* channel blockers, cells were preincubat-
ed for 3 min with (dotted columns) or
without (solid columns) forskolin and then
incubated for additional 6 min with indicat-
ed agents. CsCl was treated 1 hr before
preincubation with forskolin.
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M7= (Fig. 1D). [Juntreated
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W IE I 313 % amiloride D EMR = 1ok [Z0uabain 50 uM
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Fig. 18. Effects of amiloride on facilitation of stimu-
lation-evoked CA release induced by fors-
kolin, ouabain and veratrine from cultured
bovine adrenal chromaffin cells. Experi-
mental design was similar to Fig. 1. Amilor-
ide was treated 1 hr before preincubation
with or without forskolin, ouabain and ver-
atrine. Significantly different from the cor-
responding control at *P<0.05 and
**P<0.01.
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Fig. 19. Effects of 8-Br cyclic AMP on caffeine-induced rise in [Ca?*]i in chromaffin cells (A), and **Ca efflux

(B) and CA release (C) from chromaffin cells in Ca?*-depleted medium. A : Cells were loaded with
fura-2 as discribed in Materials and Methods. Cells were washed with Ca?* free, EGTA (0.1 mM)
containing medium with rapid centrifugation and resuspended immediately before use. B : Cells were
washed with Ca?* free medium and preloaded with *Ca as described in Materials and Methods. Then,
cells were exposed to Ca?* free medium containing no drug ((C) or 8-Br cyclic AMP for 3 min.
caffeine (50 mM) with 8-Br cyclic AMP (0.5 mM) (#%) as indicated. C : Cells were washed with Ca?*
free medium and preincubated for 3 min with medium in the absence ((J) or presence 8-Br cyclic
AMP (0.5 mM) and then preparation was incubated for 6 min with medium containing caffeine (50
mM) and/or 8-Br cyclic AMP. All incubations were carried out in Ca?* free, EGTA (0. 1 mM)

-containing medium.
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Fig. 20. Schematic representation of the possible site
of action of cyclic AMP in adrenal chromaf-
fin cells.  For details, see text.
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