9246 Zffi4 A VIT K JBEIBHENTINT = S BOFHHBBOTE
B RE (R ORI EFE)
FERPFREE R B GHRKE)

ﬁ&v;bﬂ%%ﬂﬁavfo(zmcnﬁ*&ﬁn)5;07v72ﬁ¢@6a“
% Sr2t. Ba?* TEBRUEBTERLEEFZEHL. HFANT IV HWINE DR
H&%Ebtoﬁwmémﬂﬁu\@ﬁ¢¢@ﬁ7:w”:/%ﬁ RyEMWIZ LD ERI
b\%@Mﬁ%ﬁ%ﬁﬁﬁ%?é:t?ﬁvto%%%ﬁ¢ﬁ‘:j%yB&U%ﬁEﬁ
Ua@AK&%Mﬁﬁﬁwﬂm%ﬁﬁtvtFnEuyyﬂﬁﬁwﬁmm#ﬁ(h#*%
yxIMBED Ca?t MAMBEL. AWHFEINE, LANV Y. TIVF=V, BER
yIynYoLt7y -mETE. MR Ca?t AT 7@ Cadt HHEICET A
HSE. BXUTLERD Ca? Fy RV EFRRDIEIE o X BHfas Ca? DBAKCK
6%%Wﬁwm%ﬁw6ntoSr”LiCa%+%?*w\btfﬁ—ﬁ&@ﬁ#ﬂé
Caz+§l%%®mfnm6%mwwmmlb1\ﬁm%%ébtoLmb\Sr2+ﬁ
By LT AR T bti&—ﬂﬂh&éﬂ&@%%&ﬁﬁﬁ%’Wﬂénko:@ﬂ
Be LT, EERFR T, mm%ﬂ5®m10ﬁ+%M$a15WWWZb 7NBED
Ca? WHEMNITHONDA, Sr?’ DFEATIEZ OBBHNE LR WTEEDNTRINZ,.
—%. Ba?* BMyLJRWHATE., Ba?t & Ca?® ® Sr tRED, i > 1 85
WENTED L ETHMENICERFAA LW ESIEES Lizo COHRBATEICENM
mﬁﬁcxﬁ*%v*»%ﬁ@?%%mf&b\vtFDEUVy%(xﬁ+%v*wﬁ
%ﬂf&émequ)m;b%<MMéntoit\:@f%ﬁ*@@%ml(%ﬁ
Ba2t MEL M) [2XBHMWmEAEIC Ca?r HHI80 uM HETBZEEBL. 640 uM
M EBEGETS LIEE A LERICMElENE, COZ2 D, Cas Fy X VoMERic
Ca?* EEEMMNEE L. --Tm Ca? EoREIcLD Ba? OFEBEICEEIE
TEZEeMEBENE, Ba?t OHREA Iz & 22w SFREHRIC K DAL, A
Baz?* {HEI| 4&?’?b7‘ﬁ@$ﬂl//\)lx%/rb7’ M. Ba2EEMNGWE, MEANITINT X
ORIk B B n BT )b O B lcET DB FRENE Uz, &
753N ﬂw@ﬁmv«wi M Bacdt WEOH 2 FICHFILE (Bas RE 4 ni U
F; 160 uM Ca?* F#HETF) . B Ba?* b Ca? ~OHBEMRE. HMFHEREKTIC
ﬁ%@mﬁﬁbtmlne%ﬁ%ﬁWTétw\MWW%«QBa?’mﬁé%ﬁﬁféﬁ
BB HEROREEITO L,

—114-






9246  Zffi4/ A VICLBEIBHEHTILT = U BOHEABEOTHE
BORRIFSEE (BER  W(EHR K% [EI)
HERPFFEEE BRI B RS

1. HRER

BIEMEMEORMEZRICLDZNT )7 IV WIH T 2 Ml E OB RO %
HANZIEIET, Douglas (1) Bk, SWOMHRFICHBETD Caz 442 DEENSLET
HodlrDEEDE, UK, T Ca?" OBREOFTHIE THE — 2w, HEICEYT 3
MROERZT-—v b, RBMEDORZ 5T, e OMILICHIT 22 WEE. WMREE
EYEOBEHEEL HEEE LT, %<®Wn%®&ﬁ%%@f%to%5\ﬂ il B A e
T, FIHZEFICELD Ca?r OHEME, Ca? (0L 3BOMEEREDRITEE. Mg
W Ca® QIFEPHEERRZENFELLHANGRTERE, LML, $75. FLDETH
HENBRERZELTVWD, COXIRMEDOT7 7O —-—F0D—2(2, Caz?* LUAD 2
14 OMIEATOEEZZT L. Ca? OFNEEBTBAET. Ca2 OB L
DEHTEICT 2 L WD AENEZX BN D, COEMIZIAYL, FHETIE. Cazr RO
B EOBTIANT IO WMEFETZENAMSNTNS(2,3) Sr2s BLU
Ba? [ZKBDMWEEREOBR - 22172 7=,

2. WrRAEE

YRIRNNWVEY = VHEBETDOT v b (A4 2:300-450 g) ZBIE L. RIS EHEH%.
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3. 2. 2. Baz?" OfARZR

Nl Ba® OMIENNDRAZEZEET 5720, Fig. 3R T X B2ERHEZ2ITo =,
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- Fig. 1. -

The influence of Sr?* replacement for Ca?+ on stimulant-evoked
catecholamine secretion from rat adrenal medullae. The medulla
was stimulated for 10 min by 200 nM bradykinin (BK) in the
standard medium (a), in Sr2+*-medium (b) and again in the
standard medium (c¢). The medulla was rested for 30 min between
the measurements. Similarly, 10-min stimulation with 100 pM
muscarine (Mus.) was delivered in the standard medium (d) and
in Sr2+-medium (e); 10 pM nicotine (Nic.) in the standard
medium (f) and in Sr2+*-medium (g). The Sr2+-medium contained
2 mM SrClz in the replacement of 2 mM CaClz in the Krebs

solution.
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- Fig. 2. -

Inhibition by extracellular Ca?* of the catecholamine secretion
induced in Ba?* -medium. (A) Secretion was evoked by exposing
an adrenal medulla for 10 min each to 1 mM Ba2+*-containing
Krebs solution which concomitantly contained Ca2+ at concentra-
tions of (a) 20 pyM ; (b) 80 uM; (c) 160 uM; (d) 320 puM.  The
medulla was rested for 20 min in the standard medium between
the measurements. (B) The amount of secretion during the 10 min
exposure to the Ba?+*-medium was plotted as a function of the
extracellular Ca?* concentration. The data are normalized to
the level at 20 uM Ca?* and expressed as mean + SD (n=4).
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Secretory responses induced by exposure of adrenal medullae to
Ba?*-medium containing 1 mM Ba2?* (a-e) and 0.6 mM Ba2* (f and g).
The Ba?+-medium itself (a, f ,g) evoked secretion and the
addition of 10 uM nicotine (f) or the elevation of the
extracellular K* concentration to 40 mM (g) caused further
increases in the secretion. In the presence of a Ca?* channel
blocker PN200-110 (1 uM), the secretion evoked by the exposure
to the Ba?+-medium (b) and by the addition of 10 pM nicotine (c)
was inhibited, but the addition of 200 nM bradykinin (d) or
100 pM histamine (e) elicited large responses in the presence of

PN200-110.
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The relation between extracellular Ba?* concentration and the
rate of catecholamine secretion. (A) The secretion was evoked
by exposure of an adrenal medulla to Krebs solution containing
4 mM Ba?+ for 5 min. Then Ba?* concentration was reduced
stepwise from 3 to 1 mM at 6-min intervals. (B) The secretion
rates obtained at various Ba?* concentrations were plotted in
logarithmic coordinates.
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IGEMHENDZEME, LESY -2 LUMESINS Ca? QEAZED» LB
Sr2* MRATEIEDBRINE, Sr2t ORABICHITZBERESODLIARELT
W37, Ca? OENZBIZ2HDTERVWEIRET DL, MIRNTO Sr2r OSWwE
ERelE Ca?r CLET 20, 2hz2EI3b0EE 5N 5,

EIAT. Sr® BEHEET T, MEMBOMAHEIMEIE NS pNMEE 25, 2
BWRAPDTIIF =0, AZAA) VRIEICBWTE. ZOMEOERKICHMIEN Ca2r X k
THeO Ca?t GHEMNBEELTWSN (5,6), JhiZld 1) L7y —H#ickhEE
SNB2RAVEYTIYy— (A ) b= W3V VBEEDLND) CHFRINZHEI L. 2)
IS L DIMA L Ca?t BLU 1) IckbififiL7z Ca? ICXDFEHENDB Ca2r
-induced Ca®* release (CICR) M Z@EMNHEFRTEILEZI NS, CDOH, FiicE L
ULTHEFRTZ2HDE 2) OBEETHD LHEHEIND, COTEMSE, Sr2r &HREETF
TOWEAEOMEIOFERE LT, Sr2* 8 Ca?* [ U, CICR OFFEICHZDICE»
BWARREZRIT 2 NTE S,

4. 3. Ba?® [ZX3PMWEE

4. 3. 1. Ba? OHE~ODRALDIWOFEFEICHSNDEE

Ba?* (& Ca?", Sr?" LBy, HOFFEWEPAEOLEICH. BRARAL., 4
Wz5ERI T, COHRMADE 2REBENEMKENE Caz2r FY¥RXNVTHBEI LM
FFFETHEMZEINE (Fig.3b) o ZaF U RABEE N ) a7 AL BHABTF v
ZIWEFRLCEEICREH R Ba? DAL WBHSNZDT (Fig.3f, g) . ZHH

RIMAITRB L THVWADEONRBDEEZIBND, 7z, HMEIZC Ca? BHETS
&y Cazr BEMKREFENIC, Ba? OHERBANIHEI D (fig.2) | ZOFRE L
T1l) Ca?* F¥ X NVoOMEAEEIIC Ca?r EHEHAUNHD., 221 Ca?* NARET
HHLEDH Ba2® OHARBRANEST S, 2) MK Ca? BREMN Ca?r OBEEICHK
FLERMMBZREI L., Chd Ba? MAOERERICEZR>TWS, REOHEENE X 5
NaMN., CORIEDTIIEICIHFAPLETH S,

Ca?* Fv x)VEMA PN200-110 28T Ba?® EHRBEF T, —aF B
Bz (Fig. 3c) oickk~x, 7Y%= (Fig.3d) . X% 3> (Fig.3 e)
FIBIC XD, FWPRECHEEINE, SO, 7o3oFvrEDLY Ty —Hl#Ic
LOEMKENE Ca?r F¥ RNV EEREZS Ca? OEARENHIND WS, W
EH5OINE TCOMMZE., AL 2125,

AT, SWHBHIEND Bazr BE®D 2 BIOEWKEEZROZ ENRINE
(Fig.4) . ®ic. Augustine & Neher (7) (XEIBBMEMIEO T IV 7 I V4w
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Wilist Ca?" IRED 2 RICKHITIHEL WD, DLk, Ca2" & Ba? @
MIEAICB T 23 WFHEEBICEEENHDNVSIFZXZLETFELZN,

4. 3. 2. Ba? QHRRAZIZZWIGEICET2HNF

Baz2* OBERKRAICLDZHWE. A Baz BEIKEFELZENL X))V ERT,
SREDORMATIE, Ba2 OMAL < AHAHULIEE LT, MIEN Ba2 EEN—F
THH DB DOND, O iE. FWHEENMIEA Ba2r BET—HNICREZZ L%
BIRLTBD., COAWGENBRZBNFICLIOMITCEDTMEREZT LTV S,
Baz2* A Ca? Fyx)kofifaic KiOEEERTAD, KiTHzE L., Fi=.
ko THifgaM < AHEINDZ L VWO R OBEBIELEET VEZERATE &, fMigH Ba?2*
#E ([Ba2'] ) WA Ca2" % Ba? TEHE.

[Ba2?2*]i = A- [Ba?*].(1— exp(-c-t)) (1)
EL A =kV/c ; c = kot ki
kT = K- exp( 2Vm / RT )

(F: Faraday const. R: gas const. Vm: membrane potential)
TEHfML, Ca? ~OBHERRIE., WIHMEN Ba? H#E B »5

[Ba?*] i = B-exp(-c-1t) (2)

THDLT B, BEDE A, FuhHilaN Baz® BEOED LD REBTH 5 DN
THBMN., BRMAL L ZABWDIULE EWONSFRTHD I b, EMPE—RIEL T,
(Ba?"] i tAWwHEE (CR) OBRIZRD Hill KTET2BDERET %,

CR = CRmax /[1 + (K / [Ba2*]:)" ] (3)

7720 CRmax [IHRAMEE, K GHELFAICERTZEX
chesnRIcHZIE, MEA Ba2r #EWE (1) (2) 2wy, BHEZINICER. T
M9z, —H. EBTHHND [Ba] . t2WEOMMK (Fig.4) 2&FZEL. (3)
XTn=2¢932Lic&h, FUEERTHAONE ELSIC. SFRICEFL., #HDHODIC
THET %,
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Studies on the divalent cation-controlled catecholamine
secretion in adrenal medullary cells

Akira Warashina and Naoshi Fujiwara
Niigata University School of Medicine

Summary

Catecholamine (CA) secretory responses were studied using
the isolated rat adrenal medulla perfused with the standard
krebs solution (containing 2 mM Ca2+) and with Sr2+- or Ba2+-
medium in which CaClz in the Krebs solution was replaced by

SrClz2 or BaClz. The perfusate was directly led into a flow
cell for continuous electrochemical detection of CA in the
medium. In the standard solution, stimulation with nicotine

or high extracellular K* concentration evoked CA secretion
derived from Ca?* influx through dihydropyridine-sensitive,
voltage-dependent Ca2* channels. On stimulating receptors
with muscarine, bradykinin and histamine, Ca2* release from
intracellular stores caused an initial transient secretion
whereas receptor-mediated Ca2* influx produced a sustained

secretion. Sr2+ could permeate both Ca2?* channels and the
receptor-operated pathway for Ca2+* introduction and elicited
CA secretion. However, the 1initial transient secretion

following the receptor stimulation was largely inhibited in
Sr2+-medium. This may imply the absence of capability for Sr2+

influx to induced Ca2* release from Ca2* stores, which may
takes place with Ca2* influx in the standard solution to
generate the initial phase of secretion. Unlike Ca2* and
Sr2+, Ba2*+ entered adrenal medullary cells without help of
stimulants to cause CA secretion in Ba2*-medium. This Ba2+

influx mainly passed through voltage-dependent Ca2* channels
and was inhibited by a dihydropyridine type of Ca2* channel
blocker, PN200-110. CA secretion evoked by exposure of
adrenal medullary cells to Ba2+* (1 mM)-medium was suppressed by
about half due to the concomitant presence of 80 uM Ca2+ in
the Ba2*-medium and almost completely inhibited by 640 pM Caz+ ,
There might exist a Ca2* binding site at a some point facing
to the outer surface of the Ca2* channel and Ca2+* occupation
of this site may determine the permeability of Ba2+.

Ba2+-induced CA secretion in the absence of other stimulants
increased with a sigmoidal manner and saturated at the level
which was roughly proportional to the second power of the
external Ba2* concentration. On replacing Ba2*-medium by the
standard medium, CA secretion decreased exponentially. To
elucidate these characteristics of Ba2*-induced CA secretion,

a simple kinetic equation was proposed.
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